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Phillip T. Goad, Ph~D. 

CHAPTER 1. PUBLIC HEALTH STATEMENT 

This section is well written. The stated objectives of the Public Health Statement have been met. 

Suggest that summary of birth defects note that large amounts of ingested ethylene glycol results in 

defects in experimental animals. 

Other minor changes / suggestions are written in red on the pages of the manuscript. 

CHAPTER 2. RELEVANCE TO PUBLIC HEALTH 

This section is generally well written. 

As noted in this section, the developing fetus is "particularly sensitive" to ethylene glycol administered . 

orally. One issue that is not adequately addressed is whether developmental effects are observed at doses 

that are or are not maternally toxic. The studies on developmental effects discussed beginning on page 

12, and on pages 16 should include descriptions of the presence or absence of mate mal effects such as 

weight gain, food consumption, andlor clinical signs. Subsequent statements in the Toxicological Profile 

note that development effects are observed at doses that do not cause maternal toxicity, but there is little, 

if any, discussion of these endpoints in this and subsequent sections of the document. It is important for 

the reader to understand whether the chemical is, or is not, a selective developmental toxicant, adversely 

effecting embryonic or fetal development at doses that do not adversely affect the mother. 

Section 2.2 Summary of Health Effects (page 9, line 29f) is inconsistent with discussions in other sections 

of the document regarding the time course of development of metabol ic acidosis. A Ithough it is 

recognized that time course information has some overlap, given that the metabolic acidosis is the result 

of the buildup of ethylene glycol metabolites (primarily glycolic acid), it is probably more accurate to 

include this clinical endpoint in the second stage of toxicity. This is consistent with other areas of the 

document (e.g., Section 3.5.2, page 91, line 26f). Suggested changes in wording to this section are 

written in the text. 

Other minor changes / suggestions are written in red on the pages of the manuscript. 
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Phillip T. Goad, Ph.D. 

CHAPTER 3. HEALTH EFFECTS 

This chapter is generally well written. Specific comments are provided below. Other minor changes I 

suggestions are written in red on the pages of the manuscript. 

Sections 3.2.1.6 and 3.2.2.6 Developmental Effects 

As discussed above for Section 2.0, one issue that is not adequately addressed is whether developmental 

effects are observed at doses that are or are not maternally toxic. The studies on developmental effects 

should include descriptions ofthe presence or absence of maternal effects such as weight gain, food 

consumption, andlor clinical signs. The summary statement on page 62 (line 25) states that "there is a 

substantial database demonstrating development toxicity at ethylene glycol doses that are not maternally 

toxic. However, there is no discussion of these endpoints in. the preceding summaries of individual 

studies that would support this conclusion. It is important for the reader to understand whether the 

chemical is, or is not, a selective developmental toxicant, adversely effecting embryonic or fetal 

development at doses that do not adversely affect the mother. 

Section 3.4 Toxicokinetics 

This section is well written. 

Page 69 lines 13-19. State whether the skin was shaved prior to application. 

Page 71 lines 9-10. Do you mean that the urinary excretion of glycolic acid increased as percent of dose, 

with increasing doses? 

Page 71 lines 31:'34: Please state the purpose of the sucrose administration. 

Figure 3-3: Please define the difference between the heavy arrows and the light arrows. Also, it would be 

helpful to note on the figure the rate limiting steps, since these are often referred to in the text. The line 

leading to acetate needs an arrow. 

Other minor changes I suggestions are written in red on the pages of the manuscript. 

6 




Phillip T. Goad, Ph.D. 

Section 3.5 Mechanisms of action 

Section 3.5.2 (Mechanisms of toxicity) needs rewording and clarification. Page 79 lines 19·22 are 

awkwardly written, and should incorporate lines 11-14 from page 80. The paragraph could be better 

writ:ten, for example, as "There are three main effects responsible for the toxicity ofethylene glycol: 

increased osmolal gap, metabolic acidosis, and formation ofcalcium oxalate crystals. Several lines of 

evidence suggest that metabolites ofethylene glycol and responsible for the~e effects. First, there is a 

latent period before the symptoms of acidosis appear; second, there is no correlation between observed 

toxicity and ethylene glycol blood concentration; and third, inhibition of ethylene glycol oxidation 

prevents toxicity (Jacobsen and McMartin 1986)." 

Page 79 line 24: The authors state "In the initial stages after ingestion ...", which raises the question of 

whether ethylene glycol has caused clinical toxicity following inhalation or dennal absorption. Ifthere 

are no reports in the literature of toxicity following inhalation or dermal exposure, the authors should state 

this. If toxicity can occur via routes other than ingestion, the above sentence needs to be changed. 

Page 79 lines 14-15: This sentence is out of place and doesn't seem to belong here. 

Page 79 lines 15-17: It was stated on page 71 lines 9-10 that saturable metabolism is the reason for 

glycolic acid accumulation; however, this sentence states that it is "because it is a substrate for lactic 

dehydrogenase andlor glycolic acid oxidase." Also, figure 3-3 states that glyoxylic acid is the substrate 

for lactate dehydrogenase andlor glycolic acid oxidase. Please clarify so that the infonnation on page 71 

matches that on page 79 and figure 3-3. 

Page 79 line 32: Do you mean methanol instead of mannitol? 

Page 80 line 19: The sentence states that lactic acid is a metabolite of ethylene glycol. However, lactic 

acid is not mentioned as a metabolite in section 3.4.3 as a metabolite, although lactate may be formed 

when pyruvate is converted to lactate generating NAD. The authors should detennine whether lactate is in 

fact a metabolite and provide a reference or alter the sentence accordingly. 

Page 80 lines 19-20: This statement repeats the infonnation in lines 8-11 and should be deleted. 
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Phillip T. Goad, Ph.D. 

Page 80 lines 26-30: These sentences are out of place and appear to belong in the paragraph that starts on 

line33. 

Other minor changes / suggestions are written in red on the pages ofthe manuscript. 

Section 3.12.2 Identification Needs - Epidemiology and Human Dosimetry Studies (page 104, line 

311) 

The sentence beginning with "Populations likely to show effects of ethylene glycol include individuals 

exposed through dennal contact with ethylene glycol-containing automobile antifreeze ............" 

(emphasis added) is misleading and not consistent with available data discussed elsewhere in the 

document that demonstrates that individuals with limited exposures are not likely to experience adverse 

effects. This is particularly true for the identified populations of "individuals exposed through dennal 

contact with ethylene glycol-containing automobile antifreeze and individuals who live near hazardous 

waste sites ... " It seems that the intent of this section and specific sentence is to identify potential 

populations to include in future epidemiological studies. AccordinglY, a rewording aimed at this purpose 

is suggested in the text. 

Section 3.12.2 Identification Needs - Absorption, Distribution, Metabolism, and Excretion (pages 

106 and 107) 

There are no data available addressing the kinetics of in vivo ethylene glycol in humans following dennal 

exposure. I have added a statement suggesting that these types of studies be conducted (page 107, line 

27). 

Sections 4, 5, 6, 7. and 8 

These sections are well written and organized. No major corrections or revisions are recommended. 

One minor correction should be made on page 120, line 20: "suggest" should be changed to "suggests". 

This is also noted in red on the original document. 

Appendices A, B, and C 

These sections appear to be complete and well written. No changes or revisions are recommended. 
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Chapter I - Public Health Statement 

Page 2, Line 12: "Once in your body, most of the ethylene glycol is broken down into other more toxic 

chemicals and excreted in the urine". 

• 	 The tone of this chapter is appropriate 

• 	 The major headings are answered adequately and the summary statements are consistent and 

supported by facts. I would suggest wording change on page 5, line 3 to "Ethylene glycol and its 

effects can be measured in blood and urine". No clinical hospital laboratory can measure 

ethylene glycol's metabolites. Suggest including regional poison center phone number (1-800­

222-1222) under the "where can I get more infonnation?' heading (page 6, line 8). 

• 	 Scientific tenns are appropriate. 

Chapter 2 - Relevance to Public Health 

• 	 I agree with the staging of effects. Regarding inhalation MRL's (page 16) it should be noted that 

systemic toxicity via inhalation has rarely been described. I would place all human studies (on 

page 17) at the beginning of the section. Human data should be presented before animal data. 

While human data is good for acute exposure, animal data is necessary for repeated exposure. 

• 	 I believe that the animal effects are crucial to include because animals are frequently exposed and 

are often the index case due to pet exposure. 

• 	 Exposure conditions have been adequately described. 

Chapter 3 - Health Effects 

Section 3.2: 

Human Study Toxicity 
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• 	 Human studies that were adequately designed were identified in the text 

• 	 Author's conclusions were appropriate and accurately reflected. 

• 	 Appropriate NOAELs and LOAELs were identified (if applicable). 

• 	 Statistical results are not emphasized in this text, nor is there a need for extensive 

statistical analysis. The cancer sections have adequate statistical references. 

Animal Study Toxicity 

• 	 Adequately designed animal studies were identified in the text. 

• 	 Animal species selected were appropriate. 

• 	 Author's conclusions of these studies appear to be appropriate and accurate. 

• 	 Appropriate NOALs and LOAELs were identified. 

• 	 Toxicities of various forms are not relevant and not really described. 

• 	 Statistical testing was minimally referenced and is appropriate. 

Specific Suggestions 

Page 40; Lines 4-5: "The American Association of Poison Control Centers (AAPCC) reported 17 

fatalities in 2005 due to ethylene glycol ingestion." 

Reference: Lai MW, Klein-Schwartz W, Rodgers GC, et al. 2006. 2005 Annual Report of the American 

Association ofPoison Control Centers' National Poisoning and Exposure Database. Clinical Toxicology. 

44:803-932 

Page 53; Line I: The Donnal value for an osmolal gap in humans is 10 to 15 mOsm per kg H20. An 

elevated osmolal gap is associated with ethylene glycol in the blood with an increase of2 mOsmlkg H20 

for every 0.1 grams/L (116 mmol/L) of ethylene glycol. 

Page 53; Line 53; LineIO-II: add -Leukocytosis can be expected shortly after acute ethylol glycol 

exposure. 

LSE TABLES 
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• The LSE tables and figures are completely and self-explanatory and is clearly explained. 

• 	 I would agree with the categorization of"less serious" and serious. 

• 	 Values ofMRLs are justified. 

• 
Evaluation of Text 

• 	 Study limitations have been discussed 

• 	 Key endpoints have critically evaluated 

• 	 When appropriate, bottom line statements were made 

• 	 Conclusions are appropriate 

• 	 Adequate attention (specifically with NOAEL) was generally given to LSE charts. 

Figure 3-2 gives consistent data and is very readable. 

• 	 Animal data has been used to support possible human effects. This is especially true for 

Table 3-3 whereupon no dermal human effects were studied but rabbit/mouse studies are 

listed (primarily as NOAEL). 

Section 3.4 

• 	 There is adequate discussion regarding absorption, distribution, metabolism and excretion 

of ethylene glycol. However the beginning of Section 3.4, 1.2 (page 97; line 22) the first 

line should be changed to "Direct evidence of rapid oral absorption of ethylene glycol ..." 

• 	 The paragraph on inhalation exposure (absorption) should include Dr. Wezorek's case 

report: Inhalation of aerosolized ethylene glycol from an automobile heater resulted in a 

blood ethylene glycol level of28mgfdl 

Reference: Wezorek C, Hodgman M, Dean B. 1995. Inadvertent ethylene glycol inhalation resulting in a 

toxic level (Abstract). J Toxicol Clin Toxico!. 33: 553 

• 	 Page 73; line 9: I would add that the half life of ethylene glycol during Fomepizole 

therapy is 11 to 14.75 hours. 

• 
Reference: Baud Fl, Galliot M, Astier A. 1988. Treatment of ethylene glycol JXlisoning with intravenous 

4-methylpyrazole. N Engl J Med 319: 97-100 
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• 	 Major organ/tissue storage factors were identified as per physiologic parameters. I 

suggest including autopsy/forensic data from R. Baselt's text: Ethylene glycol appears to 

concentrate in the brain, liver and kidney. 

Reference: Disposition ofToxic Drugs and Chemicals in Man. 2002. Editor: RC Baselt. Biomedical 

Publications, Foster City, California 6th Edition: 406-409 

• 	 All applicable metabolic parameters have been presented. 

• 	 There is adequate discussion of differences in toxicokinetics between humans and 

animals 

• 	 There is adequate discussion of the relevance of animal toxicokinetic data to humans 

• 	 There does not need to be discussion for different forms of ethylene glycol 

Section 3.5 

All possible mechanisms ofaction have been addressed. 

Section 3.8 

• 	 The biomarkers listed are specific for exposure 

• 	 Would move discussion of anion gap and osmolal gap (pages 52 and 53) to Section 3.8.1 

as biomarker to aid in diagnosis. This (along with renal function tests) would measure 

the biomarker of effect. 

Section 3.9 

• 	 There is adequate discussion of interactive effect 

• 	 Few other interactive effects are known 

Section 3.10 

• 	 Population susceptibility data is scarce. I agree with the data and conclusions presented. 

Section 3.11 

Update the following references: 

Page 93: Lines 35 to 36 
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Dart RC, ed. 2004. Medical Toxicology. Lippincott, Williams and Wilkins. Philadelphia, PA: 1223-1229 

Page 94 Lines 1 to 2 

Flomenbaum NE, Goldfrank LR, Hoffman RS, et al. 2006. Goldfrank's Toxicologic Emergencies. 81h ed. 

New York, NY: McGraw-Hill, 1447-1459 

Add these references: 

Pellegrino B, Parravani A, Cook L, Mackay K. 2006. Ethylene Glycol Intoxication: Disparate Findings of 

Immediate versus Delayed Presentation. W.V. Med J 102(4): 32-34 

Shannon MW, Borron SW, Bums MJ. 2007. Haddad and Winchester's Clinical Management of 

Poisoning and Drug Overdose 41h ed. St. Louis, MO: Saunders Elsevier 611-621 

Hess R, Bartles MJ, Pottenger LH. 2004. Ethylene Glycol: an estimate of tolerable levels of exposure 

based on a review ofanimal and human data. Arch Toxicol78: 671-680 

Section 3.11.2 

• 	 Management is specific to the substance. Suggest mentioning that although not formally 

studied, activated charcoal (at 1 gram per kilogram body weight) given orafly may be 

effective in partially preventing ethylene glycol gastrointestinal absorption. (replace page 

94 Lines 20-22) 

• 	 The well accepted treatment lantidote is fomepizole which should be emphasized. The 

American Dosing Regimen is 15 mglkg loading intravenous dose follwed by ten mg! kg 

intravenous every 12 hours for four doses. Subsequent doses (if needed) are 15 mg/kg 

I. V. until plasma ethylene glycol level falls under 20 mg/dl. Suggest adding that ethanol 

should only be used if fomepizole is not available. 

• The major hazards with ethanol therapy in pediatric patients are the potential 

development of hypoglycemia and increased risk for sedation. 

Page 95 Line 14 

Suggest changing level ofethylene glycol from 20 mgldl to "when initial serum ethylene glycol levels 

exceed 50 mg/dl ... " 

• 	 There are no issues of ethylene glycol being stored in adipose tissues so this part is not 

applicable. 

Section 3 .12 
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• 	 I know of no other studies that would fill the data gap 

• 	 The data is presented in a neutral, non-judgmental manner. 

• 	 1 agree with the identified data needs. I would add (on pages 97 and page 107) the fact 

that inhalation data studies do not take into account the potential increased toxicity of 

ethylene glycol when it is heated. 

• 	 The text adequately addresses and justifies the data needs. 

Page 108, Line 31 

I would also add that with exposure copious irrigation with water or saline can aid in ocular 

decontamination. 

Pages 95 (line 21) and page 109 (line 21): Suggest elimination of the word magnesium form the text. 

Chapter 4 

Table 4-1 appears to be primarily complete and accurate. Suggest some additions to Table 4-2 

-Suggest adding units to Density (1.1135 grams/ml) and molecular weight (62.07 glmol) 

-Suggest adding pH (neutral) 

-Suggest adding that it is soluble in ether 

Chapter 5 

• 	 I am not aware ofany infonnation that is incorrect or missing. 

Chapter 6 

• 	 The text appropriately traces the substance from its environmental point of release until it 

reaches the receptor population and it provides technically sound information. 

• 	 The text covers pertinent information relative to transport, partitioning, transformation 

and substance degradation. 

• 	 The text provides adequate information on monitored and estimation ofethylene glycol 

levels in the environment. Proper units are utilized. 

• 	 The text provides sources and pathways of exposure for the general and special 

population. I agree with the selection of special population. 
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Section 6.8.1 and Section 7.3.1 

The data needs are presented in a neutral, non-judgmental fashion-no apparent bias is noted. J agree with 

the information on identified data needs. The text adequately justifies further data needs development. 

Chapter 7 


• I am not aware ofany other additional methods articulated in Tables 7-1 and 7-2 


• The methods (particularly human-related) are mentioned in the text 

• Unique aspects have been addressed 


Section 7.31-see Section 6.8.1 


Chapter 8 


• I am not aware of any other regulations or guidelines that may be appropriate for 


Table 8-1 


Chapter 9 


Additional references are included in the specific sections and are enclosed. 


17 




1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 




SUMMARY COMMENTS RECEIVED FROM 

Kenneth McMartin, Ph.D. 

Department ofPharrnacoiogy, Toxicology, and Neuroscience 


Louisiana State University 

Health Science Center 

1501 Kings highway 


Shreveport, LA 71130 

318-675-7871 

Email: kmcmart@lsuhsc.edu 

19 


mailto:kmcmart@lsuhsc.edu


20 




Kenneth McMartin 

GENERAL COMMENTS ON DRAFT 

This draft is very thorough and the authors have done an exceptional job of pulling 

together nearly all of the critical studies that impact on ethylene glycol. I have no comments on 

the general structure or on the writing. Also, the authors have accomplished the answers to 

most of the questions posed for the individual questions listed for each chapter in the Guide for 

Peer Review. As such, I have not directly listed my thoughts on each of those questions. 

Instead my comments are listed below by page number - in some cases, these comments 

address the suggested questions 

CHAPTER 1. PUBLIC HEALTH STATEMENT 

The Public Health Statement is very well written. 

p. 6 - how are drinking water levels set? 

CHAPTER 2. RELEVANCE TO PUBLIC HEALTH 

Section 2.2 Summary of Health Effects 

p. a - a better reference for # of poisonings in US would be one of the annual reports by the 

AAPCC (such as the elsewhere cited Litovitz et al. 2002 and Watson et ai, 2004). 

p.11 line 18119 - Delete sentence because glycolic acid accumulation and acidosis do not 

contribute to the renal failure, which is solely caused by oxalate crystal accumulation (Green et 

al.. 2005 and Cruzan et aI., 2004). 

p.11 line 21-23 - Revise sentence - Blood 1965 is incorrect reference. NTP 1993 did show 

hepatic effect at a dose lower than that producing kidney effect in mice, but the effective dose in 

mice was much higher than that producing kidney effect in rats, which are more sensitive to 

renal toxicity. The sentence as written is misleading therefore. 

p. 12 - Insert sentence: However in rats dosed on Gd 6-15 with 1000 mglkg/day in feed, 

skeletal malformations were not observed (Maron pot et al., 1983), suggesting the importance of 

dose-rate in produdng developmental effects. 

p. 13 - revise sentence to read" ... ; because these changes are not likely to alter ethylene 

glycol kinetics (Pottenger et ai., 2001), this model may be useful in predicting developmental 

toxicity in humans." As discussed below (Chapter 3), the Pottenger study demonstrates the lack 

of effect of pregnancy on EG kinetics, indicating that the physiologic changes in pregnancy are 

not important for EG metabolism or distribution, such that the Corley PBPK model should be 

useful. 

p. 15 - As discussed below under Section 2.3 (MRLs), the Gaunt study is not suitable for 

determining an intermediate-duration oral dose MRL, so this sentence should be altered to state 

Cruzan el al. 
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Kenneth McMartin 

p. 15 - There now is a chronic oral dose study in Wistar rats (Wilson et al., 2005, copy 

provided), so the following sentences can be added in place of the deleted phrase. "In the male 

Wistar rat, which is particularly sensitive to ethylene glycol nephrotoxicity following intermediate 

duration exposure, renal effects after exposure in the diet for 12 months included crystal­

induced nephropathy and renal dysfunction at doses.::: 300 mg/kg/d. Dose-response data for 

compound-induced nephropathy in male Wistar rats were used to derive a chronic oral MRL for 

ethylene glycol (see Section 2.3)." 

Section 2.3 MRLs 

p. 23 line 15-17. The Corley 2005a (liver homogenates) and Booth 2004 (liver slices) studies 

are not really opposed, as discussed below (Chapter 3), since both indicate that glycolate 

metabolism in humans in vitro is faster than that in rats. As such, the first suggested change is 

indicated. Nevertheless, the data may not yet support a less than 10-fold uncertainty factor at 

this time so no other changes are suggested in the text here. 

p. 23 - revise last sentence to read " ... ; because these changes are not likely to alter ethylene 

glycol kinetics (Pottengeret al., 2001), this model may be useful in predicting developmental 

toxicity in humans." As discussed below (Chapter 3), the Pottenger study demonstrates the lack 

of effect of pregnancy on EG kinetics, indicating that the physiologic changes in pregnancy are 

not important for EG metabolism or distribution, such that the Corley PBPK model should be 

useful. 

p.24 The paragraph on the uncertainty in acute oral MRL can be stated more strongly since 

Carney 2001 has shown that bolus doses produce higher glycolate levels than equal doses 

given over time. Also the two rat studies given equal doses by gavage or in diet show that only 

gavage (bolus) dosing produces developmental effects. 

p. 26 Insert sentence: "Note that these intakes were averaged among rats (housed five per 

cage) and varied greatly during the 16-week exposure (since the amount of ethylene glycol in 

the diet was not adjusted for changing food consumption and body weights throughout the 

study). 

p. 27 Insert sentences (at line 13 as indicated): U The Gaunt et al. (1974) study is not suitable for 

MRL consideration since the animal care in this study was questionable. Nearly all of the rats, 

possibly from the beginning of the study, showed evidence of respiratory infection (pneumonia) 

and infectious salivary adenitis, either of which could have confounded the results. Also, rats 

were fed a constant % ethylene glycol in the diet, such that daily consumption varied throughout 

the study (for example in Ihe apparent effect group of 180 mg/kg, rats were exposed to.::: 300 

mg/kg for two weeks which is a level above the threshold for renal toxicity based on the chronic 
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study of Wilson et al., 2005). Furthermore, rats were housed in groups of five such that 

consumption of individual rats among the groups likely varied greatly. Hence, the dose levels in 

this study are not reliably consistent, unlike the study by Cruzan et al. (2004), which was 

conducted in the same strain, by the same route and for the same duration." 

A further reason to use the Cruzan study for the intermediate MRL is the recent chronic study of 

Wilson et al. (2005) in the male Wistar rat which showed the same NOAEL of 150 mg/kg and a 

LOAEL of 300 mg/kg, thus appearing to sUbstantiate the results of Cruzan et ai, not Gaunt et al. 

p.29 line 8-10 - 1 would not consider the slight fatty metamorphosis reported in female F344 rats 

in the DePass et al (1986a) study to be an adverse effect. At the 200 mg/kg dose, the increase 

in this parameter was of borderline statistical significance and there was no other evidence of 

hepatic pathology in these animals or animals receiving the highest dose of ethylene glycol. At 

no time (6, 12, 18 or 24 months) was there an increase in parameters of liver function (serum 

chemistry) or in liver weight, even in animals dosed at 1000 mg/kg. Hence there is no dose­

dependency to this parameter. 1 would thus revise the indicated sentence to reflect a NOAEL of 

200 mglkglday and a LOAEL of 1000 mglkglday based on renal pathology. 

p.29 after line 25 - this would be the spot to insert a complete paragraph to describe the Wilson 

et al (2005) study here. Although the authors will want to be more or less thorough, the 

following is a succinct description. 

Male Wistar rats were exposed to ethylene glycol in a low protein diet at a, 50, 150, 300 

and 400 mg/kglday for 12 months. Endpoints included food and water consumption, body and 

organ weights, urinalysis, and renal and bladder histopathology. The concentrations of ethylene 

glycol and its metabolites, glycolate and oxalate, in blood, urine and kidneys were also 

determined. Benchmark. dose (BMD) analyses were conducted using compound-induced 

nephropathy and kidney birefringent crystal data. No treatment-related effects occurred in the 

rats at 50 or 150 mg/kg/day. Toxicity was pronounced at 400 mg/kg/day, as shown by 

increased mortality and excessive weight loss, which led to humane termination of the 

remaining animals on Day 203. Rats in this group also showed increased kidney weights and 

major renal pathology (basophilic foci of crystal-related nephropathy, tubule dilatation, 

birefringent crystal deposition and transitional cell hyperplasia) and urinary bladder pathology 

(calculi, hemorrhage of bladder wall). Rats given 300 mg/kg were also severely affected, with 

increased mortality, decreased body weight, increased water consumption, increased urine 

volume (decreased specific gravity), increased kidney weights, and significant renal and bladder 

histopathology. In the kidney tissue, there were no differences in the concentrations of glycolate 

or oxalate at doses .s. 150 mg/kg compared with controls, with clear non-linear increases in both 
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metabolites at 300 and 400 mg/kg/day. At the latter dose, concentrations of glycolate and 

oxalate reached an average of 14 )lg/kg and 19,000 )lg/kg, respectively. Thus, accumulation of 

calcium oxalate in the kidney correlated with the appearance of renal toxicity. These results 

indicate a NOAEL of 150 mg/kg/day and an LOAEL of 300 mg/kg/day from this study. BMD 

analyses showed a BMDD5 and BMDL05 for compound-induced nephropathy of 170 and 150 

mg/kg/day, respectively, and for compound-induced renal crystal deposition of 170 and 160 

mg/kg/day, respectively. 

p. 29 line 30. Insert:" kidney lesions (oxalate nephrosis) and mortality at 300 mg/kg/day in male 

Wistar rats (Wilson et al., 2005)" 

p.30 line 4 Insert : "a NOAEL of 150 mg/kg/day and serious LOAEL of 300 mg/kg/day in Wistar 

males (Wilson et aI., 2005). 

CHAPTER 3. HEALTH EFFECTS 

Section 3,1 INTRODUCTION 

Section 3,2 DISCUSSION OF HEALTH EFFECTS BY ROUTE OF EXPOSURE 

p.38 - possible typo - as written, states "decreases in live fetuses" as well as "increases in live 

fetuses". 

p.45 -Insert line 26: Q There were no effects on parameters of liver function measured in the 

serum at any dose in either male or female rats." 

p. 45 -line 29 insert: "The significance of these minor hepatic lesions is questionable because 

of the lack of effects on liver weight and on liver function measures, even at the highest dose." 

p.45 -last sentence in the paragraph needs to be referenced. 

p.47 - Insert a sentence about the paper by Smith et al (1990) (in reference list) - this is a key 

paper in dogs since it showed that gavage dosing with 3.3 g/kg of ethylene glycol in dogs leads 

to a progressive development of renal toxicity as noted histopathologically, from 2 - 30 hours 

after dosing. 

p. 48 - move sentence about the MRL from Gaunt paragraph to Cruzan paragraph as 

discussed for Chapter 2. 

p. 49 - alter sentence to indicate that a chronic study has been done in Wistar rats, then 

describe the renal results from that study here. 

p. 51 - add body weight results from Cruzan et al. (2004) - changes the ranges in the sentence 

as indicated. 

p. 54 - add sentence: "In another case of fatal ethylene glycol poisoning, the development of 

rapid cerebral edema was documented by CT scan and was accompanied by definitive 
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evidence of calcium oxalate crystals within walls of CNS blood vessels, with associated 

inflammation and edema (Froberg et aI., 2006)." (copy supplied) 

Toxicity - Quality of Human Studies 

No comments needed. 

Toxicity - Quality of Animal Studies 

As noted above under Section 2.3, the Gaunt study is significantly flawed and a more recent 

study of the same rat strain and duration (Cruzan) can be substituted in terms of analysis of 

renal toxicity. 

Levels of Significant Exposure (LSE) Tables and Figures 

Add data from Wilson et al. (2005) chronic oral study to Table 3-2 and Fig 3-2. 

Evaluation of Text 

Section 3.3 GENOTOXICITY 

Section 3.4 TOXICOKINETICS 

p. 72 - the first paragraph needs major revision. The unpublished data of Bartels are published 

in the report by Corley et aI., 2005a. The in vitro rates of metabolism of glycolate would be 

better assessed by comparing the Vmax (not the Km) determined by the Booth and Corley 

studies. An even better parameter for assessing relative rates of metabolism would be the 

VmaX/Km. In the Corley study, the respective VmaxlKm for human and rat liver homogenates 

are 2.15 and 0.65 Ug/h. In the Booth study, the respective VmaxlKm for human and rat liver 

slices are 0.43 and 0.28 Ug/h. As such, both studies indicate that the rate of metabolism of 

glycolate tends to be higher in human liver than in rat liver in vitro. 

p. 73 - Insert at end of first paragraph: "In a series of 19 patients, the mean half-life of ethylene 

glycol during a period without ADH inhibitor treatment and without dialysis was 8.6 hours, while 

elimination after fomepizole therapy was slower, with a half-life of 19.7 hours (Sivilotti et al., htbvl 
2000, copy provided)." GOfY 
p. 77 last paragraph -I disagree with the assessment by CERHR and the authors on the 

Pottenger study. First Gd10 is in the middle of the critical window for the developmental effects, 

so is the most appropriate time to examine the effects of pregnancy on the kinetics of ethylene 

glycol and glycolate. The fact that pregnancy did not alter these kinetics suggests that thePBPK 

model of Corley does not need to be calibrated for the physiologic changes that occur during 

pregnancy such that the model does have significant predictive usefulness. Furthermore, from 

a mechanistic point of view, the physiologic changes during pregnancy would not be expected 

to significantly change the kinetics of ethylene glycol or glycolate, which are primarily controlled 
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by hepatic enzyme activity and renal excretory mechanisms (and not hepatic or renal blood 

flow). As such, the Pottenger study confirms what one would expect anyway. 

Although the Pottenger study did not measure the fetal levels, another report (Corley et al .. 

2002, copy provided) examined the kinetics of ethylene glycol and glycolate in pregnant Spragu­

Dawley rats given ethylene glycol either by gavage (100 or 1000 mg/kg) or by subcutaneous 

infusion pumps (1000 or 2000 mg/kg/day). By either dosing method, ethylene glycol levels in 

maternal blood paralleled those in conceptuses (embryos and embryonic fluid, analyzed 

separately), while glycolate levels in conceptuses also paralleled those in maternal blood, albeit 

at a consistently higher level (1.4-4 fold). As such, the glycolate levels in maternal blood could 

be used as a predictor offetal glycolate levels and thus be useful for extrapolating across 

species. The continuous infusion dosing led to significantly lower ethylene glycol and glycolate 

levels than the equivalent dose administered by bolus gavage, confirming the importance of 

dose-rate in ethylene glycol developmental toxicity. 

These two studies (Pottenger 2001 and Corley 2002) indicate that pregnancy does not 

appear to alter ethylene glycol and glycolate kinetics and most importantly help to validate the 

usefulness of the Corley PBPK model for its predictive value. For these reasons, the last 

paragraph on p. 77 needs to be substantially revised. 

p. 78 the first paragraph needs major revision. The unpublished data of Bartels are published in 

the report by Corley et ai., 2005a. The in vitro rates of metabolism of glycolate would be better 

assessed by comparing the Vmax (not the Km) determined by the Booth and Corley studies. 

An even better parameter for assessing relative rates of metabolism would be the Vmax/Km. In 

the Corley study, the respective VmaxlKm for hUman and rat liver homogenates are 2.15 and 

0.65 Ug/h. In the Booth study, the respective VmaxlKm for human and rat liver slices are 0.43 

and 0.28 Ugfh. As such, both studies indicate that the rate of metabolism of glycolate tends to 

be higher in human I'Iver than in rat liver in vitro. 

p. 78 line 30 insert sentence: "Corley et al (2002) have confirmed that the rat embryo and 

embryonic fluid concentrate glycolic acid, reaching levels roughly twice that in maternal blood." 

Section 3.5 MECHANISMS OF ACTION 

p. 82 line 32 insert sentence: "Corley et al (2002) have confirmed that the rat embryo and 

embryonic fluid concentrate glycolic acid, reaching levels roughly twice that in maternal blood." 

Section 3.6 TOXICITIES MEDIATED THROUGH THE NEUROENDOCRINE AXIS 

Section 3.7 CHILDREN'S SUSCEPTIBILITY 

p. 86 - in the first paragraph, there is a strange dichotomy where -5000 cases of poisoning are 

reported in 2001 , but only 735 in 2003. The AAPCC reports are sometimes hard to decipher 
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because they change categories around - sometimes ethylene glycol is a chemical and 


sometimes it is an automobile product. These two sentences need to be reviewed for accuracy. 


Note also that Watson 2004 is not in the reference list. 


Section 3.8 BIOMARKERS OF EXPOSURE AND EFFECT 


p. 90 line 18-30 - The authors are technically correct that glycolate, being an endogenous 

chemical that can be obtained also from the diet, is not a pure biomarker. However, an increase 

in glycolate above the general background found in human plasma (which is < 1 mM) is a 

specific biomarker and probably the best indication of ethylene glycol exposure in humans. It is 

particularly useful in those situations where there is a lengthy period between exposure and the 

blood sampling. In those situations, there is often no ethylene glycol in the plasma (due its 

metabolism and elimination), while there still are elevated levels of glycolate. As such, the 

second paragraph of Section 3.8.1 needs to be reworded to indicate the usefulness of elevated 

plasma glycolate levels in diagnosing hUman exposure to ethylene glycol. 

Section 3.9 INTERACTIONS WITH OTHER CHEMICALS 

Section 3.10 POPULATIONS THAT ARE UNUSUALLY SUSCEPTIBLE 

Section 3.11 METHODS FOR REDUCING TOXIC EFFECTS 

Section 3.12 ADEQUACY OF THE DATABASE 

p. 100 - change first paragraph to reflect discussion above for Section 2.3 that Cruzan is better 

for MRL than Gaunt. 

p.100/101 - change the last paragraph of 100 and first of 101 as recommended to reflect the 

existence of the chronic study in Wistar rats by Wilson et aI., 2005. It can probably be stated 

that the existing data are sufficient to produce a chronic oral MRL and no further studies are 

needed. 

p. 105 - Add sentence where indicated: "However, increased blood glycolate above normal 

human background levels is strongly indicative of ethylene glycol exposure and is often used for 

clinical diagnosis or confinnation." 

p.108 - insert: ", while Corley et al (2002) have shown in rats that glycolic acid is consistently 

higher in the conceptus compared to the maternal blood. " 

Existing Information on Health Effects 

Identification of Data Needs 

CHAPTER 4. CHEMICAL AND PHYSICAL INFORMATION 

CHAPTER 5. PRODUCTION, IMPORT/EXPORT, USE, AND DISPOSAL 
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CHAPTER 6. POTENTIAL FOR HUMAN EXPOSURE 

CHAPTER 7. ANALYTICAL METHODS 

CHAPTER 8. REGULATIONS AND ADVISORIES 

CHAPTER 9. REFERENCES 

p.9 Hogue et al 2006 not in list of references (and not on CD). 

UNPUBLISHED STUDIES (IF APPLICABLE TO REVIEW) 

The Gaunt et al. (1974) study is not suitable for MRL consideration since the animal care in this 

study was questionable. Nearly all of the rats, possibly from the beginning of the study, showed 

evidence of respiratory infection (pneumonia) and infectious salivary adenii'ls, either of which 

could have confounded the results. Also, rats were fed a constant % ethylene glycol in the diet, 

such that daily consumpti~n varied throughout the study (for example in the apparent effect 

group of 180 mg/kg, rats were exposed to .:: 300 mg/kg. for two weeks which is a level above the 

threshold for renal toxicity based on the chronic study of Wilson et at, 2005). Furthermore, rats 

were housed in groups of five such that consumption of individual rats among the groups likely 

varied greatly. Hence, the dose levels in this study are not reliably consistent, unlike the study 

by Cruzan et al. (2004), which was conducted in the same strain, by the same route and for the 

same duration. 
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Ethylene glycol induces hyperoxaluria without metabolic acidosis In rats 

Mike L. Green, Marguerile Hatch, and Rubert W. Freel 
DcpanIlJl.'II/ of P(IIlwlrWY. h,rlllll/lUlo;.:.\", (Ind ulbora/ory Mr'dicilU:. Coli,,;.:" ofM"dicim', UniL'r'nily (If Florida. Guill".,·L·il"" Florida 

SublLlill~<.l 2J January 2005: ~cccplcd in Jinal ronn 20 April 2005 

Green, Mike L., Marguerite Hatch, and Robert W. Freel. 
Ethylene glycol ioduee~ hypcwxalun" without mClaholic ~cidosis in 
r::us. Am J Plly.l·iol R,,"al Physiol 289: F5)(I-F54J. 2005. Firsl 
puhlished April 26. 1005: dui: 10.1 1521ajprcna1.00025.2005.-Ethyl­
ene glycol (EG) consumplion is commonly employed as nn e);pcri­
Illelllal reginlCIl 10 induce hypcrox'lluri'l in animnl Illodcls or calcium 
oxalme llephrolithi(lsis. This 'lppro;lch has. howC'vcr. hecn crilicized 
hecausc EG ol'erdose induces mClabolic acidosis in humans. We 
tesled Ihe hypOlhesis that EG wnsumption (0.75% in drinking waler 
ror 4 wk) induces mdabulic aci<.losis hy comparing allenal bloo<.l 
gase~. serum electrolytes, and urinary chemislries in five groups or 
Spr.Jgm:·DawJcy ral~: norm:!1 controls (CON). lhuse made hypero;\;­
aluric myp) wilh EG administration. unilmemlly nephrectomized 
comrols (UN I). unilater.Jlly n~phrecl{)mizcd nus fed EG (HRF). and a 
1l1embolic llcido~is (MA) reference ~roup imhibillg sweetened drink· 
ing waler (5% sucrose) containing 0.28 M NH.CI. Anaial pH. plasma 
bicarbonate conccmrations. anion gap. urinary pH, anu the e.\erdion 
uf 11lralable ;tci<.l. OJllImonium, phosphate, Cil!":lIC, and C;llcium in HYP 
rals were nUl signilic;tmly differelll from CON !":lts. indkaling lhal 
mClnbolic aci<.losis did not de\'elop in HYP mrs with 11"0 ki<.lneys. 
Unilmcrnl nephreclumy alone (UNI group) did not signi!ic;tntly affccl 
;!Ilerilll pH. plasma bicarbunate, anion gap. or urinnry pH compareu 
with CON r;lls; howe,"er. HRF nus e);hibi(Cd some sign~ of a nascem 
acidosis in having an c1e\'med nIlion gnp. higher pho~phate excretion, 
lower urinal)' pH. lind nil increa~c in t]tratable acid. Fr.Jnk meillholic 
lIcidosis w~s ob~erl'e<.l in the MA rals: decreased aile rial pH and 
plasma HCO)" concenlr.Jtiun wilh lower urinary pH lind cilral': ex­
crt:lion with ck\';]led excreLion of anll1101liul11. phosphale an<.l. h~ncc, 
tilnllable ad<.l. We conclude lhm OlClllbolic llcidosis dues nol <.levelop 
in cunvemional EG lreatmenl~ bur mny en~ue Wilh renal insuffkicncy 
resulting from an oxalate load. 

chronic renal failure; kidney Slone: ;!rlcrial bluud gases 

ELEVATEU lJRINARY OX,\!.,\TE EXCRIITION (hypel"Oxllluria) is a clin­
ical condilion affecting some 30% or the U.S. stone-forming 
populalion 119). Hyperox<llllria can resull from both genetic 
and nonheritabk euuses. Fur exumple. extreme hyperoxaluria 
may be observed in palienls having a relatively rare genetic 
disorder known as primary hyperoxailiria (types 1 and 2). 
where hepatic oxalate production is enhanced by the absence of 
alanine-glyoxalate transferuse or glycolme oxidase. whereas 
more benign hyperoxaluria m ..y reslllt from enhanced enleric 
absorption of dietary oxalillc or oxalme precursors (22). 

While there are seyeral animal models (5. 3], 42) thal are 
used 10 study hyperoxalurlil and its conscquences, the most 
commonly employed and simplesl approllch 10 induce hyper­
oxaluria is 10 provide ethylene glycol (EO) in an animal's 
drinking water. EG is readily absorbed along thc imcstine and 
is metabolized in the liver to oxalate. Dcspile being one of the 
mosl popular animill modcls for studies of hypero);aluria (20. 

A<.l<.lr~" I'm r~prinl r~'luCSI~ Jild olher COITc.'Jl<lIl<.lellcc: M. L. Green. I)~p!. 
or I'mllnl0l.!Y, Immullntnl.!Y. ;lIl1t 1."lhlll:llOI)· )"kdicinc·. lini,·. uf Flurida. C"I­
Iq~c ur Medicine. PO Bo, [(K)~75. (iai"c,,·itk. FL 32610·00275 (e-rnail: 
gn:c!lmj@' pillholugy.lIn.~du). 

21). oxalmc-induced renal tubular injury (2, 27. )5, 47), and 
calcium oxalate nephrolilhiasis (9. 28_ 33. 34). the use of EO as 
an oxnlate prccursor in experimellial models has been criticized 
on rhe grounds that it produces metabolic ilcidosis (4. 5_ II). 
which clearly could confound imerpretation of studics employ­
ing EO-induced hyperoxaluria. The acidosis hypothesis has 
becn generally extrapolated from clinical ohservalions of ac­
cidcntal or illlentional overdoscs (10. 15, )0-32) of ilntifrccze 
formulalions. which may contain up 10 95% EO. Remarkably. 
whcthcr Ihe dosage of EO commonly utilizcd 10 induce exper· 
imemai hyperoxaluria (0.75% vol/vol provided in Ihe drinking 
water) also results in metilbolic acidosis has not been estab­
lished. Given the substnmial volumc of infornlation and con­
clusions derived from studies employing. EO-induced hyper­
oxaluria regarding calcium oxalmc nephrolilhiasis and oxalatc­
induccd renal injury. it is necessary thaI the issue or melabolic 
acidosis be experimentally resolvcd. 

Accordingly. we chose to le.~l the hypothesis that the stan­
dllrd EO-induced model of hyperoxaluria produces mctabolic 
acidosis in male Sprague-Dilwley falS by mterial blood-gas 
amllyses and serum and urinary chcmistries. We a1.~o evaluated 
these acid-base parameters in unilatcr.llly nephrectomized rms 
(control and EO-treated). which is a more seVere hyperoxahnia 
model (20). A fiflh group ormts served as a melabolic acidosis 
reference group. Our n:suhs indicille that two-kidney nits madc 
hyperoxaluric by at..lminislering of EO are not acidotic "flcr 4 
wk. HoweVer. signs of nasccm acidosis lire evident in rats Ihm 
Immifest compromised renal fllnclion us a eOllseqUenc<: uf 
chronic hypero);aluria: whethcr this acidosis is cnused by the 
EG ingestion or by the renal insuHiciency alone remains to be 
dctcrmined. We conclude that 'It the dosage schedules com­
monly employed, EO does not prouuce melabolic acidosis in 
Sprague-Dawley rats. 

MATlmt,\LS ,\ND METHODS 

i\lIim(lI~' 

A total of KO male Sprllgue-Dawley rnts (275-300 g) wcre mili7ed 
in Ihe currenl study and were purchased from Harlan (Indian~poli~. 
IN). All ral~ had free access 10 Purina Rat Chow 5001 during Ihe 
entire course of lhe slUdy. The chemical compo~iliun of Ihe di~1 is 
provided in Table l. All cxpcrirncmnl prolocols were cundu~ted in 
occordancc wilh the guidelines of Ihe Unil'ersilY of Florid;] [nstilu­
lional Animol Cnre ;rnd Usc Cummillee and Ihe Nmiolwl lnstilutcs ur 
Health Gllillr PH' Jill" Care (Iml V.I·e of ulliol"lJlOry ;\/liIlWI.I. 

l::'l1Jerilllt'lIIal ModdI (lml Pm/ocol.l· 

Two experimenlal mudcl.~ or EG·induccd hyperoxnllJria. IOg~ther 
willi lheir respective conlrols, wcrc e);:Imined in Ille current study, 
which prol'idcd varying degrees of hypero.~aluria. A (lflh group of rats 

The c"", <11" publicalion ()f Ihi, ;lIIid~ \\~r~ detrayed ill pJn by Ihe paymenl 
or I"'l.!~ chargc~. T1I~ mlidc mll.,1 !h"rcrm~ h.: herell)" m,,~e(1 ··"""'·rli''''",,·m·· 
in accm<.lancc wilh tM U.S.c. Seclion 173-'1 ,olel)' Lf) indicale lhl~ r~CI. 
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Table I. C/wmim{ composition of tile die/ pnll'ided 
ad libi/um /(I 1'(11.\­

Nwrit'III, 

!'rmcln. ~i: 23A 
F~l (ellIcr eXlr.lCI). ~i. 45 
FOIl (Jcld hy<.lrolY'i~). C..< S5 
Fiber (crude). % S.J 
Nilrogen-frec CXlracl. ~... 4'.1.9 
TOlal digesliblc nUlricnl~. % 76.0 
Gross .:nergy. keaVg '1.0 
Mel~ho1i7A1bk energy. kcaVg 3.'" 

,1/i1/1'r(l'_I' 

Ash. ~} 69 
Cali,,,,, 

Na·. ~i­ 0.40 
K·. % LIO 
Ca'-. ~i­ fL95 
Mg'·. ~(- 0.21 

Anions 
0-. '!< 

50;-. '.'1­
HPO;--. '7< 


was nmde acidolic and served as positil'c controb for lllel<lbolic 
acidosis. 

COlllrol groufi. For Ihe control group (CON). 17 r.:J1>; were provided 
ff(!e aeces~ to fow ;llld normal drinking watcr scrvcd as eontrol~. 

Hyperoxlliuric gmllp. For Ihe hypcroxaluric group (HYP). 17 rms 
were giycn frce access to food and drinking water Ihm conlained 
0.75% (vol/vol) EG (ehange<.l daily) for a pcriod of 4 wk (21). The 
pro~ision of this dose of EG has generatcd hypcro);nluria in as early 
as) days (211) and as long as 60 days (47) with no disccrnabk: effect 
Oil renal function a~ judged by cre .. tinine clear.IIlec (2 [. 27, 29). 

Ullillllcrul IIcph"'CltJlIlY group_ For Ihe unilnleral nephrectomy 
group (UNI). 17 r.IlS were unilmefilily nephl"\!ctumiz~d (sec beluw) 
and gi\'cn 1 wk to r~cover. These nephrectomized r .. L~ were provided 
f]"J;!e access to food ..nd numlal drinkinll w..ler and served as a 
nephrectomy control group. 

HYfll'rO_mlllria-illrill("cri chronic /"i·/ltJlfl.lilurc grullp. For the hypcr­
u.,aluria-induccd chronic renal failure group (HRF). 17 unilmef<llly 
nephrectomized ral~ were givcn I wk 10 recov~r from ~urgcry bdore 
hcing given free nccess to food and drinking water th<lt contained 
0.75% (vol/vol) EG for a p~riw ul'.J wk ;L~ previously dcscrihed (20). 

MelOhnlic llcit/osi., groul'. For thc metabolic acidosis group (MA), 
acidosis was produccd by providing Ir.:e access IU foud and drinkillg 
watcr that contained 0.211 M NH4 CI plus 5% (wtlvol) sucrose for .J 
(II = 6) or 14 days (II = 6). Thi~ is a wcll-c~t;lblished protocol ror the 
induction of metabolic acidusis in Ihe r.Jt (I. 311. )9). An initial 
analysi, indic ..t~d no signific..m differences hClwcen the two ncidotie 
groups for ;my p;lmmeler examincd. so Ihc fillS wer" combincd Lnlu;1 
singlc metabulic acidosis group (II = [2). 

Ullilmcml Nephrectomy 

To produce oxalat.:-indueed chronic r.:nal failure. unil:lteral ne­
phrectomies were pcrfomled on 34 raL~. Brieny. :l surgical plane uJ' 
.. neslhcsia was induced by an illlrapcritone<ll injection uf pentobarbital 
sodium (40 mglkg body wt). A small dorsal incision. -1.5-2 em. was 
made alung the upper nank overlying Ihc )cft kidney. 'nle kidney was 
exposed lhrough the dorsal incision, dccapsulated, and thc renal 
vasculature wns ligated before e.\Cision uf the ren ..1 mass. The nank­
ing musculature was sutured. and the skin W1L~ closed u~ing Autoelip 
wound dips. B<!I'ure lreatmems wcre inilialcd, all raiS thm underwenl 
surgery wcre given I wk 1O recover. 

Two weeks lifter the inilimion uf treatment and un the penultimale 
day oflhe s\lldy (4 wk), rats weI"\! placed in m~l<lbulic cages and 24·h 
urine colleclions were mnde. Urine W;IS colkct~d in 2U J.LI or 20~c 
sodium alide lIS:l preservative. Particulate mall.:r was scdimented h)' 

low-speed centrifugation. A 5-1111 ;lliquot was remOl'ed. and Ihc 
remainder was ncidilied by the <lddition uf) N I-leI (-I ml/S ml urinc 
volume). 'Ille acidilied urine was used fur the determination of citrate. 
calcium. alld o);alme. whereas o,mol.. lity. phosphate, chloride. lilral­
able acid, and ammonium excrdion were dctermined from the nOll' 
acidified :lliquol. 

m()l!d Co/ll'e/if", 

At Ihe end of Ihcir re,~pectivc trentrllerll periOlI. r<lts wcre ;mesthe­
tized with ;m imr.!pcri!Oneal injeclion of pcntobnrbital sodium (4U 
mglkg body wt). Ancrial blood.~amplc.~ (-I ml) were d"l\vn frollllllL' 
nbdorninal aort~ (I! = I I rJtS!'treatment group) wilh hlood-g:l-' sam­
pling syringes (PROVENTPLUs . Porlex, Kcenc. NH). and the sar1\plc~ 
wcr" immediately tr<lnsported to Ihe STAT lob of Shands Hospital at 
thc Univer.;ity of Florida for blood-gn.~ nn31ysis with an ABL sy~tem 
500 (Radiomeler. Wcstlake. OHIo Anerial bloud s<tmples were aho 
dr.Jwn frum lhe acidotic reference grOUJlS (MA; I! = 12) and proccssed 
<lS describcd abuve. B<I.~e excesses were cnlculatcd with an :llgorilhrn 
provid~d by Radior1\cter ;md represem Ihe collcentrmion of titratablc 
ha~e when the blood is litrated with strung base or acid !O a plasma pH 
of 7.4 m a ['co, of 40 Torr and 37°C at the ;lclu ..1 oxygcn sa\urmion 
()7). A seporate group of n\ls (Il = 6 rats/treaUnen! group) was 
milized for analysis of serom elcctrol)'t~s. S~rom Na I. K I. and CI­
..nd CO, were measured with a Roche Hilaehi Modul;lr PIIUU chem­
istry analyzer (Roche Diagnostics. Indinll:lpolis, IN) in venuus blood 
dr.Jwn rrnm Ihe :mlerior venn cava. Anioll gaps were calcul<lted from 
Ihe serum elcclrolytes as follows: anion gnp = SefiUlIlNaTJ - (scrum 
[Cl-1 + serum [CO,]) (43). We did 1I0t pcrform ~emm electrolyte 
analysis on Ihe MA reference group as it is well t:~t<lbli~hed thm 
NH.,CI enuses a hyperchlorcmic (nurmal anion gap) ao::idosis ('-I. -13). 
All rats WCI"\! fully exsanguinat~d ~ia cardiac puno::tur.:. and the serum 
was collected by centrifug:ltion at 3.OOU,~ for 15 min. An aliqllUi wa.~ 
immediately processed for oxalate detennination with ..11 precautiuns 
10 prcvent oxalogencsis (18), aud the renminder of the scrum W;L~ 
rruzen for osllloialily and cremin inc deterrniuation. 

BinciJumical /J1-'1£'IWil!ulfrm.\­

Urinary chloride cuncemratinns were delermincd wilh a chioridolll­
elcr (Labcunu. K;msas City. MO). Urinc and serum oSlllOlalitics were 
llIea~ured with a freezing-poim osmometer (Fiske Associntes. Nor­
wou<.l, MA). Free onhophosphaLc (phosphme) wns measured wilh a 
malachite green phosphme assay kil (BioAssay Systems. Hayw:lrU, 
CAl. CrCOlinine was determined in the urille nnd Sefillli samples u~ing 
a modifie:lIion of the Jafft! renclion as described by Slot (45) and 
further modified by Heillcgnrd and Tiderstrolll (24). Urinar), ammo­
nium was me<l.~ured Wilh an ::tlllmoniulll ion-sclective cleetrode (dc­
lectION 3U51. World Prccision Insirumellls. Snrasol ... Fl.). CaleiUIlI 
(Pointe Scientific. Linculn Park. MI). cilr .. te (R-Binphorm. Mm·shall. 
MI). ami urill:lI)' O.,alale (Trinil)' Biuteeh. SI. Louis. MO) were 
me1L~ured with eOllimercially nl'ailable kit~. Serum fur ox .. lale deler­
min<lliun W<lS ultrafillered using an Amicon UlLr<l-4 device. ;m<.l 
oX<llmc was measured as prc\'iously dcserihed (181. Titmtable :lei<.l 
was quantitated by titrating the uri lie samples 1O pH == 7.4 wilh eithcr 
1.0 N N;lOH ur 1.0 N HCI. 

SIO/i.llicul Analyse.l· 

All dma wele .~ubjeeted to lenst-squares ANOVA using Ihe generJI 
line<lr Illodels procedures of the Statislical Analysis Systcm (3). 
Significant trcmment effcets W~I"\! sepnr.lted by ;\ Studem-Newman­
Keuls sequential range leSI (46). Maill efreels of EG <lnd unil..lcral 
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nephreCLOmy lV~r.: Icsted hy onhogon<ll cootrasts. When Ihe Ill:!in 
effeci of unilmernl o~phrectoilly lVa~ significant. cumparisons were 
made hetween the UNI filts and the HRF mls. DifJi:rcnccs hetween Ihe 
MA gronp nnd Ihc CON I;rouP were compared hy an unpaired 
SlUdelll's 1-le~1. All daw were leslcd for hclcro~clleilY of variance 
\Vilh Ihe L':I'CIlC median le51 and for nunnalily wilh Ihe Kolmogorov­
Smimov Icsl before ANOVA proccdur~s (12). When Ilormalily and/or 
helerogcllcily of variance lesls fail.:d, data were r~nk lransfonned 
befor.: ANOVA. All dnla arc cxpresscd as ll1e~n, ± SE. alld 
differcne.:s belween mean, wcre considcrcd Slmislicaily signific:ml if 
P < 0.05. 

RESULTS 

Ingeslion of excess non-carbonic acid londs or of com­
pounds Ihat are metnbolized 10 such acids (e.g., EO and 
NH_.JCI) may produce a metabolic acidosis characterized by a 
fall in arterial pH nnd HCO.1 concenTraTion m nom1al PC02. 

Additionally, the anion gap [serum [Na+] - (lhe sum of serum 
[Cl-[ + serum [C02])] produced by non-carbonic acid inges­
tion may be elcvaled in metabolic acidosis. 

Blood-C(I.I' (llld Electrolyte AII(dyse.l-

Comparisons of nrlerial blood-gas analyses for the five 
groups of mts are shown in Fig. I. Metabolic acidosis caused 
a significant reduction in arterinl pH (Fig. IA; 7.43 ± 0.01 vs. 
7.33 ± 0.02 in CON vs. MA, respectivdy) and mterial bicar­
bonate conccntrntions (Fig. IB; 29.1 ± 0.6 vs. 21.6 ± 1.1 
meqll in CON vs. MA, fCl>pectively). However, arterial pH and 
hicarbonate co]](:emrations did not statistically differ among 
CON, HYP, UNL and HRF. but the lowcst numerical values 
for each were consislently observed in HRr- nits. PC02 (Fig. 
Ie) and Po! (S3.S ± 4.8 Torr in CON) were unaffected by any 
or the treatments (datn not shown). However, there was n 
tcndency for PC02 to he lower in Ihe MA group, which may 
represem n respir:ltory compensation for metabolic acidosis. 
Ba..~e c)(cess was normal in the HYP group relative to the CON 
group (Fig. I I)). In comnlst, base excess tended to be reduced 
in the HRr- rals relative 10 CON rats. whereas a base deficit of 
1.4 ± 1.6 meqn was observed in the MA nils. 

r-i~. I. ,\ncr,,,1 bluoo-ga.., ~n~ly.,j~ in nonnal 
!<lIS (CON). h)'pcmnluric r~t' rHYP). unilm· 
C!<l\ ncphrcclomi~cd r~I' (UNI), r.:l1.' in renal 
r"illlre induced by hrpcronluri~ (HRF). and 
r~ls wilh nlcwbolic acid",i, (MAl arler.j w~ 
un Iheir re.'peCli,'c lrealme!!! prolocols. Se" 
~I.\TliR]'\I..' Mom METI-lOllS for delails un cxper­
imem,,1 nllxJd,. Arterial pH rA) was 'ignili­
cnn!ly n!duecd in )o.IA r~I' rclali,e 10 all olher 
group.<. Aneriul cuneenlr~li"n-' "r hic"rbon­
;IIC (OJ were lower in MA mls Ihan in ~11 Oilier 
gW\'ps. Peo, (0 did nol differ amnn~ any of 
Ihc lrealmenl group.,. Bmc cxec.'s (D) was 
~im,lar among CON. HYP. and UNI groups 
but lended 10 b" lower in IIRF r.:lIS rd;\lil'c 10 

CON r~b. In "<lnlrJ...'I. a h:l.." dc!il-il w,,' 
pre,cnl in MA ml,. ~I' < 0.05. 

Serum Na+. K+, nnd CI- were also ll1ensured in all nils 
except the MA group (Table 2). Anion gaps were calculated 
from Ihese dUla and the serum bicarbonates (Fig. \8). As 
shown in Table 2, only Ihe unilmemlly nephrectomized mls 
treated with EO exhibiled a significalll elevation in anion gap. 
indicating Ihe nccumulation of anions other than chloride ~nd 
biearbonale (perhaps EO mClabolite.~ like glycolate. glyoxy­
late). 

Thus these resuhs demonstntte that chronic EG inge~tion. at 
Ihe dmages provided in this study. docs nOI have an impact on 
lhe acid-b,lse chemistries of mts wilh normal renal fUllction 
(see below). The mure severe model, coupling reduced renal 
mass with EG ingestion, ,lppears to exhibit some, but certainly 
not aiL of Ihe characteristics of melabolic ncidosis. 111 cuntrasl. 
the convemional model of NH.1CI-induced melabolic acidusis 
exhibited Ihe primnry hallmarks of this Siale: decreased arterial 
pH with n fnll in plasma bicarbonale and n base deficit. 

Urille CIll'lIIistries 

Metabolic ,Icidosis may also be manifest in ulinary chemis­
tries as a reduction in urinary pH. an incrense in the excretion 
of titratable <lcid (principally phosphate). nnd an increase in 
urinary ammoniulll ion excretion. Addilionally, urinnry citralc 
excretion, a principal organic anion of urine. is reduced in 
acidosis (16) and calcium e:o;cretiun may be enhanced (6). 
Consequently. changes in minary chemistries ill the five e.~­

perill1entnl groups were evaluated using IWO 24-h urine collec­
tion.~. Collections for Ihe CON. HYP, UN!. and HRF groups 
were Il1nde at 14 and 28 day.~ and nre depicted separately as 
noted below. In the MA group, there wcrc no signitienlll 
differences in the parameters mensurcd in 4- and 14-day 
collectiuns: hence these were combined and are depiCied as 
noted below as a single time point {4-14). 

Urinary pH after 2 and 4 wk of Ireatmem followed a similnr 
pntlern nnd was not different among CON. HYP, and UN! rats. 
as illustrated in Fig. 211.. In contrast, urinary pH was signili­
camly lower in the HRF f<lts than in the CON. HYP. nnt! UNI 
rats at 2 and 4 wk, butlhis fnll in urinary pH W:J..'i not nearly as 

B 

UNICON HVP H~F MA 

Treatment 

.g. 
w 
E-

o 
0 
U 
J:.. 
"•" " 
:J' 

" w 
E-
o 
0•u 
< w 
•0•"' 

"111'·//,',,,,/ PhY.I';"'. VOl. ~g~. SE/,lE.IIIIEII ~Im _www.ajprcn~1.org 

35 

http:www.ajprcn~1.org
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Table 2. SI:I'IIIII alld /lri/wry dt!i'lrolyll! meaSllrem('II/S aftcr 4 wk 011 ell!ylelll! glyc(}1 

T"'"'nI""' 
Par-line,.. CON IIYP IIRI' M,\"" 

Body WI. g 3S9.1±4-l; (11-17) J'XI.H 1:6.6 (11-17) .lR4.0±5.3 (11-17) 3111.81:5.5\11-17) 36!>.'Jc::S.O [11-12) 
Kidncy WI. gIk~ 2,('3±0.07 (n= II) 2.SS±O.03 (11= I I) 3.75±0.12" (1'= I I) 5.15c::0.3~$t (11= II) 2.771:(l.(l7 (I' = 12) 

Sallill 

o.'lIlol~lity, lllosmoll\;gH,O 329.0±('.(, (11=9) ~41.(':!:7.8(n=9) 320.7±9.5(1I=11) 332. I ±9.1 (II~ 10) J29.0:!:J.(, (11= 12) 
N,,-. meqll 138.7:'.:0.8(11=(,) 140.2±0.9 (11=6) JJ9.3.!; 0.3 (11=(,) 142.J±IA~t(II-6) NO 
K-. m~'lfl 7.5±0..l (11=6) 7.7::':0.4 (11=6) 6.8::':0.3 (11=6) ('.5::':0.I-V,=6) NO 
CI-. me,!11 99 . .1::':0.6(1I~6) 100.0::':05 (11=(,) 99.5c::0.6 (11=6) IOU::': 1.5 (11=6) NO 
Anion g"p. me,!11 15.51:0.6(J/=6) 17.7::':1.8(11=(,) 14.7±0.6 (11=6) 21.8::': I .7·,· (11=(,) NO 

Uri,,/." 

Volume. m1l2~ h I.U)::':0.9 (11= 17) 21.1 ":!:2.9" (11=17) 19.1 ±0.8 (11= 17) ~9.0":!:3.9'-t (11= 17) 15.7:!:2.('(II= 12) 
Osmolalily. n""n",ll\;gH,O 1.950±1)3(JI=II) 1.7~9":!:II9111=11) 1.58.1±]2(1I=11) 746":!:77~t(II=II) 1.9'12::::51 (11=12) 
N,,' • 111~qf2~ h 1.1.,[::':0.14 (11=11) 2.62:':0.1-1(11=11) 255-,:0.OS (,,= II) 2.1)5j,0.5~ \11= II) 1.')7-':0.16 \,,= 11) 
K'. ",e,!f2~ h 3.!U::!:0.22 (II~ II) ~.3S:':0.19 111= 1 I) ~AI1:0.15("=II) 3.75:<':0.22\11=11) 3.98::::0.23 ("~ 12) 
CI-. m"'1I2~ h J.0')±0.12 (J/-' 17) 3.57-':0.[111,=17) 3,('3±O.1!l1'1 = 17) 3.38". O. 12 \,,= 17) 10.')) ::::OA9~ (II ~ 12) 
Unme'-'-'UJ~d A-. I11cql2.,[ h 2.961:0.21 (11=10) )..1 I ±0.22 (11=9) 3JO±0.15(JI=10) 2.97±OA8(1I=9) O.07::!:0.2~~ (,,~ 12) 

Valu", "re m~an' ± SE. CON. nonn~1 conlrol: HYP. r.ll, mnd~ hypcru~aluric h)' admini,u-.lliOIl or ethylene glyco!: UNI. IInil"le,aJly ncphrL'l:tollli7Cd conlrol 
r~I'; HRF. unibt~mlly nephrectonli7.cd r.tIS reo.! elhylene glycol; MA. Jl\clulxllic "rid",i" rererence group: ND. nOI dClermined: A -. anion,; Anioll gnp, _'CrltlH 
IN" 'I - (,erum ICO,I 1- ,erum lCI-j). Kidney weI weighls ~rc presenlcd as the a\'cmge kidney w~ighl per kilogr.llll body wd£hl. Fur Ihe UNI and HIU" gmup'. 
kidney weI weil'hl, m~ pre_,cnled a_, Ihe wcight or Ihe "ingl~ remaining kidney per kilogmm butly weighL Unmc:l,"red anions in Ihe urine ",ere ""leu bled "-, 
the difrerellce bet\\'e~n Ihe number or millic'l"i"alcn" or the Olca,ured calions (Nn' + K' + Ca:· + NH;'") and the nllmhcr of ,nillic'lui"uleJlI, or 111""-'U",tl 
ani",,_, (er + phosphnlC) 1[" pre"ioll'!Y d",,:ribctl (8. 41). ~I' < 0.05 '·S. CON. tP < 0.U5 n. UN!. 

striking as thai observed in the ncidosis reference grollp (MA). 
where urinary pH fell below 5.5. Titrntablc acid was nO! 
different among CON. HYP. and UNI rals with Inc mean 
lilralable ncid in all these groups at2 and 4 wk not significantly 
deviating from zero. However. lilralllb1c acid was increa~ed in 
the HRF rats relativc to Ihc CON rats al 2 and 4 wk. with 
titr,llablc acid in HIT- rats being 0.22 :!:: 0.09 and 0.13 :!:: 0.08 
meq124 h at 2 llnd 4 wk. rcspectively. Timltable acid was 
higher in the MA rats than in all other groups_ averaging 
lAl :!:: 0.08 meql2'-1 h. Total acid excretion. defincd as Ihe sum 
of potentially ionizable H+ ions (tilrmable <lcidity) and bound 
(nonionizabJc) H-'- ions in Ihe form ofamlllonium. was ~imilar 
among CON. HYP, UNt and HRF rats, but wa~ higher in MA 
rJ.ts (Fig. '18). The lack of a significant acid load in CON mt~ 
from the current sludy is most likely due to Ihe alkali load 
provided by thc diet (8. 41). Twellly-rour hour urinary excre­
lion of ammonium was nearly 30-fold higher in MA rals than 
in CON rals (Fig. 3A). Tn contrast. urinary excretion of llmmo­
nium did nm differ between CON and HYP rOlls lit 2 or 4 wk. 
Unilateral nephrectomy caused n significam decline in urinary 
ammonium excretion thm wa~ nOL additionally llffeetcd by 
hypcroxalurill-induccd renal failure. 

Metaboli<: acidosis induccd hyperphosphaturia. wilh 24-h 
phosphate excretion being aboul fourfold higher in the MA 
group Ihan in Ihe CON group (Fig. 3B). The hyperphosphmuria 
WllS not evident in the HYP group. again illuslr<lIing Ihc 
dichotomy between the results obtained in the MA and HYP 
groups. Urinary excrelion of phosphate was similar between 
UNT and HRF groups after 2 wk bUI was significantly higher in 
HRF rats than in UNI rats <If(er 4 wk. 

Urinary chloride excretion was similar among CON, HYP. 
UNt and HRF groups after 2 and 4 wk (Table 2). In contrJ.~(, 
<:hloride excretion in Ihe MA reference group was about 
threefold higher than in Ihe CON group. 

The MA group showed a significanl decrcase in urine cilrate 
excrelion compared wilh CON rats (Fig. 4A). In contra~t, 

EO-induced hyperoxaluria (HYP group) had no effect on 
excrelion of citrate in the urine aftcr either 2 or '-I wk comp<lred 
with the CON group. Howcver, unilateral nephrectomy (UNI 
group) caused a modest rise in urinary citrillc excretion, and 
Ihis increase was allenualed in HRf r<IIS. ~llggesting some 
tendency loward acidosis afler 4 wk on EO treatment which 
correlales with the reductiun in rcnal function as judged by a 
twofold increase in ~efllm creatinine and a 50% reduction in 
renal creatinine clearance as described in a subsequent section. 

Urinary excrction of calcium (Fig. 48) was significantly 
increased wilh mClllbolic acidosis (MA group) and unilaleral 
nephrectomy (UNI group) but tended to be reduced in all 
hyperox<lluric groups compared with their approprimc control~ 
(HYP \'s. CON and HRF vs. UNT). This lrend W'dS ~lpp'dl'cnt 

afler both 2 and 4 wk on treatment. 

O.mlarc Halldling 

Consistent with our previous sludics thm milizcd these ml 
models (20, '11). the EG-trentcd rms (HYP and HRF) exhibiled 
significant hyperox<lluriiL. hypcroxalcmia, and an increased 
renal clearance of o.~aliltc comparcd with their respective 
controls (Fig. 5). By 2 wk, urinary oxalate excretion was 
increased about four- and sevenfold in HYP and HRF raL~. 
respeclively, compar.::d with CON nlls. further significant 
increases were apparent at '1S days of EO trcatment. The 
~ignificant elevalion in serum oxalale and tlte rcduced rcnal 
clearance of oxalale in HRF comp<lr.::d wilh HYP, which we 
have previously r.::poned (20), is confirmed here and is c1e<lrly 
a direct conse<luencc of rcduccd renal function in these r,ll~. 

This study also confil1llS an earlier reron (20) demonstrating 
no differenccs in oxalate handling in rats with one kidney 
comp<lred with healthy controls (both kidneys intacl). Intcrcsl­
ingly. we find hcre that metabolic acidosis is nO! as~ociated 
with any significant alterations in oxalate homco~lll~is. as 
judged by results ~howing thaI urinary oxalate excretion. scrum 
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Fi~. 2. EffcCl.' of hypcroxaluriu (HY? gronp). hypcroxaluria-im.lucctl renal 
fuilur" (HRr group). antlll1~lubulic aci!lo~is (MA group) nn urine p!J nnt! 101:11 
acid cxcrdinn in male Spnogue-Dawlcy ral'. Afler 2 and ~ wk nn lrealmenl 
regime.' (sc~ le~1 for delails). roLl.' w~r~ placed in mCI'loolic ca~~.' :lInl 2~·h 
urinc eollecli"ns wac performed. Urinal)' pH (.1) was .Iignifieamly Inwcr ill 
llRf ralS Ihan in Ihe CON "nt! UNl r~(s <II 2 amI J w~. hUI Ihi" rail in urinary 
pH w~, nOI nearly us 'Irikin!; as 111"1 obse .....·cd in lhe MA grnup. Total acid 
cxcMi"n (8) WaS nOJ difrerenl amnII!; CON. HYP. UN!. and HRF rollS bUI wa, 
higher in MA raiS. "P < 0_05 ,'.'. CON. tP < 0.05 '·s. UN!. 

oxalate concentrillion~. and renal oxnlate clearances are all 
within the nonnal limils for MA rats (20. 21, 23). To our 
knowledge, this is the first repon of oxalale handling in 
acidotic rats. 

A~'~-essml'nr of Rellal FUllcriuII 

Serum crelltinine (Fig. 6A) and ercminine clearance (Fig. GB) 
were similar among all groups examincd with the exception of 
the HRF group. Consi~tcm with previous invcstigation.~ of thi~ 
llnimal model (20. 23). serum creatinine was over twofold 
highcr in HRF ral~ than in all other groups and, eon~cquently. 
creatinine clc:mlJ1ce was redm;cd by -50% in the HRF com­
pared with all other groups. 

Urine volumes were similar among CON, HYP, and UNI 
rats after 2 wk on treatment (datil not ~hown). In contrast. urinc 
volume in the HRF group after 2 wk was nearly threefold 
higher than in any other group. After 4 wk on their rc~peclive 
treatments, 24-h urine ootput WllS significantly highcr in HYP 
rats than in CON rats (Table 2). Urine output in HRF '.lts :J[ 4 
wk followed il similllr trend 10 thi'lt observed at 2 wk. with 
volumcs being -2.5-fold higher in HRF than in CON. HYP. 
illld UNI nits. Urine volumes in the MA rats wcre ~ill1ilar to 
those ill CON rats (Table 2). 

IlISCUSSION 

EO-induced hyperoxllluri:J models havc been employed in 
numerous studies of calcium oxalate nephrolithiasis. and much 
of our currelll knowledgc base in experimental hyperoxaluria 
and calcium oxalate kidney stone disell~e is based on this 
model (20. 21, 27. 28, 34. 35,47). Like any experimenlal 
model. EO-induced hyperoxaluria has ildvllntllges and disad· 
vantages. EO is inexpensive and simple to dcliver in drinking 
water. wherc it is rapidly absorbed llnd metabolizcd in the liver 
via alcohol dehydrogenase/aldehyde debydrogenase to glycolic 
:Ieid. Glycolic acid is oxidized to glyoxylic acid. which. in turn. 
is further oxidized 10 oxalic acid by glycolate oxidase (13. 3 J) 
or lilclate dehydrogenasc (26), thus promoting hyperoxalul;il. 
There has been some coneclll. however. that this model also 
illitiate~ a metabolic acidosis Ihm may confound the interpre­
tation of studies using thi~ oxalate precursor (4. 5, I J). This 
notion undoubtedly arises from the fact thai inge~tion of Iilfg.: 
doses of EO by humans or animllis docs. indeed, induce 
metabolic acidosis (25). For example. therc llrc many reports of 
melllboJie acidosis roJlowing ingestion of swect-tasting anti-
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Fi!;.3. COJllp"ri,un nrlhc renal cxcreliun "faml1]nnium (,Il 'Illd pl",sphal~ (Ill 
amno!; CON. HYP. UNI. H~F. ~nd MA mls. Se~ ~I,'TERIAI,\ AN!) .'IHHOOS 1(" 

delail< of lhe \'ariou, Iliood,. Twcnly·four·llUur urine collceliollS wcre per· 
rmmcd aftcr 2 and ~ wk of lrc~lmCnl. StaliSlic"1 differenccs were delcnnincd 
rdalj"c 10 CON ror HYI' and MA groups and ",bl"'~ In UNt for Ihe HRF 
gmup. A: urilnry excreli"n of ~n1moniu!ll w~, ..imibr belween CON ,"Ill HYP 
r~t' al 2 and.j wk. bUl ammonilun excrelion W'-l' sil,!nific~nlly reduced in bnlh 
UNI anti HRf' mls al 2 and 4 wk. NOle Ihallhc MA group j, ploncd ,"'. Ihe righl 
urdinale. as ~mnulniunl excrelinn was nearly 30-r"ld higher in lhis p:micubr 
group. H: urinm)" excrclion or phn~phalc Wa, -~·r"ld highcr in MA Ihan in 
CON r~l'. A .imilar (rend wa, nnl nh~cn'ed for HYI' r~L'. wilh pllo~ph:llc 

excrdinn being .,jmi]m 10 CON r~t' ~I 2 ~nd ~ \\"~. Urin",)' cxcrclinll of 
pho,phate Was highcr in ItRf nilS Ihan in UN] ral, ancr 4 wJ... or lr~almcnl. 
~,. < (],f15 vs. CON. tf' < U.O) vs_ UNL 
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Fi~. 4. Cnmpari"," of Ihe renal c'u-rclillll.' or cilr~IC (tI) ;lIld calcium (8) 
,,,"ong-CON, HYP, UNI. HRf'. mal MA nm. Sec MATl'RIIII-S M~U MIiIlIUDS fur 
<.lelail, or Ihe \'~rinus moocls. Twenty-four-hour urine collection.> wcr.: per­
rUflned "ria 2 and 4 wk of IrcmmcUl. Smli,lical dirfcrcnccs were (]clcnnin~d 
rclalil'c (11 CON ror HYP 'lnd M,\ ~rouP' amJ rda,ive In UNI for Ihe HRF 
group. ,\: rn"mlx,I;" a"id".; .. c~lIscd a signilicam rcdUCli'ln in urin~ry c;lfiLle 
excrelioll_ In CO!llm,l. hYl"'roxaluri:t hed no effcci un cilr~lc excrelion nner 
eilher 2 or 4 wk. Unilal"fill n"phr~clnmy ca,,'cd" moo,:si rise in urinary cilr.lIc 
,:xcldin". :md Ihi. incrc",~ wm "U~nu~led in HRf lOll,. ,ugg:"'ling _,nme 
len<lency loward acidosi,. B: unilmcr~1 ncphrCClOlllY and nlel"buli" ""i<lo.i, 
"au,cd:l ,i!.!niH"~nl incr""," in urinary ":I!cium e~cn:lion. 11li, increa,e W:l' 

aUenualcd in the IIRf group m.j wk. Nnle Ihallhc MA group is plnue<l ,·S. the 
righl omin:'lc as urinary eXcrclin" nr c:,!ciulll in Ihc MA rm, w", -4-fold 
highcr Ihan lhal or CON mls_ ./' < 0.U5 \"s. CON. tP < 0.05 "'_ UN!. 

freeze (primarily EG) by household pets and of humans in(en­
tionally imbibing antifreeze (15, 25). Remarkably, the proposal 
that EG-inducerJ hyperoxaluria model.~ are complicated by the 
presence of EG-induced melabolic acido.~i.~ has nut been ex­
perimentally evaluated before the present repor!. 

Melabolic acidosis is mosl simply detined as a decline in 
syslemic pH produced primarily by a reduction in systemic 
bicarbonate concentrations (4). A metilbolic acidosis induced 
by the ingestion of nonvolatile acids or acid precursors. like 
EG, is usnally associated with an im;rease in the anion gap due 
to Ihe presence of organic anions, principally glycolate (15. 32, 
44), generatcd by EG metabolism. Addilionally, metabolic 
acidosis may be associated with altermions in urine chemistry 
that reflect biochemical/physiological responses [0 the in­
creased acid load, such as decreases in urinary pH (17, 38) and 
urinary citrate e;o.;cretion (I. 16) and increases in urinary cal­
cium excretion (6), orinary ammonium excretion (6, 17). and 
phosphate excretion (6). We have evaluated these parameters 
in several models to [Cst the hypothesis that EG consumption 
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pruduces acidosis at dosages commonly employed 10 induce 
hyperoxaluria (20. 21) amI nephrolithiasis in rats (17, 28. 35). 

Iko-Kidlll!.I' Hyperoxa/llria Model 

Rats consuming 0.75% EG in their drinking water did not 
ucvclop any signs of metabolic acidosis aft.:r 4 wk. Thus 
arterial pH, bicarbonate concentrations. and anion g,lp of thcse 
(HYP) rats were not significantly different rrolll two-kidney 
controls (CON). Urinary pH, titrutable acid. and the urinary 
excretion of citrate, calciulll, ammonium, and phosphate were 
simil;)r in both groups, which further supports the conclusion 

• 
c:::J CON

• ~HYP 

c:::J UNI• ~HRF 

• _MA 

r lr 
" Time," days 

CON HVP UNI HRF MA 


Treatment 

c ,.,,---.------------, 


CON 

Treatment 
fig. 5. S~rum ".~"Iule and urinary oxal~l~ C.~crcll0n in CON. HYI'. lINI. HRE 
and MA lOll, "ncr 4 wk nn Iheir rc_,pcClivc In:mrncnl prnh",u'-'- ..I; urinary 
e~cn:lioll or oxalale w,,' ine",,,,c<l -.4. 'lild 7·fol<l ill lhe HYI' and HRF r:1I~. 
rC_'l"'clivc1y. by 2 ",'k wilh funher incn::"c. in o.~~laIC c.xC[Cliun "PP'IfCni "ncr 
~ wk nr ~Ihylcnc glycol Ircalrnent. H: s~rum COnCCnllOllions "r n~"lal~ wcre 
cJe"al~d in HYP and HRF ml, "umpared Wilh CON mlS bIll Were ,imilar 
lI.:lwccn MA "ml CON lOllS. C: rcmrl".\ulal~ deur.lnce, wen: increase<l in bulh 
hypcroxaluri" £lUUP' (HYP and HRFJ bUI were .,imilm belween CON :m<l MA 
groups. •p < 0.05 v_,. CON. 
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Treatment 
I'il.!. 6. A'\~SSll1cnt of r~nal funcliun '-'-' judged by .'en,"] crealinine (,I) and 
crealinine cl~ru-ance (ll) in CON. HYP. UNl. HRF. and MA r.JK Sec .II,ITT,­
IIIAU> ANIl METlIOIl~ fur delail, of Ihe various models. Renal [uncliun w,,-, 
Ilormal in HYP nnd MA r.ll, hUI wa, COlll!,romiled in HRF rdl,. Serum 
cr..:alininc (rl) in HRF rdls wa, 2·rold higher lhan in ~ny other gruu!,_ 
Consequently. el"l:alininc cI"ardnC~ (1:1) in HRF ralS was npproximaldy Iml[lhal 
"r all other groups lifter 4 wI.. ,,[ I",allncn!."!' < (U15 v.,. an olhers. 

that this frequently employed regimen dues not produce met­
<lbolic aeidusis. In COlllrast, rats in the cummunly cmployed 
NH.lCI ingcstion model of melabolic acidosis (MA group) did 
exhihit all ot" the hallmarks uf acidosis: decreased arterial pH 
and serum HCO~ cunccntr.Jtions, together with lower urinary 
pH and cimlle excretion but elevated urinary ammonium and 
phosphate cxcretion. which engenders increases in both Ihral­
able acid and IOtal acid excretion. 

Most likely. acidosis does not develop in the HYP rat model 
beeausc the EG is delivered at lower dose uver a greater time 
periud compared with siluations that arise in a clinical envi­
ronmcnt wherc accidental or intentional ingcstiun uf antifreeze 
results in an acutely high dose. Only EG, glycolate, and oxalate 
iI("cumulate in apprcciable quantities in blood and/or urine (7, 
14. 44) following EG ingestion. Because glycolate oxidase 
(GO) is one of rhe rate-limiting enzymes in the metabolism of 
EG (14, 44), high doscs of EG (>2.500 mg/kg body Wt), 
panicularly when given as an oral bolus, cause the saturation­
dependentllccllmulmion of glycolic acid in rhe plasm<l (7, 32, 
44), with metabolic lIeidosis ensuing (7, 36). Met<lbolic acido­
sis probably never emerges in this model of hyperoxaluria 
because glycolate oxidase never becomes saturated: hcnee 
plasma levels uf glycolate in this time frame do not rise 
significantly. The fal:t that the anion gap in HYP rats was not 
significantly different from controls funher suggests that gly­
colate (or other anionic metabolites of EG) does not signifi­
cantly accumulate in this <lnimal Illodel. 

Olle-Kidlley Hyperoxaturia Mudel 

Unilateral nephrectomy (UNI group) did nOI produce meLabolic 
acidosis a~ arterial pH, serum HCO;- cuncenU111ion, and the anion 
gap were not significantly different from CON rolts. FUl1hemlOre. 
there was nu significant increase in tOlul acid excretion. reduc­
tion in ulimu)' pH, ur decreased excretioTl uf citrate in the UNI 
group, as would be anticipated in ;)cidosis. furthe!' suggesting 
th;)t reduced renal mass per se does not lead to rlll!tubulil: 
acidosis. (Amllionium excretion in UNI rats was depressed, 
which is contrary to expectmions of cnhanl:ed NH.~ production 
in acidosis but consistent with the impaircd ammonia excretion 
that accompanies loss ot" renal ntass.) 

In contrast, while nephreetomizcd rats (HRF) given 0.75% 
EG in their drinking water foi' 4 wk did 1I0t exhibit frank 
mctabolic acidosis, rhere were somc sign!'. th~ll they may be 
deVeloping an acidotic state. TIllIS lIhhuugh arlerial pH and 
I-lCO:;- conccntrations were not significantly dit'ferclll from 
either CON or UNI controls, the HRF rats did cxhibit a slightly 
larger imion gllp and hlld a higher urinary phllsphate excretion. 
a lower urinmy pH, and an increase in titratable ill:id. Ammo· 
nium e;.;cretion in HRr rats was lIot significantly different frolll 
UNI rats, and. as noted above. both wcre actually lower th<ln in 
the CON group. It should be noted that the changes in urinary 
chemistry suggestive of acidosis in HRF rats are qualilitatively 
minor compared with the MA group. 

Rei/at FIII/etiull WId o.ll/larl' Hmllflillg in Models 

Of the five models examined in this study. only nephreeto· 
mized rars ingesting EG (HRF) exhihited renal failure ilS 
judged hy a significant fall in creatinine clearance and a 
significant ele\'ation of serum crentininc eoncelllration. This 
linding is consislent with earlier studics of the HRF model and 
suggests that uxalatc load imposed on nephreclomized rillS is a 
contributing fUl:lOr in promoting r<!nal failure (20). Indeed. this 
experimelilal model was devcloped to mimic o;.;ulale-related 
disease states like primary hyperoxaluri:J with renal insuffi­
ciency caused by chronic hyperoxaluria (20). The fact that the 
HRF mood exhibits some chumcteril>lics suggestive of u ml~­
cent mctabolic acidosis is not surprising beC:lllSe renal fililure 
itself I:auses increased <lnion gap metabolic acidosis (4) untl 
metabolic acidusis hu~ been observcd in patients with primar)' 
hyperoxaluria (40). 

A novel finding of this study is the obscrvntion that meta­
bolic acidosis is not associated with uny signilkunt alterations 
in oxalate homeostasis. III 2001, Bushinsky el al. (6) reporled 
that urinary oxalate excretion was significimtly i'educed in 
gcnctieally hypercalciurie stone-forming rats given 0.5-1.5% 
Nl-LCl for periods of 4-14 wk and. by way of explanatiun. he 
suggesled that metabolic acidosis ;)lters oxalnte melilbolism. In 
ollr study, which included urine and serum oxalate measure­
ments. us wclills an assessment of renal cleara[lee of oXilliltc in 
Sprague-Dawley rals. we find th;)t mean urinary excretiun of 
uxalalc is somcwhat. butnOl significantly, lower thnn in cun­
trols. Furthennore, all values for each of the paramelers exam­
ined were within the nOl1nal ranges tlmt we have established in 
our laboratory for SpruJ;ue-Dnwley rats (20. 21. 23). Thus we 
conclude from this study that o;';illatc humeustllsis is not influ­
enccd by mctabolic ;)cidosis. It is, however, quiet possible that 
GHS rats exhibit unusual metabolic patterns becuuse of their 
exten.~ive inbrecding. 
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. Ethylene glycol intoxication: Disparate findings of immediate 
versus delayed presentation. 

Pellegrino B, ParraY'U:1L~, C_o_o_k_L, f!t_a_c_ka_y_l(. 

Section of Nephrology, West Virginia University School of Medicine, 
Morgantown, USA. 

Ethylene glycol is a common household substance responsible 
for a large number of ingestions in the U.S. each year. In 
2001, nearly 5,000 ethylene glycol exposures were reported 
with more than 1,600 patients requiring medical treatment. 
There were 16 deaths attributed to ethylene glycol in 2001, 
second only to ethanol overdose for lethal ingestions. 
Diagnosis of ethylene glycol ingestion is relatively straight­
forward when an individual with a history of exposure is found 
to have a high anion-gap metabolic acidosis and an elevated 
osmolar gap. Appropriate treatment can be immediately 
employed and the diagnosis confirmed by the finding of 
elevated ethylene glycol levels in the serum. In the absence 
of exposure history, the differential diagnosis of a high anion­
gap metabolic acidosis and an elevated osmolar gap will also 
lead to consideration of ethylene glycol ingestion. This well ­
recognized presentation of ethylene glycol toxicity includes 
findings expected in individuals who present for care soon 
after their ingestion. A less well-known pattern may be seen 
in those for whom care is delayed. We present a patient with 
delayed presentation of ethylene glycol ingestion and review 
the physiology and biochemistry that underlies this different 
presentation. Unfortunately, without history or strong 
laboratory evidence, ethylene glycol ingestion may be easily 
overlooked in individuals with delayed presentation. 
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Ethylene glycol: an estimate of tolerable levels o ... [Arch Toxico!. 2004]- PubMed Result 

although quantitative differences have been reported. 
Comparison between species is difficult, however, because the 
information on humans is derived mainly from acute 
poisoning cases whereas the effects of repeated exposures 
have been investigated in animal experiments. Based on 
published data the minimum human lethal dose of EG has 
been estimated at approx. 100 ml for a 70-kg adult or 1.6 
gjkg body weight (calculation of dose in ml/kg to mgjkg 
based in EG density=1.11 g/l). However, human data from 
case reports are generally insufficient for the determination of 
a clear dose-response relationship and quantification of 
threshold doses for systemic toxicity, in particular renal 
effects, is limited. As toxicity is largely a consequence of 
metabolism of EG to GA, it is im portant to note that no signs 
of renal injury have developed at initial plasma glycolate 
concentrations of up to 10.1 mM (76.7 mg/dl). Plasma EG 
levels of 3.2 mM (20 mg/dl) are considered the threshold of 
toxicity for systemic exposure, if therapeutic strategy is based 
on the EG concentration alone. 

PMID: 15372138 [PubMed - indexed for MEDUNE] 
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Abstract 

Elhylene glycol is a common household 
substance responsible for a large number 
of ingestions in the U.S. Bach year. In 2001, 
nearty 5,000 ethylene glycol exposures 
were reported with more than 1,600 
patients requiring medical treatment 
There were 16 deaths attributed to 
ethylene glycol in 2001, second only to 
ethanol overdose for lethatlngeslions (1). 
Diagnosis of ethylene glycol ingestion 
is relalJvely straight-forward when an 
individual with a history of exposure is 
found to have a high anion-gap metabolic 
acidosiS and an elevated osmolar gap. 
Appropriate treatment can be immediately 
employed and the diagnOSiS confinned 
by the finding of elevated ethylene glycol 
levels in the serum. In the absence 
of exposure history, the differential 
dIagnosis of a high anion-gap metabolic 
acidosis end an elevated osmolar gap 
will also lead 10 consideration of ethylene 
glycol ingestion. This weil-recognlzed 
presentation of ethylene glycol toxicity 
Includes lindlngs expecled in individuals 
who present for care soon after their 
IngeslJon. A less well-known pattern 
may be seen in Ihose for whom care 
is delayed. We present a patient with 
delayed presentation of ethylene glycol 
ingestion and review the physiology and 
b'lochemisirythat unde~les this different 
presentation. Unrortunately, without 
hlslory or strong taboratory evidence, 
ethylene glycol ingestion may be easily 
overlooked in individuals with delayed 
presentation. 

West VirrJlnlll Medlcel Journal 

Case Report 

A 54-year-old man was brought to 
the emergency department after being 
found unresponsive by his wife. He 
had visited his parents' home the day 
before to help care for his ailing father, 
and his wife said he had done several 
hours' worth of yard work when he 
returned. Towards the t:nd of the day, 
she noticed that he was stumbling and 
appeared intoxicated. He claimed 
sobriety over the previous four months, 
but he had a long history of a1cohol 
abuse th<lt primarily involved drinking 
in private. His wife was dismayed, but 
not alarmed by his apparent intoxicated 
slate, and had helped him to bed. The 
next day, she found him lying on the 
floor and had called for an ambulance. 

Upon arrival in the ED, his 
temperature was 38.8°C, pulse was 109 
beats/min. BP 183/77 mm Hg. and 
respiratory rate 27 breathB/min. On 
neurological examination, he withdrew 
all extremities in response to painful 
stimuli and moaned in response to his 
name.His pupils were reactive to light. 
He had no papilledema or facial 
asymmetry. His lungs, hear~, abdomen, 
extremities were norm<Ii, as well as his 
gag and his deep tendon reflexes. He 
evidenced no Babinski sign. His white 
blood cell count was 28,000 cells/Ill 
with 71% neutrophils, 4%bands, and 
IB'No lymphocytes. Other studies 
reve<lled: hematocrit 52%; arterial blood 
gas: pH 7.12, pe02 21 mmHg, p02102 
mmHg and bicarbonate a.B mEqJL; 
serum electrolytes: sodium 139 mEqfL, 
potassium 6.8 mEq/L, chloride '[12 mEq/L, 
glucose 185 mg/dL (10.2 mmol/I), 
BUN 16 mgtdL (6 mmol/L), creatinine 
1.7 mgtdl (150 jJmol/L), and lactate 
10.4 mmol/L. Measured osmolality was 
309 mosm/L with calculated osmolality 
of 312 mosm!L. Urinalysl'> dipstick 
revealed SG 1.015, negative nitrate and 
leukocyte esterase, protein of 30 mgtdL. 
Microscopic examination showed 10-20 
red blood cells per high power field 
and no casts. A urine drug screeo was 
positive for beo?odiazepines. He 
underwent a lumbar puncture that 
revealed 7 white blood ct:lls! ~LL; 154 

red blood cells! JlL; glucose of 120 mgt 
dL (6.6 mmmol/L); and a total protein 
of 77 mgtdL. Tests for ethanol, 
methanol, and ethylene glycol were 
negative. 

A IT scan of the brain without 
contrast and chest X-ray was norma\. He 
was diagnosed as having sepsis and 
st<lrted on broad-spectrum antibiotics 
and given bicarbon.1te due to his 
severe metabolic acidosis. The next 
day, his white blood count rose to 
31,000 cells/JiL and the serum creatinine 
increased to 3.B mgtdL (336 JlIIIoI/L). 
His mental status was unchanged and 
he was transferred to our facility for 
further care of his presumed sepsis and 
acute non-oliguric renallailure. He was 
hypoxemic on arrival and required 
intubation. 

Chest radJograph was consistent 
with pulmonary edema. An MRI of the 
brain and repeat lumbar puncture were 
unremarkable. All cultures remained 
negative. A repeat urinalysis showed 
20 to SO red blood cells, 20 (050 white 
blood cells, 15 mgtdL of protein, no 
casts, no bacteria and calci.um oxalate 
cry:;taluria with both enveloped and 
needle-shaped crystals. His creatinine 
climbed the following day to 5.7 mgt 
dL Hemodialysis was initiated and a 
renal biopsy was performed which 
revealed normal glomeruli with 
multiple tubules occluded with 
birefringent crystals (Figure 1). 

During the next few days, he was 
continued on dialysis, the antibiotics 
were discontinued, his mental status 
improved, and he was elttubated. His 
renal function gradually improved 
after a week of dialYSis support. He 
recalled very few details of the day 
preceeding his admission, but he 
remembered he had planned to ch<mge 
the anti-freeze in his mother's car. A 
family member checked and found that 
the antifreeze had been changed. 

Discussion 

Classically, ethylene glycol 
ingestion is associated with a severe 
metabolic acidosis. After ingestion, 
ethylene glycol is oxidized by hepatic 
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FIgure 1. Routine light mIcroscopy showIng refractile cyst!3-IS within tubules. On closer 
Inspection, deslruf;f.ion 0' tubular epllhellum can be appreciated (hematoxylin and 
eosIn; OrigInal ~agnlflcallon x 100). 

Figure 2. A vIew or the same biopsy under polarized light shows a moderate number of 
blreflrngent calcium oxalate crystals (polarized light microscopy; orIgInal mag.) 

alcohol dehydrogenase in an NAD­
dependant reaction. Breakdown of 
ethylene glycol (Figure 2), which itself 
is not toxic to tissues, generates the 
metabolites responsible for the <lcidosis 
and clinical features of toxicity (2.3,4). 
Glyoxalate is the most damaging to 
tissues, while glycolate is responsible 
for up to 96% of the anion gap seen 
later in the clinical course (3). 

Observed clinical sequalac of 
ethylene glycol ingestion can be seen 
as early as 30 minutes after exposure 
because of rapid absorption from 
the gastrointestinal tract. Initially 
neurological symptoms predominate, 
ranging from inebriation and confusion 
to coma. After 12 to 24 hours, patients 
may begin to experience more systemic 
features including pulmonary edema, 
tachycardia, and hypertension. Renal 
manifestations occur late, up to 72 hrs. 
after ingestion if left untreated (4). 
Severity of the process is dependent on 
multiple factors induding amount of 
ethyltme glycol ingl'.Sted and the time 

to presentation and to intervention. The 
symptoms may appear in any order, 
and there is poor correlation between 
ethylene glycol levels and clinical 
symptoms (3,5)_ 

Ethylene glycol toxicity is suggested 
by several laboratory abnormalities. 
After ingestion, ethylene glycol molecules 
are responsible for the commonly seen 
osmolar gap. Ethylene glycol has a 
molecular weight of 62.5 gmjmol, which 
is electrically Ileutral at physiologic pH. 
Generally, in ethylene glycol ingestion. 
the osmolal gap is elevated in the range 
of 15 to 20 mOsmjL (5). A level of 
100 mgfdl (16 mosmoljL) will raise the 
osmolal gap by 16 (3). Serum levels as 
low as 20 mgjdL have been <lssociated 
with severe morbidity and death and 
arc an indication for treatmenl with 
di,liysis. Such a level would be 
associated with an osmolar gap of only 
3 mosmljL. However, if the patient 
presents after the ethylene glycol has 
been metabolized to glycolate and 
glyoxalate the osmolal gap caused by 
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the ethylene glycol will disappear 
leaving the clinician without this 
imporlant diagnostic clue. In addition, 
assays for ethylene glycol may be also 
reveal low ornon-detectable levels of 
ethylene glycol if lesting is done after 
time has allowed complete or near­
complete metabolism of ethylene glycol 
to ils toxic metabolites. The metabolites 
of ethylene glycol are rarely measured, 
but glycolate levels can be determined 
by gas chromatography. Unfortunately, 
this is of little clinical utilify at the 
present time because of lack of 
avail<lbility (4,6). 

High anion gap metabolic acidosis 
is a fealure of approximately 50% to 
86% of patients (3). The tox.ic metabolites 
(glYCOlate, glyoxalate) are unmeasured 
anions, which are responsible for the 
elevation in anion gap. There is 
typically a lag time from the time of 
ingestion to the development of the 
anion gap as a result of the time taken 
to metabolize ethylene glycol. 
Therefore, dC!pending on the time Irom 
initial ethylene glycol exposure, a 
patient may presC!nt with an osmolal 
gap, an anion gap, or both. 

Interprelatlon of the elevated anion 
gap may be made more challenging by 
the fact that lactic acidosis may also be 
seC!n with ethylene glycol ingestion. 
Two sources of the elevated L.ebte 
have been desaibcd. The oxidation of 
ethylene glycol increases the ratio of 
NADH to NAD (4). The increased 
NADH levels inhibit the metabolism of 
pyruvate, resulting in Ule accumulation 
of lactate (Figure 2) (4,7). Along with a 
small absolute increase in lactate, the 
nssay for lactic acid may be falsely 
increased secondary to the NADH 
levels. This is due to the fact that in 
some lactate assays, the level of NADH 
is used to determine lllctate levels. 
Glycolic acid, a metabolite of ethylene 
glycol, can also interfere with the 
lactate assay. As a result of similar 
structures of the two acids (Figure 3), 
glycolate can be misidentified as lactate 
in two of the most common lactate 
assays (4). 

Urinalysis may reveal calcium 
oxalate crystals in association with 
ethylene glycol ingestion. As oxalate 
accumulates during the metabolism of 
ethylene glycol, it begins to precipitate 
with calcium ions to Conn calcium 
oxalate Cl}'stals (2). The acrumulation 
of the crystals is the cause of much of 
the tissue damage seen in these patients, 
especially the damage to the kidney. 

July/August 2006, Vol. 102 33 
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Figure 3. Calcium oxalate crystals are present within tubular l\,Imina and demonstrate many laboratory pitfalls that can lead 
characteristic aggregratlon into fan, sheave, or rosette-shaped structures (hematoxylin 
and eosin; 400x polarized). 

Initially, the crystals are the enveloped­
shaped dihydrate form, which are 
fanned by high concentrations of 
oxalate. These rapidly change into the 
monohydrate form, which is more 
commonly seen. They are needle-shaped 
and can be mistaken for hippurate 
crystals (8). Massive crystalluria can be 
seen and should prompt evaluation for 
ethylene glycol ingestion in the 
appropriate setting. Other findings on 
urinalysis may include 11 low specific 
gr.:Jvity, mild proleinuria, and 
microscopic hematuria. 

Our patient's symptoms and 
(..boratory findings can be better 
understood with an awareness of the 
metabolism of ethylene glycol 
described above. His initial symptoms 
of apparent intoxication probably 
developed several hours after his 
ingestion of ethylene glycol. If he had 
presented for medical care at this point, 
laboratory studies would likely have 
demonstrated the high anion gap 
metabolic acidOSiS, elevated osmolar 
gap, and elevated blood levels of 
ethylene glycol, which together are 
charncteristic of a toxic ingestion of the 
substance. However, nearly 24 
additional hoUl's passed before he was 
evaluated medically. During this time 

,. Wost VirginIa MfXlico/ Journal 

he appeared to have completely 
metabolized ethylene glycol to its toxic 
metabolites, leading to the low osmolar 
gap and negative ethylene glycolleveJ. 
His recent ethanol abuse hi:!lory could 
have accelerated this mctabolism 
because of the more rapid metabolism 
of both ethanol and ethylene glycol 
from up-regulation of alcohol 
dehydrogenase in individuals with an 
ethanol abuse history (10). His lactic 
acidosis was likely a consequence of the 
increased ratio of NADH to NAD 
generated during the metabolism of 
ethylene glycol, which favors the 
production of lactate from pyruvate. 
Resulting glycolate production may 
also interfere with lactic acid assays, 
causing spurious levels. His elevated 
white blood cell count, which was 
initially interpreted as additional 
evidence of sepSis-related lactic 
acidosis, was likely a consequence of 
his ethylene glycol ingestion (9). 

Conclusion 

Ethylene glycol toxicity is a life­
threatening clinical condition. Textbook 
CBses are readily diagnosed and treated 
with good clinical outcomes. However, 
as our caSe demonstrales, there are 
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the clinician astray. Tnv85ive measures 
may be required to reach a definitive 
diagnosis, but subtle dues often 
overlooked can help to point the right 
direction. By paying careful attention to 
findings on urinalysis, understanding 
the physiology behind the laboratory 
findings, and by being perSistent, the 
correct diagnosis of ethylene glycol 
intoxication can be made and lifesaving 
treatment provided. 
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REVIEW ARTICLE 

Update on Antidotes for Pediatric Poisoning 
MaJjori'e Lee WhiTe, MD and En'ca l.. T.iebelt. MD 

Abstract: Amidotes are pl:J.yitlg all illt~'l.sing rol.., in Ihcr.iPY for 
pediatric p<')i~l)rlirlg~. Alth,)llgh inili!11 rC~"pon,c !O all pcdi:l.t!k 
Jl\lisl)ILing~ bc~';m wilh b~sic sl'ibiliz~fion, knowledge of ~pecllk 
amiuQlcs, their mechanisms of action, ='llf<!t}' (ll"\'llik i'l pctli~lricS, 
i:ll1d dosing regjmen~ can he lile_.r,aving for p~'Ili<irric victims of 
nen'e £a.~ e.'posufe, ;JceLilminllpht:n lo.x.ici[y, methanol and ethylene 
glywl in~c~liuD, lind snakebites. This ankle !lre~enL~ ,\11 (w\;rvil.:w 
{If the p:l!hophysiology, sYI1l!l[oms, al1tido!c~, :mll LThergcney 
managcmcl\t of these toxicological o::mcT"gcncics. 

Key ,,"ords: .o.lIliLI"U::-, poi~Llning. ncr"e gas. acctlill\inophen, 
m~lh,mol, elhylene glycol. sn:tkcbilcs 

TARGET AUDIENCE 
This aniclc t'lrgets llelllth Cllre providers who cuc rUT 

children cmd lldolescems in .:Icu(e emergcncy sE:nings, 
including phy:;icians, nurses, lind prcl1ospil1l\ perSOtUlel. 
Emergcney phy:;ici'oms, pcdi(ttrJe emergel\cy phY:l.icians, 
pcdiarrici(tn~, medicill snldems, and family practitioners will 
tind the informmion re1cvanl. 

LEARNING OBJECTIVES 
I. 	Idemify poisonings for which new (Imidoles are available. 
1. 	 Describe the pathophysiology and clinical presenraTion of 

4 toxicological cmergencies. 
.,. ldentit), the meclmnism of aelion of thc~~· antidotes. 
4. 	 Describe the gl."1lcrJ.1 cmergellcy depmtment rnan(jgcmcnl 

fur ner\'c gilS exposure, acetaminophen ovcrd(}~c, crota­
line envenomation, and r'I1elhanni and ethylene glycol 
poisoning aii it relates to antidote .o.ominisTrmion. 

Pedian-ic emergency respunse for poi~onings always starts 
wilh b::t.~ic liuppnnivc mellSures; however. anlidmal 

thcr.J.py for Sl)ecific ~lotsolling is continuing to play all 
impmmnr role. Antidotes are chemical or physiologicill 
<lmagonists that pn.!ven( or rcvcn;e the toxic effects of 

lilSlruclOr ;!mJ ro::l11",," (White), A"..,d~tl: I"rofc<;sor {Licl:~!Ll. Di,'i~1I11 of 
I'cdi~m~ 1-'nl~r!!CIlC)" Mwid.M. D~p".I!!m~nt or l'.:cliLllric..~, \~ni~cr...it;' ,,! 
Al:illam~ ~I Dirmi;'1gnL!."ll Schnlll of McdLo::IIlC. AjrmjLlg!l~m, AL. 

Th~ uL!lhms h3\"~ (.i$CI(lS~d 111.11 Ih~y ha,-.: nu si~'11ificL!lll ref:!llon.<hip \111h or 
fiJl~Il~i~1 il\lo::rt:>l~ j;'1 I!!ly ~'m\",crdal comp~lli~5 lb.tLl p~!"I~i11 LO lhi~ 
~<.Iu,aliul'\llf a.:;i,·jt\'. 

l.lppincoL'f eMF- JI15lit~lu, w~. ha.~ ido::nrilicd :md rC$(lh'~,1 :,jI lbcuHy cUlinicL~ 
ufj!lIN~Sl n:1l;J!l..\ir.~ this CdLIC~n"n.l\ nCLi\'il~. 

Ad<1n:~~ (uOI"c.;Jlondcn~I: nll.i ~pri"t n:"III~L~ to M:lIjori~ 1":1: While. :\{D, 
Chlldrl:n·.< 1Jo~pil~l. MidtoWTI CCni~r. Sllile 205. fMO 7th AVI: $. 
Binni,'gil;lru. AL 351~~. F,:'O)all: :\fL\\'hil~\!'i'P~<.I~.lJab.cdlJ. 

Copyri.!lhl:t: 10'1.)(, hy l.ippirL~lI11 Wl1lil!ms &: \,,i;!~in., 
ISS;"\': U74'J-Sl(,\·'(16.'2211-07';(J . 

spedJie poisons. AlthclUgh the frequency of many af these 
",:pnis(ming~ may not be high in dIe pediatric pOpul::t.lion, lhe 

I"tlorbidity mId olorralily ratC$ associated with thelll can be . ,::~ 

high, justifying (hc availahility and cosr of These antidutes. 
Thi~ article tj)ClL~C.~ on ~ntidOTes available fol' ncn'c !,'<Ise.'i", 
acctaminophen, sJl<lkebites, and melnaJlol (METK) and 
ethylene glycol (J..::G) expusun:~ or ingestions. 

NERVE GASES 

Overview .'-j
Nerve gases wcre fittlt developed in the 1930s initii!lly 

hy the GL!mlans <llld lmer by the Brili.~h mililary. Examples 
include T<lbun (GA), Sarin (08), Soman (GD), ,md VX. As 
cleru', ~olorle:;s, l1.~u.ally ()dnrlc.~s liquids with an evapOralinTl 
mle similar [(I water, these <lgenls pose a Ihrcat otJlh in their 
liquid and llerosolized fonn. Thc)' arc ~~xtrcmely potent 
organic phosphoru~ chlliinestcr.ise inhibitors <lnc ru"e the 
lUost tux;c ur current chemienl weapons. I 

, 
Poisoning 

Nervc agents altcr cholinergic synaptic tranSmis.~ion at 
TlCUTUcllcctor, skeleml myonelu-al and autunumic ganglia, 
and in The central nervUl1.\ system, resulting in both 
lllllScarinic and nieUlinie ctleers. Initi<ll symproms depend 
an the dose and mute of exposme. Viclims who ha"e inhaled 
nL,..V!: agenr Yapor presem differently from thnse who contact 
liquid wilh their skin or muetlu~ membranes. 

The resultant tnxidrollle includes muscarinic cITects 
(pinpnint pupils, blun'ed or dim vision, lacrimatioll, saliva­
tinn, bronchorrhea, Ilausea, vumiting, diarrhe<l, cmnlpy 
<lbdominal pain, urinary and fecal incontinence. llnd 
bradycardia), nicotinic effecTS (skeletal mu..:;dc [witching. 
crJmping, weakness, and flaccid p<1f"J.lysi~), and ccn!rnl 
effects (loss of consciuulo,lless, .~ci;:>:ures. llt}d respir<ttory 
depression). NiCOtinic stimullllion can sometimes obscure 
certain mu.~carinic effeCTS ;:;ud produec tachycardia and 
hypen:cnsion (Tllble 1). 

A mild inhaled exp(J~urc may only Clluse miosis, 
rhinorrhea, and mild cl.y.~pl1ell whereas <I modcTiltc CJ;posurc 
rllay calL~C hrnnc1lOcollstricrioll, excessi\'l' hronchial sceff:­
lions, and more severe dyspnea. Mild [Q moderaTe dermal 
exposure results in swcating and 111\lscular fasciculations at 
the site of cuntaet, nausea, vomiTing, diarrhea. amI wcakneliS. 
The tm~ct of signs and symptoms after a dermal exposure 
may be delayed fOf 18 to 14 hours. Higher exposures by any 
route may result in loss Ilf consciousness, SeiZUTC$, muscle 
fasciculations, naccid paralysis, copious secretions, apnea. 
ilnd ueath. 
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TABLE 1. Signs and Symptoms or Nerve Agent Exposure 

PcriphHliIl 

• MiD,i!! 
• Bradycardia or l<ldycarclia 

• Lt.L-nmfllio["l 
• Salivation 
• Bron~hoIThc~ 
• 8rum:]1t'~ril-<;!T\S 

• rlYJlenension 
• Urinary inconlinLllcc: 
• Di>:lIThO::lI 

Skeletal muscle 
• Wennes::! 
• Fuscil:vhlli()ns 
• P3ralysi~ 

Central nen·ous SySLCl1I 
• ConIu~ion 
• Agil.O.tion 
• HaJ1m::inarion:; 

• Seizun:s 

• Coma 

Tn the evenl of an e;w(t.~un; children are more likely 
than adults to be lhe rtrS! 10 appear with symptoms. They 
may develop different pattem~ of clinical toxicity with more 
);I;;verl;; manifestations and bc h()~1>itaH.:l.ed more frequently. 
As respiratory failure is the primary cau.'iC of death in nerve 
ageDl-exposed patienls, it is important to keep in mind 
pcdialric anfllomy alld physiology. Children's higher re:.pi­
ratory rdll;;!i and m.imlte ventilations lead to higher dosc 
effects. The !:;TT1al1l.T airway. increased nose breathing, larger 
tongue size, and m,lTl;; compliant chests of children lead 10 

i.ncreased ,respiratory symptoms seen in childTCTl exposed 10 
nerve gas.­

Antidotes 
There are 3 antidotl;;s aV<lilabJe for nervc gas toxicilY­

atrllpine, pralidoxime (2-PAM), and beazodiazepincs. Dos­
ing !,'1lidcIincs arc recommendcd based on severity of 
symptoms and weight/age of the child (see Table 2). 
Atropine works at the mu.~earinic synapses by competitively 
antagonizing tbe acc\]t\lulatcd acetylcholine and is u.~ed to 
terminate sweating, s..,livation, rhinorrhea, and lacrimation. 
Oximes are purpurted to reactivate acctylcholinesterase at 
nicotinic syn.1pses. Dian.-p31Tl. is l1sed to contml sci:lutCS and 
relax ~keletal muscles that an:: overstimulated.~ Tn cin:um­
stances with 3mple supplies, it is both medically prudent and 
compassionate to tn::al moderately affected and evcn mildly 
afTected children. A child who initially appean; til be only 
mod(.-r:llcly poisoned can decnmpensalc 'lllickiy. Instituting 
early therapy c~ arreST progression of symptoms. 

Emergency Department Management 
11mmgemcnt begins before patients arrive with prepa­

ration for decontamination. Therapy Siatts with ABC); and 
supportive can: and is quickly followed by administration of 
anrido;:es to reverse underlying proce5SCS via administration 
of anticholinergies and oximes. The :pcdiatric f::xpert 
Advi);ory Panel of the National Center for Disaster 
PIeparcdnc~s recommends treatment with alropine for 
marked secretion);, bronchospasm. and 2-PAM for persistent 
weakness or high atrnpine n::qLtireOlents. Thcy also rCcom­
mend dia:t.cpam., 10r<lzeparn, or miduolam for sei7.urc.~ or 
severe exp(lsurc!;.~ Table 2 describcs thl;; triage and treatrnent 
of children with nerve agent exposures based on initial 
symptoms. Table 3 outlincs ~lll;;cific guidelines for antidotal 
Therapy ror nerve agent exposuTe. Notc that 2-PAM shnuld 

TABLE 2. Triage of Children With NeNe Agent Exposures? 
:----,----,-----,----

Symptnms Tringe Level: Dispusition Antieholinergks Benzodillzepine~ 

A~ym[ltonUllie Dl:ll1yed: ohrervc Nunll None None 

Miosis ant] mild Delayed: obsl:IVc None Nonc NODC 
rhinonhcll 

Miusis and any hnmclli::lte: admil Atmpinc 2-PAM Neurologi~al symplums~ 

other symplom RL-pcill as Tleeded every Rt:pe:lt every hour 1. Diazepam or 
5-10 min until pulmonllIY :l.~ needed 2. LOIal::L"ll::lm or 
re~i~t:ll\ce improves ur ), Midw,olam 
~el;;retions rcsoh·c 

ALtem::ltive~: peripheral W::Ilch lor: muscle rigillity. 
cffccls only, g1ycopyrrolmc li'!.ryngo~pasm, 

13chycardia. 
hypenension 

Apnea, seizure:>. Immcdiate: pelliillril: Atmpine 2-PAM m~epilm 

e:lf(liupulmnn::try inteIl$ivc ca~ 
IiIIL'S1 

------c;---;---;c----::­
Adapl~ witll P"flTlI.~5inn frnm J.:1.l1tlTl>:rg.4 
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TABLE 3. Guidelines for Anlidotal Therapy lor Nerve Agem Poisoning ,.=-----=----­
Anlitlutl's 

PariclH (Aile) ,\1ildlModerdte S~'mplOrh5* Severe S:--1Ilp[Om~1 	 Other Trenmlcnl) 

"Mild-muUc:ru!e .<>;mrprorm Lnduuc ;)HU.<e~. \'oulllin;;, !;nII\'!\;iOll, iacrim'l!irll'l, wcaklles~. ami tlys[1ne~. 


ISc:\"c~ s~'npIOIlli indut!c sd"rlcs. ~p!lC:L, U;lCt'ln>cjoIlS!l~SS, <mL! th.:cicl p~r:.ly~i~. 

::;!.-rAM CI shoulrl he ~dmi.uist~ slnwly [oJ!" 20 minu!e.<. R.~pid inlrd\-o:nnu.; ~cl'lli1\illrdl,iun ~ .... n e~use laryn),!n~1';\.;111 and ril!idilY. l-PAM (! IIIU:, b" 


n:p,".i!to:d v,;:hin ~O 1<) 60 min, Il' needed, 11L"o "~ain evcry I ],uur filr 1 or '2 do.s,,~_ us ;"1cerJed, for p",.i~l.tnl w~nklles~ a/ltlim' h'Sh ~rropi.!.t" ""~lJin:mcl1;.;. 

I, 
I.-­

:;­

---~ 

Inl"''ll (0-2 y) Alropinc; 0.05 Ill,!;/kg 1M or 
n.OS mg/kg ]\I 
(minimum, O.! mg) 

2-l'AM CI; 25 mg/k.g IV~ 

Child (2 lOy) AiIopine: I rn!; 1M _ 
2-PA.\IJ C'J', 2S Inglkg [\.I' 
Atropinc 1 mg 1M 
l-PAM Cl: 25 mstkg . 

(llIilximum, I g IV 2 g 1M), 

/\r1ull Alropine 2 4 lirt; IM 
:2-PA,\1 CI: I ~ IV," 2 g 1M 

Aului;)jcero!s AlroPell 
>10 y: 2 m£, ior40 kg j 

5-10 y: I mg rLlr 20 kg!· 
Ii mu to to y: n.5 mg 
ror 10 kg 

-----:::-:-:- ---=--:-:c-:::-' 

A1wpine: 0.1 mg/kg 1'\Jf or 
f1.05 mglkg IV 
{minimum, 0.1 1112) . 

2-I'AM ct: 25 mg/kg IV' 

Atropine: 2 mg 1M 
2-PA.TvI CI: 25 mgikg IV; 
Atn;lpine: 4 m.g, 1M or 2 nlg]\I

". 
2-PAM (;1: 25 mgikg IV 

(maximuM!, I g IV. 2 g 1M): 
Atropine: (, Ill£; 1M 

<" 
2-I'AM CL: 1 g IV::2 ~ 1M 

M,irk I: ~ee lexl 

Arropine: 2 mg rM 
2-PA,\Il CI: lion mg IM 

, 	Assist ventilation 
, 	Rtpt,U atropioe af S- 10 IO-min 

inltrvills until ~eCretiOII~ rum: 
decn;lI~d :md brt!alh;ng i~ 
com!"(lrl.'!blc and!or airway n:sisr~nct 
ha.~ reNnltd \1.) ncar normal 

• Scizure.<; 

ni~)!I,:pam: 0.U5 OJ mglkg IV/PR 
(m~xirnum, 10 IlIYdl).<;e), 
5..·10 mgldosc IV (adull), 
reJle.ll c\'l,:ry 15 30 mirl, 
il~ n~tclcd 

oc 
~id~".oll\m: 0.15 U.2 rnglkg NflM 

(maximll!Il, 10 111g). ~pca! as 
neCO;~Hry or sr::UT conliullOIiS 
inrravenou~ drip 

0' 
Lorazepalll: n. I mg!kg 

(maximum, -4 mg) 
rVJThtlIlR 

be infused slowly inrravenously beca\lse of the risk for 
laryngospasm Il.nd muscle ri,gidity, 

Table 4 describts auroinjecror usage in children. There 
art currently no cOlllbinarioll autoinjeCTor kits made 
specifically Cor pcditiTric pali"''Tlts, 011ly pediatric atropine 
aurOi..l1jeclors. Pediatric A[rnPell amoinjcetors (Meridian 
Medical Technologics, CIJ!umbia, Md.) clJme in J SCpUr..lte 
s(rcn!,'lhs -0.5, 1, and 2 mg. Eaeh Mi'lrk 1 kit contains 2 
autoilljeC(Or~ (fUI-in needle imclTiOIl depth), nne each of 
ilITopluc 2 mT.. (O.7 mL) and 2-I'AM 600 lllg (2 mL); 
although not approved fnr pediatric u.~e, tlley should be u.~ed 
as initiill tl'ealment ill circumstances tor children with severe 

TABLE 4. AutoinjecLor U5age 

Atropine z-PA~i 
Apprn).jm~h.' Approximate 
Age Wci~t 

!'iu11Ibcr uf 
.'\urQinjc:ctol's 

Dosnge 
Raugc 

n05a~e
R,,,,,, 

(y) (I<;I (F.~ch T~'pe) (mw'kl::) (mglkK) , 7 13 -25 0.08-0.13 24-46 
R-(4 2.6-50 , 0,011 0.13 24 46 

litc-threatening nerve agent toxicitY for whum inn<lvenotls 
treatment is nor possible tIT available (If tor whoD"! mme 
precise inrramuscullir (milligram perkiJograrn) dosing would 
be lugisrically imp(l~sible. Suggc~ted dosing guidelines are 
uttered. Then.; i!-i a potential fUf excess of initial atropine ami 
2-PAM dusage for agc/wci~lr. Genernl !,'Uidelines exist flJr a 
rccommcnded lO!al <luring rhe tirsr 60 (0 90 minutes of 
therapy for Severe exposures. This: rable Jist'i llS<1ge of the 
Mnrk 1 kit nnly down tn aye 3 years na.'icd Oll adhercnel' W 

recommt.."Tlded dosages Tor arropine and 2-PAM. Huwcver, jf 
ail atlult Mal'k 1 kit is The 01'Jy availilble source of arropine 
and 2~P.AM after i1 Jlervc agent. exposure, it should rlut be 
withheld from eVell the youngest child. 

ACETAMINOPHEN TOXICITY 

Overview 
Accid"''Tlt.'J.1 and intentional ingestions of acetamino­

phen ::U::CO\!1lT for a si!:,'T1iticam pmpmtiOIl of toxic pcdiatric 
ingesrions. These ingestions can lead 10 irreversible liver 
damilge and dCllth. In 2004, the American Associatioll of 
Poison Cuntrol CeJltcr~ received reporL'\ !If 150 deaths.7 Li,'cr 

:<-14 >51 3 :::.0.11 ~35 	 daJnagc is related In the metabolism of acelamin(}phcn hy 
the liver and the produclion of N-acetyl-p-hen7.oquinonei. 
mine_ ill the ()vc.rdose setting WiTh excessivCl production of 
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effective and shorter alternative to the 72 hour oral regimen 
TABLE 5. Acetylcysteine Dosage Guidelines Adult 

IIsing: an inve~tigational pyrogen-free form of intravenous 
Rnd,. NAC for 48 homs. JO The dosing illcludoed a 140~mglkg 
Wci~ht Acetylcysteine (mL) loading dose, followed by 12 mainten:mee tlnscs uf70 mglkg 

evr.:ry 4 hounl. A1l dnscs wcre infuse(! for 1 hour. and each 
kg 'I) First Dose S~cond Uose Third Dn.~c ~ubsequcn;: dose WilS started 4 homs after the proeviotls one 

100 no 75 25 5U 

'" '" 67.5 22.5 45 
80 176 '" 20 40 
711 154 52.5 17.5 "60 132 45 15 ;0 

50 110 37.5 125 25 
40 " 30 [0 20 

f(r~l d'I~. ]511 mg!kg In :WU ml, of 5";', (icX"lros':: infused fur 60 llll.muel: 
secon~ dose, 50 1Ug..'k~ ill SOD mL llrS% l.b:lru~t bru.l~d rUT 4 hOD;;; lhird 
uo)"c. 100 m;;,o'k/: in IUUO mt. of 5% dC:I:!fOi,C 'nfuscd tbr 1(0 ~(\urs. 

Somcc: rnckag~ ~n. A~~la~ole. CUlllbduml Pb=~ctulicul~. 

N-aeetyl-p-hen:t:llquincme:imine, the usual glUlmhione deac­
tivlltion system is overwhelmed, and liver loxieiLy results in 
Whlll remains an unclear rtlcehrmism. It is elc~r that 
OutCOmCs an: clirecLly rc!&'ted tl) the timeliness of nmidote 
admini~tr'J.tion. The recent releilse of The intravenous fonn 
of N-ncerylcysteiDe (NAC). AcellldQ[e (Cumbl.'rland Ph<lr­
maccuticais, Nashville, Tenn), h<l~ changed ,he manage­
mcnt of acute acetaminophen p(li~oning, 

, 
Antidote 

The stlludard antidote for acerruninophen toxicily has 
bceJl oral NAC with a loading dose uf 141l mgfkg followed 
by 17 doses of 70 mglkg: every 4 hOlln;, I\. shortened course 
of oUlI NAC for 24 to 36 hours can be done 5.;,fdy if there is 
no measurable pareil\ acetaminophen al these times and. no 
cviclr.:nce uf livl.'T h,;oddly (no elevation of liver enryrnes or 
prothromhin time).~ 

Imravenous regJ.meas for }JAC hav~ been used for 
more lhan 3() years. in Eurupe <lnd Cantlua_ The.~e arc 20-h(lur 
intravenous NAC rehrimcns with a cIlmullltlve dose of 
300 mgfkg.9 In 1991. Smilkstein oet al demonstrated an 

(ie, 3 hOllrs "off" per poeriod). The total IreatmCnt dose 
was 980 mg/kg [or 4~ houn;. The incidence tlf hepatotox­
it:iLy in the 4X·h()ur intravenous protocol WIIS compllrable .0 

previously noted percenTages for Ireatment groups ~- and 
post-IO hoU!s of inges"lioll in the 72~hl'ur oral protc"Jcnl as 
well as Ihe 20-hoUf inlrJ.venous pr(ltocol. 

PL'TT)' and Shanno!1 5t1ldied intravenous versus oral 
NAC in ,10 open-label clinical trial in a pediatric popula­
don,ll The illlravenous NAC regimen W<lS 140 mglkg 
loadi:tg dOse fuJ]owed hy 12 dnse.') of 70 mgfkg:, IIll for I 
hnur, 4 hours apan. The hisrorical control subjects were 
those treated with oral NAC in the acccplcd regimen, wilh 
the saDle eligibility requirements a.~ the inlrdvenl)tL~ NAC 
grnup. Ntl patients in the intravenOliS protocol hlld hepato­
to:"ticity if treated within)O hours and 9,8% ifueared within 
!0 10 24 hours. 

lhe Food and Drug Ailininistr'J.lion (FDA) approved an 
intravenous fimnul<lti()O of NAG in early 2004 (Acetadote) 
u~ing a 20-hour. continuous-infusion protocol. The packag.:: 
insert waS revised in February 2006, whiell ~xlerlded the 
loadillg dose infusion time from 15 tn fl(1 minutcs, making it 
a 21-huur infusion. l :!. For adult inrmvenous dosing, the 
IOllding: dose is 150 mglkg in 200 mL of 5% dexlcosoe for 60 
m.inUles, followed by 50 mg/kg in SOil mL of5% uexlrnse for 
4 hours, ::nd l()O mglkg in lOOD mI. of 5%1 dcxu(l~c for lG 
hour:-; (Table 5). Tn regard to pediatric: intravenous dosing, ir 
has been shown thm standard imravenous dosing can causc 
hyponatremia and secundary :>ei;r.urt:s clue ttl the free water 
!U::!d 13 Therefnre, the convention is to dilute 20% NAC to a 
ti.nal concemflllioll of 40 mg/mL (see Table 6 for II depiction 
ofthe usual pediatric dosing schedul.::).l:! The [mal milligram­
pcr-kilogram clusing (loading dusc. 150 Ing/kg; :50 mglkg 
for 4 houn; and Ill!) mglkg tor 16 h()un;) i:> the s<:!me; lhe 
free water is less than i.ll the adult schedllie. Adverse rc."lctions 
to intra.... enous NAC include am1phylactoid reactions (rash, 

TABLE 6. Acelylcysteine Dosage Guidelines Pedialric (Weight < 40 kg) 

Bod~.. Wei)::ht 
1.0Sdi,'g Dosl! 

.-------_._._-
Sl!~oDd DDsto' Third Dose 

AClo'tlidoh! 5% DeJ:trosto' Acetadote 5% lJl1'xtrDse A~etaduh: 5% DCdrose 
kg I. (mL) (mL) (mL) iLl (mt.)-_._._-"­ (mI.) 

30 GO 22.5 100 7.5 250 15 500 
25 55 18.75 [00 6.25 250 12.5 SliD 

'" 44 15 '" 5 14tl 10 280 
15 33 11.25 45 3.75 [05 7.5 210 
10 22 7.5 

..-------_. 
30 2.5 70 5--..~-.~.--

'40 

L<lat!in" t!nse. tSO mw1r.:; for 60 millul~s; s.t:comi dOI~, ~n mgtkg tnr 4 huUl~; ,hirt! t.!o.<e, 1(11) ml:l.. k~ fur 16 bnurs. 
Al'l::l:ldorc is h)'p~(osm"'''r (U.lll) ~1Cl.~m/I.) ~r..d i~ ~umpollibl~ .....ith 5% dCXlTosc, 0.5 llo.rmal >ali.n~ (0.45% scdillill chlorick ;n.!~cll{ln), and w:\I~r fl.lr 

injccli,m. . 
S<.1Im:e: Pad,i\!}c ino;crt, Acctadmc. t:~m\)erl~lId rJIr.mlil\"~\lli~ul~. 
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urticaria, and prurilis), which most commonly occur during 
Lhe initiallo<ldi..llg do~c. 

Emergency Department Management 
T rnditionalthl.-rapy for acetaminophen ingesriolls aside 

ffilm the primary survey and sllpponive care h<ls revolved 
around se.rum levels at 4 hours postingcsrioll and adminis­
tration of ornl 01' nasngustric NAC. The oral rc!,rimen has 
been used with liucce,ss for more rl1a.tl 20 ycars in (his 
cuunny. With thc FDA approval of [he introlvenous funn, 
rhere is now an alternative for iiclcctive paticnt.~_ One 
suggested guIdeline for patieJlts is presemed in Table 7. 
Alth()llgll the cost filr Acetadote is significantly lligher than 
oral NAC, shorter hospitalizution sta),s and less laboratory 
teSting shuuld I!lrimaldy reduce o\'emll COSts. 

SNAKEBITES 

Overview 
In 20CJ4, rhere- wcre almost JOUCl crotaline snakebites 

reported to poison control center:; in tile Unilcu St.1tes, of 

TABLE 7. Clinic~! Guideline for Intravenous NAC 

PaCienls considcred fur treamlclll with intravenuus NAC 
Patiellts rC'quirins tn;atmcm of a':el,unmophell lo",i~ity 3.~ 
deterrl'lil]~~tl by serum HCe[<lDli.'lophen conctnIlll.tinn plotted 011 

Rwnack-M::ltthcw !ll)rU(I!,'!'oim and/nr other labor-nory/clinical 
parameter.; :ind 
• P<lTicm~ wllo e<ID.Dor tolerate urn.l NAC 

• P:l.ticnls \Iith ga,~lruinTcsrinal hteeoing or ohsLruction 
• Pati""n!s wi(h medical fir surgi.cal condilion(s) predutling oral 

NAt adminislJ.lriol1 
• PalicDTs witn ilCClam!nOphclI to;o;irity pre.,anling as 

e!le~balopalh:­

• I'a[jerl~ with neooatnl Hecr:unilwph"n toxicity from maternat 
ovetdn~e 

• Otb.~r patients may be cOllsi(lc:rcd for !reatrneDT \";th 

inlr:ivcnous NAC :ifrcr cOLlsulLlltio!! with rhe metlical 

tnxieologist on-call 


Clinical pr.!l.l'tice guideli'le~ 
I. Draw acetaminophen Jevel Imd plot on Rumack·Matlhl;:w 

numogrnm 
2. 	rfAPAP level fatb Hbovc the "pussiblc toxicity" liIlc, beShl 

Iherapy with NAC. 
3. Draw AST/ALT, PT/INR, c;lcctrolytes, BUN, Cr, and cae. 
4. AI (he end ofth" infusion. draw PTIINR, AST/ALT, BUN/Cr. 

If any uf thc lahr)l11\ury rCS1lk~ :\.-c (tbnormal, infusiUD should 
be c<)fllinucd at a r2.tr;: of 6,3 mg/(kg . h) unriL livr;:r functionI 

iruprt)\·<::~. 

5. Cunsul! with mcdical toxicologist regarding uw-atioLl or 
thr;:rupy. 

6. 	If the pUlito! develops hcpalic il~ury/f(lilure se.:(l!IOtlI}' to 
aCCT:llllitLuphcn, :s'AC thr::r.lPY shClI.JI~ bc continued unlilli"er 
function wldfur clillic.al stalUS improv~s. 

E. Li~bth. MD. pl'fl'011.l1 e(llllmw;icatinn. 2006. 
AiT indic~r~~ alllJlinc: ~miu\lIl'1ll1.~r.:ms~: liST. l!.'jlI\l'T<'IM (Uniflormll.\'r~r­

.'IS<!: DUN, 1;l1ourJ UTe:!. ltilnll:"n; CRe. C\lmplctc: !lInN! COunt.; Cr. <:....<::Uliniflc: 
Il\'R, imcrumionn..l 110rm..:1.li7-«1 mliu: !'T, pr(l!1LNwbin rime. 
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TABLE a. Grading of Crotaline EI1V€!nomationsI4,1.~ 

C.Btcgucy I,ocai SysteDli~ CoagulQtion 

Minim~l S.....dling, pain, None ~011~ 

a:ld ecchyruosis 
Jill'li~r.l to 
imlllediale bile 
site 

:\IO~l(\I" Swelling, pain. !'ion - Jire-threatening Coagulation 
and ecchymosis sy.~tell1ie sigas and p~rdfficters 

invoLv::iug les.~ symptlllll~ mHY be may bi:. 
lhall a full presenr including ahnOlill:ll 
exlremity or nausc.a, vomiling. but rio 
<SO em llr.i! pares[heSitls. clinic,ll 

r.lct:!ilic t:L~!e, cvide'lc~ 
mild hyporen~inrl. of bleeding 
Illchycllrdia, .:!lId 
lachypm:a 

Severe Swelling, pfJin, SYMelllic; ~igns and Abnoml31 
IIntl ccchylllo~is symprorl"ls HbnoTmo.l c;o(igiJl~tion 

involvins mo.-c incJudin2 Hhcrc.:i J1itr<lmcter.~ 

!hHD 1 cxuemily mental stalllS, with serious 
or threatening sevcre hyp()tC!l~iuIl, hleeding or 
Ihe aif'\OrJ)' l.'tchycardi3, l;ever.: thrcat 

l<tehypDca of bleeding 

7which 24% wcre ill paLit:nts younger th<lll 19 years.
Crotaline snakes. including rarrlc~nakes, water mnccasms, 
<lnd coppcrheads, accotHll for the large m.ajority of :l~ca[]y 
significi!nt envcnomatioDS in this country. Since (ts intro­
duction in2()OO, Ctofab (Crotalidae pnlyvalent immune Fab 
ovine anti\'cnom; Pmtherics lne, Brenrwood, Tenn) has 
dramatic;'llly improved The management of snakebite vil'tims. 

Poisoning 
Envenomation by crotaline slwkes rc.~ults in a dynamic 

clinic(ll disease. ManifeSlations C'lre r¢laLed primarily to the site 
of envenumation; Ihe amoullt of venom injected and host 
:f.:'lCton: arc nor wdl described to dme. Classification of 
envcnomarions fi.lr clinical :uudies were developed by invcs­
tigators and Prodlerics, inc.14,15 Table 1\ lisrs ilitf; classificmion 
system anti denores thc 3 caregorie~ of clinical toxicity and 
their severity-local, coagulatinn. <lnd s),stl.·mic toxicity. 

Antidote 
CroFab is munufac[ure.d from sheep lind is derivl:d 

from the venom of 4 snake species. including the wesrern 
diamondbf:!l:k ratTlesnake (Crora/u.l· atro.<), eastern diaCllond­
back rattlesnake (Grow/wI adami/nlt'us), conorunouth 
(Agki.rtrO(/Oll piscivonts), and Mojave Tlittlesnake (('mIa/liS 
SCIIIL/fa/us). E\'idence for CroFab's ctlic;'\cy, safety profile, 
2nd dosing regim.:n have been documented in severnl 
pre.relea.~c clinical triills, poslmarketing case series, and 
multiple case reports. Although t]lere is minimal evidence for 
pediatric USc, that which exists supports irs use. 

Inilial and postmarketing surveHianec have demon­
srrated a low ratl: of acute allergic reactions to (rorab 
administration. Rash, pruritus. and wheezing havc h~~n 
reponed. Serum sickncss from CmFab is unCOLllmon. 
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Symptoms include pmritus. r.J.Sh, 'Iow-gradc"_:fever, "and 
myalgia'S. PaticIlIs receiving CroFab should be- followed for 
the development of serum sickness for aHcast) weeks: 

Emergency Departrnent' M~~~'ge~.e·nt--··~.•.•. Indicatiou fi:lr USc of crOTaline snake anlivcnom is 
progression of envenomaTion synch:vme:16 Adul! and pediat­f" ric dusing is the same regfITdless of weight--:-rhl! initial dose ~i. is 4 to 6 vials. Table 9 outlines ind;~i1Tjons [or ;:mtivcnom 
adminisimtion aIld the dosing schedule. The antidote should 
be repeated each hour until inilial conTrol has been achieved; 
indicators arc cessation of progression in swc11ing/edem<l, 
improving conglliation studies, and no systl.'T11ic signs or 
symptoms. Follow-up or maintenance doscs every 6 hours 
after initial cuntrol is achieved arc recommended On the 
package Ln:-;crt ba~cd on initial clinical trials; however, 
clinical experience and ob~crvatTon of the patient shotlid 
dictate whether these do~c~ are necessary. As S\{!.ted 
previously, snake ellvenomation is a dynamic process and 
I.kpends on many factors including 8nlOunr or venom 
injected.. If there i~ no further prul,'Tcssion al 12 hours, thcn 
no further antivl.'TIom is needcd. Although many rimes pain 
euntrol is usually achieved witn (lJuiVl.'nl.lm (Idminiiitrdtion 
alone, adjunctive analgesia may be required. CUllgulmion 
srud.ic~, inchlding complete blood count, prothrombin rime, 
3.Ild fibrinogen, need to be Cnl\llited. 

METHANOL AND ETHYLENE GLYCOL 
POISONING 

Overview 
Methanol and cthylene g)ycol arc serious causes of 

poisoning due to mmphClrmaccutical substance;;, especially 

.TABLE 9. Indications and Dosing for CroFab 

Indications --- ­

• CrotJ..Iin,;, (nt/rlcsnake, coppo;rhcad, cottonmlluth) CnvellnfTUinOn 
wiTh wor~ening cdcmo. or ally sY~lcnlic ~yll1plom indudil1g 
cougulopathy 

COllrr8indication~ 

• Known hypcrscn~i[i\'ity to CroFah, pllpllin, papaya 
Du~ing 

• 	If\tt1:l ...r:D.O\L~ly inJ'u~ 4-6 villl~ of CroFab dilut.:!cL in 250 mL 
normlll saline for I h; volume may be Hdjusted for very small 
chi1d~n or fluid-~';'J1~it; ... e paticnts 

• Initially infuse at 25 to 50 mUh for HJ min wlUlc monitoring 
closdy for signs of acme anergic rt3ctiOil 

• Observc for up It1 1 h ltner infu~ion, ;lssl:ssing for initiHI cuntrol 
(l\,dltcl progres.,ll)n orr::(jem:l and improvement in 0.11 :I~"pCCtS of 
sysl=mic mmifestatinns) 

• Repeat 4 \.(I 6 vials as needed to gl:Iin iniLhll control 
• 	Schedule follow-up or ml:linrcn:l.I1ce doscs of 2 viHls cvcry 

6hfor18b 
• 	MOll'llor patienTs fur delayed or recurrent toxicity ~q\Jiring 

additiollO.t1 anlivenllm 
• Poison control centi!["S or 1TIL""(]ical Toxicologislo; I:Hn assist wilh 

mllT1!1gtm.Cnt of individu.al (;~CS 

© 1()Q6 ~ippil/corr Wjffiams & Wilkins 
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in young children, bCCD.llS:e small amounts can cause 
~ignifie:mt lo;.::icity. In small childn:n, ingestions of a..~ Hille 

·.!IS ]0 to"l5 mL can be fatal. Thus, it is imperative to hu.....e a 
safc and cfficacious treatm~nt that is readily available !:IIld 
~.!Isily aclministered. In 201l4, there wcre more than 6500 
cxposurcs to these roxic alcohols, of which 14% oceurred in 

7children less rluUl 6 ycars. 
MeTil.1nol (MF.TH) is (I component of windshield 

washer fluid and is toxic in doses of 0.1 ml.fkg of 100% 
solutioll. Prc.~cntmion of METIT w;.::icity is often delayed. 
Toxicity is manifested by II high anion gap melabolic acidosis 
and vi~u"ll disturbances including blindness. Ethylene glycol 
is found in nnJiutor antifrcC7.e. deicen;, and eng.i.o.e eoolants 
and is (oxic at doses 0[0.2 mLlkg of JOO% solution. Clinical 
presentation is morC r.tpid than METH ,Uld manifesl"arion:> 
include cranial ncrvous system depressiOIl and high anion gap 
metabolic acidosis. LaIc effects include renal ant..! cClrdinc 
faihue. Tmciiliollnl thl.'r.l.py for these overdoscs involves 
inrravenoUS ethanol that is often c{)nlplicmed by large volumc 
inflL~ions sometimes reqlliring centrallinc access, metabolic 
dcrallgemcnts, inclnding hypoglycemia and hyponatremia, 
nud cranial nervons ~ysLem depres:\iun from the elhanol even 
al therapeutic do~es. Orher disi:ldv~ntages of ethanol therapy 
include difficulty achieving and m(tintaining ,lrlequate ~erum 
ethal10l levcl~ via conLinuous infusion and the need for 
intensive care musing and monitoring. 

Antidotes 
Ftlmcpizole received FDA approval in 1997, with rhe 

indicatioll for treatment ofl::(j poisoning. SevcHli years l::!.Icr, 
the indication for NlETH p{}i~oning was added. The drug is 
conunonly referred to as 4-MP, or 4-metl1ylpyra:7.0le, irs 
chemical n(tme, and has been lL.,cd in France lilr more than 
21l years to \reat these poisunings. Poml:pi7.0Ie (lets a:\ a 
compe!itivc inhibitor of alcohol d~hydrogen<lse with an 
affInity for this en:qmc 8000 times b'Te(l,er than ethanol, 
preventing the mctaholislD of EG and :MCTH to irs roxie 
metabolites. Clinical evidencc also suggest in patients with 
normal renal function and acid-bas~ !;tatllii that fOJDepi:.::nic is 
SUffiCiL-rlt therapy fOT severe EO find METH poisoning

'h d" " h od"al . 17IHWIt nut a lunctlve em I y!;I~. ' 
Fomcpiznle has many advantages (JVl.' cthanoltlierapy 

tiS an antidnte for EG ano \vlETH poisonings. It is sarc and 
h(ts VCt)' few side cffeets. It may be <tdministered via (I 

peripher(ll mtfllvcnous sile, obviating the need for aJ! 
infusion pump or central line <lcce~s. Patients receiving 
fomepi:.::olc may bc admitted 10 ::I geneml floor instead of 
intensive care unit if otherwis~ clinically ruld mctabolical1Y 
stable. Use or fnmepizoJe may void ilie need fbr hemodj"l· 
ysis and all of irs acctJrnpanying risks and con'plicatiolls. 
Like many nrphan drugs thOllgh., it is er.pensive (",SIOOO per 
1.:5 '6). An average (;oun;c offomepi:.::olc in an adulr with EG 
poisoning is about $4000, comparcd wi;:h "11 equivalent 
course of ethanol,' which js about SIOOO. Howtvcr. its 
<ldvamsgc.!l o\'cr ethanol thenlpy or hemodialysis may 
actually decrease the overall cust ()f care [0 [he paticnt. 

A loading dosc of 15 mglkg should be admini!>tcn:tl., 
followed by uuscs of I(] mglkg every 12 hams for 4 duscS", 
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then 15 mg/kg every 12 hours thereafter unlil the EG (lr 
:MF.TH levels decrc:...~es below 20 mgldL. For patients 
requiring hemodialysis. a separate dosing schedule is 
recolIlmended hecause the drug is 'removed tllrough Lhis 
pmcedure. Adequate urine outp\lt shnuld be m.1intaincd 
thr(lughuut therapy t{1 l:nh::mce me excretion or unmetabo­
lized EO and Mc111 in tbe urine. Minimal side effecLs have 
bten reporred amI include headache. nausea, and di7.nness, 
a.~ well as minor allergic reactious. 

Emergency Department Management 
As always. management of suspected ingestions hcgins 

with supporrive care. fomepizole is indicated fa! known Hi 
or METH poisoning defined as a documOllcd ~crum level 
gt'eater than 20 mgJdL. Because these blood levels are 
difficult to obtain, therapy should not he delayed if poisnning 
is suspected ba~ed on the history or uthcr iabornt(Jry 
par.JmeteC$ SUGh as high anion gap metabolic acidosis, 
incre,1scd osmolal gap, or c:tlcium oxalate crystals in the 
urine. Early administration is important and mfly prevent thc 
need for hemodialysis. Furthermore, additi(ma[ dosing is not 
needed [or another [2 hour;;, allowing further laboratOlY 
testing and evaluation. Other therapies [0 consider include 
sodium bicamunatc fol' severe at;idllSis. correction of 
symptomatic bypoc:t\(:cmia. aud administraliun of cofactors. 
including thiamine tlnd pyridoxine for EO and fulate for 
METH toxkily. 

CONCLUSIONS 
Management of pediatric toxicologic;}l emcrgl:neics is 

[l controversial but changing field. This update has reviewed 
the p:uhophysiolo,!:.'Y. clinical symptoms., available antidOTes, 
and emergency mal;l<lgcment principles for 4 classes of 
pediatric pnisoning. Pediatric patients with exposure m nerve 
gases, such a..~ Sarin alld VX, will he tbe fIrst to devi?IQP 
symptoms ruld should be \retlted early and aggressively. 
Acclaminophen toxicity may now be treated with a 21-hour 
regirnen of intravenous NAC, which ha5 been demonstrdted 
in pediatric triah to decrease lJepatlltmLicit)'_ Snakebite 
tnl.Tapy has been radically changed by the. development of 
polyvalent immune Fab (ovine) anlivenom with loW r.!.tes of 

- ".':',:,? 
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serwn sickJJ~Ss. Melhanol ~i\d ethylene glycol poi~nu.ing ~all 
he treated witll fnmepi;.::oie, which has a proven reeord fllr 
safety lind efficacy. All of these antidotes ha.ve already 
significantly improved the care of parient.~ with thc!'e oJi1:1l 
life-threatening tllxieologic;:\ emergencies. 
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(ME EXAMINATION 

November 2006 

Please mnrk yuur answers on the ANSWER SHEET. 

Upall: un !\nt(dmes for Pct1iatric ~oisoaing, While (llld Liebelt 

1_ 	 What is an advantage of fomcpizulc as an antidote over 
ethanol? 
a. Lcs~ expensive 

b, Less nUnling care needed 

e. May obviate Ilccd fnr hemodialysis 
d. :VIore efficncious l.llan ethanol 
e. Shoner hu~pit.ali7.ation stay 

2. A 	6-ycar-old boy prcst:nts WiTh a.n tlo,kntlwn snakebite to 
his ankle I hour ago. AfiCT 2 hours of obscrvatinn in the 
emergenc), dLl'anmem, the swelling h~ progressed tn his 
kncc, and be is in severe pain. Thete is a large blood 
bullae over the envenomatilln site. His prothmmhin time 
is 20 seconUs. What is The IDOSI apprupriate next stcp'! 
a. 	Administration of 6 vinls of crotaline polyvalent 

immune Fab fragment!; 
b. Consultalion with ~\lrgictll senrice fur possible fasciutumy 
e. 	f)cbridemeni of lhl! bullae ilnd adminislrJ.tion of dipheil­

hydrJ.minc 
d. Fresh fro;£cn pl;!srna admi.nistration 

e_ Ice to the ankle and elevation of the leg 


3. A 16-ycar.uld prcsent~ ofter iugcslingthe eOllTems ofa whole 
botJle of aceillminophcn. An aceTaminophen level drnv;ll 6 
hour;; after ingestion is 275 fJ.glmL. He lms vomited multiple 
times despite llliminiSlration ofilmicmetic~. Whm is the next 
Illost approprime step i.n thi~ paticnt's maJ\:':!gLTIlCTlt'.' 

~ 2(J(Jr; l_ippim:fJll Williums & Wilkins 
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a. Activated charcoal 

b.llltrnvcnO[Lo.; N-acetylcysteinc 

c. Observe 
d. Oroil N-acetylcysteine 
e. Whole-bowel irrigation 

4. 	An unknown chemical release occurred in a junior high 
school. Several Cldolesccots prcscni~d to me emergency 
depal1.!nenl cnmplaining of di:aincs~, hlurry vision, eye 
tC::Iring:, and coughing. Physical examination dcmonstrat­
ed tachycardia, miOTic pupil!.', and mild elevation of 
blood pressure in most of the Siudents_ 'Which llntidore is 
most appropriate for the reversol of these sib'TlS an(1 
sympwms? 
a. 	Arropine 
b. 	Di:v.cpam 
c. Naloxone 

d_ Pyridostigminc 

c. 	PrJ.Jiunxime 

5. What is a known adverse effeci of2·PAM. if infused too 
rapidly'! 
a. Anaphylaxis. 
b. Fl:tecid paralysis 
c. Laryngospasm 
d. Red man syndrome 
e. 	Skin necrosis 
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5. ®®©@® 

, 

Your evaluation of this eM,l: 3cti\'il)l wiH help guide fumre planning. Please respond to lhe following questions. 


I. Did the content Ilr thc ::!Ji.ick(~) mcel InC ~t.all::d ICl!ming objectives? 
[]Yes []No 

2. On a scale of I to 5, WiTh 5 being the higheST, how do you rank tile overall quality of this educaliollal activiry as it pcnains 10 
your ])H1ctice? 

lJ5 lj4 lJ3 []2 [jl 

3, AI; a TC~u\l ()fmC~l\ng the Icarning objectivcs ni'this cdutaliunal activity. will yuu be changing your pnlclicc behavior in 
~ manner thai improves your patient care? If yes, please ex.plain. 

[ j Yes II No 

4. Did you perceive ,my evidcncc nt' hiO!.~ for or against any c()mcrcial productS? Jf so, please explaill. 
[lYe> [J"o 
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--------------------_.-.-.-.._-....__ ...__ ..... . 
6. Huw 	long did illakc yOu ttl cumplclc this eMf activity,! 

hour(s) .____.__._._ffii.llures 

Mail by January 15, 2007 to 
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r 1: Am J Forensic Med PathoJ... 2006 Jun;27(2):106-12. 

Toxicologic findings in suicide: a 10-year retrospective 
review of Kentucky medical examiner cases. 

Sbl.elds LB, Huns~er OM, Hunsaker Je, Ward...~J~. 

Office of the Chief M~dlcal Examiner, Louisville, Kentucky, USA. 

Toxicologic analysis is an integral component in the 
investigation of suicide and requires correlation with a 
detailed scene inspection, with an extensive exploration into 
the decedent's medical and social background to uncover 
suicidal ideation or intent and a postmortem examination of 
the body. In this review, the authors analyzed 2864 cases 
classified as suicide upon autopsy and toxicologic 
examinations between 1993 and 2002 in the Kentucky 
Division of Medical Examiner's Services. Blood and urine were 
collected in 95.0% and 72.3% of cases, respectively. A total 
of 32.5% ofthe-vict.ims had negative blood toxicologic results, 
and 52.7% of urine toxicology screens yielded no drugs. 
Analysis of the data indicated that 3 times as many women 
had taken antidepressants and more than twice as many had 
consumed opioids. Drug toxicity ("overdose") ranked as the 
third (9.9%) leading cause of suicide after firearm injury 
(67.5%) and hanging (13.7%). Women succumbed to drug 
toxicity more than men (27.5% versus 5.9%). Of the 
overdose deaths, 66.5% had a negative blood alcohol 
concentration (BAC), while antidepressants, opioids, and 
benzodiazepines were detected in blood in 54.4%, 37.4%, 
and 29.2% of the subjects, respectively. The collection of 
these data serves the goals of public health and clinicians in 
devising strategies for suicide prevention. 

PMID: 15738426 [PubMed - indexed for MEDLlNEJ 
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treatment of poisoning. 


A primer on continuous renal 
replacement therapy for critically ill 

~_o_o_d.t:nan .JW, (iold{ar~ .Q.S. patients. [Ann Pharrnacotl1e". 1998J 

Nephrology Section, New York Harbor VA Medical Center, New York, Three controller sial issues in 
New York 10010, USA. extracorporeal to)(in ref5l§lYrirl'DiaI.20Cl61 

Extracorporeal elimination of drugs and toxins is a critical Should continuous renal replacement 
component in the management of pOisonings, though specific therapy be used for 'non-renal' 

techniques and indications remain a matter of debate. indications in critically ill patients lI'ith 
shock? [Resusd~tion. 1997]Conventional hemodialysis is frequently the treatment of 


choice because of its widespread availability and proven 
 Clearance of metformin by
effectiveness for certain drugs and toxins. With the increased hemofiltr.s;tion iTl~'Uifl'ToxicoL 20021 
availability of continuous renal replacement therapy (CRRT) 

Continuous renal replacement therapymodalities, there is yet another therapeutic option, but one 
(CRRT) or intermiUenl: hemodialysisthat has yet to find a definitive role in this field. The 
(IHD)--~Ihat is the procedure of choice

continuous nature of these therapies is attractive for the in critically ill patients? [Ren Fail. 2003)
management of acute renal failure, but the relatively slower 

clearance rates as com pared to conventional hemodialysis is a See aU Related Articles ... 

distinct drawback in patients with acute x.enobiotic-induced 

toxicity. There are abundant case reports as well as a few 

small case series in the medical literature documenting the 

use of CRRT, but specific techniques and the clinical outcomes 

vary considerably. Therefore one cannot draw definitive 

conclusions regarding benefit. Some patients, particularly 

those who are hemodynamically unstable and are not 

candidates for conventional hemodialysis, may warrant a trial 

of CRRT. However, at the present time, routine use for the 

treatment of poisoning is not supported. Controlled trials to 

better clarify its role would be beneficial, though such studies 

would be extremely difficult to conduct in this field. We 

believe that the intelligent application of extracorporeal 

modalities requires a thorough knowledge of drug 

pharmacokinetics, of the techniques utilized, and a skeptical 

analysis of the available literature. 


PMID: 16970740 [PubMed - indexed for MEDLINE] 
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r 1: Arch Taxicoi. 2004 Oec;78(12):671-80. Epub 2004 Sep 15. 

Ethylene glycol: an estimate of tolerable levels of exposure 
based on a review of animal and human data. 

Hess 8" Jta.r:t~-'-s_~Jf 1?9Jj:enger LH. 

Institut fOr Pathologie, University of Basel, 4056, Basel, Switzerland. 
hessr@dlal.eunet.ch 

Upon ingestion ethylene glycol (EG, monoethylene glycol) is 
rapidly absorbed from the gastrointestinal tract, and 
depending on the severity of exposure signs of toxicity may 
progress through three stages. Neurological effects 
characterize the first step consisting of central nervous 
depression (intoxication, lethargy, seizures, and coma). The 
second stage, usually 12-24 h after ingestion, is characterized 
by metabolic acidosis due to the accumulation of acidic 
metabolites of EG, primarily glycolic acid eGA), contributing to 
the ensuing osmolal and anion gaps. Stage 3, generally 24-72 
h after ingestion, is determined mainly by oxalic acid 
excretion, nephropathy, and eventual renal failure. Because 
the toxicity of EG is mediated principally through its 
metabolites, adequate analytical methods are essential to 
provide the information necessary for diagnosis and 
therapeutic management. The severe metabolic acidosis and 
multiple organ failure caused by ingestion of high doses of EG 
is a medical emergency that usually requires immediate 
measures to support respiration, correct the electrolyte 
imbalance, and initiate hemodialysis. Since metabolic acidosis 
is not specific to EG, whenever EG intoxication is suspected, 
every effort should be made to determine EG as well as its 
major metabolite GA in plasma to confirm the diagnosis and 
to institute special treatment without delay. A number of 
specific and sensitive analytical methods (GC, GC-MS, or 
HPLC) are available for this purpose. Due to the rapid 
metabolism of EG, the plasma concentration of GA may be 
higher than that of EG already upon admission. As toxicity is 
largely a consequence of metabolism of EG to GA and oxalic 
aCid, the simultaneous quantification of EG and GA is 
important. Formation of calcium oxalate monohydrate in the 
urine may be a useful indicator of developing oxalate 
nephrosis although urine crystals can result without renal 
injury. The pathways involved in the metabolism of EG are 
qualitatively similar in humans and laboratory animals, 
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Mode of action: oxalate crystal-induced renal tubule 
degeneration and glycolic acid-Induced dysmorphogenesis­
renal and developmental effects of ethylene glycol. 

Pacific Northwest National Laboratory, Richland, Washington 99352, 
USA. rick.corley@pnl.gov 

Ethylene glycol can cause both renal and developmental 
toxicity, with metabolism playing a key role in the mode of 
action (MOA) for each form of toxicity. Renal toxicity is 
ascribed to the terminal metabolite oxalic acid, which 
precipitates in the kidney in the form of calciu m oxalate 
crystals and is believed to cause physical damage to the renal 
tubules. The human relevance of the renal toxicity of ethylene 
glycol is indicated by the similarity between animals and 
humans of metabolic pathways, the observation of renal 
oxalate crystals in toxicity studies in experimental animals 
and human poisonings, and cases of human kidney and 
bladder stones related to dietary oxalates and oxalate 
precursors. High-dose gavage exposures to ethylene glycol 
also cause axial skeletal defects in rodents (but not rabbits), 
with the intermediary metabolite, glycolic acid, identified as 
the causative agent. However, the mechanism by which 

, I 	 glycolic acid perturbs development has not been investigated 
sufficiently to develop a plausible hypothesis of mode of 
action, nor have any cases of ethylene glycol-induced 
developmental effects been reported in humans. Given this,. I 
and the variations in sensitivity between animal species in 
response, the relevance to humans of ethylene glycol-induced 
developmental toxicity in animals is unknown at this time. 

PMID: 16417036 [PubMed - Indexed for MEDLlNE] 
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Ethylene Glycol: Dose-Rate Kinetics in Pregnant Rats Page 2 of 65 
Project No. 29812 

ABSTRACT 

This study, along with its companion study (carney et aI., 2001), was designed 

to test the hypothesis that dose-rate is a critical factor in predicting 

developmental toxicity in laboratory animals. This report reFrects the results from 

an oral gavage pharmacokinetic study conducted with ethylene glycol in 

pregnant Sprague-Dawley rats (gestational day 11-12) at Battelle Northwest and 

the analytical results from a kinetic study conducted at The Dow Chemical 

Company where pregnant Sprague-Dawley rats were administered ethylene 

glycol by continuous, subcutaneous infusion over gestational days 6 to 11 or 12 

(Carney et al., 2001). Additional data on the levels of ethylene glycol and 

glycolic acid in maternal blood following bolus subcutaneous injection or 

continuous infusion are summarized by Carney et al. (2001) along with 

evaluations of maternal and developmental toxicity. 

By all methods of administration, ethylene glycol levels were similar in maternal 

blood, kidney and conceptuses while glycolic acid levels were consistently higher 

(1.4-4 fold) in target tissues (maternal kidneys and conceptuses) than maternal 

blood. Administration of ethylene glycol by continuous infusion resulted in 

significantly lower maternal blood, tissue and conceptus levels of ethylene glycol 

(8- to 14-fold lower) and glycolic acid (46- to 83-fold lower) than comparable 

total daily doses following bolus oral gavage. In fact, continuous infusion of 

even 2000 mg/kg/day, a dose level that results in significant developmental 

toxicity when administered as a bolus dose, did not result in glycolic acid 

maternal blood levels that exceeded the putative threshold for'developmental 

effects (N2 mM) and no developmental toxicity was thus, observed by Carney et 

al. (2001). Thus, these comparative kinetic studies along with the toxicological 

evaluations in the companion study of Carney et al. (2001) demonstrate that 

dose-rate is a critical determinant of ethylene glycol developmental toxicity. 
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following oral gavage vs. subcutaneous injection (Carney et aI., 1999). Additional 

data were collected by Carney et al. (2001) for comparison to the present study 

to verify the similarity in kinetics by these two routes of exposure. Thus, these 

two routes of administration were utilized to efficiently compare the effects of 

dose and dose-rate on the pharmacokinetics of ethylene glycol and to provide a 

bridge to existing developmental toxicity studies conducted by oral gavage. 

MATERIALS AND METHODS 

Study Design. This study was conducted in two laboratories, the Developmental 

and Reproductive Toxicology Laboratory of The Dow Chemical Company (the 

"Dow Study") and the Chemical Dosimetry Group of Battelle, Pacific Northwest 

Division (the "BNW Study'~. In the Dow study, 6 time-mated female Sprague­

Dawley rats/dose were exposed to 1000 or 2000 mg/kg/day ethylene glycol via 

continuous, subcutaneous infusion pumps. These rats were implanted with 

pumps on gestational day (gd) 6 for continuous dosing through gd 11 or 12. On 

the morning of gd 11, 3 rats/dose level were euthanized for the collection of 

maternal blood, kidneys, extraembryonic ftuid (EEF; pooled by litter) and 

embryos (pooled by litter). The remaining 3 rats/dose level were transferred to 

individual metabolism cages for the collection of urine (0-12 and 12-24 hr). 

These remaining rats were then sacrificed on gd 12 for the collection of the same 

maternal and conceptus samples. All blood and tissue samples collected from 

these animals were ftash frozen and shipped on dry ice to the Chemical 

Dosimetry Group, Battelle Northwest Division, where they were stored frozen (­

80°C) until analyzed for ethylene glycol, glycolic acid and oxalic acid. Only the 

results from these analyses are presented in this report. The in-life phase of the 

Dow study and the results from the toxicological evaluations are reported in 

Carney et al. (2001). 

For the BNW study, ethylene glycol was administered in a water vehicle by oral 

gavage to two groups of 18 pregnant (gd 11) Sprague-Dawley rats at dose levels 
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of 100 or 1000 mg/kg. Subgroups of 3 animals/time period were sacrificed at 1, 

3, 6, 9, 12 and 24 hr post-dosing. Animals from the 24-hr sacrifice were housed 

in metabolism cages for the collection of urine (0-12 and 12-24 hr). All animals 

were sacrificed under C02 anesthesia for the collection of maternal blood 

(cardiac puncture), kidneys, extraembryonic fiuid (pooled by litter) and embryos 

(pooled by litter). Extra animals were dosed at each dose level to replace 

animals that were found to be either not pregnant at the time of sacrifice or had 

problems associated with dosing. Each sample was analyzed for ethylene glycol, 

glycolic acid and oxalic acid. 

Test Materials and Chemicals. Ethylene glycol (Lot No. JR00244CR) and glycolic 

acid (Lot No. 16802LR) were obtained from the Aldrich Chemical Company 

(Milwaukee, WI). Oxalic acid (Lot No. 123H1122) was obtained from Sigma (SI. 

Louis, MO). Deuterated internal standards D2-glycolic acid (Lot No. 11-5086), 

D4-ethylene glycol (Lot No. P-6136) were obtained from Cambridge Isotope 

Laboratories, Inc. (Andover, MA) while the internal standard, 2-butoxyethanol 

(Lot No. 07847HN) was obtained from the Aldrich Chemical Company. 

Derivatizing reagents, pentafiuorobenzoyl chloride and N-(tert-butyldimethylsilyl)­

N-methyltrifiuoroacetamaide (MTBSTFA) were also obtained from the Aldrich 

Chemical Company. All other compounds and solvents were reagent grade or 

better. 

Test Animals. Adult, time-mated female Sprague-Dawley rats were purchased 

from Charles River Laboratories. To obtain the numbers of animals required. to 

conduct the study as designed, animals were received from both the Raleigh, NC 

and Portage, MI facilities of Charles River Laboratories. Animals were shipped on 

gestation day 6 and arrived at the laboratory (an AAALAC accredited facility) on 

gestation day 7. The animals were housed in suspended plastiC cages with 

chipped bedding and acclimated to the laboratory for 4 days prior to dosing with 

ethylene glycol. The rooms in which the animals were housed were on a 12-hr 

light cycle (7 am - 7 pm) and designed to maintain adequate temperatures, 
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relative humidity and airflows for the species under study. Deionized water and 

Purina Certified Rodent Chow #5002 (Purina Mills, Inc., St. Louis, MO) were 

provided ad libitum during the pre-dosing period except that on the day prior to 

dosing a uniform amount of chow was fed (N15 g/rat). During the 4-day 

acclimation, animals were uniquely marked with a tail tattoo, weighed and 

randomly assigned to subgroups based upon targeted sacrifice times. 

On the day prior to dosing, the animals were transferred from the barrier facility 

to the in vivo metabolism room and animals scheduled for urine collection were 

placed in individual metabolism cages for acclimation and collection of control 

urine. On the day of dosing (gd 11), feed was withheld N2 hr prior to dosing and 

returned ",4 hr post-dosing. Three extra animals/dose group were administered 

ethylene glycol as potential replacements in the event that a rat was identified as 

non-pregnant when sacrificed or problems were encountered during dosing. 

Dose Solutions and Administration. Aqueous solutions of ethylene glycol were 

prepared for each dose level on the day pri~r to dosing. For the 100 mg/kg dose 

group, a target concentration of 20 mg/ml of ethylene glycol was prepared in 

deionized (Milli Q) water. For the 1000 mg/kg dose group, ethylene glycol was 

prepared at a target concentration of 200 mg/ml in deionized water. The dose 

levels were chosen to be below and above the saturation of glycolic acid 

metabolism while ethylene glycol metabolism was expected to be linear over this 

dose range. The highest dose level, 1000 mg/kg, is equivalent to the LOEL for 

developmental toxicity (Neeper-Bradley et al., 1995) and was a dose level also 

used in the companion study by Carney et al. (2001). 

Samples of each dose solution were taken for analysis on the day of dosing to 

confirm the targeted concentrations. Each animal was administered dose 

solutions at a rate of N 5 ml/kg body weight to achieve the targeted dose levels 

using a glass syringe fitted with a blunted, stainless steel feeding needle. The 

dosing syringe was weighed before and after dosing to determine the actual 

dose delivered to each animal. Immediately after dosing, the 24-hr sacrifice 
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group animals were placed in individual metabolism cages for the collection of 

urine (0-12 and 12-24 hr). The remaining animals were returned to their home 

cages until their scheduled time of sacrifice (1, 3, 6, 9, and 12 hr post-dosing). 

Specimen Col/ection. At each scheduled sacrifice time, animals were 

anesthetized in an 80% C02 atmosphere and exsanguinated via cardiac 

puncture. Blood samples were collected in heparinized Vacutainers® and 

immediately frozen on dry ice. The time of death was recorded at the end of the 

blood draw and all animals were rapidly dissected to remove, trim extraneous 

tissues, and weigh the uterus, and kidneys. The kidneys were flash-frozen and 

stored along with the blood samples at -80'C until analyzed. 

Each uterus was dissected to remove the decidual swellings containing the 

conceptuses (total recorded). Each conceptus was further dissected to separate 

extraembryonic fiuid and embryos according to the procedure of Cockroft (1990). 

The time to complete each dissection was recorded. Extraembryonic fluid 

(pooled by litter) and embryos (pooled by litter) were weighed, fiash-frozen and 

stored at -80'C until analyzed. 

All urine voided during the study from the 24-hr sacrifice group animals were 

collected in dry ice-cooled traps at 12-hr intervals. Each cage was rinsed with a 

minimal volume of deionized water (NlO ml) and combined with each 0-12 and 

12-24 hr urine sample for analysis. Each urine sample was stored at -80°C until 

analyzed. 

Quality Control Samples. Quality control storage spikes of control blood, urine, 

kidneys and extraembryonic fluid containing 36-69 ~gfg (low level) or 475-600 

~gfg (high level) ethylene glycol, glycolic acid and oxalic acid were prepared and 

stored at -80'C along with the samples from both the Battelle and Dow kinetic 

studies. Due to the small amount of control embryos available, quality control 

samples were only prepared at a single, mid-level (183-218 ~gfg) of ethylene 

glycol, glycolic acid and oxalic acid. Aliquots of these QC controls were analyzed 
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along with each preparation of samples from both studies to determine the 

poten~al losses of analytes over the period of time it took to complete all 

analyses. 

Specimen Analysis. Samples of heparinized whole blood, urine, extraembryonic 

fiuid and embryos were analyzed for ethylene glycol, glycolic acid and oxalic acid 

by gas chromatography/mass spectrometry (GC/MS) following the general 

extraction and derivatization methods of Pottenger et al. (2001). 2­

Butoxyethanol and deuterated ethylene glycol and glycolic acid were utilized as 

internal standards. Kidneys were first homogenized directly (no diluent) then 

analyzed by the method used for analysis of blood. At the highest dose levels, 

blood and kidneys were analyzed for ethylene glycol using gas 

chromatography/fiame ionization detection (GC/FID) and 2-butoxyethanol as an 

internal standard (glycolic acid and oxalic acid were analyzed by GC/MS). For 

urine samples containing very high concentrations of ethylene glycol/ a direct 

analysis of urine by GC/FID was also conducted using 2-butoxyethanol as an 

internal standard. Each of these methods is described briefiy below. 

GC/MS analyses of ethylene glycol, glycolic acid and oxalic acid were performed 

on a Hewlett Packard 7683 Mass Selective Detector equipped with a Hewlett 

Packard 6890 Plus gas chromatograph and 7683 autosampler (Hewlett Packard, 

Avondale, PAl. Separations were achieved with a Restec RTX-5MS fused silica 

capillary column (30 m x 0.25 mmid, 0.25 ~m film thickness; Restec, Bellefonte, 

PAl. Injections were either splitless (GA, OX) or pulsed splitless (EG) using an 

unpacked Restec 4 mmid cyclo double gooseneck liner. Representative 

chromatography conditions for glycolic acid and oxalic acid were as follows: 

injector temperature was 210°C/ the initial oven temperature was 110°C/ which 

was increased at 15°C/min to 200°C, with a final ramp of 25°C/min to 300°C; 

initial head pressure was a constant 25 psi with helium as the carrier gas. For 

ethylene glycol/ the injection temperature was 190°C/ the initial' oven 

temperature was 130°C/ which was increased at 20°Cjmin to 200°C/ with a final 

71 




Ethylene Glycol: Dose-Rate Kinetics in Pregnant Rats Page 10 of 65 
Project No. 29812 

ramp of 50°C/min to 300°C. The initial head pressure was pulsed at 35 psi for 

0.5 min followed by a constant head pressure of 25 psi with helium as a carrier 

gas. The masses used for quantitation of ethylene glycol were 238 or 450 

(depending upon column conditions); 241 or 454 for D4-ethylene glycol; 247 for 

glycolic acid; 249 for D2-glycolic acid; and 261 for oxalic acid. 

GC/AD analyses of ethylene glycol were performed on a Hewlett Packard 6890 

gas chromatograph equipped with an AD detector and autosampler. 

Separations were achieved with a J&W DB-Wax fused silica column (15 m x 0.53 

mmid x 1.0 df; J&W SCientific1 Folsom l CA). For direct injection of urinel 

injections of 1.0 ~I (splitless) of urine spiked with 2-butoxyethanol internal 

standard (250 ~g/g) were injected at 220°C with an initial head pressure of 5 psi 

(helium) for 2 min, increasing to 10 psi at 20 psi/min. The initial oven 

temperature was 80DC, increasing to 12SDC at 20DC/min with a final ramp of 

30°C/min to 230°C. A Restek 4 mmid cyclo-double gooseneck injection liner was 

also used. For analysis of high dose blood and kidney extracts, the same column 

and injection liner were used with a constant head pressure of 7 psi (helium), 

injection temperature of 225DC1 initial oven temperature of 70DC for 2 min, 

increasing at 20°C/min to 130°C with a final ramp to 230°C at 50°C/min. 

Statistics and data analysis. Descriptive statistics (i.e. mean ± SD) were used 

where applicable to present the data. In some instances, only one or two 

samples within a group had levels of analytes above the limits of reliable 

quantit~tion. In these cases, the LOQj2 was arbitrarily used as a surrogate to 

calculate the mean ± SD for plotting and pharmacokinetic parameter estimations. 

Individual data are presented in the Appendix tables. Areas under the 

concentration VS. time curves were calculated for each analyte from the oral 

gavage study according to the trapezoidal rule (Gibaldi and Perrier, 1982). Half­

lives (6-elimination phase) were determined by: 

0.693
1112 =-­

. Ke 
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where Ke is determined from the slope of the line in the B-elimination phase. 

RESULTS AND DISCUSSION 

Oral Gavage Study (BNW Study). 

Dose Confirmation. Each of the dosing solutions were considered homogenous 

with actual concentrations of ethylene glycol within 1-2% of target by 

gravimetric and GC/FID analyses (Table 1). The final GC/FID analyzed 

concentrations were used to determine the actual doses of ethylene glycol in 

subsequent analyses. The body weight of each animal was determined just prior 

to dosing to calculate the target dose volumes. Syringe weights, before and 

after dosing, were used to calculate the actual dose administered. With the 

exception of a few animals, the actual dose levels were within 1-2% of the 

targeted doses (Table 2). Individual animal data are summarized in Appendix 

Table A-1. 

Terminal Body and Tlssue Weights. Each animal was anesthetized under 80% 

CO2, weighed and exsanguinated by cardiac puncture. Time of death was 

recorded at the completion of the blood draw. Terminal body weights, numbers 

of implants and kidney, uterine, and embryo weights are summarized in Table 3. 

Extr:aembryonic fluid weights were also recorded. However, these values are 

more variable reflecting the difficulties in extracting the fluid, especially earlier in 

gestation. Although no statistical analyses were conducted (no controls were 

included for comparison), the only biologically Significant effects observed in 

terminal body and tissue weights were associated with the expected growth in 

the uterus and conceptuses over the 24-hr kinetic study. Individual animal data 

are summarized in Appendix Tables A-2 and A-3. 

Quality Control Samples. Samples of control blood, urine, kidneys, 

extraembryonic fiuid and embryos spiked with ethylene glycol, glycolic acid and 

oxalic acid and stored frozen at the beginning of the study were analyzed with 
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each set of samples from the oral gavage study and the Carney et al. (2001) 

continuous infusion study. There was some variability in the analyzed results, 

primarily with the tissue spikes, with most samples within ±20% of the targeted 

concentrations (Figure 2). The variability was attributed to the lack of use of a 

diluent in the homogenization of the samples and the use of small sub-samples 

(50-200 mg) for analysis. 

On February 7, 2001, after 268 days of storage, the -80°C freezer used to store 

the samples from this dose-rate study inadvertently shut down due to a tripped 

circuit breaker (another -80°C freezer had been plugged into the same circuit). 

Temperatures within the freezer were approximately O°C when discovered and 

several of the smaller volume samples appeared to have thawed. Even with the 

brief, partial thawing of samples, no Significant losses of ethylene glycol, glycolic 

acid or oxalic acid occurred from the quality control samples over the course of 

the study and up to 542 days. Thus, all samples analyzed over the course of this 

study were considered reliable and no corrections were necessary to account for 

degradation during storage. 

Kineacs of EG and Metabolites in Maternal 81004 Urine and Kidneys. Maternal 

blood, urine and kidney levels of ethylene glycol, glycolic acid and oxalic acid are 

summarized in Tables 4 - 6 and Figures 3 - 5. Individual animal data are 

summarized in Appendix Tables A-4 to A-6. Pharmacokinetic parameters (AUC's 

and tl/"s) are presented in Table 7. 

Ethylene glycol was well-absorbed orally and achieved peak blood concentrations 

prior to the collection of the first sample (1 hr). The kinetics of ethylene glycol 

was, as expected from prior studies, proportional to dose. The clearance of 

ethylene glycol from blood followed first:order (log-linear) kinetics and, along 

with the kinetics of glycolic acid, was similar to previously published results of 

gestation day 10 rat kinetics from Pottenger et al. (2001) as shown in Figure 3. 

The elimination half-life for EG ranged from 1.1-2.5 hr in . blood and tissues 
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(Table 7) and were similar to the blood elimination half-lives reported by 

Pottenger et al. (2001). 

Maternal blood ethylene glycol and glycolic acid levels following gavage dosing in 

the present study were also similar to those following subcutaneous bolus 

injections (Carney et al., 2001), as shown in Rgure 4. Although only a single 

time point after bolus subcutaneous dosing was analyzed (3 hr), the 

concentrations of ethylene glycol and glycolic acid in maternal blood following 

oral gavage (also at 3 hr) were comparable. 

Ethylene glycol levels in blood were slightly higher than kidneys at 1000 mg/kg 

but followed a similar kinetic profile (Figure 5) .. Interestingly, glycolic acid levels 

in the maternal kidneys were the same as maternal blood levels at the lowest 

dose level, but were conSistently 2.4- to 3.2-fold higher than the corresponding 

blood levels at 1000 mg/kg (Rgure 5 and Table 7). 

Unmetabolized ethylene glycol was the major component found in urine at the 

lowest dose level (21.2% of dose) with the majority excreted in the first 12 hr 

following dosing (Table 6). Ethylene glycol was excreted in the urine at a similar 

dose-proportionate rate at 1000 mg/kg (25.8% of dose), consistent with the 

results of Pottenger et al. (2001), who evaluated the kinetics of ethylene glycol 

and its metabolites over a bolus oral dose range of 10 - 2500 mg/kg. 

Based upon prior studies! the two dose levels used in this kinetics study were 

chosen to bracket the saturation of glycolic acid metabolism. As such! there was 

an expected pronounced shift in the kinetics of glycolic acid in maternal blood, 

urine and kidneys as the ethylene glycol dose level was increased ten-fold from 

100 to 1000 mg/kg. At the lowest dose level, glycolic acid accounted for<IO% 

of the metabolites found in urine while at 1000 mg/kg, glycolic acid accounted 

for greater than 45% of the urinary metabolites (Table 6). The area under the 

curve for glycolic acid in blood was approximately 74-fold higher after dosing at 

1000 mg/kg than at the 10-fold lower dose level. This observation was even 

more dramatic in the kidneys where the AUC's for glycolic acid were increased· 
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190-fold for a corresponding 10-fold increase in administered dose. In theory, 

this could play a potential role in high-dose renal toxicity if kidney tissues 

continue to metabolize glycolic acid to oxalic aCid, which, in turn, crystalizes in 

renal tissues as calcium oxalate. However, as discussed below, the oxalic acid 

results yielded little informaUon as to dose-related kinetics and the potential 

relationships to potential renal toxicity. 

The concentrations of oxalic acid -in blood, urine and kidneys were slightly 

elevated at the higher dose (Figure 5 and Tables 4-7). For example, the areas 

under curve for oxalic acid in blood was approximately 2.2-fold higher while the 

total amounts excreted over 24 hr in urine were 2.7-fold higher at 1000 mg/kg 

than at 100 mg/kg. However, oxalic acid still only accounted for 0.5-1.33% of 

the administered dose (Table 6). These results were similar to Pottenger et al. 

(2001) where oxalic acid accounted for only 0.36-0.66% of the dose over an oral 

gavage dose range of 10-2500 mg EG/kg. 

More importantly for renal toxicity, the areas under the curves for oxalic acid in 

kidneys were 7S-fold higher at 1000 mg/kg than at 100 mg/kg. However, these 

concentrations were (a) generally near the levels found in a small number of 

control samples (0-10 ~g/g), (b) highly variable, and (c) showed little evidence 

o of clearance. Thus, it was unclear how much of the oxalic acid present in these 

samples resulted from the administered doses of ethylene glycol or reftected 

endogenous metabolism or metabolism of constituents in the rodent diet. Since 

only a small number of control blood, kidney and urine samples were available 

for analysis and the oxalic acid levels were highly variable, no attempt was made 

to correct the results for background levels of oxalic acid. Thus, the results for 

oxalic acid levels in the kidney are intriguing and may reflect a local dose-rate 

related build-up that may contribute to toxicity. 

Kinetics ofEG and Metabolites in Conceptuses. The kinetics of ethylene glycol in 

extraembryonic ftuid and embryos were nearly identical to that of the maternal 

blood (Figure 6, Tables 7-S). The half-life for elimination of ethylene glycol from 
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conceptuses was slightly longer than blood (Table 7). However, this result was 

primarily due to the 24-hr time point where no ethylene glycol was detected in 

matemal blood, thus, no biological significance was placed on the slight 

differences in terminal, elimination phase half-lives. 

Glycolic acid levels, however, were consistently higher in extraembryonic fluid 

and embryos than their corresponding maternal blood levels. No further 

compartmentalization was observed within the conceptus given that glycolic acid 

levels were similar in embryos and extraembryonic fluid at most time pOints. At 

the lowest dose level (100 mg/kg), glycolic acid in extraembryonic fluid and 

embryos ranged from 2- to 4-fold higher than corresponding maternal blood 

levels for the first few hours after dosing. After 6 hr, the levels of glycolic acid in. 

extraembryonic fluid decreased to the low levels found in matemal blood while 

the embryo levels were maintained at detectable levels through 24 hr. At 1000 

mg/kg, the ratios of conceptus:maternal blood ranged from 1.4-3.1 for the first 

12 hr. By 24 hr, glycolic acid levels in the embryo decreased to maternal blood 

levels while the extraembryonic fluid levels remained slightly elevated Gust the 

opposite of what occurred at 100 mg/kg). These results were also reflected in 

ratios of the areas under the curves, which ranged from 1.6-2.6 over these two 

dose levels (Table 7). 

These ratios are very similar to those reported in a metabolism probe study by 

Carney et al. (1998) where extraembryonic fluid levels of glycolic acid ranged 

from 1.3-1.8 fold higher than corresponding maternal blood levels in the first 3 

hr after dosing with either 500 or 2500 mg/kg ethylene glycol by oral gavage. 

While the exact mechanism behind the finding of higher levels of glycolic acid in 

conceptuses than the corresponding maternal blood concentrations is unknown, 

it has .been proposed that weak organic acids are trapped in extraembryonic fluid 

and embryos due to pH-dependent ion-trapping (O'Flaherty et aI., 1992; Terry et 

al., 1995; Pottenger et al., 2001). 
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The concentrations of glycolic acid in extraembryonic fiuid and embryos generally 

paralleled those of maternal blood, albeit, at consistently higher (1.4-3 fold) 

levels (Figure 6) for the first 6-12 hr depending upon the dose. If one considers 

that glycolic acid conceptus levels were almost always within a factor of 3 of 

maternal blood levels, maternal blood concentrations of glycolic acid could be 

used as a potential dose surrogate for extrapolating across route of exposure! 

high-to-Iow dose and! more importantly! across species. This is particularly 

important for human health risk assessments where no studies could conceivably 

be conducted in pregnant women to validate the extrapolations. 

As with maternal blood and tissues! oxalic acid levels were generally low! showed 

very little change with dose or time and were within or near the normal control 

ranges observed in blood (0-10 ~g/g). Individual animal data are summarized in 

Appendix Tables A-7 to A-B. 

Subcutaneous Infusion Study (Dow Study). 

To evaluate the impact of dose-rate on developmental toxiCity, Carney et al. 

(2001) utilized an ESOX infusion pump (ESOX, Model VOl, Access Technologies, 

Skokie, IL) implanted subcutaneously in the scapular region of the rat torso to 

continuously infuse ethylene glycol at a constant rate. The pumps, which were 

calibrated by the manufacturer to deliver approximately 0.9 ml/day, were 

implanted on. gestation day 6 and re-filled each day (through gestation days 11 

or 12) with approximately 1 ml of either 300 or 600 mg/ml of ethylene glycol in 

distilled water to deliver target dose levels of 1000 or 2000 mg/kg/day, 

respectively. Maternal blood data from this the subcutaneous infusion study 

(samples generated at The Dow Chemical Company and analyzed at Battelle 

Northwest) are plotted in Figure 7 and summarized in Table 9. Individual animal 

data are summarized in Appendix Table A-9. 

In contrast to the blood levels following oral gavage (Figure 3), blood levels of 

ethylene glycol and glycolic acid following constant infusion of comparable total 

doses (i.e. 1000 mg/kg) averaged B- to 14-fold and 46- to B3-fold lower, 
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respectively (Figure 7). Figure 7 also shows additional data from Carney et al. 

(2001) in which maternal blood was collected from the tail vein on gestation 

days 7, 9, 11 and 15 for analysis of ethylene glycol and glycolic acid. Several of 

the blood samples contained lower levels of ethylene glycol than expected from 

the tail-vein data reported by Carney et al. (2001). Since ethylene glycol rapidly 

clears from the blood when intake ceases (t1/2 < 2 hr; Table 7). the low levels 

observed in some animals may have been due to a decrease in the rate of 

infusion as the pump reservoirs neared depletion before the blood samples were 

collected. This clearly did not occur in the tail vein blood samples reported in the 

Carney et al. study. Glycolic acid levels in maternal blood were more consistent 

with the levels observed by Carney et al. (2001) in the tail-vein bled animals 

(Table 9 and Rgure 7) and, most importantly, never achieved the putative 

threshold of 2 mM (152 ~g/g) suggested by Carney et al. (2001) for 

developmental toxicity following continuous infusion. 

Urine levels of ethylene glycol were consistent with the oral gavage data at 

comparable dose levels (1000 mg/kg) indicating that the pumps delivered the 

expected total dose of ethylene glycol (Table 11). Overall, the glycolic acid levels 

in blood and urine were considerably lower following continuous infusion than 

following oral gavage (Figures 3 vs. 7 and Tables 6 vs. 11). In fact, for the 1000 

mg/kg/day dose level, total urinary glycolic acid collected over ,24 hours was 15­

fold lower when EG was given via pump vs. gavage. 

As observed in the oral gavage study, ethylene glycol levels in the kidneys 

following continuous infusion were consistent with the corresponding blood levels 

while glycolic acid levels averaged 1.2- to loS-fold higher in the kidneys (Table 

10). The impact of dose-rate on glycolic acid levels was also striking in the 

kidneys where peak glycolic acid levels were approximately 84- to 121-fold lower 

when 1000 mg/kg of ethylene glycol was administered by continuous 

subcutaneous infusion than if it was administered by bolus oral gavage (Tables S 

vs. Table 10). Oxalic acid levels in the kidneys following continuous infusion 
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were near background (0-10 ~g/g) and showed no dose-response indicating that 

renal toxicity may also be attributed to a high dose-rate exposure. 

Consistent with results from the oral gavage study, ethylene glycol levels in 

extraembryonic fluid and embryos following continuous infusion were similar to 

corresponding maternal blood levels (Tables 9 vs. 12). Glycolic acid levels 

consistently averaged 1.6- to 2.8-fold higher in extraembryonic fluid and 

embryos following continuous infusion than the corresponding maternal blood 

levels. Constant rate pump infusion of 1000 mg/kg/day of ethylene glycol 

resulted dramatically lower exposure (48- to 57-fold lower than peak blood 

concentrations) of conceptuses to the proximate toxicant/ glycolic acid/ as 

compared to gavage exposure (Tables 8 vs. 12). However, as in the oral gavage 

study, the kinetics of glycolic acid in the conceptuses mirrOred the kinetics in 

maternal blood. Oxalic acid levels were also variable and near background in the 

conceptuses following continuous subcutaneous infusion. 
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CONCLUSIONS 

Although numerous kinetic studies have been conducted in male, female and 

pregnant rats, this study along with its companion (Carney et al., 2001), are the 

first to include specific analysis of ethylene glycol, glycolic acid and oxalic acid in 

maternal target organs (kidneys) and the developing embryo (gd 11-12) as a 

function of dose, route of exposure and dose-rate.· The remarkable consistency 

in results from this study and a number of other studies where similar doses 

have been used (e.g. Carney et al., 1996, 1998, 1999, 2001; Frantz et al., 1996) 

and the fact that Pottenger et al. (2001) have shown that pregnancy does not 

affect the maternal blood kinetics of ethylene glycol and glycolic acid will enable 

the pooling of a significant amount of pharmacokinetic information across a 

broad range of doses and routes of exposure to facilitate the interpretation of 

the toxicity data. 

Bolus dosing of ethylene glycol, whether by oral gavage or subcutaneous 

injection, results in significantly higher maternal blood, tissue and conceptus 

levels of glycolic acid, the developmentally toxic metabolite, than equivalent daily 

doses administered by continuous infusion. Interestingly, the dose-rate effect on 

glycolic acid levels were significant in both the kidneys and the conceptus. 

Although glycolic acid has not been implicated in renal toxicity, high levels may 

contribute to renal toxicity if further metabolism of glycolic acid to oxalic acid 

occurs within the tissue itself. The pharmacokinetics of oxalic acid in renal tissues 

only showed a significant dose-response in the oral gavage study where the 

areas under the curves were increased 78-fold for a lO-fold increase in dose 

suggesting that oxalic acid levels are sensitive to dose-rate. However, the levels 

were highly variable and were at or near background levels. Further research 

would be required to differentiate oxalic acid associated with ethylene glycol 

metabolism from endogenous sources (i.e. through the use of l3e-analogues) to 

adequately characterize the dose-response relationship of oxalic acid in vivo. 
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As for the conceptus, dose-rate had a profound effect on the levels of the 

developmentally toxic metabolite, glycolic acid_ Glycolic acid was a minor 

metabolite following oral gavage at 100 mg/kg while at 1000 mg/kg, glycolic acid 

was a major metabolite with AUC's increasing 44- to 53-fold in the embryos and 

extraembryonic fluid, respectively. Glycolic acid levels were also significantly 

elevated (48- to 57-fold) in conceptuses following bolus oral gavage vs. 

comparable total doses of 1000 mg/kg ethylene glycol administered by 

·continuous subcutanteous infusion. No significant differences were observed in 

the concentrations of ethylene glycol and 'glycolic acid in gestational day 11-12 

embryos vs. the extraembryonic fluid regardless of dose or dose-rate except at 

later time periods when most of the ethylene glycol metabolites had been 

cleared. 

Coupled with the results of Carney et al. (2001), these comparative kinetic 


studies support the hypothesis that dose-rate is a critical determinant of ethylene 


. glycol developmental toxicity. Furthermore, given that the kinetics of the 


developmentally toxic metabolite, glycolic aCid, in rat conceptuses were generally 

within a factor of 3 of maternal blood levels following either bolus or continuous 

dose-ratesl maternal blood levels may be an effective internal dose surrogate for 

high-to-Iow dosel route-to-route and species-to-species extrapolations for 

developmental risk assessments. 
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Figure 1. Metabolism scheme for ethylene glycol. 
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Figure 2. Quality control spikes of blood, urine, kidneys, extraembryonic fluid 
and embryos. Results expressed as % of target for two concentrations of each 
analyte. Data from all matrices are combined. 
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Figure 3. Concentrations of (a) ethylene glycol and (b) glycolic acid in the 
blood of pregnant Sprague Dawley rats following oral gavage doses of 100 or 
1000 mg/kg ethylene glycol. Data from Pottenger et al. (2001) where pregnant 
Sprague Dawley rats were orally dosed with 150 and 1000 mg/kg ethylene glycol 
by gavage' are included for comparison. 
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Figure 4. Concentrations of (a) ethylene glycol and (b) glycolic acid in the 
blood of pregnant Sprague Dawley rats three hours after a bolus dose of 
ethylene glycol by either the oral route on gestation day 11 (1000 mg/kg; 
present study) or the subcutaneous route (1000 and 2000 mg/kg/d injections on 
gestation days 6·15 as reported by Carney et al., 2001). 
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Figure 5. Concentrations of (a) ethylene glycol, (b) glycolic acid and (c) oxalic 
acid in the kidneys of pregnant Sprague Dawley rats following oral gavage doses 
of 100 and 1000 mg/kg ethylene glycol. Concentrations of each metabolite in 
blood are included for comparison. 
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Figure 5 (continued). 
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Figure 6. Concentrations of (a) ethylene glycol, (b) glycolic acid and (c) oxalic 
acid in the embryos and extraembryonic fluid (EEF) of pregnant Sprague Dawley 
rats following oral gavage doses of 100 and 1000 mg/kg ethylene glycol. 
Concentrations of each metabolite in blood are included for comparison. 
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Figure 6 (continued). 
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Figure 7. Concentrations of (a) ethylene glycol and (b) glycolic acid in the 
blood of individual pregnant Sprague Dawley rats following subcutaneous 
infusion of ethylene glycol at 1000 or 2000 mg/kg/day on gestation days 11 and 
12. Mean data from Carney et al. (2001) are included for comparison. 
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Table 1. Oral Gavage Study: Analysis of EG Dose Solutions. 

Target Conc. Gravimetric Cone. GC/FID Sample GC/FID Conc. GC/FID 
(mg/ml) (mg/ml) Location (mg/ml) % of Target 

20 20.45 

200 200.1 

Average 

Top 

Middle 

Bottom 


Average 

Top 

Middle 

Bottom 

20.26 

20.215 
20.281 
20.294 

196.65 

193.22 
197.22 
199.50 

101.3 

98.3 

95 




Ethylene Glycol: Dose-Rate Kinetics in Pregnant Rats Page 34 of 65 
Project No. 29812 

Table 2. Oral Gavage Study: Body Weights, Sacrifice limes and Amounts of Ethylene Glycol Administered. 

Scheduled Actual Body WI. Actual Actual Actual 
Sacrifice Time Sacrifice Time At Dosing Dose Dose Dose 

(hr) (hr)' (kg) (mg) (mg/kg) % Target 

100 mg/kg Dose Group 

1 1.03 ± 0.07 0.272 ± 0.008 27.4 ± 1.2 100.8 ± 1.8 100.8 
3 3.10 ± 0.05 0.261 ± 0.007 26.6 ± 1.0 101.9 ± 1.5 101.9 
6 6.07 ± 0.07 0.276 ± 0.024 28.1 ± 1.9 101.9 ± 2.3 101.9 
9 9.02 ± 0.06 0.264 ± 0.017 27.7 ± 1.0 105.4 ± 4.7 105.4 
12 12.06 ± 0.08 0.271 ± 0.014 27.0 ± 1.8 99.6 ± 1.3 99.6 
24 24.15 ± 0.14 0.265 ± 0.022 25.9 ± 1.1 98.2 ± 4.0 98.2 

'" '" 1000 mg/kg Dose Group 

1 1.02 ± 0.12 0.265 ± 0.009 264.3 ± 7.1 997.0 ± 20.5 99.7 
3 3.12 ± 0.10 0.256 ± 0.013 257.1 ± 9.0 1005.1 ± 19.8 100.5 
6 6.19 ± 0.30 0.250 ± 0.Q18 248.6 ± 18.0 992.8 ± 2.7 99.3 
9 9.13 ± 0.25 0.244 ± 0.037 241.5 ± 41.6 986.5 ± 22.5 98.7 
12 11.98 ± 0.07 0.259 ± 0.014 258.4 ± 10.5 999.3 ± 17.8 99.9 
24 23.89 ± 0.14 0.245 ± 0.027 244.4 ± 24.1 997.0 ± 18.7 99.7 

aActual sacrifice time recorded at completion of exsanguinations. 
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Table 3. Oral Gavage Study: Terminal Body, Organ and lissue Weights. 

Scheduled Terminal Total Total 
Sacrifice Body wt. Kidney Wt. Uterine Wt. Implants Embryo Wt. EEF Wt. 

(hr) (g) (g) (g) (no.) (g) (g) 

100 mgjkg Dose Group 

1 263.8 ± 7.7 2.159 ± 0.112 3.290 ± 0.396 12.3 ± 1.2 0.050 ± 0.022 0.113 ± 0.083 
3 252.9 ± 5.7 1.773 ± 0.109 3.178 ± 0.440 12.7 ± 1.5 0.050 ± 0.024 0.100 ± 0.056 
6 266.6 ± 23.0 1.796 ± 0.297 3.381 ± 0.681 13.7 ± 4.5 0.087 ± 0.033 0.126 ± 0.062 
9 259.1 ± 11.6 1.949 ± 0.209 3.768 ± 0.515 13.3 ± 0.6 0.124 ± 0.040 0.200 ± 0.044 
12 269.0 ± 13.6 2.186 ± 0.189 4.167 ± 1.050 13.3 ± 2.9 0.134 ± 0.082 0.216 ± 0.004 
24 283.3 ± 22.9 2.095 ± 0.089 5.218 ± 0.754 13.3 ± 1.5 0.375 ± 0.087 0.260 ± 0.135 

'"..., 1000 mgjkg Dose Group 

1 256.2 ± 10.2 1.929 ± 0.133 2.998 ± 0.830 12.3 ± 3.8 0.052 ± 0.Q15 0.084 ± 0.051 
3 240.4 ± 12.7 1.717 ± 0.094 3.225 ± 0.168 12.0 ± 1.0 0.080 ± 0.016 0.143 ± 0.078 
6 237.2 ± 17.8 1.997 ± 0.163 3.667 ± 0.963 12.7 ± 3.1 0.092 ± 0.010 0.114 ± 0.062 
9 234.7 ± 31.5 1.816 ± 0.067 3.795 ± 0.969 12.7 ± 3.2 0.155 ± 0.039 0.118 ± 0.019 
12 260.4 ± 14.9 2.213 ± 0.195 4.111 ± 0.478 14.7 ± 1.5 0.154 ± 0.010 0.224 ± 0,098 
24 256.3 ± 29.3 2.183 ± 0.195 5.265 ± 1.128 13.7 ± 1.5 0.330 ± 0.060 0.222 ± 0.043 
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Table 4. Oral Gavage Study: Concentrations of Ethylene Glycol (EG), Glycolic Acid (GA) and Oxalic Acid (OX) in Blood. 
Data are presented as the means ± standard deviations except when animal numbers reduced from three; individual 

animal data are presented (see footnotes). 

Scheduled 
Sacrifice Time 

(hr) 

1 

3 

6 

9 

12 


~ '" 24 


1 

3 

6 

9 

12 

24 


Actual 
Sacrifice Time 

(hr) 

1.03 ± 0.07 
3.10 ± 0.05 
6.07 ± 0.07 
9.02 ± 0.06 

12.06 ± 0.08 
24.15 ± 0.14 

1.02 ± 0.12 
3.12 ± 0.10 
6.19 ± 0.30 
9.13 ± 0.25 

11.98 ± 0.07 
23.89±0.14 

EG' 

(,.<g/g) 


100 mg/kg Dose Group 

76.9 ± 24.1 
33.8 ± 6.0 

8.4 ± 10.3 
0.2 ± 0.10 


nq 

nq 


1000 mg/kg Dose Group 

745.8 ± 84.9 
473.1 ± 65.9 
173.1 ± 36.9 
70.6 ± 25.8 
9.5 ± 3.1 


nq 


GAb 
(~g/g) 

7.6 ± 2.9 

5.5 ± 2.4 

0.8± 0.3 

0.7 ± 0.2 


nq 

nq 


124.8 ± 22.8 

314.4 ± 48.8 

310.0 ± 27.4 

139.9 ± 50.1 

20.3 ± 26.2 


0.6 ± 0.6 


oX' 
(~g/g) 

4.1 ± 2.3 
1.1 ± 0.8 
0.6 ± 0.6 
2.2 ± 2.3 
1.9 ± 0.9 
1.6 ± 0.2 

5.7 ± 2.5 
3.8 ± 0.4 
3.9 ± 0.1 
4.6± 2.1 
4.5 ± 1.0 
3.1 ± 0.6 

'Not quantifiable at a limit of quantitation of 0.22 ~g EG/g of blood. 
bNot quantifiable at a limit of quantitation 0('0.44 ~g GNg of blood. 
'Not quantifiable at a limit of quantitation of 0.92 ~g OX/g of blood. 

http:23.89�0.14
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Table 5. Oral Gavage Study: Concentrations of Ethylene Glycol (EG), Glycolic Acid (GA) and Oxalic Acid (OX) in Kidneys. 
Data are presented as the means ± standard deviations except when animal numbers reduced from three; individual 

animal data are presented (see footnotes). 

Scheduled Actual 
Sacrifice Time Sacrifice Time EG' 

(hr) (hr) (~gfg) 

1 
3 
6 
9 
12 

'" 
24 

'" 

1 
3 
6 
9 
12 
24 

1.03 ± 0.07 
3.10 ± 0.05 
6.07 ± 0.07 
9.02 ± 0.06 

12.06 ± 0.08 
24.15 ± 0.14 

1.02 ± 0.12 
3.12 ± 0.10 
6.19 ± 0.30 
9.13 ± 0.25 

11.98 ± 0.07 
23.89 ± 0.14 

100 mgfkg Dose Group 

88.8 ± 12.6 
43.5 ± 5.0 
10.9 ± 6.4 

0.6 ± 0.7 

nq 

nq 


1000 mgfkg Dose Group 

605.5 ± 98.3 
290.9 ± 22.3 
62.9 ± 35.0 
13.9 ± 9.4 


nq 

nq 


GA' 
~gfg) 

9.5 ± 4.3 

6.4 ± 3.4 

0.3 ± 0.2 


0.2 ± 0.03 

nq 

nq 


300.6 ± 107.9 

748.6 ± 257.0 

760.8 ± 133.5 

437.5 ± 133.1 


65.3 ± 93.0 

nq 


OX' 
~gfg) 

0.5 ± 0.3 

1.2 ± 1.6 


nq 

1.0 ± 1.3 

0.6 ± 0.4 


nq 


5.3 ± 1.9 
5.5 ± 2.0 

12.8 ± 7.5 
4.2 ± 1.6 
2.9 ± 2.6 
5.8 ± 9.5 

'Not quantifiable at a limit of quantitation of 0.24 ~g EGfg of kidney. 
'Not quantifiable at a limit of quantitation of 0.46 ~g GAfg of kidney. 
'Not quantifiable at a limit of quantitation of 0.44 ~g OXfg of kidney. 
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Table 6. Oral Gavage Study: Cumulative Amounts of Ethylene Glycol (EG), Glycolic Acid (GA) and Oxalic Acid (OX) 

Excreted in the Urine. 


Collec~oh 

Interval (hr) (mg) 
EG 

(% of Dose) (mg) 
GA 

(%of Dose) (mg) 
OX 

(% of Dose) 
Total 

(% of Dose) 

0-12 
12 ­ 24 
Total 

5.37 ± 0.62 
0.11 + 0.07 
S.48 ± 0.69 

20.8 ± 2.9 
0.4 + 0.3 

21.2 ± 3.1 

100 mg/kg Dose Group 

0.36 ± 0.22 
0.05 + 0.06 
0.42 ± 0.22 

1.2 ± 0.7 
0.2 + 0.2 
1.3 ± 0.7 

0.37 ± 0.33 
0.14 + 0.13 
0.50 ± 0.26 

1.0 ± 0.9 
0.4 + 0.4 
1.4 ± 0.7 

22.9 ± 3.7 
1.0 + 0.8 

23.9 ± 4.2 

o 
o 0-12 

12 ­ 24 
Total 

58.97 ± 19.43 
3.03 + 1.62 

62.01 ± 20.89 

24.5 ± 9.6 
1.3 + 0.7 

25.8 ± 10.2 

1000 mg/kg Dose Group 

49.84 ± 7.36 16.7 ± 2.0 
5.06 + 2.85 1.7 + 0.8 

54.91 ± 8.12 18.3 ± 1.5 

0.64 ± 0.08 
0.69 + 0.52 
1.33 ± 0.45 

0.2 ± 0.04 
0.2 + 0.1 
0.4 ± 0.1 

41.3 ± 8.1 
3.1 + 1.5 

44.4 ± 8.9 



Ethylene Glycol: Dose-Rate Kinetics In Pregnant Rats 
Project No. 29812 

Page 39 of 65 

Table 7. Oral Gavage Study: Pharmacokinetic Parameters 

Parameter 
Dose 

(mg/kg) Analyte Blood Kidney EEF Embryo 

AUCO_24 (~g/g*hr) lOoo EG 
GA 
OX 

3184 
2499 

272 

1954 
6444 
698 

39SO 
4437 
1772 

3532 
3963 

43 

100 EG 
GA 
OX 

234 
34 

124 

301 
34 
9 

159 
70 

445 

212 
90 
97 

0- tl/2 (hr) lOoo EG 
GA 
OX' 

1.8 
2.0 

nd 

1.5 
1.6 

nd 

2.5 
2.5 

nd 

2.6 
1.8 

nd 

100 EG 
GA 
OX' 

1.6 
2.3 

nd 

1.5 
1.9 

nd 

2.5 
1.6 

nd 

1.1 
5.1 

nd 

'Half life could not be determined. 
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Table 8. Oral Gavage Study: Concentrations of Ethylene Glycol (EG), Glycolic Acid (GA) and Oxalic Acid (OX) in 
Extraembryonic Fluid (EEF) and Embryos. Data are presented as the means ± standard deviations except when animal 
numbers reduced from three; individual animal data are presented (see footnotes). 

Scheduled 
Sacrifice Time EG (uglq) a GA ",!glg) b OX (uglg) ~ 

(hr) EEF Embryos EEF Embryos EEF Embryos 

100 mg/kg Dose Group 

1 31.8 ± 12.1 83.0 ± 24.8 18.3 ± 5.1 15.7 ± 4.4 5.0 ± 0.9 17.7 ± 9.0 
3 24.3 ± 8.2 29.1± 15.4 13.6 ± 8.0 12.7 ± 4.8 3.6 ± 0.3 9.1± 1.7 
6 8.2 ± 1.8 3.1 ± 4.9 1.3 ± 1.7 3.0 ± 0.3 4.7 ± 0.2 3.1 ± 0.8 
9 nq nq 0.4 ± 0.1 1.5 ± 0.3 5.4 ± 1.2 2.8 ± 1.8 

- 12 nq nq 0.2 ± 0.1 1.5 ± 0.8 5.6 ± 0.7 2.9 ± 0.7 
0 

'" 24 nq nq nq 0.7 ± 0.1 7.1± 1.8 0.8 ± 0.3 

1000 mg/kg Dose Group 

1 965.2 ± 170.7 788.6 ± 37.5 171.7 ± 48.1 187.0 ± 53.9 4.8 ± 3.6 4.3 ± 5.6 
3 616.6 ± 90.8 539.2 ± 52.8 510.8 ± 117.0 478.6 ± 73.3 2.1 ± 0.4 nq 
6 177.4 ± 21.1 179.4 ± 23.9 505.0 ± 31.2 439.0 ± 73.3 2.0 ± 0.5 nq 
9 68.1± 19.8 79.3 ± 20.6 285.8 ± 63.2 256.6 ± 68.4 2.2 ± 0.2 1.0 ± 0.7 
12 13.4 ± 2.4 15.7 ± 6.9 62.7 ± 67.5 49.8 ± 53.6 1.7 ± 0.5 0.7 ± 0.4 
24 2.1 ± 1.0 2.3 ± 1.3 4.2 ± 4.4 0.5 ± 0.1 2.1 ± 0.5 0.6 ± 0.3 

'Not quantifiable at a limit of quantitation of 0.62 ~g EG/g of conceptus. 
bNot quantifiable at a limit of quantitation of 0.22 ~g GA/g of conceptus. 
'Not quantifiable at a limit of quantitation of 0.69 ~g OX/g of conceptus. 
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Table 9. Dow Pump Study: Concentrations of Ethylene Glycol (EG), Glycolic Acid (GA) and Oxalic Acid (OX) in Blood. 
Data are presented as the means ± standard deviations except when animal numbers reduced from three; individual 

animal data are presented (see footnotes). 

Scheduled 
Sacrifice Time EG GA OX 
(gestation day) u..g/g) (~g/g) u..g/g) 

1000 mg/kg/day Dose Group 

11 90.2, 50.2 3.8, 6.8 nq' 

12 2.1,95.5' 4.8 ± 5.3 nq 

-
0 w 

2000 mg/kg/day Dose Group 

11 209.7 ± 58.8 75.8 ± 35.3 1.7±2.4 

12 192.6 ± 43.2 88.8 ± 20.8 4.4c 

'Pump failed in one animal during dosing between gd 10 and 11 (A2137). 

, Insufficient blood volume from one animal (A2141) was available for analysis. 

, Not quantifiable at a limit of quantitation of 0.44 ~g OX/g of blood; individual samples reported if above LOQ. 
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Table 10. Dow Pump Study: Concentrations of Ethylene Glycol (EG), Glycolic Acid (GA) arid Oxalic Acid (OX) in Kidneys. 
Data are presented as the means ± standard deviations except when animal numbers reduced from three; individual 

animal data are presented (see footnotes). 

Scheduled 
Sacrifice Time EG GA OX 
(gestation day) Cilgfg) (~gfg) Cilgfg) 

1000 mgfkgfday Dose Group 

11 64.9' 6.6,9.1a 6.2, 4.9a 

12 64.9, 66.5 6.3 ± 7.9 2.3 ± 0.4 

-0.. 2000 mgfkgfday Dose Group 

11 189.9 ± 44.4 111.5 ± 65.7 3.9 ± 1.1 

12 130.4 ± 34.2 108.5 ± 62.1 3.2 ± 0.6 

'Pump failed in one animal during dosing between gd 10 and 11 (A2137); EG in the kidneys of animal A2136 were below 
the limit of quanti!ation (0.22 ~gfg). 
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Table 11. Dow Pump Study: Cumulative Amounts of Ethylene Glycol (EG), Glycolic Acid (GA) and Oxalic Acid (OX) 
Excreted in the Urine between gestational days 11 and 12. 

Collection EG GA OX 

Interval (hr) (mg) (mg) (mg) 


1000 mg/kg/day Dose Group 

0-12 43.46 ± 6.67 1.27 ± 1.25 0.78 ± 0.73 
12 - 24 46.18 + 12.57 2.41 + 2.60 0.82 + 0.60 
Total 89.64 ± 12.35 3.67 ± 3.83 1.59 ± 1.31 

2000 mg/kg/day Dose Group 

0 0-12 89.10 ± 16.08 8.09 ± 2.94 1.48 ± 1.02 
~ 

12- 24 102.00 + 25.86 18.83 + 12.43 0.65 + 0.48 
Total 191.10 ± 26.70 26.92 ± 11.73 2.13 ± 1.49 



Ethylene Glycol: Dose-Rate Kinetics in Pregnant Rats Page 44 of 65 
Project No. 29812 

Table 12. Dow Pump Study: Concentrations of Ethylene Glycol (EG), Glycolic Acid (GA) and Oxalic Acid (OX) in 
Extraembryonic Fluid (EEF) and Embryos. Data are presented as the means ± standard deviations except when animal 

numbers reduced from three; individual animal data are presented (see footnotes). 

Scheduled 
Sacrifice lime EG (Y9lgl: GA (b!9lg) OX (Y9lg) 
(gestation day) EEF Embryos EEF Embryos EEF Embryos 

1000 mgfkgfday Dose Group 

11 110,72.2' 139.8, 92.2' 5.9, 10.7' 5.1,15.1' 11.3, 2.7a 21.2, 1.2a 

12 78.5 ± 45.7 66.6 ± 45.2 9.7 ± 9.2 9.9 ± 10.6 0.81 0.8 ± 0.2 

-c 
a­ 2000 mgfkgfday Dose Group 

II 309.0 ± 47.2 276.8 ± 101.0 208.9 ± 83.6 178.8 ± 112.5 .nq nq 
12 218.4 ± 78.0 180.3 ± 48.9 142.6 ± 9.6 141.7 ± 24.4 nq 0.6,0.5 

'Pump failed in one animal during dosing between gd 10 and 11 (A2137). 
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Table A-1. Oral Gavage Study: Body Weights, Sacrifice limes and Amounts of Ethylene Glycol Administered. 

Dose Level Animal Sched. Sac. Act. Sac. Body WI. Total Dose Soln. Total Dose of Eth¥lene GI¥col Administered' 
(mg/kg) ID No. (hr) (hr) (kg) Admin. (g) (mg) (mg/kg) % ofTarget 

100 401 1 0.97 0.2652 1.3218 26.78 101.0 101.0 
402 1 1.03 0.2809 1.4216 28.81 102.5 102.5 
403 1 1.10 0.2691 1.3138 26.62 98.9 98.9 
420' 3 3.07 0.2538 1.2546 25.42 100.2 100.2 
405 3 3.07 0.2616 1.3295 26.94 103.0 103.0 
406 3 3.15 0.2677 1.353 27.42 102.4 102.4 

0 407 6 6.00 0.2967 1.4538 29.46 99.3 99.3 
~ 408 6 6.07 0.2825 1.4288 28.95 102.5 102.5 

409 6 6.13 0.2493 1.2778 25.89 103.9 103.9 
410 9 8.97 0.2601 1.3238 26.82 103.1 103.1 
419' 9 9.00 0.2483 1.357 27.50 110.7 110.7 
412 9 9.08 0.2823 1.4238 28.85 102.2 102.2 
413 12 11.97 0.2863 1.4282 28.94 101.1 101.1 

414 12 12.07 0.2583 1.258 25.49 98.7 98.7 

415 12 12.13 0.269 1.3165 26.68 99.2 99.2 

416 24 24.03 0.2542 1.2595 25.52 100.4 100.4 

417 24 24.13 0.2899 1.339 27.13 93.6 93.6 

418 24 24.30 0.2494 1.2377 25.08 100.6 100.6 


arotal dose administered based upon GCjFID analysis of dosing solution and total amount of dose solution delivered. 
b Animal no. 420 replaced animal no. 404 which was not pregnant at time of sacrifice. 
'Animal no. 419 replaced animal no. 411 which reftuxed part of dose. 
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Table A-I (continued). Oral Gavage Study: Body Weights, Sacrifice Times and Amounts of Ethylene Glycol 
Administered. 

Dose Level Animal Sched. Sac. Act. Sac. Body WI. Total Dose Soln. Tota! QQse Of Eth~lene GI~col Administereda 

(mg/kg) ID No. (hr) (hr) (kg) Admin. (g) (mg) (mg/kg) % of Target 

1000 301 1 0.90 0.2554 1.3028 256.19 1003.1 100.3 
302 1 1.02 0.2658 1.3701 269.43 1013.6 101.4 
303 1 1.13 0.2743 1.3588 267.20 974.1 97.4 
304 
305 

3 
3 

3.02 
3.13 

0.2687 
0.2555 

1.3595 
1.2894 

267.34 
253.56 

994.9 
992.4 . 

99.5 
99.2 

306 3 3.22 0.2436 1.2733 250.39 1027.9 102.8 

0 
~ 

307 
320' 

6 
6 

5.92 
6.S2 

0.2626 
0.2295 

1.329 
1.1592 

261.34 
227.95 

995.2 
993.3 

99.5 
99.3 

309 6 6.13 0.259 1.3037 256.37 989.8 99.0 
310 9 8.92 0.2839 1.4616 287.42 1012.4 101.2 
319' 9 9.40 0.2112 1.0482 206.13 976.0 97.6 
312 9 9.07 0.2379 1.1749 231.04 971.2 97.1 
313 12 11.92 0.2694 1.3411 263.72 978.9 97.9 

314 12 11.98 0.2633 1.3482 265.12 1006.9 100.7 

315 12 12.05 0.2433 1.2521 246.22 1012.0 101.2 

316 24 23.78 0.2755 1.3836 272.08 987.6 98.8 

317 24 23.85 0.2369 1.1865 233.32 984.9 98.5 

318 24 24.05 0.2237 1.1586 227.84 1018.5 101.9 


, Animal no. 320 replaced animal no. 308 which refluxed part of dose. 
, Animal no. 319 replaced animal no. 311 which refluxed part of dose. 
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Table A-2. Oral Gavage Study: Terminal Body and Organ Weights. 

Dose Level Animal ID Sched. Sac. Terminal BW Kidney Wt. Rei. Kidney Wt. Uterine Wt. Rei. Uterine Wt. No. 
(mg/kg) No. (hr) (g) (g) (g/100 9 BW) (g) (g/100 9 BW) Implants 

100 401 1 256.3 2.0309 0.792 3.745 1.461 13 
402 1 271.7 2.2395 0.824 3.1047 1.143 11 
403 1 263.3 2.2053 0.838 3.02 1.147 13 
420' 3 246.9 1.87 0.757 3.372 1.366 13 
405 3 253.7 1.6552 0.652 3.4875 1.37S 14 
406 3 258.2 1.7933 0.695 2.6745 1.036 11 
407 6 285.2 1.995 0.700 3.8488 1.350 18 
408 6 273.6 1.9385 0.709 3.6945 1.350 14 

0 409 6 240.9 1.4553 0.604 2.6 1.079 9 
410 9 259.5 1.9916 0.767 4.36 1.680 13 
419' 9 247.4 1.7229 0.696 3.5167 1.421 13 
412 9 270.5 2.1336 0.789 3.427 1.267 14 
413 12 283 2.3073 0.815 4.4486 1.572 15 
414 12 255.8 1.968 0.769 3.0058 1.175 10 
415 12 268.2 2.2811 0.851 5.0475 1.882 15 
416 24 270.1 2.0258 0.750 4.6508 1.722 12 
417 24 309.8 2.0636 0.666 6.0735 1.960 15 
418 24 270.1 2.1957 0.813 4.9283 1.825 13 

a Animal no. 420 replaced animal no. 404 which was not pregnant at time of sacrifice. 
, Animal no. 419 replaced animal no. 411 which refiuxed part of dose. 
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Table A-2 (continued). Oral Gavage Study: Terminal Body and Organ Weights. 

Dose Level Animal ID Sched. Sac. Terminal BW Kidney Wt. ReI. Kidney Wt. Uterine Wt. Rei. Uterine Wt. No. 
(mg/kg) No. (hr) (g) (g) (g/100 9 BW) (g) (g/100 9 BW) Implants 

1000 301 1 245.32 1.8694 0.762 2.1361 0.871 8 
302 1 257.72 2.0815 0.808 3.7913 1.471 14 
303 1 265.47 1.8357 0.691 3.06§5 1.155 15 
304 3 253.4 1.7819 0.703 3.356 1.324 12 
305 3 239.73 1.6092 0.671 3.0355 1.266 11 
306 3 228.03 1.7586 0.771 3.282 1.439 13 
307 6 249.16 2.098 0.842 4.5115 1.811 16 

- 320' 6 216.75 2.0831 0.961 3.8731 1.787 12- 309 6 245.64 1.8092 0.737 2.6178 1.066 10 
310 9 267.6 1.7995 0.672 4.539 1.696 15 
319 d 9 204.77 1.7595 0.859 2.6989 1.318 9 
312 9 231.85 1.8896 0.815 4.14~2 1.789 14 
313 12 273.25 2.1149 0.774 4.3405 1.588 15 
314 12 263.91 2.4316 0.921 4.4304 1.679 16 
315 12 244,09 2.093 0.857 3.562 1.459 13 
316 24 289 2.4077 0.833 6.4746 2.240 15 
317 24 247.28 2.083 0.842 5.076 2.053 14 
318 24 232.61 2.057 0.884 4.243 1.824 12 

, Animal no. 320 replaced animal no. 308 which refluxed part of dose. 
d Animal no. 319 replaced animal no. 311 which refluxed part of dose. 
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Table A-3. Oral Gavage Study: Extraembryonic Fluid and Embryo Weights. 

Dose Level AnimallD Sched. Sac. No. Total EEF Rei. EEF WI. Embryo WI. ReI. Embryo WI. 
(mg/kg) No. (hr) Implants (g) (g/100 9 BW) (g) (g/100 9 BW) 

100 401 1 13 0.1978 0.0772 0.0683 0.0266 
402 1 11 0.0324 0.0119 0.0263 0.0097 
403 1 13 0.1101 0.0418 0.0553 0.0210 
420' 3 13 0.0818 0.0331 0.0696 0.0282 
405 3 14 0.1624 0.0640 0.0577 0.0227 
406 3 11 0.0554 0.0215 0.0228 0.0088 
407 6 18 0.2011 0.0705 0.1247 0.0437 
408 6 14 0.0708 0.0259 0.0702 0.0257 

N 409 6 9 0.1072 0.0445 0.065 0.0270 
410 9 13 0.2454 0.0946 0.1662 0.0640 
419b 9 13 0.1584 0.0640 0.1194 0.0483 
412 9 14 0.1954 0.0722 0.086 0.0318 
413 
414 
415 

12 
12 
12 

15 
10 
15 

0.2208 
0.2128 
0.2147 

0.0780 
0.0832 
0.0801 

0.1823 
0.039 
0.1795 

0.0644 
0.0152 
0:0669 

416 
417 
418 

24 
24 
24 

12 
15 
13 

0.3102 
0.1074 
0.3636 

0.1148 
0.0347 
0.1346 

0.2803 
0.4524 
0.392 

0.1038 
0.1460 
0.1451 

aAnimal no. 420 replaced animal no. 404 which was not pregnant at time of sacrifice. 
b Animal no. 419 replaced animal no. 411 which refluxed part of dose. 
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Table A-3 (continued). Oral Gavage Study: Extraembryonic Fluid and Embryo Weights. 

Dose Level Animal ID Sched. Sac. No. Total EEF ReI. EEF wt. Embryo wt. ReI. Embryo wt. 
(mg/kg) No. (hr) Implants (g) (g/100 9 BW) (g) (g/100 9 BW) 

1000 301 1 8 0.028 0.0114 0.0467 0.0190 
302 1 14 0.1273 0.0494 0.0693 0.0269 
303 1 15 0.0972 0.0366 0.0404 0.0152 
304 3 12 0.1503 0.0593 0.0951 0.0375 
305 3 11 0.2172 0.0906 0.0812 0.0339 
306 3 13 0.0617 0.0271 0.0638 0.0280 

- 307 ,6 16 0.1853 0.0744 0.1031 0.0414 

-w 320' 6 12 0.073 0.0337 0.0826 0.0381 
309 6 10 0.0849 0.0346 0.0897 0.0365 
310 9 15 0.1102 0.0412 0.1823 0.0681 
319' 9 9 0.1395 0.0681 0.1103 0.0539 
312 9 14 0.1041 0.0449 0.1734 0.0748 
313 12 15 0.2206 0.0807 0.1575 0.0576 
314 12 16 0.3238 0.1227 0.1624 0.0615 
315 12 13 0.1281 0.0525 0.1434 0.0587 
316 24 15 0.1786 0.0618, 0.2797 0.0968 
317 24 14 0.2643 0.1069 0.3967 0.1604 
318 24 12 0.2238 0.0962 0.3124 0.1343 

, Animal no. 320 replaced animal no. 308 which refluxed part of dose. 
, Animal no. 319 replaced animal no. 311 which refluxed part of dose. 



Ethylene Glycol: Dose-Rate Kinetics in Pregnant Rats Page 52 of 65 
Project No. 29812 

Table A-4. Oral Gavage Study: Concentrations of Ethylene Glycol (EG), Glycolic Acid (GA) 
and Oxalic Acid (OX) in Blood. 

Dose Level Animal Sched. Sac. EG GA OX 
(mg/kg) ID No. Time (hr) Wg/g) Mean ± SO wg/g) Mean ± SO (~g/g) Mean ± SO 

100 401 1 103.4 76.9 ± 24.1 4.7 7.6 ± 2.9 6.7 4.1 ± 2.3 
402 1 56.3 10.4 2.5 
403 
420' 

1 
3 

70.9 
27.6 33.8 ± 6.0 

7.6 
8.1 5.5 ± 2.4 

3.1 
nq 1.1 ± 0.8 b 

405 3 34.2 4.9 1.8 

--~ 406 
407 

3 
6 

39.6 
20.3 8.4 ± 10.3 

3.5 
1.1 0.8 ±0.3 

1.3 
1.3 0.6± 0.6 b 

408 6 3.1 0.7 nq 
409 
410 

6 
9 

1.9 
nq 0.2 ± O.lb 

0.5 
0.9 0.7 ± 0.2 

0.4 
1.1 2.2± 2.3 b 

419' 9 0.3 0.5 nq 
412 9 0.3 0.8 4.8 
413 12 nq nq 2.9 1.9 ± 0.9 
414 12 nq nq 1.2 
415 12 ng ng 1.5 
416 24 nq nq 1.6 ·1.6 ± 0.2 
417 24 nq nq 1.4 
418 24 nq nq 1.7 

a Animal no. 420 replaced animal no. 404 which was not pregnant at time of sacrifice. 
bNot quantifiable data estimated as LOQ/2 in calculation of mean ± sd when other samples within group were above LOQ. 
'Animal no. 419 replaced animal no. 411 which refluxed part of dose. 
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Table A-4 (continued) . .Oral Gavage Study: Concentrations of Ethylene Glycol (EG), Glycolic Acid (GA) 
and Oxalic Acid (OX) in Blood. 

Dose Level Animal Sched. Sac. EG GA OX 
(mg/kg) ID No. lime (lir) (~g/g) Mean + SO (fig/g) Mean + SO (~g/g) Mean ± SO 

Control ng ng 10.4 

1000 301 1 749.7 74S.8 ± 84.9 130.4 124.8 ± 22.8 8.5 5.7±2.5 
302 1 659.0 99.7 4.6 
303 1 828.6 144.2 3.9 
304 3 427.5 473.1 ± 65.9 302.9 314.4 ± 48.8 3.8 3.8 ± 0.4 
305 3 548.7 272.3 3.4 

~ 

306 3 443.1 367.9 4.3 
307 6 132.3 173.1 ± 36.9 340.8 310.0± 27.4 3.9 3.9 ± 0.1 
320' 6 183.0 288.6 3.8 
309 6 204.0 300.5 4.0 
310 9 75.2 70.6 ± 25.8 136.1 139.9 ± 50.1 3.0 4.6 ± 2.1 
319' 9 93.8 191.8 3.7 
312 9 42.8 91.8 6.9 
313 12 13.1 9.5 ± 3.1 50.6 20.3 ± 26.2 5.5 4.5 ± 1.0 
314 12 7.8 4.1 4.6 
315 12 7.6 6.3 3.5 
316 24 nq nq 0.6 ± 0.6b 3.6 3.1 ± 0.6 
317 24 nq 1.4 3.3 
318 24 nq nq 2.4 

, Animal no. 320 replaced animal no. 308 which refiuxed part of dose. 
, Animal no. 319 replaced animal no. 311 which refiuxed part of dose. 
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Table A-S. Oral Gavage Study: Concentrations of Ethylene Glycol (EG), Glycolic Acid (GA) 
and Oxalic Acid (OX) in Kidneys. 

Dose Level Animal Sched. Sac. EG GA OX 
(mgjkg) ID No. Time (hr) u.gjg) Mean + SD u.gjg) Mean + SD u.gjg) Mean + SD 

100 401 1 86.7 88.8 ± 12.6 5.1 9.5 ± 4.3 nq 0.5 ± 0.3:1 
402 1 102.3 13.6 0.7 
403 
420b 

1 
3 

77.4 
39.8 43.5 ± 5.0 

9.7 
10.3 6.4 ± 3.4 

ng 
3.1 1.2 ± 1.6 

405 3 49.1 5.1 nq 
406 3 41.5 3.9 0.3 
407 6 18.1 10.9 ± 6.4 0.6 0.3 ± 0.2 nq 

'" 408 6 8.6 nq nq 
409 6 5.9 ng ng 
410 9 nq 0.6 ± O.7~ nq nq 1.0± 1.3:1 
419' 9 nq nq nq 
412 9 1.3 ng 2.5 
413 12 nq nq nq 0.6 ± 0.4' 
414 12 nq nq 1.0 
415 12 ng ng 0.7 
416 24 nq nq nq 
417 24 nq nq nq 
418 24 nq nq nq 

a Not quantifiable data estimated as LOQ/2" in calculation of mean ± sd when other samples within group were >LOQ. 
b Animal no. 420 replaced animal no. 404 which was not pregnant at time of sacrifice. 
, Animal no. 419 replaced animal no. 411 which refluxed part of dose. 
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Table A-5 (continued). Oral Gavage Study: Concentrations of Ethylene Glycol (EG), Glycolic Acid (GA) 
and Oxalic Acid (OX) in Kidneys. 

Dose Level Animal Sched. Sac. EG GA OX 
(mg/kg) ID No. lime (hr) (~g/g) Mean + SD (~g/g) Mean + SO (~g/g) Mean ±'SO 

1000 301 1 704.4 605.5 ± 98.3 326.2 300.6 ± 107.9 7.4 5.3 ± 1.9 
302 1 507.8 182.2 5.1 
303 1 604.3 393.5 3.5 
304 3 316.8 290.9 ± 22.3 823.8 748.6 ± 257.0 6.8 5.5 ± 2.0 
305 3 278.4 462.4 3.2 
306 3 277.7 959.5 6.5 

..., 307 6 58.4 62.9 ± 35.0 891.7 760.8 ±133.5 13.9 12.8 ± 7.5 
320' 6 30.3 624.7 4.9 
309 6 99.8 766.1 19.7 
310 9 24.7 13.9 ± 9.4 510.2 437.5 ± 133.1 5.8 4.2 ± 1.6 
319d 9 7.8 518.5 4.3 
312 9 9.1 283.9 2.5 
313 12 nd 172.7 65.3 ± 93.0 5.8 2.9 ± 2.6 
314 12 nd 9.1 1.7 
315 12 nd 14.1 1.0 
316 24 nd nd 16.7 5.8 ± 9.5' 
317 24 nd nd nd 
318 24 nd nd 0.1 

, Animal no. 320 replaced animal no. 308 which refluxed part of dose. 
d Animal no. 319 replaced animal no. 311 which refluxed part of dose. 
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Table A-6. Oral Gavage Study: Cumulative Amounts of Ethylene Glycol (EG), Glycolic Acid (GA) and Oxalic Acid (OX) 
Excreted in the Urine. 

Dose Level Animal Collection EG GA OX 
(mg/kg) ID No. Interval (hr) (mg) (mg) (mg) % of Dose 

100 416 0-12 6.079 0.377 0.288 25.8 
12 ­ 24 0.190 0.123 0.261 .L!l 
Total 6.269 0.500 0.549 27.7 

417 0-12 4.914 0.137 0.083 25.8 

- 12 ­ 24 0.066 0.034 0.145 1.8 
~ Total 4.980 0.171 0.228 27.7 

418 0-12 5.106 0.578 0.727 24.2 
12 ­ 24 0.082 ND ND 0.3 
Total 5.188 0.578 0.727 24.6 
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Table A-6 {continued}. Oral Gavage Study: Cumulative Amounts of Ethylene Glycol (EG), Glycolic Acid (GA) and 
Oxalic Acid (OX) Excreted in the Urine. 

Dose Level Animal Collection EG GA OX 
(mg/kg) ID No. Interval (hr) (mg) (mg) (mg) % of Dose 

1000 316 0-12 51.153 54.56 0.567 35.3 
12 - 24 3.225 7.95 1.239 3.9 
Total 54.378 62.51 1.806 39.2 

317 0-12 44.68 53.61 0.718 38.1 
12 24 1.32 2.25 0.194 1.4 

~ Total 46.00 55.86 0.912 39.5 

318 0-12 81.093 41.364 0.631 50.6 
12 - 24 4.549 4.985 0.645 4.0 
Total 85.642 46.349 1.276 54.6 
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Table A-7. Oral Gavage Study: Concentrations of Ethylene Glycol (EG), Glycolic Acid (GA) 
and Oxalic Acid (OX) in Extraembryonic Fluid (EEF). 

Oose Level Animal Sched. Sac. EG GA OX 
(mg/kg) ID No. Time (hr) u,g/g) Mean + SO u,g/g) Mean + SD (~g/g) Mean + SD 

100 401 1 18.9 31.8 ± 12.1 13.3 18.3 ± 5.1 4.6 5.0 ± 0.9 
402 1 42.9 18.3 6.1 
403 1 33.5 23.5 4.4 
420' 3 33.8 24.3 ± 8.2 21.8 13.6 ± 8.0 3.2 3.6 ± 0.3 
405 3 19.8 13.3 3.8 

N 
a 406 3 19.4 5.7 3.7 

407 6 7.2 8.2 ± 1.8 3.2 1.3 ± 1.7b 4.4 4.7 ± 0.2 
408 6 10.3 nq 4.9 
409 6 7.1 ng 4.7 
410 9 3.4 3.9 ± 0.5 nq 5.2 5.4 ± 1.2 
419' 9 4.3 nq 6.7 
412 9 4.2 ng 4.4 
413 12 3.3 3.4 ± 0.3 nq 6.3 5.6 ± 0.7 
414 12 3.7 nq 4.9 
415 12 3.2 ng 5.8 
416 24 2.2 3.1± 1.7 nq 5.3 7.1 ± 1.8 
417 24 5.2 nq 8.9 
418 24 2.1 ng 7.3 

aAnimal no. 420 replaced animal no. 404 which was not pregnant at time of sacrifice. 
b Not quantifiable data estimated as LOQ/2 in calculation of mean ± sd when other samples within group were >LOQ. 
'Animal no. 419 replaced animal no. 411 which refluxed part of dose. 
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Table A-7 (continued). Oral Gavage Study: Concentrations of Ethylene Glycol (EG), Glycolic Acid (GA) 
and Oxalic Acid (OX) in Extraembryonic Fluid (EEF). 

Dose Level Animal Sched. Sac. EG GA 
(j..g/g) 

OX 
Mean + SD (mg/kg) ID No. lime (hr) (j..g/g) Mean + SD (j..g/g) Mean + SD 

1000 301 
302 
303 

1 
1 
1 

1155.2 
915.9 
824.7 

965.2 ± 170.7 166.5 
126.4 
222.1 

171.7 ± 48.1 8.9 
3.6 
1.9 

4.8 ± 3.6 

304 
305 
306 

3 
3 
3 

647.7 
687.8 
514.3 

616.6 ± 90.8 501.0 
399.0 
632.3 

510.8 ± 117.0 1.9 
1.8 
2.6 

2.1 ± 0.4 

307 
320' 
309 

6 
6 
6 

153.8 
183.9 
194.6 

177.4 ± 21.1 510.4 
471.5 
533.2 

505.0 ± 31.2 1.7 
1.8 
2.6 

2.0 ± 0.5 

310 
319' 
312 

9 
9 
9 

69.1 
87.3 
47.7 

68.1 ± 19.8 281.3 
351.2 
225.0 

.285.8 ± 63.2 2.2 
2.3 
2.0 

2.2 ± 0.2 

313 
314 
315 

12 
12 
12 

14.8 
10.6 
14.6 

13.4 ± 2.4 140.4 
18.1 
29.7 

62.7 ± 67.5 1.5 
1.4 
2.3 

1.7 ± 0.5 

316 
317 
318 

24 
24 
24 

2.8 
2.6 
1.0 

2.1 ± 1.0 9.2 
2.4 
0.9 

4.2 ± 4.4 2.3 
2.4 
1.5 

2.1 ± 0.5 

, Animal no. 320 replaced animal no. 308 which refluxed part of dose. 
'Animal no. 319 replaced animal no. 311 which refluxed part of dose. 

N 	
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Table A-B. Oral Gavage Study: Concentrations of Ethylene Glycol (EG), Glycolic Acid (GA) 
and Oxalic Acid (OX) in Embryos. 

Dose Level Animal Sched. Sac. EG GA OX 
(mg/kg) ID No. lime (hr) (~g/g) Mean + SD ~g/g) Mean + SD (~g/g) Mean + SD 

100 	 401 1 67.8 83.0 ± 24.8 10.7 15.7 ± 4.4 16.9 17.7 ± 9.0 
402 1 111.7 17.6 27.2 
403 1 69.6 18.8 9.1 
420' 3 27.9 29.1 ± 15.4 18.0 12.7 ± 4.8 nq 6.1 ± 5.3' 
405 3 45.0 11.7 10.3 
406 3 14.3 8.5 7.9 
407 6 8.8 3.1 ± 4.9' 3.2 3.0 ± 0.3 3.0 3.1 ± 0.8 - 408 6 nq 3.1 4.0'" '" 	 409 6 ng 2.6 2.4 
410 9 nq 	 1.1 1.5 ± 0.3 2.3 2.8 ± 1.8 
419' 9 nq 1.8 1.2 
412 9 ng 1.6 4.8 
413 12 nq 0.9 1.5 ± 0.8 3.6 2.9 ± 0.7 
414 12 nq 2.4 2.1 
415 12 ng 1.2 3.1 
416 24 nq 0.8 0.7±0.1 1.1 0.8 ± 0.3 
417 24 nq 0.6 0.9 

----
418 24 ng 	 0.6 0.5 

a Animal no. 	420 replaced animal no. 404 which was not pregnant at time of sacrifice. 
, Not quantifiable data estimated as LOQJ2 in calculation of mean ± sd when other samples within group were >LOQ. 
, Animal. no. 419 replaced animal no. 411 which refluxed part of dose. 
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Table A-8 (continued). Oral Gavage Study: Concentrations of Ethylene Glycol (EG), Glycolic Acid (GA) 
and Oxalic Acid (OX) in Embryos. 

Dose Level Animal Sched. Sac. EG GA OX 
(mg/kg) ID No. Time (hr) (~g/g) Mean ± SD (~g/g) Mean ± SD ~g/g) Mean ± SD 

1000 301 1 76S.1 788.6 ± 37.5 179.3 187.0 ± 53.9 10.7 4.3 ± 5.6' 
302 1 768.8 137.3 1.9 

'" w 

303 
304 
305 
306 
307 
320' 
309 
310 
319' 

1 
3 
3 
3 
6 
6 
6 
9 
9 

831.9 
600.1 
511.5 
506.0 
153.9 
182.9 
201.4 
83.8 
97.2 

539.2 ± 52.8 

179.4 ± 23.9 

79.3 ± 20.6 

244.3 
462.2 
414.9 
558.7 
486.7 

.354.6 
475.5 
277.0 
312.4 

478.6 ± 73.3 

439.0 ± 73.3 

256.6 ± 68.4 

ng 
nq 
nq 
ng 
nq 
nq 
ng 
nq 
1.8 

1.0 ± 0.7 b 

312 
313 

9 
12 

56.8 
22.8 15.7 ± 6.9 

180.3 
111.4 49.8 ± 53.6 

0.9 
0.4 0.7 ± O.4 b 

314 12 15.2 13.3 1.1 
315 12 9.1 24.9 0.5 
316 24 1.1 2.3 ± 1.3 0.5 0.5 ± 0.1 0.8 0.6 ± 0.3 b 

317 24 2.3 0.6 0.7 
318 24 3.6 0.5 ng 

, Animal no. 320 replaced animal no. 308 which refiuxed part of dose. 
d Animal no. 319 replaced animal no. 311 which refiuxed part of dose. 
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Table A-g. Dow Pump Study: Concentrations of Ethylene Glycol (EG), Glycolic Acid (GA) and Oxalic Acid (OX) in Blood. 

Dose Animal ID Sacrifice Time EG GA OX 
(mg/kg/day) No. (gestation day) C!<g/g) C!<g/g) C!<g/g) 

1000 A2135 
A2136 
A2137 

Mean ± sD 

11 
11 
11 

90.2 
50.2 

PumR Failed 
70.2 

3.8 
6.8 

Pumg Failed 
5.3 

nd 
nd 

Pumg Failed 

N... 

A2138 
A2139 
A2141 

Mean ± sD 

12 
12 
12 

2.1 
95.5 
NA' 
48.8 

1.5 
11.0 

1.9 
4.8 ± 5.3 

nd 
nd 
nd 

2000 A2142 
A2143 
A2144 

Mean ± SD 

11 
11 
11 

277.4 
171.9 
179.7 
209.7 ± 58.8 

.116.6 
55.8 
55.1 
75.8 ± 35.3' 

0.3 
4.5 
0.2 
1.7 ± 2.4 

A2145 
A2146 
A2147 

Mean + sD 

12 
12 
12 

154.1 
183.4 
239.2 
192.3 + 43.2 

77.4 
112.8 
76.2 
88.8 ± 20.8 

nd 
nd 

4.4 

aNA=Not Analyzed; insufficient sample. 
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Table A-10. Dow Pump Study: Concentrations of Ethylene Glycol (EG), Glycolic Acid (GA) and Oxalic Acid (OX) in 
Kidneys. 

Dose Animal ID Sacrifice Time EG GA OX 
(mg/kg/day) No. (gestation day) (flg/g) (flg/g) (flg/g) 

1000 A2135 
A2136 
A2137 

Mean ± SD 

11 
11 
11 

64.9 
nd 

Pumg Failed 
64.9 

6.6 
9.1 

~!'!DJI2 Failed 
7.9 

6.2 
4.9 

Pumg Failed 
5.6 

-N 
~ 

A2138 
A2139 
A2141 

Mean ± SO 

12 
12 
12 

nd 
64.9 
66.5 
65.7 

0.4 
15.4 
3.2 

6.3 ± 7.9 

2.0 
2.6 
2.2 

2.3 ± 0.4 

2000 A2142 
A2143 
A2144 

Mean ± SO 

11 
11 
11 

194.7 
143.2 
231.7 

189.9 ± 44.4 

187.4 
72.4 
74.8 

111.5 ± 65.7 

5.1 
2.8 
3.7 

3.9 ± 1.1 

A2145 
A2146 
A2147 

Mean ± SO 

12 
12 
12 

115.1 
106.6 
169.6 

130.2 ± 34.2 

71.8 
180.2 
73.4 

108.5 ± 62.1 

3.2 
3.8 
2.6 

3.2 ± 0.6 
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Table A-11. pow Pump Study: Cumulative Amounts of Ethylene Glycol (EG), Glycolic Acid (GA) and Oxalic Acid (OX) 
Excreted in the Urine Between Gestational Pays 11 and 12. 

Dose Level Animal Collection EG GA OX 
(mg/kg) ID No. Interval (hr) (mg) (mg) (mg) 

1000 A2138 0-12 
12 ­ 24 
Total 

35.758 
50.163 
85.921 

0.419 
1.181 
1.600 

0.435 
0.75 
1.185 

-N 
0­

A2139 

A2141 

0-12 
12 - 24 
Total 

0-12 
12 -24 
Total 

47.143 
56.281 

103.424 

47.481 
32.106 
79.587 

2.697 
5.399 
8.096 

0.681 
0.643 
1.324 

1.617 
1.448 
3.065 

0.282 
0.251 
0.533 

2000 A2145 0-12 
12-24 

Total 

90.591 
72.627 

163.218 

11.478 
14.456 
25.934 

0.371 
0.180 
0.551 

A2146 0-12 
12 ­ 24 
Total 

72.327 
121.321 
193.648 

6.249 
32.856 
39.105 

2.372 
1.148 
3.52 

A2147 0-12 
12- 24 
Total 

104.380 
112.065 
216.445 

6.542 
9.174 

15.716 

1.688 
0.628 
2.316 
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Table A-12. Dow Pump Study: Conc~ntrations of Ethylene Glycol (EG), Glycolic Acid (GA) and Oxalic Acid (OX) in 
Extraembryonic Fluid (EEF) and Embryos. 

Dose AnimallD Sacrifice Time EG (~glgl GA (~glgl ox (~glgl 
(mg/kg/day) No. (gestation day) EEF Embryos EEF Embryos EEF Embryos 

1000 A2135 
A2136 
A2137 

11 
11 
11 

110.0 
72.2 
NA' 
91.1 

139.8 
92.2 
NA' 

116.0 

5.9 
10.7 
NA' 
8.3 

5.1 
15.1 
NA' 
10.1 

11.3 
2.7 

NA' 
7.0 

21.2 
1.2 

NA' 
11.2 

'"..., A2138 
A2139 
A2141 

12 
12 
12 

29.0 
119.2 
87.2 

78.5 ± 45.7 

18.5 
108.3 

73.1 
66.6 ± 45.2 

3.5 
20.2 

5.3 
9.7 ± 9.2 

2.8 
22.1 
4.8 

9.9 ± 10.6 

0.8 
0.3 
0.4 

0.5 ± 0.3 

1.1 
0.7 
0.7 

0.8 ± 0.2 

2000 A2142 
A2143 
A2144 

11 
11 
11· 

296.3 
269.4 
361.2 

309.0 ± 47.2 

366.6 304.5 
167.5 172.4 
296.2 149.7 

276.8 ± 101.0 208.9 ± 83.6 

307.5 
129.5 
99.2 

178.8 ± 112.5 

nq 
nq 
ill! 

nq 
nq 
ill! 

A2145 
A2146 
A2147 

'NA-Not Analyzed; Pump failed. 

12 
12 
12 

175.1 
171.6 
308.4 

218.4 ± 78.0 

155.8 136.2 127.3 
148.5 153.6 169.8 
236.6 137.9 128.0 

180.3 ± 48.9 142.6 ± 9.6 141.7 ± 24.4 

nq 
nq 
ill! 

0.57 
0.49 
ill! 
0.53 
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CASE REPORT 

The Role of Calcium Oxalate Crystal Deposition in Cerebral 
Vessels During Ethylene Glycol Poisoning 

K. Froberg 
Department ojPathology. University ojMinnesota School ojMedicine. Dliluth, MN. USA 

R.P. Dorion 
Department ojPathology. Geisinger Medical Center, Danville. PA. USA 

K.E. McMartin 
Deportment ofPharmacalogy, Toxicology and Neuroscience. Louisiana Store University Health Science 
Center. Shreveport. LA. USA 

Elhylene glycol (EG) poisoning can lead 10 serious morbidity 
or dealb, whicb occurs following conversion of elhylene glycol 10 
toxic metabolites, These metaboliles afTect multiple organ/systems 
leading to melabolic acido~is, cardiopulmonary depression, acute 
renal failure and central nervous system deficits. Treatment con­
sists of correcllng metabolic acidosis with bicarbonate administra­
tion, dialysis to remove lodc melabolites and administration of 
fomepizole or ethanol to prevent conversion of EG to toxic Inter­
mediates. Occasionally in the Iilerature, falal cases DrEG poisoning 
bave been described in wbich calcium oniate crystal deposition 
bas occurred in the walls of CNS vessels, sometimes with associ­
aled neuropathy. We describe a case of Catal EG poisoning In 
which the development of rapid cerebral edema was documented 
by CT scan and was accompanied by definitive evidence of bire­
fringent crystals within walls of CNS blood vcssels, witb associ­
ated Inflammation and edema. This case and others in the 
literature suggest niat cerebral edema, and perhaps injury to 
other organs, could result Crom Olalate crystal deposition in small 
blood vessels In the brain and other organs. 

INTRODUOION 
Ethylene glycol (EG) poisoning may cause signifieanl mor­

bidity or mortality through the toxic effects of its active metab­
olites (1,2). Although the parent compound is essentially 
nontoxic, EG is converted through the action of alcohol deby­
drogenase to several metabolites that arc believed to be respon­
sible for most of the clinical manifeslations, which include 
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metabolic acidosis, neurological deficits, cardiopulmonary 
symptoms, renal failure, hypocalcemia and hyperoxaluria. For 
this reason, EG poisoning has been treated primarily with 
attempts to block the formation of these metabolites by alcohol 
dehydrogenase, either by the administration of the co-substrnle 
ethanol or the competitive inhibitor fomepizole (4-methylpyra­
zoic) (2-5). Hemodialysis is usually perfonned in cases of EG 
poisoning in an attcmpt to remove EG and toxic metaboliles 
from the bloodslream (6), Once substantial amounts of EG are 
metabolized, however, the efficacy of metabolic blockade as a 
treatment stralegy would likely be greally diminished, Because 
deposition of oxalate crystals has been observed in various tis­
sues at post mortem examination of patients who died from EG 
poisoning, the possible role of oxalate crystal-induced tissue 
damage in the pathogenesis ofEG poisoning has been debated in 
the literature (2,7). Thus development of altemalive treatment 
strategies aimed al potential oxalate toxicity may be uscful in 
patients where EG metabolism is well underway. We describe a 
case of fatal ethylene glycol intoxication in which oxalate cryslal 
formation was found within the walls of cerebral vessels at post 
mortem eXamination, and discuss the significance of this finding 
to the pathogenesis and treatmenl of EG poisoning. 

CASE REPORT 
A 25-year-old male was found unresponsive al home by his 

spouse at 17:00. At the scene, the patient was given oxygen 
(100% by a non-rebreather mask, obtained 96-98% saturation) 
and intravenous fluids were started. Upon .admission to the 
Emergency Department at 17:45, he appeared comatose with a 
temperalUre of 37°C, respiralory rale of 30/min, pulse rate of 
116 beats/min, and blood pressure of 148/95 mm Hg. Pupillary 
light reflexes were sluggish. Measurement of arterial blood 
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gases revealed the following: POl. 202.7 mm Hg; PCD2• lOA 
mm Hg; bicarbonate, 2.9 ffiffiOVL and pH, 7.059, with a base 
excess of -24.5 mmoVL. The tolal white cell count was 
29,OOO/mm3 with a norinal differential. Hemoglobin level was 
143 gIL with a hematocrit of 42.8%. Serum analysis yielded a 
serum sodium of lJ9 mmolfL; potassium of6.9 mmoVL, chlo­
ride of 107 mmoUL, BUN oE2.SS6 mmollL, creatinine of 159 
IlmollL and glucose oF234 mgfL. The anion gap was 36 mmoU 
L. Serum lactate level was \.86 mmolfL, while liver transami­
nases were within normal limits. Bicarbonate (2 ampules at 
18:00 and 2 at 19:15) was given to correcllhe metabolic acido­
sis. A urine toxicology screen was negative for drugs or abuse 
and blood ethanol was negative. The patient was intubated, 
given a slurry of charcoal orally, while naloxone and 50% dex­
trose were administered intravenously. An initial head CT scan 
showed a calcified lesion within an atrophic len cerebellum. 
Blood, urine and tracheal aspirates were cultured -ror routine 
pathogens and were negative at 24 hours. Latex agglutination 
studies and cultures of CSF were negative, although the CSF 
showed a pleocytosis of polymorphonuclear leukocytes. 
Shortly after admission to the Intensive Care Unit at 22: 15, the 
patient developed generalized seizures which were refractory 
to diazepam and phenytoin. A rcpeat head CT scan, eight hours 
after the initial head CT, demonstrated generalized cerebral 
edema. An EEO showed severe depression of electrical activ­
ity. Toxicology screens were negativeJor salicylates and meth­
anol. Further history obtained from the patient's family 
indicated that one gallon of ethylenc glycol-based antifreeze 
had been obtained by the patient at about !6 hours prior to 
admission. 225 ee of antifrccze were missing from the anti­
freeze container. The patient expired within 24 hours of admis­
sion, and blood obtained at that time contained 55 mg/dL (8.9 
mmollL) of ethylene glycol with urine levels of2.6 mg/m! (42 
mmoVL). Assays for oxalic acid were performed at a reference 
laboratory by gas chromatographic techniques and showed 

serum levels of 0.36 IlmoVL and urine levels of22 j.1mollL. An 
autopsy was perfonned. 

AUTOPSY FINDINGS 
Post mortem examination performed within 18 hours of 

death supported the clinical impression of EO poisoning. 
Microscopic examination of the kidneys showed changes of 
acute tubular necrosis with numerous birefringent crystals con­
sistent with oxalate present within the renal tubules. Sections 
of the brain demonstrated small blood vessels containing bire­
fringent crystals within vessel walls (Fig. lA). There was 
prominent perivascular edema and collections of poly morpho­
nuclear leukocytes adjacent to these vessels (Fig. I B). Sections 
of the meninges also showed a neutrophilic infiltrate. Sections 
of the left cerebellum showed an atrophic lobe containing a 
calcified arteriovenous malformation. 

DISCUSSION 
The major clinical manifestations of EO poisoning include 

metabolic acidosis, eNS alterations and acute renal failure. 
Data from an epidemic of EO poisonings in Sweden found that 
metabolic acidosis was present in 86% of patients, 75% had 
CNS manifestations and 67% had acute renal failure (8). 
Experimental and human studies suggested that these sequelae 
were due to the action of active metabolites including glyco­
late, glyoxalate and oxalate (6,7,9). Administration of ethanol 
prevents the conversion of EO to glycolaldehyde and down­
stream metabolites, but is in itself intoxicating and requires 
carcful clinical monitoring. Recently, fomepizole has becn 
shown to be a safe and effcctive treatment for EO, as well as 
methanol poisoning (3,10). The reported half-life ofEG based 
on serial blood and urine levels of EG from an untreated 
patient, indicated the t112 to ~e approximately three hours (5), 

FIG. I. A. S~lion of Ihe cerebrum ~howing bircfringelll COM cryslals (nrrows) wilhin Ihe walls of severol smnll blood vessels. There is prominent 
pcri\lllSculBr cdemB nnd innammnlion (hematoxylin & rosin, originnl magnificalion x (00). B. CNS blood ~~el comaining COM cryslllis. Loyer.; of Ih~ v=el 
wall are sepnn!led (arrowheads) by inlervening leukocyles and COM cryswls (hematoxylin & eruin, original magnification x 200). 
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suggesting that cthanol or fomepizole therapy needs to be 
startcd soon after EG is absorbed in order to be effcctivc. 

EG poisoning is often characterized as including Ihree 
stages( II): an initial CNS depression within the first 6 hours of 
ingestion; a cardiopulmonary stage from 6-24 hours after 
ingestion that includes hypenension, lachycardia, pulmonary 
edema and eventually cardiac failure; and an acute renal failure 
that becomes manifest about 24--48 hours aftcr ingcstion. In 
many cases, including the present case, these stages are indis­
tinct, with thc initial CNS depression progressing to the level 
of coma by 24--48 hours after ingeslion. The laIc-developing 
CNS deprcssion is probably caused by the developing brain 
edema rather than by the ethylene glycol itsclf (12). Autopsy 
inYestigalions have shown edema, hemorrhage and perivascu­
lar inflammation adjacent to small blood vessels in the brain, 
lungs and heart, suggesting exudative damage to the endothe­
lial cells in these vessels (I 1,13-15). The mechanism for this 
toxic effect on the endothelium has not been dctcnnincd for 
EG poisoning. 

The historical explanation for the CNS and the cardiopul­
monary damage has been the increased levels of the aldehyde 
metabolites of EG (glycolaldchyde and glyoxylic acid), 
because of Iheir high reactivity and pOlential cytotoxicity 
(16,17). Howcver, plasma glyoxylatc accumulation in EO-poi­
soned humans and animals is minor «0.2 mmollL) (6,18), and 
glycolaldehyde has also not been detected in these situations. 
Furthennore, these melabolites would be expected to accumu­
late during the carly hours aftcr EO ingestion, since the elimi­
nation orEG Ihrough ils metabolism is rapid (5). Becausc the 
brain cdcma is a late phenomenon, with coma ensuing after 
most of the EO has been metabolized (24-48 hours), it is more 
likely to result from another metabolite. 

Glycolic acid accumulates to very high levels in most cascs 
of EO intoxication, up to 20-25 mmollL, and is responsible for 
the severe metabolic acidosis (6,18). Accumulation of glyco­
late ion is not likely to be responsible for the tissue damage in 
the vascular endothelium, because glycolatc is not cytotoxic 
(17,19). In this patient, the initial CT scan, which did not show 
brain edema, was perfonned at a time of apparent high accu­
mulation of glycolic acid (evidenced by a severe acidosis with 
markcdly clcvatcd anion gap). The second CT scan showed a 
subsequent development of brain edema, suggesting involve­
mcnt of anothcr factor than glycolate accumulation. 

Accumulation of oxalic acid as calcium oxalate monohydrate 
(COM) crystals in the kidney tissue is most likely responsible 
for the renal ccll necrosis that is linked with the acute renal 
failure. Concentrations of oxalate or COM from 1-5 mmollL 
induce cytotoxicity in kidney cell lines and in nonnal human 
kidney cells, with an increase in reaelive oxygen species (20­
22). In 19 patients with EO poisoning, urinary oxalate concen­
trations were 2-5 mmollL (3), so the cytotoxic effects of COM 
occur at toxicologically relevant levels. Studics with low dose­
rate exposures of rats to EO have further suggested a major 
role for COM or oxalate accumulalion in the renal toxicity 

(23). Dietary exposure of rats to EO induces a dose-related 
accumulation of COM in kidney tissue that correlates strongly 
with evidence of renal tubular necrosis (24), while plasma gly­
colate concentrations remain about 1-2 mmollL. Hence, with 
no acidosis nor glycolate accumulation, there was massive 
renal tissue damage, due to the accumulation of COM. 

The present study has demonstrated that COM crystals rap­
idly accumulate in the walls of cerebral blood vessels (within 
24 hours), and arc associatcd with perivascular edema and 
innammation. The deposition or COM within the endothelium 
could result in cellular damage to the endothelial cells as seen 
in Fig. IB, which would then lead to exudation of capillary 
fluid into the interstitium; hence, cerebral edema and an 
inflammatory reaction. This result could occur if oxalate or 
COM is toxic to endothelial cells like it is to kidney cells. 
Accumulation of oxalate crystals in the circulation has not 
been commonly linked with the vascular endothelial damage 
that occurs in later stages of EO poisoning. The main reason 
may be because plasma oxalatc concentrations, as in the 
present case, remain very low, due to its low solubility in blood 
(25). However, in the recent feeding studies with EO in rats, 
plasma oxalate concentrations were low «0.2 mmollL), yet 
extremely high levels of oxalate, mostly as COM crystals, 
accumulated in kidney tissue (l mmollg tissue, equal to about 
I moUL concentration) (24). So plasma oxalate concentrations 
do not indicate its potential for lissue accumulation and 
damage. 

The observation that COM crystal deposition in cerebral 
blood vessel walls may be linked with the cerebral edema, 
perivascular hemorrhage and inflammation that occur in EO 
poisonings has been reportcd in the past, but has been dis­
counted by more recent reviewcrs (16,26), who alternatively 
promote the aldehyde hypothesis. The firsl major report, in 
1946 (13), examined 10 cases in young healthy adult males 
that died from EO and underwent early autopsy, suggesting a 
low level of post-mortem or age-relatcd artifacts. All cases had 
brain edema, perivascular hemorrhage, cell degeneration and 
inflammation. This damage was accompanied by deposits of 
crystals Ihat were obvious under polarized light, a strong indi­
cation of oxalate crystal accumulation. Crystals were reponed 
as abundant in thc vcssel walls and perivascular space of dam­
aged areas in 4 cases (bul were not shown in vcssels in lig­
ures), and wcre present with less frequency in the other 6 cases. 
Hagemann and Chiffelle in 1948 (14) reported similar findings 
in the brains of 3 cases (again with no figures), and eXlended 
the observations to include endothelial damagc to pUlmonary 
and pcricardium vessels. Similar autopsy findings have subse­
quently been reported on multiple occasions (15,27-29). Also, 
the total amount of oxalatc accumulation in the CNS appears to 
be greater than commonly assumed. In one case, the total 
oxalate content of the brnin and the kidney was detennined to 
be 0.43 and 4.4 mmollkg tissue, respecfivcly(6), indicating a 
substantial oxalate dcposition in the CNS. Unlike most of the 
reported cases (13-15,27-29), the unique finding in the present 
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case was that the onset of generalized seizures correlated with 
CT documentation of diffuse cerebral edema and with patho­
logic confirmation of edema and perivascular inflammation 
being associated with the presence of COM crystals in eNS 
vessel walls. The documentation of COM crystals in cerebral 
vesscl walls with tissue damage (Fig. 1) is stronger in Ihis case 
than in the other reports, with onc exception (27). 

The results in this study reaffirm these repressed observa­
tions, and point towards the possibility that the cerebral edema 
and perhaps injury 10 other organs could result from COM crys­
tal deposition within small blood vessels in the brain, lungs or 
hean. These various studies, in conjunction with recent studies 
on the cytotoxicity of oxalate or COM, suggest that accumula­
lion of oxalate crystals in these vessels may be linked with the 
endothelial damage, because of the potential for cell damage 
from the contact wilh oxalate crystals. However, our results do 
not exclude the possibility that the cerebml edema resulted from 
the severe metabolic acidosis, as is known 10 occur in other poi­
sonings (3D). In this case, severe acidosis was present at admis­
sion and could have started a series of events thai led to the 
cerebml edema observed in the repeat CT scan 8 hours later. 
Also, the presence ofoxalate crystals in the vessel walls could be 
an epiphenomenon without a direct causal relation to Ihe edema. 
Further controlled studies will be needed to differentiate these 
possibilities. Nevertheless, our results suggest that additional 
treatment modalities directed at oxalate-induced tissue injury 
may be important for patients with severe EO poisoning. 
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Alcohols Study Group 

See editorial. p. 139. 

Study objecLive: The elimination kinetics of ethylene glycol 
(EG) in human subjects treated with fomepizole (4-methylpyra­
zole) were analyzed to establish the efficacy of alcohol dehy­
drogenase (ADH) inhibition and to characlerize elimination 
pathways, 

Methods: Drug concentration data from patients enrolled in 
the EG arm of the Methylpyrazole for Toxic Alcohols trial. a 
prospective, multicenter, open-label trial of fomepizole, were 
analyzed and compared with published estimates. 

Results: In 19 patients analyzed (EG concentrations of 3.5 to 
211 mg/dL), elimination was first order during fomepizole 
monotherapy (half-life of 19.7±1.3 hours) and was not affected 
by the presence of ethanol. The elimination rate was signifi­
cantly faster (half-life of <S.B±1.1 hours, P<.OOl) in the absence 
of fomepizole and ethanol. EG elimination by the kidneys was 
directly proponional to remaining renal function as estimated by 
creatinine clearance, with a fractional excretion of 25.5%±9.4%. 
Renal elimination and hemodialysis were the only significant 
routes of EG elimination as long as fomepizole concentrations 
were maintained well above 10 Jlmol/L (EG/fomepizole molar 
ratio, <100:1). All patients with normal serum creatinine concen­
trations at the initiation of fomepizole treatment had rapid rates 
of renal elimination (half-life of lB.8±0.S hours), 

Conclusion: At doses used, fomepizole effectively inhibits 
ADH-mediated metabolism of EG. Serum creatinine concentra­
tion at presentation and creatinine clearance can be used to 
predict EG elimination during fomepizole therapy and can help 
determine which patients will require hemodialysis to expedite 
EG elimination. An absolute EG concentration above 50 mg/dL 
should no longer be used as an independent criterion for 
hemodialysis in patients treated with fomepizole. 
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[Sivilotti MLA, Burns MJ, McMartin KE, Brent J, for the 
Methylpyrazole for Toxic Alcohols Study Group. Toxicokinetics of 
ethylene glycol during fomepizole therapy: implications for 
management. Ann Emerg Med. August 2000;36:114-125.J 

IN TROD UCT ION 

Ethylene glycol (EG) accounted formore than 6,000 poison 
exposures and 27 deaths reported to US poison centers in 
1998. I Undoubtedly, the total number of cases and deaths 
is substantially greater. EG poisoning most commonly 
occurs after the ingestion ofautomotive antifreeze and is 
characterized by central nervous system (CN S) depression, 
metabolic acidosis, acme renal failure, hypocalcemia, 
seizures, and severe cardiopulmonary dysfunction. 2-"'1 

The Loxicity ofEG results largely from its bioactivation to 
glycolic and oxalic acids. Hepatic alcohol dehydrogenase 
(ADH) catalyzes the initial step in this metabolic pathway. 
Although ethanol has traditionally been used to inhibit 
this enzymatic step, fomepizole (4-methylpyrazole [4­
MP]) was approved for this indication by the US Food and 
DrugAdministration in 1997 aftera multicenLer phase II1 
clinical trial (the Methylp}'razole forToxicAlcohols [META] 
study).51n this trial, previous human case reports, and 
animal studies, fomepizole has been shown to both pre­
vent and reverse the development of metabolic acidosis 
and renal failure by halting the accumulation of toxic 

11metabolites. 5 ­

The availability offomepizole has the potential to fun­
damentallychange the treatment ofEG poisoning. 12 

Hemodialysis has been an integral panofthe treatment of 
patienLs with EG poisoning receiving ethanol therapy. 
Hemodialysiswas recommended in part to expedite 
removal ofEG and thus reduce the duration ofethanol 
treatment, which is difficult to dose effectively and 
requires admission to an lCU. Because fomepizole does 
not share these limitations, 13 it has been suggested that 
patients with EG poisoning whopresent before signifi­
cantADH-mediated bioactivation (ie, before the develop­
ment of metabolic acidosis and renal insurficiency) can be 
treated effectively and safely with fomepizole alone, for­
goinghemodialysis.B- IO,12.1"'l.1 r, Such an approach relies 
on accurate understanding of the elimination pathways of 
EG. To date, the only available estimates for EG elimina­
tion kinetics in humansubjecls have been derived from a 
small number of case reports.8-10.1~.17 

In thi.s study, we soughL to characterize the elimination 
kinetics ofEG observed in subjects enrolled in the META 
study. To demonstrate the efficacy of ADH inhibition 

caused by fomepizole, the elimination rate during 
fomepizole treatment was compared with rates observed 
when ethanol was presenL, during fomepizole loading, 
and after fomeplzole therapy was halted. These rates were 
also compared with values previously reported for 
palienLs with EG poisoning. By examining elimination 
rates at various plasma EG and fomepizole concentra­
tions, we also sought to identify a minimal effective 
inhibitor concentration (bOlh absolute and relative to EG 
concentrations) necessary to provide good ADH inhibi­
tion. finally, the effects of renal function and hemodialy­
sis on EG elimination were analyzed. Measures of renal 
function, panicularlypretreatment serum creatinine con­
centration, were compared with the subsequent raLe of 
EG elimination during fomepizole therapy. We hypothe­
sized thata normal pretreatment serum creatinine con­
centration would predict rapid EGelimination, and an 
elevated creatinine concentration would predict pro­
longed EG elimination during fomepizole monotherapy. 
The ability topredicl EG elimination kinetics on the basis 
of initial serum creatinine concentrations would be clini­
cally useful to rapidly idenrifypaLients in need of 
hemodialysis. 

MATERIALS AND METHODS 

The META study protocol has been described in detail 
elsewhere. ~ Patients were enrolled in this prospective, 
multicenter, open-label trial for suspected or documented 
toxic ingesLions ofEG or methanol. Patients were excluded 
for age younger than 12 years, pregnancy, known sensi­
tivity to pyrazoles, or antidotal treatment with ethanol at 
the panicipatingstudy hospital. Patients were not 
excluded if they had coingested ethanol or if they had 
received ethanol treatment ata referring hospital before 
tranSferlO a sLudy center. Subjects from the EG arm of the 
trial were retained for this analysis ifEG concentrations 
were greater than 20 mg/dL 0.2 mmoVLr at enrollmenL. 
The study protocol was approved hy institutional review 
committees at each panicipatingcenter, and informed 
consent was obtained. 

Subjects received a 15-mg/kg intravenous load of 
fomepizole (Amizol, Orphan Medical, Inc., Minnetonka, 
MN) over 30 minutes followed by 10 mg/kgadminisLered 
intravenously every 12 hours for 4 doses, Lhen 15 rng/kg 
administered intravenously every 12 hours thereafter 
until EG concentrations decreased below 20 mg/dL. 

'To ccovert EG villues from mililgraills per d~'iliter. mulllpll by O. 151. lor elhilnol. rnullipiV 
b·/0217. 
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Because fomepizole is dialyzable, l8.19 the dosing inter­
val was shortened to every 4 hours during hemodialysis. 
This dose schedule was constructed to maintain serum 
fomepizolc concentrations well above 10 IlmoVL, which 
is considered the minimally effective concentration on 
the basis of previous animal studies. 20.2l Patients under­
went hemodialysis for any of the following; EG concen­
trations greater than 50 mgldL, anelial pH orIess than 
7.1, serum creatinine concentration of greater than 3 
mgldL, or any significant deterioration in acid-base status 
or renal function after enrollment. 

Venous blood samples were drawn for pharmacoki­
netic analysis at 0, 1, 2, 4,8, and 12 hours after initial 
fomepizole loading, thenevery 6 hours until EG concen­
trations decreased below 20 mgldL, and then every 12 
hours thereafter. During hemodialysis, samples were 
drawn from the arterial and venous pons every 2 hours, 
and dialysis flow rates were recorded before, during, and 
after sampling. Samples were collected in lithium heparin 
tubes and centrifuged, and the plasma fraction was frozen 
at _20°C (-4°F) and transferred to a single reference labo­
ratory for analysis. EG and ethanol concentrations were 
determined in duplicate by using gas chromatogra­
phy.n.B EG concentrations near the sensitivity limit 
were retested and thus determined in quadruplicate. The 
validated lower limit ofquantitation was 5 mg/dL for EG 
and ethanol. Fomepizole concentrations were assayed by 
using high-performance liquid chromatography, with a 
sensitivity limit ofS J..LmollL. H 

A one-compartment pharmacokinetic model was 
used, with 3 main routes of elimination (Figure 1). The 
aCLivityof these routes was not constant under the vary­
ingexperimental conditions encountered. The presence 
ofethanol and fomepizole were assumed to affect the rate 
of ADH metabolism. By study hypothesis, the rate of renal 
elimination was assumed to vary between subjects on the 
basis of the severity of poisoning. Finally, hemodialysis 
was intermittent. Consequently, kinetic conditions were 
defined according to prospectively identi fled criteria. All 
intervals (ie, time periods between any 2 consecutive EG 
measurements) during which fomepizole concentrations 
remaineu above 10 J..LmollL were considered to represent 
therapeutic fomepizole. Ethanol concentrations greater 
lhan 10 mg/dl were termed "ethanol presenl." Thus, all 
intervals with therapeutic [omerizole, ethanol absent, 
and hemodialysis not in progress represented fomepizole 
mono therapy (kdim4-MP::>1O). lmervals oftherapeUlic 
fomepizole or ethanol rresent were lermed "ADH inhibi­
tion.·' Fomepizole loadingdenmes the (nonhemodialy­
sis) time interval spanning initial fomepizole administra­

tion aLlria] enrollment. Subtherapeutic fomepizole 
(kd!mP"" -I_MP) was any nonhemodialysis ethanol-absent 
interval during which fomepizole concentrations 
decreased below 10 J..LmollLaftenrial initiation. 
Hemodialysis therapy (kchmHD) is self-explanatory. 

For each condition, the effect of renal funcLion was 
considered. Two mutually exclusive subgroups, namely 
patients with normal renal function and those with renal 
insufficiency, were derived for dichotomous compar­
isons. Renal insufficiency was defined as an abnormal 
serum creatinine concentration (;:: l. S mgldL [130 
).lmoVL]) at presentation. For continuous comparisons 
between subjects, the independem variable of creatinine 
clearance was calculated from the patients age, sex, mass, 
and serial serum creatinine values using the method of 
LOll and Hayton.25 Hemodialysis clearance was calcu­
lated by using the Fick principle (clearance=hemodialysis 
Oowx( [cone} mlel-[cone} (]U1leY[conc} inlt). Volume of 
distribution was derived from the clearancelkdimHD ratio 
on the basis of the assumption kHD>kR . 

Figure 1. 
Pharmaconinelic model and dcfiniliol15. {EG} reprcscnt.s fhe 
plasma concentration of cthyli:nc glycol in the cclltral compart­
ment of yoltmu: V . TIle] main routes of EG dimination con­
nibuting to overall dimination arc denoted symbolically by hR 
(renal elimination lafunction of creatinine clearance]), h'tD 
(illtcnni!teHlly aClive hemodialysis), and II I (ADH-mcdiatcd 
metabolism blodled by fomepizolc or elha~~fj. TIncc operaliye 
condWons desClibcu in Ihe lext (se~ ~Malcrials and Mcthods" 
scction) arc fonnally defined by using sUflcrscript.s 10 dcnote Ihe 
condilion. 

FmnepiLOle monolherapy: 

Hemodialysis therapy: k. HIJ~k I-k ask +k»k ~·MI',·'o 
~I"" H(l n· HIJ n AH(] 

Sublherapeutic lomepi,ole: k om' ~_MP = k d"'nh,b"nd + k 
01,,,, AOII n 
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Concentration-time data were analyzed by using a 
pooled population approach_ :>'''-Z8 Briefly, rather than cal­
culating kinetic parameters for each subject individually 
and then using the unweighted average as the best esti­
mate of tbe parameter in the population (standard 2-step 
technique), data from all patients were analyzed simulta­
neously to derive the overall estimate. Such population 
pharmacokinetic techniques have been developed to 

overcome limitations of the standard 2-step technique 
when applied to data obtained outside the pharmacoki­
netic laboratory26.17 and have recently gained the 
endorsement of regulatory agencies_ 29.30 To illustrate, 
our patients had wide variations in the number and range 
ofEG measurements, the lime interval over which they 
were obtained, and the timing of hemodialysis. As a 
result, under certain kinetic conditions, some patients 
had relatively few observations obtained overa narrow 
time interval. Clearly, the uncertainty associated with the 
kinetic parameter calculated for such subjects was much 
greater than for subjects with more complete concenLra­
tion-time profiles. Merely averaging the kehm observed in 
each patient, without considering the precision of the 
individual estimates, could lead to a biased estimate of 
overall kehm and is known 1O systematically inflate the 
variance ofthiseslimate. 31 Pooling incorporates a more 
balanced measure ofuncenaintyin the overall estimate 
and proVides a less-biased estimate ofoverall kinetics.):! 

Accordingly, we pooled concentration-time data 
from each subject after transformation along the time 
and concentration axes to maximize overlap. Mathe­
matically, this transformation was performed by per­
forming simple linear regression on an individual sub­
ject's log concentration-lime data for the entire duration 
of a given kinetic condition and then mapping the pre­
dicted midinterval value to the origin of the log-linear 
graph and translating (shifting) all points accordingly. 
Overall population estimates for kinetic parameters were 

Table 1. 

Sllbjccts at prcsctltatilJll. 


derived from performing linear regression on the pooled 
set ofdata.:> I .-:12 

To identify the operative kinetics duringADH inhibi­
tion and the range ofEG concentrations across which 
Ihese kinetics held, 2 additional plots were constructed. 
First, original EG concentrations were retained, and the 
time axis for each subject was translated to optimize 
overlaps with other subjects. Next, original time data 
were held constant, and the log EG concentrations were 
translated to determine whether EG elimination acceler­
ated appreciably over the course of the treatment. For 
fomepizo\e monotherap}', intervals from an individual 
subject separated by hemodialysis were joined end-to­
end. This convention was adopted on the basis of the 
assumption of less intrasubjecL than imersubject vari­
abililY in elimination during intervals of fomepizole 
monotherapy. 

After fomepizole therapy was slOpped and concentra­
tions ofinhibitor were allowed to decrease below 10 )J.moVL. 
subsequent EGconcemration measurements (called ter­
minal segments) were examined for evidence ofaccelerated 
clearance ofEG because of ADH disinhibition. Furthermore, 
because fomepizole is a competitive inhibitor,33-:>5 fur­
theranalysis was attempted to define a maximal effective 
ratio of substratelinhibitor rather than merely an absolute 
concentration of inhibilOr. The observed first -order slopes 
between any 2 concentration-time points during fomepi­
zole monotherapywere ploued against the molar ratio of 
EG/fomepi2ole 1O search for evidence of a breakpoint ratio 
at which EG metabolism accelerates. 

Elimination rates were derived by linear regression and 
compared by using an unpaired, 2-tailed, Students ltest 
with unequal variances. An nlevel of .05 was considered 
statistically significant. Goodness of fit between zero- and 
rirst-ordermodels was tested by comparison ofPearson 
correlation coefficients. Population estimates are expressed 
as means±SE. 

Initial Serum Subjects With Nonnal Subjects With Rlln~1 
Concentration {moJdLI All SubjeclS Renal Function Insufficiuncy PValue 

EG 122.8±23.5 1~~.2±41.6 991±21.5 .34 
Cle~linine 1.55±O.19 O.92±O.Oa 2.24±1l.21 <.001 
Elilanoi 62.8±15.7 62A±24.6 63.3±22.0 .98 
Glycolic acid 89.7±lB.2 28.1±lL4 15B.9±17.4 <.001 
Bicmbonate ImEq/Li 12.9±1.7 lB.3±2.1 7.D±D.B <.001 
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RESULTS 

Of23 subjects enrolled in the EG arm oflhe META study, 
4 were excluded from lhisanalysis because ofEG concen­
trations less than 20 mgldLat enrollment, leaving data 
from 206 phlebotomy samples obtained from 19 subjects, 
At presentation, EG concentrations averaged 123~24 
mg/dL(range 24 to 446 mg/dl) ,At enrollment, l2 (63%) 
had measurable ethanol concentrations, but only 4 had 
ethanol concemrationsgreaterthan 100 mg/dL. OfS 
patients to whom the referring physician hadadminis­
tered ethanol, 2 had ethanol concentrations greater than 
100 mg/dL The median time from estimated ingestion to 
romepizole treatment was 11.4 hours (range 6.6 to 20,8 
hours; unknown in 4cases). In each patient. EG concen­
trationswere declining (postpeak) at the time of enroll­
ment. Nine (47%) patients had renal insurfldency. These 
patients had Significantly greater delays to presentation, 
elevated plasma glycolate levels, and acidemia butsimilar 
EG and ethanol concentrations at enrollment compared 
with patients with nonnal renal function (Table 1). 
Seventeen (89%) patients underwent a totalof21 rounds 

Figure 2. Ethylene glycol (mgldL)
EG elimination during ADH 1.000 
inhihilion. Data have been lin­
early lranslared along che time 
axis to oplimize overlap, FirSl­
order Ilinetics are operalive 
across the enlire range ofEG 
concentrations, with an average " ~"'.'elimination rale as indicaled. 

100 
. ... - ...•. 

ofhemoclialysis (mean duration, 5.5 hours perround). 
One patient died. 

Seventeen of 19 patients hadADH inhibition data 
available for analYSiS, with a total of 120 observations, 
Most of these. occurred during conditions or fomepizole 
monotherapy, comprising 99 observations (4S% of total). 
First-order EG elimination constants for individual sub­
jects (ie, unpooled) duringADH inhibition ranged from 
0.0049 to 0.1129 hour-I, with an unweighted mean of 
0.0439:1:0.0079 hour-l. 

When EG concentration-time data were translated along 
the time axis, EG elimination (it first-order kinetics across 
concentrations ranging (rom 3,5l0 211 mgldl(r2=0.95, 
Figure 2). The zero-order model was much lesssatisfac­
tory (,.2=0.74). The transformation ofEG concentrations, 
while retaining original lime values, demonstrated no 
evidence of change in elimination rates during up to 61.4 
hours of treatment. 

The overall pooled first -order model for fomepizole 
mono therapy yielded an elimination constant of 
k . 4-MP>LO=(O.035l±0.0023hour-1 r2",O.72) which d,m 	 ' , 
represents an elimination half-life of 19.7 ± 1.3 hours 

".'• .. ."!.. ,.
' ..•..,.-	

X"lim=ll.lIl67:!;O.QOO8hour-1 
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(Figure 3).· The zero-order model was again less salisfac­
tory (0.516 mgldL per hour, 1.2=0.61). The presence of 
ethanol did not appreciably affect the rate ofEG elimina­
[ion altherapeulic fomepizole concentrations. On the 
other hand, significantly fasler elimination rates were 
observed during fomepizole.loading in the absence of 
elhanol (Table 2). Together, these findings support the 
pharmacokinetic efficacy or fomepizok in halling EG 
metabolism. 

Eight palients had a total of I 0 EG concentraLions in 
samples obtained afler fomepizole concentrations 
decreased below the targel minimum of I 0 J.LmoliL. All 
had EG concentrations in a low range (SI8.1 mg/dl). 
Nevertheless, EG elimination accelerated dramatically 
(indicated by shon lines in Figure 4). To permit quantita­
tive analysis, given that 4 of8 available intervals ended 
with EG concentrations below the sensitivity limit of the 
assay, the first undetectable EG concentration wasconsid­

'To converl elimillillicn COnStllnllO half·lile. use hall·lire of 0.69311:.,,,,. 

ered to be equal to thissensilivity limit (indicated by open 
circles in Figure 4). This conservalive slrategyyielded an 
overall elimination constant ofkc1im POS1 ~-MP greater than 
0.0809±O.0092 hour- 1 (P<.OOl versus fomepizole 
monolherapy) or a half-Ii fe shorter than 8. 6±1.1 hours. 

During fomepizoie monotherapy, there was no evi­
dence oraccelenlled EG metabolism at higher EGI 
fomepizole ralios (,.2=0.0003, P value not significant). 
The median molar ralio alLained was 15.9 (95% per­
centile range 4.46 to 95.9). 

During fomepizole monotherapy, EG elimination was 
significantly slower for patients who had elevated serum 
crealinine concentrations at presentation compared with 
palients with normal serum creatinine concenLralions 
(P<.OOl; Table 3 and open versus solid diamonds in 
Figure 3). All 7 patients with an elimination half-life 
greater than 24 hours had a serum creatinine concentra­
tion greater than orequallo 1.5 mg/dLat presentation. 
Among patients with normal serum creatinine concen­
trations at enrollment, none had elevations of creati-

Figure 3. 
Pooled EG elimination 
data duringJomepizole 
monorhcrapy. Data 
have been lirlearly 
[1"Qnsla[ed along both 
time and concemration 
(nal!!ral logarithm) 
axes. Patients with 
normal serum ere 
atilline concentralions 
ar presenratioll arc 
indicated by solid dia­
monds, and all ochers 
arc irldietlted by open 
diamonds. The solid 
linc indicates the best 
fit Jar all patients, the 
100Ig clashes Jar 
patients wi/h normal 
renal Junction, and l.he 
short dashes Jor 
patients \"ith mlGl 
illsufficiency. 
Elimination COI1S!anl'i 
arId corresponding 
haif-lives are indiwted 
adjacem to each line. 

111 ethylene glycol lEG in mg/dll 

",' + 05J
' ..
" 

" .'.. ,....... ~ 


-20 , 

-0.5 

-1.5 

-2.5 

• Normal renollunclion Icreatinine <1.2 mg/dL) 

-0- Renal insumciency (creatinine >1.2 mg/dLI 

" • 

" 
Abnormal renal (unction 

~elorn ,0.014Z±O.0016 hour-1 
, 

• , (1,,=4B.9!5.7 hours; ,2=0.561". 
• 

+ 

• 	 Overall 

~"Iom =0.0351=0.0023 hour-1 

(11-1=19.7!1.3 hours;':; =11721 

• 

Normal renal (unction• ~~hm=D.0I113~0.0020 hour-I 

11r.=16.8~.8 hours;':;' =0.88) 
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nine inLo the abnormal range during the trial. Thus, Creatinine clearance correlated well wiLh EG eliminalion 
initial creatinine concentrations were an excellent during fomepizole monotherapy(r2 =O.53). Postulating a 
predictor of prolonged elimination and subsequent linear relationship between these 2 variables, they-inter­
renal function. cept [or the model (kdim=PO+p! X creatinine clearance) 

Table Z. 

EG diminmion rale a!legolized by ADH inhibition therapy. 


Ethllnol Present Ethanol Absent 
(>10 mg/dL! «to mg/dU Fomepizole±Ethanol 

FomepilOle loading 1m enrollmentl -O.0057±O.0175 P<.OOl O.1013±O.OOB3 NA 
P<.01· P<.OOl· 

Fomepilole lherilpeUlic (> 10 [..lmol/U O.0541l±O.0153 P>.05 O.0351±O.0023' 0.0355±O.001B 
P<.OO1 

SublherapeUlic lomepiwle «10 )1mol/l! NA >O.OB09±ll.OOS22' NA 

Elhanol±fomepizole O.D416±O.0105 NA O.D353±O.0019\ 

See lhB ·Mo[e,ials and Melhods· secti(lll lo( definilion' 01 kin"lit: 1;0!idilioll5. 

NA, NOI ;3~plioabl~. 


""Wh~m com~risons between conditions ale applopliam. the signilil:;lnce leval is indioat!!d by symool ilelVn"n those c"lls. Fom"pilOle±lllh,nol denoles fomepllOle cenl;enll"illiens )'0 I'maljl with· 

OUI mSlJiction on !he plese~ca or absence 01 ~!hancl. Conversely. Bthii~cl±[omepilole represents ethanol ccncentrntions <:10 mg/dL wilhoul ,"striction en the ocncenlrallOn 01 [omepilole. 

'FomepilclB monothelilllY. 

'Subthsropeulic fo~pizole. 


!ADH inhibition. 


Figure 4. 
Accelera(ion oj EG elimination 
when Jome.pizole co,!centm­
(iolls WEre subrhempeutic. 
Tenninal segments (rime inrer­
val during whidlJomcpizoie 
concentr(ltions decreased below 
10 )l.moJ/L) arc superimposed 
on (he pooled Jomepi.z.ole 
mono(herapy data. EG concen­
lrmions belolv (he sellsitivity 
limit oj the assay are repre­
sented by Dilen cirdes IDcated 
at this st:r!siriviry limit and 
rhus rr::present a conservaave 
estimate oj rhe rate oj diminll­
cion_ nle ovemll diminatiml 
mte. JorJomepizole mmwcher­
apy is represented by (he. long 
diagonal1inc mId is signifi­
cantly slower (slope is 1(55 

suep). 
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was 0.0204:1:0.0070 hour- 1 (half-life, 33. 9±13.3 hours). 
This parameterrepresems the kchm in the absence of (or 
independem of) renal function; namely a non-ADH and 
non renal elimination pathway. The slope of the model 
was O.375±0.092 kgIL, which yields an estimate of the 
fractional excretion ofEG by the kidneys of25.5%:l:9.4% 
after multiplication by the volume of distribution. This 
value corresponds to a renal clearance ofO.46±0.17 
mVkg per minute among the patients with preserved 
renal function. 

During hemodialysis, clearance of EG was excellent 
(Table 3). The fractional excretion during hemodialysis 
was 68.4%±3.0% (range 42.9% to 91.8%), with negligi­
ble deterioration over several hours. In subjects undergo­
ing hemodialysis the first-order elimination constant 
k HDaveraged O.259±0.021 hour-1 (half-life of

clim 
2.68±0.22 hours). During hemodialysis, overall elimi­
nation was Significantly slower in the subgroup of 

patients with renal insufficiency (P=-.028, Table 3). This 
difference. attributable lO.the difference in native renal 
function, is partly accounted for by the 0.027 hour-1 

difference between groups in kR (from the fomepizole 
monOlherapy analysis). Plotting k climHD against 
k~_lim-i-MP>10 for each patient yielded a line with a slope 
of 1.06 andy-intercept of 0.206±D.036 houri. which 
is the best estimate of kHD • and represents a half-11 fe of 
3.31±0.61 hours. 

DISCUSSION 

An understanding ofEG toxicokineticsallows the physi­
cian to select oplimailherapy fora patient with EG poi­
soning. Decisions regarding both antidotal therapy and 
extracorporeal removal depend on accurate prediction of 
the kinetics of elimination. The two major endogenous 
routes orEG elimination are metabolic bioactivation by 

Table 3. 

EG phamwcohinctic5 duringJomepizole monotherapy and during hemodialysis. 


Kinotic Parameter All SlIbjects 
Subjects With Normlll 

Renal FlInction 
SlIbjects With 

RenollnsJJfficioncy PValue 

Fomepizole monothollIpy 
k I;m4_Mp,.10 Ihourl) 
H'alf-life (hour) 

Homodiillysis 
kd,mHD (hourll 
Half·life Ih) 
Clearance (mUmin) 
V~ (Ukg) 

O.O351±O.OO23 
19.7±1.3 

O.'l59±O.021 
2.68±0.22 
209±15 

O.6BO±O.OB4 

O.0413±1l.00'lO 
16.B±Il.B 

O.302±O.O29 
2.29±0.22 
226±31 

O.774±1l.124 

O.OI42±O.OOI6 
4B.9±5.7 

O.215±O.O25 
3.23±1l.3B 
177H2 

O.5Il5±O.134 

<.001 
<.001 

.028 
_02B 
NS 
NS 

NS. Not ~jgnifi""nl. 

Table 4. 

Summary of EG dimlnation kinetics under various conditions and component pathway activities. 


First-Order Rate Constant Moan;l:SE (hollrl) 

Overall elimination rates 
k ~.Mp,.IO=~+k "m.b 
k""mpw,._MP AOH 
.I,m 

kel,mHO=~o+k~ 

Componenl pathway activilios 
kel,m 4·MP>W as function 01 creatinine clearance 
kAOH"","".bo''''' .. 
kHO"kol,mHO as creatlDlDe clearance ----) 0 
k"",,_AOH=k.',m '·Mp,.IO as creatinine clearance ----) 0 

O_0351±O.0023 
>O.OB09±O.OOS2 

Q.'l59±O.021 

(O.375±!l.092 kSfL)xCI,,,,.,ttlO'104±O.0070 
;'{).13I±O.126 

O.20fuO.036 
D.0204~D.OD70 
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ADH and excretion by the kidneys. Untreated EGpoison­
ing results in renal insufficiency caused by the accumula­
tion of toxic metabolites. Renal insufficiency in turn 
delays EG elimination and promotes further toxic 
metabolite accumulation.1·-lThus, it is useful to model 
the elimination kinetics orEG, especially in terms of renal 
function remaining at the time of initiation ofantidotal 
therapy. The. data presented here are from the largest and 
best-characterized series of patients ever reported and are 
derived from the only prospective trial of any treatment 
forEG poisoning in human subjects. 

A mainstay in the treatment ofEG poisoning is the 
inhibition of ADH to prevem metabolism to toxic organiC 
acids. Traditionally, ethanol at concentrations ofat least 
100 mg/dL has been recommended for ADH inhibition.1 
The utility of ethanol as an antidote is limited by the 
unpredictable elimination kinetics of ethanol itself, 
restricted availability, and, by its CNS, gastrointestinal, 
and metabolic toxicity. 3:+.9.11.15 Although ethanol 
appears clinically effective, kinetic data to support its effi­
cacy for human EG poisoning are limited. EGelimination 
rate conSlants during ethanol monotherapy were 0.039 
and 0.041 hour-I in 2 patients with preserved renalfunc­
tion 16.17 and only 0.007 hour-I in 1 patient with renal 
failure. L+Fomepizole is a more potent inhibitor ofADH, 
with a wider therapeUlic index, longer duration ofaction, 
easier dosing, and more predictable kinetics. 11,13 

In this study, the rates ofEG eliminarion under differ­
ent therapeutic conditions through available pathways 
were characterized (Table 4). During fomepizole therapy, 
first-ordernoninducible kinetics are operative. Our 
results demonstrate thatADH-mediated oxidation ofEG 
is effectively inhibited by fomepizole. The small elimina­
tion constants observed are comparable with rates previ­
ously reported for patients treated with ethanol alone. 
These rates are also consistent with the 6 reponed cases of 
patienLs treated with fomepizole, in whom elimination 
constanLS ranged from 0.043 to 0.063 hour-I, calculated 

1Ofrom a relatively small number of data points. H. •15 It is 
interesting to nOle that the fastest elimination rates were 
obtained in patients given smaller doses of fomepizole 
(10.6 to 16.5 mg/kg in the first 24 hours ancll.B to 4.8 
mg/kg in the next24 hours) than those used in the META 
trial.9 . 1" This observation may represent partial disinhi­
bition of ADH, occurring toward the end oreach dosing 
interval and without any apparent clinical consequence. 

Estimates of the ratt:: of ADH-mediated metabolism of 
EG in the absence of inhibitor appear to be much faster on 
the basis of even sparser data (total elimination rate of 
0_23 hour- I in a patient with normal renal function,16 

0.11 hour-1in a patient with renal failure, 1·\ and 0.10 to 
3B0.23 hour- J in animals36- . The rate ofADH metabolism 

of EG in the absence ofinhihiLOrs must at least be greater 
than the rate of glycolic acid elimination because this 
metabolite is known to accumulate in EG poisoning. 37 
Moreau et aJlI estimate a first-order rate constant for gly­
colic acid elimination of0.13 l±0.126 hour-Ion the basis 
of4 patients in the META study. In less-advanced cases 
with preserved renal function, glycoliC acid elimination 
may be even faster. Because this elimination rate constant 
is nearly an order of magnitude larger than that ofEG dur­
ing fomepizole monotherapy, our analysis esmblishes the 
efficacy ofADH inhibition by fomepizole in the doses 
used. Further evidence of the efricacy offomepizo!e is 
provided in our analysis by the observed deceleration of 
EG elimination with fomepizole loading, and subsequent 
acceleration after fomepizole therapy was discontinued. 
Moreover, the lack of correlation between elimination 
rate and the EG/fomepizole ratio demonstrates effective 
ADH blockade across the range of substrate/inhibitor 
ratios encountered. Finally, the presence ofethanol in 
addition to fomepizole had no appreCiable effect on EG 
elimination, confirming a very high degree of metabolic 
inhibition by fomepizole alone. 

This repon not only demonstrates the inhibitory effi­
cacy of fomepizole but also characterizes the primary 
routes o[EG elimination. Thus, it proVides the pharma­
cokinetic underpi nnings for selecting rational and cost­
effective management strategies forEG poisoning. 
Specifically, our kinetic data support the recent American 
Academy of Clinical Toxicology practice guidelines, 
which recommend modification of the traditional criteria 
for hemodialysis. 11 Although a plasma EG concentration 
of SO mg/dLoT greater has historically been used as an 
independent indication for hemodialysis in patienLs 
treated with ethanol, this concentration alone does not 
denote toxicity, predict prolonged elimination, orcorre­
late with patient outcome_ IfEG metabolism were effec­
tively blocked and the renal elimination pathway was 
intact, unmetabolized EG should have little potential for 
toxicity. Rather than EG concentration, rhe primaryindi­
cations for hemodialysis in patients treated with fomepi­
zole should be significant end-organ toxicity manifested 
by metabolic acidosis, elevated serum creat inine concen­
tration, orclinical deterioration despite treatment. 

Previous human case repons have yielded connicting 
results on the importance of renal clearance on EG elimi­
nation, renecting the variable degree of renal injury by the 
time of presentation and treatmenL'J,JoI·17In patients 
with normal renal function, renal excretion is believed 
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LO account for a significant proportion orEG elimina­
tion.8-10.15.17 ,J!) Our data indicate that patients with nor­
mal serum creatinine concentrations and acid-base status 
at presentation can be expected to eliminate EG by means 
of renal excretion witha haH-life of approximately 17 
hours, obviating the need for hemodialysis. However, 
patients with metabolic acidosis orrenal insurficiency 
appear to need hemodialysis, both to remove toxic 
organic acid metabolites and to remove EG itself, which 
has a mean half-life of over 48 hours when renal function 
is compromised. 

Given the difficulty obtaining EG concentrations at 
most hospitals within a clinically useful turnaround time, 
reducing the dependence oftreatmenl decisions on quan­
tifying the ahsolute EG concentration would be of signifi­
cant benefit to streamlining care in the emergency depan­
ment. MoreoveT, lhe common dilemma of identifying 
which patients should be exposed to the risks ofethanol 
loading and hemodialysis before laboratory confirmation 
ofEG poisoning could be resolved by initiating fomepi­
zole therapy on the basis of the clinical suspicion ofEG 
poisoning, reserving hemodialysis for renal insufficien~)' 
and metabolic acidosis. The enrollment criteria used in 
the META lrial demonstrated high specificity for identify­
ingpatients with EG pOisoning,5 but it is unknown 
whether this specificity can be reproduced outside the 
seningofa clinical trial. Although the drug cost of 
fomepizole is greater than that of ethanol, a reduction in 
hemodialysis, leu admission, and monitoring ethanol 
concentrations may make fomepizole cost-effective. A 
formal cost-benefit analysis should be undertaken, incor­
porating our pharmacokinetic data. 

Using pooled data is a powerful technique, paniculaTiy 
when analyzing data obtained from critically ill 
patients. z6.z7 The wide range in EG concentrations, 
delays to presentation, and presence of ethanol resulted 
in a heterogeneous (albeit representative) group of sub­
jects at enrollment. Subsequent variability in initiation 
an d duration of hemodialysis further complicated direci 
comparison of EG concentrations. Bypooling the data, 
several objectives were accomplished. First, graphical 
methods could be used to explore and present the entire 
data sel. Second, all data collected were used, an impor­
tant concern given the difficulty obtaining high-quality 
EG concentration data in severely poisoned patients. 
Third, subjecls in whom more data points were obtained 
over a longer interval were ascribed a greater weight in 
deriving overall kinetic estimates. Although the standard 
2-step approach would provide an approximate estimate, 
the use of pooled data permiued a more precise quantifi­

cation of these kinetics. This increased precision allowed 
exploration of tile effect of renal function on elimination, 
even during hemodialysis, and the quantification of a 
nonrena1 elimination pathway during ADH blockade. 

There are limitations to this analysis. The assumptions 
implicit in the pooling of transformed data are that the 
kinetics are constant across the broad range of time and 
concentrations involved, as well as between subjects. The 
transformations alongeither time orconcentralion axes 
and the absence of significant curvilinear or higher order 
trends in the pooled data suppOTlthesc assumptions of 
stability fonhe first-order model. However, because 
patients with high EG concentrations underwent 
hemodialysis by study protocol, there are comparatively 
few data at concentrations of 100 to 200 mgldL Future 
studies of patients treated with fomepizole alone will be 
necessary to establish whether the kinetics described here 
continue to hold at higherEG concentrations when 
hemodialysis is withheld. 

Pooling, by its nature, cannot differentiate benveen the 
variability in the kinetic parameter resulting from inter­
subject variation, and \'Uriahilit)' resulting from all other 
sources (eg, intrasubject, measurement error, and model 
misspecification), 28.31 A more complex nonlinear mixed 
effects model could be used to better characterize popula­
tion variance, This technique, however, is less intuitive 
and more difficult to represent graphically, and the resu 1­
tam model is more difficult to retain for infrequent clini­
cal use. Moreover, currentsoftware implementations 
have difficull),accommodatingoUTffiodel with intermit­
tent hemodialysis and ADH inhibition. The experimental 
design of the META trial with predetermined and fre­
quentsampling times resulted in a data set intermediate 
in complexity between the classical data-rich pharma­
cokinetic drug-dosing study inhealthyvolumeers (stan­
dard 2-step technique acceptable), and the lypical data­
poor clinical observational study in which the numberof 
observations persubjecl often is less than the number of 
kinetic parameters being eSlimated (nonlinear mixed 
effects model necessary). 29.30 With our linear single­
compartment model, a single kinetic parameter (k.,J,,) 
independent of time and concentration, and at least sev­
eral observations per subject, the population estimate of 
k.,J,,,, by using a mixed-effects model should be of compa­
rable accuracy to ourmethodology.31 ,12 Moreover, satis­
factory ,-2 values corro borate the adequa,-y 0 rou r mode I 
choice. The estimates of variance usingourmethodolog)' 
are likely to be slightly inDated (although less so than 
using standard 2-step techniques), but this is expected to 
give onl)' a minor reduction in power given that the num-
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ber ofobservations per subject was usually much greater 
than the number of parameters being estimated. 31.-+0 

I· Aone-companment model was selected, ignoring the 
panitions of total body water across which EG dis­
tribules. There was, however, minimal posthemodialysis 
rebound in plasma EG concentrations,justifying this 
model. Equilibration between the intravascular and 
extravascularcompanments therefore occurs with kinet­
ics at leasl as rapid as hemodialysis elimination. 

Although EG metabolism dearly accelerates if fame pi­
zole concentrations decrease below I 0 IlmoUL, a precise 
minimum effective fomepizole concentration could not 
be identified, nor could a subtherapeutic ratio of sub­
strate to inhibitor. The power of this analysis was limited 
by the relatively high serum concentrations offomepi­
zole. By deSign, a deliberate excess of fomepizole was 
administered to maintain a large margin of safelY, and 
fomepizole therapy was only halted when EG concentra­
tions were less than 20 mgldL. Because of the relatively 
slow elimination of fomepizole,4l substantial concentra­
tions of fomepizole persisted after inhibitor therapy was 
stopped. Thus, there were few observations involving 
large excesses of substrate overinhibiror. The dosing 
schedule was constructed to maintain absolute fomepi­
zole concentrations at least an order of magnitude greater 
than the minimum effective concentration of 10 Ilmo11L 
suggested by animal studies. 20,21 These studies involved 
methanol-poisoned monkeys and idem! fied substrate! 
inhibitor molar ratios of roughly 3,000: 1 to 6,000:1 
(trough) as the threshold for inadequate ADH blockade. 
EG is believed to have an afnnity for ADH comparable 
with that of methanol. -+2 Animals successfully treated 
with fomepizole for EG toxicity may have attained ratios 
of up to 700:1 at mid-dosing intervaI. 6 .7 .-+ 3 The META 
patients were exposed to ratios of no greater than 100: 1. 
On the basis of the relative affinities for humanADH in 
vitro, such ratios could be expected to inhibit more than 
99% oftheADH-mediated metabolism ofEG.J-+·J~,-+2,-+-+ 
Given the minimal toxicity of fomepizole and the conve­
nience ofinlermitlent dosing, finding such a minimum 
effective concentration in human subjects is more of sci­
enti ric curiosity than ofclinical utility. With zero-order 
kinetics fOT fomepizole,J·-+ 1 the cumulative dose needed 
fora course of therapy and hence the drug cost is unaf­
fected by identifying a lower effective trough concentra­
(ion, 

The lack o[control groups isa limitation of the META 
study design. Withholding or delaying antidotal therapy 
for EG poisoning would be unethical. There were no data 
on ethanol mono therapy available for comparison 

because patients were effectively loaded with fomepizole 
at enrollment and because ethanol was eliminated much 
more rapidly than EG (presumably through non-ADl-[­
mediated metabolism,~5 as well as hemodialysis). In the 
absence of prospective data on patients treated with 
ethanol alone, historic controls from the IiteralUre were 
used for comparison. Our analysis cannot address the 
pharmacokinetic merits of withholding hemodialysis 
despite high EG concentrations for patients treated with 
ethanol. However, clinicians are unlikely to favor such a 
strategy because of difficulties maintaining ethanol con­
centrations at or above 100 mgldL for prolonged periods 
and the metabolic and CNS consequences of prolonged 
ethanol therapy, 12 even ifclinical data on the effective 
inhibitory ratio ofEG/ethanol were to be available_ 

Insummary, pharmacokinetic evidence is presented 
that demonstrates that fomepizole effectively inhibits 
ADH in human subjects with EG poisoning. An abnormal 
pretreatment creatinine concentration (:<::1.5 mgldL) pre­
dicts significantly prolonged EG elimination during 
fomepizole therapy. In the absence of metabolic acidosis, 
patients who present with normal renal function would 
not be expected to require hemodialysis, regardless of the 
EG concentralion. Because EGelimination isexponen­
tial, even patients with very high concentrations but no 
other signs ofend-organ toxicity should eliminate EG 
rapidly, despite ADH inhibition. Criteria for hemodialysis 
forthe patient treated with fomepizole should be modi­
fied accordingly. 
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All phases of this study were conducted in compliance with the following Good 
Laboratory Practice Standards: 

Japanese Ministry of International Tracie and Industry (MIT!) 
Good Laboratory Practice Standards Applied to Industrial Chemicals 

US Environmen"tal Protection Agency - TSCA GLPs 


Title 40 CFR, Part 792 - Toxic Substances Control Act (TSCA); Good Laboratory 

Practice Standards, Final Rule 


Organisation for Economic Co-Operation and Development (OECD) 

DECO Series on Principles of Good Laboratory Practice and Compliance Monitoring, 


Number 1. DEeD Principles on Good Laboratory Practice (as revised in 1997) 


ENVIMC/CHEM(9S) 17 . 

European Community (Ee) 

EC Directive 99111IEC ofS March 1999 (OJ No. L 77/S-21, 23/311999) 
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1. 	 Concurrent with the study, the test material was characterized, checked for 
structural confonnation and assayed for purity in accordance with GLPs. 

2. 	 The work conducted at Battelle, Pacific Northwest Division, Richland. WA, 
The Sapphire Group, Arlington, VA and by Dr. Gordon Hard were conducted 
in the spirit of GLPs, however, there were no formal QAU audits. 

3. 	 In compliance with the protocol, the work conducted at WIL Research 
Laboratories LLC was audited under the ordinance of their facility. 
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R-R-I\L6EF b) ~14,<r;-
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Manager 
Toxicology & Environmental 
Research and Consulting 
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SUMMARY 

The objective of this study was to assess the renal toxicity potential of ethylene glycol 

(EG) in male Wistar Han rats after 12 months dietary administration. The 

concentrations ofEG and its metabolites, glycolic acid (GA) aIll oxalic acid (OA), in 

the blood, kidneys and urine, and the clearance kinetics ofDA were also assessed. 

Additionally, the strain and age-dependence of clearance was evaluated in satellite 

groups of naIve male F-344 and Wistar rats. Benchmark dose (BMD) analyses were 

conducted for human health risk assessment purposes using compound-induced 

nephropathy and birefringent crystal data. 

EG was given in NTP 2000 (lower protein) diet at 0, 50, ISO, 300, and 400-mglkg body 

weight/day (mkd) to groups of twenty male Wi star rats for 12 months. Ten rats per 

group (main group) were used to evaluate renal toxicity, five rats per group were used to 

evaluate metabolites, and five animals per group were used to determine renal clearance. 

Parameters assessed in the main group included cage-side and clinical observations, 

body weights, feed and water consumption, urinalysis, organ weights, gross necropsy, 

and histopathologic examination of kidneys and bladders. Strain and age dependence of 

OA clearance were assessed using four naIve Fischer-344 rats approximately l-yr old 

and groups offive 9-12-wk old narve Wistar and F344 rats. Ten sentinel animals were 

maintained in the study room for the 12-month duration of the study. 

In-lire treatment, necropsy, and clearance analyses were conducted at The Dow 

Chemical Company, Midland, Michigan. Histological staining of the urinary bladder 

and kidney slides was done by WIL Research. Microscopic histopathology evaluation 

was conducted by Gordon C. Hard, BVSc., Ph.D., D.Sc. Metabolic analyses were 

conducted by Richard Corley, Ph.D., Battelle Northwest. BMD analyses were 

conducted by the Sapphire Group. 

One control rat died (day 307), no rats given 50-mkd died, one rat given J50-mkd died 

ofa spontaneous rat lymphoma (day 267), and four rats given 300-mkd died (on day 

III, 207, 213, or 221) with a fifth rat at that dose level declared moribund on day 138. 

At 400-mkd, 4 rats died spontaneously or were humanely euthanized in a moribund 

state (on day 43, 154, 187, or 193). On day 203, the sixteen remaining animals given 

400-mkd were humanely euthanized because of excessive body weight loss. The 

mortality at 300 and 400-mkd was considered treatment-related. 

All rats given 300-mkd that died or were declared moribund prior to study termination 

had gross findings on the bladder and four of them had gross findings on the kidney, 
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with the cause of death attributed to sequelae of urinary obstruction. The underlying 

cause of death/moribundity detennined following gross and histopathologic 

examination was related to effects on the urinary bladder or kidney as described below. 

During the study, animals given 300 or 400-mkd had occasional treatment-related 

absent/decreased feces, blood in the cage, red urine, red perioral and perinasal soiling, 

andlor perineal soiling. There were no treatment-related clinical signs at 50 or 

150-mkd. 

Rats given 300 or 400-mkd had treatment-related decrements in body weight and body 

weight gain. The differences from controls occurred within the first few months in 

animals given 400-mkd and were first statistically identified on day 141, when body 

weights and body weight gains were 12.7% and 21.4% less than controls, respectively. 

On study day 197 at 400- mkd, body weights were 20.1 % less than controls and body 

weight gains were 31.3% less; therefore, the remaining rats at this dose were humanely 

euthanized on study day 203 because of excessive body weight loss. Body weights for 

rats given 300-mkd were typically lower than controls by mid-study, with all but one 

animal usually having body weight less than the control mean. These effects were 

considered related to treatment but were not statistically identified because of the large 

standard deviations. The body weight effects for rats given 300-mkd occurred 

gradually, and on study day 141, body weights and body weight gains were 5.2% and 

8.4% less than controls, respectively. After day 141, differences from controls in body 

weights and body weight gains leveled off. No body weight effects occurred at 50 or 

150 mkd. 

Feed aversion/scratching occurred at ~ 150-mkd, which was reflected in the smaller 

sample size as these feed consumption data were not collected. Rats given 400-mkd 

had treatment-related decreases in feed consumption at every time point through 

termination on day 203, which were typically statistically identified from study day 106. 

There were no treatment-related effects on feed consumption for rats given 50, ISO, or 

300-mkd. 

Water consumption was analyzed near the 12-month end of the study. Rats given 

300-mkd had a treatment-related increase in water consumption of 151% of controls. 

There were no treatment-related effects on water consumption for animals given 50 or 

150-mkd. 

After 12 months, decreased urinary pH occurred in all treatment groups but was not 

considered adverse but rather likely due to the presence of metabolic products ofEG. 
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Animals given 300-mkd had increased urine volume and concomitantly decreased urine 

specific gravity compared to controls, which correlated with the increase in water 

consumption. The more dilute urine in the 300-mkd group might also explain the 

finding that less animals in this group had decreased urinary pH than in the 150-mkd 

group. Analysis of urinary crystals demonstrated treatment-related effects at all EO 

doses, with the proportion of.crystals that were composed ofcalcium oxalate increasing 

with increasing EO dose, and those composed of phosphate decreasing with increasing 

EO dose. This compositional effect was considered a metabolic consequence ofEO 

exposure as no adverse effects were seen from the crystals observed in the 50 or 

150-mkd groups. 

Increases in absolute and relative kidney weights occurred in animals given 300 or 

400-mkd. These were not statistically identified at 300-mkd and were not statistically 

analyzed at 400-mkd, but were considered treatment-related. There were no 

contemporaneous controls for the animals given 400-mkd since they were sacrificed 

early, but remarkable increases occurred in their absolute and relative kidney weights 

versus all other groups that went to tenn, although rats at 400- mkd weighed much less. 

Treatment-related gross pathological observations occurred in animals given 300 or 

400-mkd and were primarily confined to the kidney and urinary bladder, with secondary 

treatment-related observations occurring in the lung. For rats given 300-mkd, of 15 rats 

examined, 7 had findings on the kidney and 8 had findings on the urinary bladder. For 

rats given 400 mkd, of20 rats examined, 17 had findings on the kidney and 10 had 

fmdings on the urinary bladder. The most relevant observation in the 300-mkd group 

was the presence of calculi in the bladder (and sometimes the renal pelvis or ureter) in 8 

of the total 15 rats examined. This also occurred in 8 of20 rats at 400-mkd. Calculus 

formation in the urinary bladder was usually accompanied by dilatation of the bladder 

and, for the 5 unscheduled deaths at 300-mkd, hemorrhage of the bladder wall, usually 

with ascites or other edematous change. Three animals given 300-mkd had calculi in 

the renal pelvis. Almost all rats at 400-mkd showed signs of kidney and/or urinary 

bladder involvement, including a roughened kidney surface, renal pelvic dilatation, 

thickened bladder wall, and calculi in the renal pelvis, ureter, or bladder. Of the four 

unscheduled deaths occurring before early termination of this group, three were 

observed to have hemorrhage of the bladder wall. Some animals given 400-mkd also 

had decreased body fat, increased size of the renal lymph nodes, and calculus in the 

ureter or a dilated ureter. Treatment-related gross pathological effects on the lung, 

which were less frequent and considered secondary sequelae to effects on the kidney, 
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consisted ofa mottled appearance in four rats given 400-mkd. Gross pathological 

findings of congestion and edema that occurred in the lungs of several animals given 

either 300 or 400-mkd may have been associated with agonal effects as these animals 

were found dead. The decrease in body fat observed for five animals given 400-mkd 

was considered reflective of the general decrease in body weight demonstrated by 

animals at this dose level. Ureter dilatation and calculi observed in two animals given 

400-mkd are considered secondary to effects on the kidney and bladder. The increased 

size of the renal lymph nodes was considered a secondary consequence of the renal 

findings observed in eight animals given 400-mkd. 

Histopathological examination showed that a compound-induced nephropathy 

associated with crystalluria affected the majority of the animals at 300-mkd, and all of 

those given 400-mkd. None of the renal alterations associated with EG exposure 

(basophilic foci of crystalluria-related nephropathy, tubule dilatation, birefringent 

crystals particularly in the pelvic Drnix, renal pelvic dilatation, or transitional cell 

hyperplasia) were observed in the rats given 50 or ISO-mkd, establishing the latter dose­

level as a NOAEL. 

Calculi, up to 2-mm diameter, were found in the bladder, and sometimes in the renal 

pelvis, at the two highest doses. Since the cause of early death for 3 animals at 

300-mkd was unlikely to be related to the extent of the compound-associated kidney 

changes, which were less than end-stage, bladder tissue from some animals in each 

group was examined. Histological findings in the bladder and ureter correlated well 

with the observations of calculi. The basic change was simple transitional cell 

hyperplasia, progressing to acute inflammation and hemorrhage in severe cases. In 

animals dying before scheduled termination in groups given 300 or 400-mkd, the acute 

inflammation and hemorrhage of the bladder wall was a consistent finding in all but one 

case, and considered to be related to the cause ofdeath. Such severe bladder pathology 

was often accompanied by a necropsy record of ascites or other edematous change, 

suggesting that infection via the bladder wall and septicemia may have been the 

terminal event. 

The renal clearance rates of 3R_ inulin and 14C-oxalate were evaluated in the control, 50, 

150, and 300-mkd groups as well as naiVe, male, young Wistar and F344 rats (9-12 

weeks of age) and nai·ve, male, old F344 rats (47-56 weeks ofage) to obtain information 

on renal clearance capability in rats of different strains and ages. 
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There were no treatment-related changes in oxalate or inulin clearance in the male 

Wistar rats after 12-months. Clearance ratios were 0.82 for controls and 0.73-0.87 for 

the 50, ISO, and 300-mkd groups. Oxalate clearance rates ranged from 3.91-4.79 

mVminlkg bw. 

Clearance ratios were not significantly different for the young versus old Wi star rats 

and varied from 0.59 to 0.82, respectively. While these results suggest an age­

dependent increase in oxalate clearance, the actual clearance of oxalate was found to be 

quite constant with age (3.80-3.91). This variation in oxalate/inulin clearance ratios 

was most probably due to an age-dependent decrease in inulin clearance. In contrast, 

the ratio of oxalate to inulin clearance was lower in the young versus old F344 rats 

(0.70 vs. 0.81; not statistically significant), while the oxalate clearance rate was higher 

for the young versus old F344 rats (6.06 versus 4.56 mVminlkg, respectively; not 

statistically significant), suggesting a higher rate of oxalate and inulin clearance in the 

young versus old F344 rats. 

The only statistically identified difference in the rate of oxalate clearance was between 

the na'ive young Wistar and F344 rats, which was significantly higher in the F3.44 rat. 

The clearance of oxalate was slightly higher in the old F344 versus Wistar,rnt (4.56 vs. 

3.91 ml/minlkg, respectively; not statistically significant). Although old male F344 rats 

also have a reduced capacity for clearance of OX, similar to that of young and old male 

Wistar rats, the strain differences in sensitivity are maintained even through one year of 

exposure. 

Blood, urine, and kidney samples collected ITom the metabolite satellite group of Wistar 

rats exposed for 12 months at 0,50, 150, or 300-mkd EG were analyzed for EG, 

glycolic acid (GA), and oxalic acid (OX). A section of kidney from each animal in the 

400-mkd group that was sacrificed on study day 203, and a section of kidney from all 

main study animals at 12 months, were also analyzed for EG, GA, and OX. There was 

a contaminant in the derivatization agent used for the analysis ofEG in all samples 

except urine, which was analyzed directly. Thus for EG, only the urine data are 

reported. 

The clearance of EG in urine followed a linear dose-response relationship across all 

dose levels. A linear increase in urinary clearance ofGA was observed at 50 and 

150 mg/kg-day while a disproportionate (non-linear) increase was observed at 300- mkd. 

Urinary clearance of OX was similar to controls across all dose levels. In the kidneys, 

there were no differen:::es in the concentrations ofGA and OX at dose levels up to 
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150-mkd, compared with controls. However, there were cl.ear non-linear increases in 

the concentrations ofGA and OX at dose levels of300 and 400-mkd. Concentrations at 

400-mkd reached an avera~ of 14 J.lglg and 18,800 J.lglg for GA and OX, respectively, 

with some animals having considerably higher concentrations of each metabolite than 

average. In fact, OX concentrations, when expressed as calcium oxalate, accounted for 

an average of2.9% of the total kidney weight (with one animal approaching 11.2%) in 

the animals exposed to 400 mglkg-day and sacrificed early in the study. As with the 

results from the kidneys, the concentrations ofGA in blood were not significantly 

different from controls up to 150-mkd. At 300-mkd, the concentrations in blood were 

approximately 3.3-fold higher than controls although the concentrations were all <10 

J.1g1g regardless of dose level. The concentrations of OA in blood were also similar 

across all dose levels. averaging 3.7-5.1 J.lglg. These results were expected from the 

low solubility ofOA at physiological pH in aqueous media. 

BMD analyses were conducted using compound-induced nephropathy and birefringent 

crystal data from Wistar rats chronically exposed to EG for the purposes ofdefining a 

dose corresponding to an extra risk of 5% (BMD05) and its lower confidence limit 

(BMDL05). The respective BMD05 and BMDL05 values using incidence and severity 

were 

170 mg/kg-day and 150 mglkg-day for compound-induced nephropathy, and 170 

mg/kg-dayand 160 mglkg-day for compound- induced birefringent crystals. 

In conclusion, chronic dietary administration of EO to male Wistar Han rats for 12 

months resulted in: 

• 	 The maximum tolerated dose (MID) was exceeded at 400 mkd as excessive 

body weight loss at this level necessitated early termination and there were 

histopathologic manifestations of marked renal toxicity. 

• 	 The no-observed-adverse-effect level (NOAEL) was 150 mkd based on the. 

absence of manifestations of systemic or renal toxicity at this dose. 

• 	 A no-observed-effect level (NOEL) was not established as decreased urinary pH 

and increased urinary oxalate crystals occurred at all treatment levels (;:: 50 

mkd), however, these were not considered adverse but rather normal 

metabolic/physiological consequences of chronic EO exposure. 

• 	 There were no treatment-related effects on oxalate or inulin clearance. 
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• 	 Urinary clearance of OX was similar to controls across all doses, that ofEG 

followed a linear dose-response relationship, and that of GA was linear between 

50 and 150-mkd, with a disproportionate non-linear increase at 300-mkd. 

• 	 Kidney concentrations ofGA and OX were similar to controls at doses up to 

150-mkd. However, there were clear non-linear increases in the kidney 

concentrations ofGA and OX at dose levels of 300 and 400- mkd. 

• 	 The respective BM005 and BMDL05 values using incidence and severity data 

were170 mglkg-day and 150 mg/kg-day for compound- induced nephropathy, 

and 170 mglkg-day and 160 mglkg-day for compound-induced birefringent 

crystals. 
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INTRODUCTION 

Previous Toxicity Information 

In subchronic and chronic EO toxicity studies, no-observed-adverse-effect levels 

(NOAELs) have been established based upon renal toxicity, with male Wistar Han rats 

being more sensitive than male F344 rats (Mertens. 2002; Hard, 2002; DePass, 1986). This 

strain-dependence might be attributable to differences in metabolism or disposition. 

Developmental effects have been associated with the intermediate metabolite, glycolic acid 

(OA). Renal toxicity has been associated with the metabolite, oxalic acid (OA), which can 

bind to calcium and precipitate as calcium oxalate crystals. Calcium oxalate- induced 

crystal or stone formation (and nephrotoxicity) has been shown to occur to a greater extent 

in males than females, possibly due to rate of metabolism (Richardson, 1965). 

The male Wistar Han rat has a reduced ability to clear both GA and OA relative to other 

strains of rats and species, which may explain the enhanced sensitivity to renal toxicity 

(Corley. personal communication). Given the apparent differences between male Wi star 

Han rats and other rat strains, a comparison of the renal toxicity of EO and the 

pharmacokinetics of EO and its metabolites. OA and OA, following 16-weeks ofdietary 

EO administration was recently conducted in male F344 rats and Wistar Han rats (Mertens, 

2002; Hard, 2002; Corley, personal communication; Cruzan el al., 2004). The kidneys of 

male Wistar Han rats were approximately two-fold more sensitive than those of male F344 

rats to OA-induced crystal nephropathy. This toxicity difference correlates with a 3- to 4­

fold decreased capacity to c1ear'GA and OA metabolites in male Wistar Han rats versus 

other rat strains (Corley, personal communication). Following one week ofdietary EO 

administration, male Wistar Han rats had significantly higher levels ofOA in the kidneys at 

500 and 1000 mkd than similarly dosed male F344 rats. By 16 weeks of exposure, the 

kidney concentrations ofOA in male Wistar Han rats and, to a lesser extent, male F344 rats 

were greater than after one week of exposure. Relative to control, kidney OA levels 

following 16 weeks of dietary exposure to EO were elevated 4- or 2,530-fold in male F344 

rats given 500 and 1000 mkd, respectively, versus 6-,6153- and 18,740-fold in male Wistar 

Han rats given 150. 500, and 1000 mkd, respectively. 

Purpose 

The toxicity of ethylene glycol (EO) in rats has exhibited strain-dependence that might be 

attributable to strain-dependent differences in metabolism or disposition. Therefore, this 

study had five purposes: (1) to evaluate the renal toxicity potential of EO when 
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administered to male Wistar Han rats for 12 months via the diet; (2) to investigate the 


pharmacokinetics and disposition ofEG in male Wistar Han rats by determining the levels 


ofEG and its metabolites, glycolic acid (GA) and oxalic acid (OA), in the blood, kidneys, 


and urine from a satellite group ofrats exposed to EG for 12 months via the diet; (3) to 


compare the strain and age-dependence ofDA clearance in male F-344 versus male Wistar 


Han rats; (4) to investigate the impact of chronic (12-months) dietary administration ofEG 


on the clearance kinetics ofDA in male Wistar Han rats; and (5) to conduct benchmark 


dose (BMD) analyses on the results of the chronic study for EG in Wistar rats using the 


histopathology data for compound-induced nephropathy and birefringent crystals. 


Test Guidelines 


There were no guidelines rel~vant to this study design. 


Quality Assurance 


The study conduct, data, protocol, protocol changes/revisions, and final report were 


inspected by the Quality Assurance Unit, Toxicology & Environmental Research and 


Consulting, The Dow Chemical Company, Midland, Michigan. 


Archiving 


The data, protocol, protocol changes/revisions, and final report are archived at Toxicology & 


Environmental Research and Consulting, The Dow Chemical Company, Midland, Michigan. 


TEST MATERIAL INFORMATION 

Test Material Name 

Ethylene glycol 

Chemical Name 

Ethylene Glycol Polyester Grade 

Supplier, City, State (lot, reference number) 

The Dow Chemical Company, Midland, Michigan (Lot# RG2355UIDC) 

Purity/Characterization (method of analysis and reference) 

>99.9% (Certificate of analysis, Jamerson, 2003). Characterization ofethylene glycol 

resulted in a purity of 99.4% ± 0.07% (corrected for water) by gas chromatography with 

thermal conductivity detection and the structure of ethylene glycol was confirmed by 
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infrared spectroscopy and gas chromatographic mass spectroscopy (Megregian eT al., 

. 2003). In addition, the water content was determined to be 0.30% by Karl Fischer 

coulometric titration. 

Characteristics 

Appearance (physical state, color) 

Clear Liquid 

Molecular Formula 

Molecular Weight 

62.07 

Chemical Structure 

Vehicle 

NTP 2000 Rodent Feed (Zeigler Brothers, Inc., Gardners, Pennsylvania) 

Storage Conditions afTest Material 

The test material was stored in amber-colored glass bottles at approximately 20°C. 

The headspace was purged with nitrogen prior to sealing the containers. The test 

material was allowed to warm to room temperature prior to use. 

TEST SPECIES AND HUSBANDRY 


Species and Sex 


Rats-males 


Strain and Justification 


Strain-specific differences in EG toxicity have previously been identified that might have 


been attributable to strain-dependent differences in metabolism or disposition. Therefore, 


two strains of rats were used in different parts of the current study: 


• Wistar Han (Crl:WI(GixlBRL/Han)IGSBR rats 

• Fischer 344 (CDF(F-344)/CrlBR) rats 
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These strains were selected based on toxicity studies previously conducted O.n EG 

(Mertens,2002). Wi star Han rats were used in the chronic dosing portion of the study to 

assess renal toxicity, metabolism, and disposition, as these data have not previously been 

generated in this strain of rat subsequent to chronic (I-year) dosing via the feed. 

Additionally. naiVe, young Wistar Han and F344 male rats and old F344 rats were used in 

a satellite group designed to compare the strain-dependent clearance ofOA. 

Supplier and Location 

Charles River Laboratories, Inc. (Raleigh, North Carolina) 

This supplier and specific breeding facility were selected to mimic that used in a previous 

toxicity study conducted on this compound (Mertens, 2002). 

Age at Study Start 

Animals were approximately six weeks old at the start of the study. 

Physical and Acclimation 

Each animal was evaluated by a laboratory veterinarian, or a trained animal/toxicology 

technician under the direct supervision of a lab veterinarian, to determine the general 

health status and acceptability for study purposes upon arrival at th! laboratory!. The 

animals were housed 1-2 per cage in stainless steel cages, in rooms designed to maintain 

adequate conditions (temperature, humidity, and photocycle), and acclimated to the 

laboratory for one week prior to the start of the study. 

Housing 

Animals were housed one per cage in stainless steel cages in rooms designed to maintain 

adequate conditions (temperature, humidity. and photocycle). A 12-hour light/dark 

photocycle was maintained for all animal room(s) with lights on at 6:00 a.m. and off at 

6:00 p.m. Room air was exchanged approximately 12-15 timeslhour. Cages had wire­

mesh floors and were suspended above catch pans. Cages contained feed containers and 

pressure activated, nipple-type watering systems. Room temperature was recorded daily. 

The relative humidity was maintained within a range of48.6-63.0%. The room 

temperature was maintained within a range of 21.5-22.3°C. These values were within the 

laboratory recommended range for rats. 

I Fully accredited by the Association ror Assessment and Accreditation of Laboratory 
Animal Care International (AAALAC lnternation·al). 
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Randomization and Identification 


Animals were stratified by pre-exposure body weight and then randomly assigned to 


treatment groups using a computer program. Animals placed on study were uniquely 


identified via subcutaneously implanted transponders (BioMedic Data Systems, Seaford, 


Delaware) which were correlated to unique alphanumeriC identification numbers. 


Text Table 1. Animal Identification Numbers 


Dose Level 

(mkd) 
 Main Toxicity Group Metabolism Group Oxalate Clearance Group 

Sentinel Not Applicable 


0 
 03A4401-03A4410 03A4411-03A4415 03A44I 6-03A4420 

50 03A4436-03A4440 

150 

OJA4421-03A4430 03A4431-03A4435 

031\4451-03A4455 03A4456-03A4460 

300 

03A4441-03A4450 

031\4461-03A4470 03A4471-03A4475 03A4476-03A4480 

400 03A4491-03A4495 03A4496-03A450003A4481-0JA4490 
Note. ThIS table does nOllnclude the nine naIve F344 or five naIve \Vls1ar Han rats used for the clearance 
study. 

Feed and Water 

Animals assigned to the study (03A4401-03A4500), including sentinel animals, were 

provided with NTP 2000 (Zeigler Brothers, Inc., Gardners, Pennsylvania) in meal fonn. 

The feed was treated with gamma irradiation to minimize the potential for mold growth 

in relation to the high moisture content of the feed (Neutron Products, Inc., Dickerson, 

Maryland). NTP 2000 diet has lower protein content than other rodent feeds and was 

used to minimize potential confounding of increased incidence and severity of an age­

related spontaneous disease of most rat strains (chronic progressive nephritis), increase 

by elevated levels of prolein in the diet (Rao, et ai., 1993) .. The naIve animals in the 

clearance group were fed LabDiet® Certified Rodent Diet #5002 (pMJ Nutrition 

International, St. Louis, Missouri) in pelleted form and housed in the stock animal rOom 

until selected for surgery - an exception to this was several sentinel animals were used as 

aged na"ive Wistar controls and these. had been maintained on NTP 2000 for the study 

duration. Analysis of the LabDiel® feed was performed by PMI Nutrition International to 

confirm the diet provided adequate nutrition and to quantify the levels of selected 

contaminates. Feed and municipal water were provided ad libitum. Analyses of the NTP 

2000 feed was perfonned by Covance Laboratories, Inc., Madison, Wisconsin and 

received from Zeigler Bros., Inc. to confirm the diet provided adequate nutrition and to 

quantify the levels of selected contaminants. Copies of feed analyses and gamma 
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irradiation records are in the study file. Drinking water obtained from the mun_icipal 

water source was periodically analyzed for chemical parameters and biological 

contaminants by the municipal water department (Appendix Table 17). In addition, 

specific analyses for chemical contaminants were conducted at periodic intervals by an 

independent testing facility (Appendix Table 18). Copies of these analyses are 

maintained at Toxicology & Environmental Research and Consulting, The Dow 

Chemical Company, Midland, Michigan. There were no contaminates detected in the 

feed or water at levels that adversely affected this study. 

Animal Welfare 

In response to the Final Rules amending the U.S. Animal Welfare Act promulgated by 

the U.S. Department ofAgriculture effective October 30, 1989, the Animal Care and Use 

Activities (ACUA) required for the conduct of this study were reviewed and approved by 

the Institutional Animal Care and Use Committee (IACUC). The TACUC determined 

that the proposed Activities were in full accordance with these Final Rules. The lACUC 

assigned File No. SubchroniclChronic Tox 01, Metabolism 01, Metabolism 03, and 

Animal TO 01 to these Animal Care and Use Activities. 

STUDY DESIGN 

Experimental Design and Critical Dates 

Groups of20 male Wistar Han rats were fed diets formulated to contain 0, 50, 150,300, 

or 400 mg ethylene glycollkglday (mglkglday, mkd, mglkgld) for up to 12 months (0 

evaluate the potential for systemic toxicity. Ten animals per group were considered as 

main group animals and were used to evaluate the potential for renal toxicity. Five 

animals per group were pre-selected as a satellite group for evaluation of metabolic 

parameters, with samples shipped to Battelle, Pacific Northwest Division, Richl.and, 

Washington. The remaining five animals per group were pre-selected as a satellite group 

for determination of oxalate clearance. A group of 10 male Wistar Han rats was included 

on study to serve as a na"ive sentinel population for possible pathogen or viral analyses. 

These animals were maintained with the main group animals. 

Prior to the completion of the dietary study, four to six age-matched, older 

(approximately I year), na"lve Wistar Han and Fischer-344 (F344) rats were used to 

compare oxalate clearance between strains. Tn addition, five Wistar Han and five 
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Fischer-344 rats of a younger age (approximately 7-12 weeks) were used to measure 

oxalate clearance for comparison to oxalate clearance in older animals. 

The following parameters were measured in the main, metabolism, and oxalate clearance 

groups (Table 1): Cage-side clinical observations, pre-exposure ophthalmologic exams, 

body weights, feed consumption, urinalysis (main group only), organ weights, gross 

necropsy, and histopathologic examination of tissues. Test material administration For all 

animals began on September 5, 2003. As a result of excessive body weight loss, the 

400 mkd dose group was euthanized on March 25, 2004 (test day 203). Rats from the 

main and metabolism groups were necropsied on September 7 and 8, 2004, respectively 

(test days 369 and 370). 

Route, Method of Administration, Frequency, Duration and Justification 

The route of administration was via the diet since it was used, in previous toxicity studies 

(Mertens, 2002), and is a potential route of exposure for humans. Thus, administration of 

the test material to rats via the diet represented an appropriate means of exposure. 

Dose Levels and Justification 

The high-dose (400 mkd) was chosen based on results of a l6-week toxicity study 

(Mertens, 2002). The remaining dose levels were expected to provide dose-response data 

for any treatment-related effects observed in the high-dose group and identify a NOEL. 

Dose Preparation and Analysis 

Diets were prepared by serially diluting a concentrated test material-feed mixture 

(premix) with ground feed. Premixes were mixed periodically throughout the study 

based on stability data. Diets were prepared based upon the most recent body weight and 

feed consumption data. Initial concentrations of test material in the diet were calculated 

from pre-exposure body weights and feed consumption data. Subsequently, the 

concentrations of the test material in the feed were adjusted weekly for the first 12 weeks 

of the study and at 2-week intervals thereafter, based upon the most recent body weight 

and feed consumption data. 

Analysis 


ConcentraTion and Homogeneity 


Concentration analyses of all dose le\CJs, plus control and premix were conducted 

pre-exposure and again at weeks approximately 1,4,8, 12,26,43, and 52. The 
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homogeneity of the low-dose and the high-dose diets were determined once prior to 

the start of dosing. The method used For analyzing the test material in feed was a 

solvent extraction method followed by analysis using gas chromatography-mass 

spectrometry (GC-MS) and solvent standards incorporating an internal standard. 

Stability 

Ethylene glycol was determined to be stable in the NTP diet for up to 12 days in the 

range of concentrations used in this study (Mertens, 2002). The stability of the test 

material was further determined out to 21 days. 

Retainer Samples 

Reference samples (one/ dose/mix and premix) were retained and stored frozen 

(approximately -20°C) in sealed amber vials. Reference samples were discarded upon 

issuance of the final report. 

Cage-Side Observations 

A cage-side (general) clinical examination was conducted on all animals at least once a 

day, usually in the morning, taking into consideration the peak period of anticipated effects. 

This examination was perFormed with the animals in their cages and was designed to 1) 

detect significant clinical abnormalities that were clearly visible upon a limited 

examination, and 2) to monitor the general health of the animals. Significant clinical 

abnormalities that would have been observed included, but were not limited to: activity, 

repetitive behavior, vocalization, incoordination/1ameness, injury, neuromuscular function 

(convulsion, fasciculation, tremor, twitches), altered respiration, blue/pale skin and mucous 

membranes, severe eye injury (rupture). fecal consistency, and fecal/urinary quantity. At 

least twice daily, usually at the beginning and end of each day, all animals were also 

observed for morbidity and mortality, and the availability of feed/water. 

Clinical Observations 

Clinical observations were conducted on all animals pre-exposure. Main group animals 

were observed weekly during the first 12 weeks of the study and at approximately 2-week 

intervals thereafter. Animals in the metabolism and oxalate clearance groups were 

observed at approximately 4-week intervals throughout the study period for health 

surveillance only. The examination includes cage-side, hand-held, and open-field 

observations that are recorded categorically as outlined in Table 2. 
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Ophthalmology 

The eyes of all animals were examined by a veterinarian pre-exposure using indirect 

ophthalmoscopy. One drop of 0.5% tropicamide ophthalmic solution was instilled in 

each eye to produce mydriasis prior to the indirect ophthalmic examinations. 

Body WeightslBody Weight Gains 

All rats were weighed during the pre-exposure period. Main group animals were 

weighed weekly during the first 12 weeks of the study and at approximately two-week 

interVals thereafter until March 12,2004 (test day 190) when body weights were recorded 

weekly through study termination. Animals in the metabolism and oxalate clearance 

groups were weighed I?rior to study start, at approximately four-week intervals 

throughout the study period for health surveillance until March 12, 2004 (test day 190) 

when body weights were recorded weekly through study termination. Body weight gains 

were calculated throughout the duration of the study. 

Feed Consumption 

Feed consumption data on the main group animals was collected during the pre-exposure 

period, weekly during the first 12 weeks of the study and at approximately two-week 

intervals thereafter by weighing feed containers at the start and end of a rreasurement 

cycle. Starting on March 12,2004 (test day 190), bi-monthly feed consumption was 

collected on animals from the metabolism and oxalate clearance groups through study 

termination. Feed consumption was calculated using the following equation: 

Feed consumption (gIday) = (initial weight of feed container - final weight offeed container) 
(# ofdays in measurement cycle) (# ofanimals per cage) 

Water Consumption 

Animals in the control, 50, ISO, and 300 mkd main groups were acclimated to water 

bottles for approximately three days, eight hours per day, prior to collecting water 

parameters. Water consumption data were collected for a 24-hour period (main group 

animals only) during the urine collection period. Animals had access to water bottles 

instead of the automatic watering system. The water consumption was determined by 

weighing each water container at the start and end of the measurement cycle and 

calculated using the following equation: 

Water consumption (glday) = (initial weight of water container- final weighl of water container) 
(# ofdays in measurement cycle) (# ofanimaJs per cage) 
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Feed Efficiency 

Feed efficiency on the main group animals was calculated using mean body weight gain 

and mean feed consumption data from the frrst 13 weeks of the study using the following 

equation: 

Feed efficiency = (g feed consumed/day) 

(g body weight gain/day) 


Test Material Intake 

The actual test material intake (TMI) for the main group animals was calculated using 

test material feed concentrations, body weights, and feed consumption using the 

following equation: 

(reedconSUmpli(lJ r-i-\ . (1000 mg/g). ('Yo or les! w!l!eri!llin feed) _ 
TMI= 

________~~_d~,~v~1--------------~~I080L-----­
(curren! BWh:l:preyjous BWre1) 

IOOOglkg 

Urinalysis 

Main Group 

Urine was obtained from all surviving fasted rats (main group) the week prior to 

necropsy. Animals were housed in metabolism cages and the urine collected for an 

approximately 24-hour period. 

Assay: Color, appearance, specific gravity (refractometer), volume 

Semiquantitative analyses (Multisti~ Reagent Strips, Bayer Corporation, Elkhardt, 

Indiana on the Clinitek 200+) of the following were cond ucted: 

pH 
Bilirubin 

Glucose 

Proteins 

Ketones 

Blood 

Urobilinogen 


Microscopic evaluation for crystal types via micro-sediment analysis on 
individual animals. . 
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Metabolite Group 

Urine was obtained from all surviving non-fasted rats (metabolite group) the day prior 

to necropsy. Animals were housed in metabolism cages and the urine collected for an 

approximately 24-hour period. Urine samples were collected c;m dry ice. At the end of 

the collection period, the metabolism cages were rinsed with a minimal amount «1 00 

ml) of deion~zed water to adequately collect residual urine. Urine and rinse samples 

were weighed, stored frozen at approximately -80D C, and subsequently shipped to 

Battelle for analyses. 

Oxalic Acid Clearance 

A satellite group of male Wistar Han rats on the 12-month dietary EG study were used to 

quantitate the dose/exposure duration-dependent ability of the male Wistar Han rat to 

clear oxalic acid in the urine. At least 4 animals/group were used for this evaluation. 

Two additional rats were randomly ·selected from the sentinel group and data from these 

animals included with the control group. Prior to sacrifice, each animal (under 

anesthesia) was infused via ajugular cannula with a mixture of oxalic acid and inulin (to 

determine glomerular filtration rates). Blood and urine samples were collected via an 

abdominal aorta cannula or cannulated bladder, respectively. The methodology used was 

based on methods of Hautmann and Osswald (1978) and Sugimoto et al. (1993). Four 

age-matched, older (approximately one year) naiVe Fischer 344 rats were used to 

compare oxalate clearance in Wistar Han and Fischer 344 rats. Tn addition, five naIve 

Wistar Han and five naiVe Fischer 344 rats of a younger age (approximately 9-12 weeks) 

were used to measure oxalate clearance for comparison to that of older animals. 

Animals were deprived of food for approximately 14 hours prior to the clearance study, 

while having free access to water. After anesthesia, the rats were placed on a heated pad 

to maintain their body temperature. The jugular vein was cannulated for infusion of 

solutions and the abdominal aorta was cannulated for withdrawal of blood samples. 

Urine was collected from the bladder via a catheter. The oxalate clearance infusion 

procedure began with lactated Ringers solution infused through the jugular vein cannula 

at a rate of 0.1 mUmin for 0.5 hour. Next, a radioactive solution (0.5-1.0 Ilei of 

14C-oxalate and 0.25A.5 IlCi 3H-inulinlml isotonic saline) was infused at a rate of 

0.2 mVmin for 5 minutes and then at 0.06 ml/min for 0.5 hr. After 0.5 hr of infusion of 

the radioactive solution, blood and urine sampling (urine at 10 min intervals and blood at 

midpoint) began while the radioactive solution continued to be infused at a rate of 
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0.06 mJ/min for Lp to 90 minute. In some situations, sampling of the blood and urine 

were delayed until the urine flow had started. Inulin and oxalate concentrations in 

plasma and urine were determinedJrom JH and 14C-radioactivity, respectively. 

Anatomic Pathology 

Necropsy 

Main Group 

Fasted rats submitted for necropsy were anestheti.zed by the inhalation of C02 and 

then weighed. Their tracheas were exposed and clamped, and the animals were 

euthanized by decapitation. 

A complete necropsy was conducted on all main group animals by a veterinary 

pathologist assisted by a team of trained individuals. The necropsy included an 

examination of the external tissues and all orifices. The head was removed, the 

cranial cavity opened and the brain, pituitary and adjacent cervical tissues examined. 

The eyes were examined in situ by application of a moistened microscope slide to 

each cornea. The nasal cavity was flushed via the nasopharyngeal duct. The skin 

was reflected from the carcass, the thoracic and abdominal cavities were opened and 

the viscera examined. All visceral tissues were dissected from the carcass, re­

examined, and selected tissues incised. The lungs were distended to an 

approximately normal inspiratory volume with neutral, phosphate-butTered 10% 

formalin using a lund-held syringe and blunt needle. The liver (excluding the 

400 mkd group) and kidneys were trimmed and wei~hed immediately. One kidney 

was cut longitudinally and the other kidney was cut transversely. One-half of each 

kidney was fixed in formalin for kidney pathology, and the remaining half was 

weighed and frozen in liquid nitrogen for evaluation of metabolic parameters. In 

addition, the prosector recorded any gross observations at necropsy; and saved any 

gross lesions in formalin. The ratios of organ weight to terminal body weight were 

calculated. The frozen kidneys were wrapped in foil, flash frozen in liquid nitrogen, 

kept at -SO°C, and subsequently shipped frozen to Battelle for evaluation. The 

kidneys and urinary bladders fixed in formalin were sent to WIL Research 

Laboratories, LLC for processing by standard histologic procedures and the slides 

were shipped to Dr. Gordon Hard for histologic evaluation. 
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Representative samples of tissues listed in Table 3 were collected and preserved in 

neutra~ phosphate-buffered 10% formalin. Transponders were removed and placed 

in jars with the tissues. Similar necropsy procedures were followed for all animals 

(main, metabolite, and oxalate clearance) found dead or moribund, except that body 

weights, organ weights, and urine samples were not obtained. 

Metabolite Satellite Group 

Animals were anesthetized by the inhalation ofCOz and weighed. Whole blood was 

collected via the vena cava into heparinized tubes and immediately placed on dry ice 

then stored frozen at _80D C and subsequently sent to Battelle for evaluation. The 

tracheas ofeach animal were exposed and clamped, and the animals euthanized by 

decapitation. 

The skin was reflected from the carcass, the abdominal cavity opened, and the 

kidneys excised. Kidneys were weighed immediately and the ratio of organ weight to 

terminal body weight was calculated. One kidney was cut longitudinally and the 

other kidney was cut transversely. One-half of each kidney was fixed in fonnalin for 

kidney pathology, and the remaining half was weighed and frozen in liquid nitrogen 

for evaluation of metabolic parameters. In addition, the prosector recorded any gross 

observations at necropsy, and saved any gross lesions in fonnalin. The remaining 

carcass with the transponder was placed in appropriate containers and stored frozen 

until the final report was issued. The frozen kidneys were wrapped in foil, flash 

frozen in liquid nitrogen, kept at -80D C, and subsequently shipped frozen to Battelle 

for evaluation. The kidneys and urinary bladders fixed in formalin were sent to WTL 

Research Laboratories, LLC for processing by standard histologic procedures and the 

slides were shipped to Dr. Gordon Hard for histologic evaluation. 

Oxalate Clearance Group 

There was no further histopathologic evaluation of tissues from animals in the oxalate 

clearance group. Animals were humanely euthanized at the completion of the 

clearance study with no further samples collected. 

Early Termination 

As the study progressed, several animals given 400 mkd died and the remaining 

animals at this dose level generally had excessive body weight loss, therefore, the 

remaining animals (16) were euthanized on March 25, 2004 (study day 203). 
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Animals were weighed the day prior to euthanasia, fasted overnight, and terminal 

fasted body weights were collected prior to necropsy. Kidneys from all animals were 

processed for histologic and metabolite evaluation as deseribed below. Standard 

tissues (main group, Table 3) and any gross lesions (all groups) were preserved in 

formalin. 

Sentinel Group 

Two animals from the Wistar sentinel group were used for oxalate clearance and the 

remaining animals were humanely euthanized at the completion of the oxalate 

clearance study with no further samples collected. 

Histopathology 

Main and Metabolite Groups 

One section from each kidney was processed by standard histologic procedures from 

all animals in the main and metabolite groups. One section from urinary bladder was 

processed by standard histologic procedures from all animals in the main group, all 

animals that had gross findings on the urinary bladder at necropsy, or from animals 

that died early or were declared moribund. The remaining tissues (described above) 

from the main group were maintained in formalin fixative for potential future 

evaluation at the discretion of the Sponsor. The frozen kidneys were wrapped in foil, 

flash frozen in liquid nitrogen, kept at -soac, and subsequently shipped frozen to 

Battelle for evaluation. The kidneys and urinary bladders fixed in fonnalin were sent 

to WIL Research Laboratories, LLC for processing by standard histologic procedures 

and the slides were shipped to Dr. Gordon Hard, New Zealand, for histopathologic 

evaluation. 

Oxalate Clearance Group. 

One section from urinary bladder was processed by standard histologic procedures 

from animals in the oxalate clearance group that died spontaneously or had gross 

findings at necropsy. There was no further histopathologic evaluation of tissues from 

animals in the oxalate clearance group. 

STATISTICS 

All Animals 

Means and standard deviations were calculated for all continuous data. 
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Main Group 

Body weights. feed consumption, organ weights, urine volume, and urine specific gravity 

were evaluated by Bartlett's test for equality of variances (alpha = 0.01; Winer, 1971). 

Based on the outcome of Bartlett's test, exploratory data analyses were performed by a 

parametric (Steel and Torrie, 1960) or nonparametric analysis of variance (ANOY A) 

(Hollander and Wolfe, 1973). If the ANOYA was significant at alpha = 0.05, it was 

followed respectively by Dunnett's test (Winer, 1971) or the Wilcoxon Rank-Sum test 

(Hollander and Wolfe, 1973) with a Bonferroni correction for multiple comparisons to 

the control (Miller. 1966). The experiment-wise alpha level of 0.05 was reported for 

Dunnett's test and Wilcoxon Rank-Sum test. Descriptive statistics only (means and 

standard deviations) were reported for body weight gains and feed efficiency. Statistical 

outliers were identified by a sequential test (alpha = 0.02; Grubbs, 1969), but routinely 

excluded only from feed consumption statistics. Outliers were excluded from other 

analyses only for documented, scientifically sound reasons. 

Gross pathologic observations were tabulated and considered in the interpretation offinal 

histopathologic data, but were not evaluated statistically. 

Oxalate Clearance Group 

Inulin and oxalate concentrations in plasma and urine were determined from 3H and 

14C-radioactivity, respectively. For all clearance group animals, the clearance of oxalate 

and inulin were calculated as the product of the urine to plasma concentration ratio and 

urinary flow rate, respectively. Oxalate clearance rates and ratios of oxalate/inulin 

clearance rates were evaluated by analysis of variance for the Wistar Han rats in the 

control and dosed groups. T-tests were used for the following comparisons: young 

Fischer 344 rats versus old Fischer 344 rats, young Fischer 344 rats versus young Wistar 

Han rats, control Wistar Han rats versus old Fischer 344 rats, and control Wistar Han rats 

versus young Wistar Han rats. 

Metabolism Group 

Statistical analyses for the work conducted at Battelle were included in a separate report that 

is appended to this report. 

Benchmark Dose Calculations 

Benchmark Dose (BMO) modeling was conducted by the Sapphire Group, Inc. Their 

report in appended to this report as Appendix C. BMD modeling was performed using the 
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histopathology data described by Dr. Gordon Hard for kidney effects in Wistar rats 

chronically exposed to EG using data lOr compound- induced nephropathy, bireFringent 

crystals, and spontaneous nephropathy. However, the data for spontaneous nephropathy 

are not considered relevant for use in human health risk assessment for the following 

reasons: (1) the study author concluded there was no effect of EO treatment on the 

severity of spontaneous nephropathy; (2) the incidence for this endpoint in control male 

rats is very high and variable; (3) the dose-response data are nonmonotonic (i.e., 

decreasing at the lowest dose) which is often difficult for simple dose-response models to 

provide an acceptable fit; (4) measurement of this endpoint is confounded by compound­

induced nephropathy, in that data from the 400 mkd dose group could not be used, and it 

is likely that the data from the 300 mkd dose group were impacted as well (data from only 

8 animals); and (5) this fonn of spontaneous nephropathy is specific to rodents, and 

therefore this endpoint is not relevant to renal toxicity or to human health. For these 

reasons, the BMD analyses for spontaneous nephropathy are not discussed herein, but are 

provided for the sake of completeness in an Appendix to the BMD report (which is 

included with this report as Appendix C). Incidence data and combined incidence X 

severity data were used for the purposes of defining a dose corresponding to an extra risk 

of 5% (SMD05) and its lower confidence limit (BMDL05). Statistical tests were done to 

assess the significance of any treatment-related effects, and the goodness-of- fit for the 

dose-response model. The multistage model was used for fitting to the dose-response 

data. All BMO modeling and statistical tests were performed using USEPA's Benchmark 

Dose Software (SMOS, version 1.3.2). 

RESULTS AND DISCUSSION 

Analytical Chemistry 

The homogeneity of EG in rodent feed was determined from eight separate mixing 

batches for the 50 mkd, 2 mixing batches at 300 mkd, and six mixing batches at 400 mkd, 

the lowest and highest concentrations used in the study at the specified time period (Table 

4). The homogereity was considered acceptable, with relative standard deviations for all 

diets sampled between 1.02 and 6.75%, with the exception of one analysis (mixed 

23 September 2003) where the relative standard deviation was 36.6 and 16.1 % for the 50 

and 400 mkd groups, respectively. Visual inspection of the diet mix indicated the 

presence of some small clumps that was assumed to be composed of more highly 

concentrated EG with ground feed. A new premix and diet were prepared, with the 
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premix passed throug~ a Comil (Quadro Engineering Incorporated, Waterloo, Ontario) 

prior to further use. An analysis conducted on this diet mix (mixed 02 October 2003) 

resulted in relative standard deviations of2)2 and 4.78% for the 50 and 400 mkd groups, 

respectively. The Comil step was implemented for the remainder of the study. 

Stability of EO was determined at concentrations of 0.005, 0.05, 0.5, and 5% in unsealed 

feed crocks that were exposed to an indirect light/dark cycle at ambient temperature, and 

also in feed stored in sealed containers with no direct light at ambient temperature (Table 

5-A and B). EG was determined to be stable in unsealed feed crocks for at least eight 

days at concentrations from 0.005 to 5%, for which concentrations were 95.9-101 % of 

the initial concentration. EG was also detennined to be stable in stored sealed containers 

at concentrations from 0.005 to 5% for 22 days, for which concentration~ were 

93.5-104% of the initial concentration. 

The concentrations ofEG were determined for the control and test diets from eight time 

points and were found to be acceptable (Table 6). The mean concentration for each dose 

level over the course of the study ranged from 95.8 to 104% of the targeted 

concentration. No EG was found in the control diet. GC-MS analys is of samples of fed 

diets indicated 82.2-117% of the target concentration ofEG. 

Mortality 

By the end of the study across all of the study groups, one control animal died (cause of 

death-probable lymphoid tumor), no animals given 50 mkd died, one animal given 

150 mkd died of a spontaneous rat leukemia, and four rats given 300 mkd died with a 

fifth rat at that dose level declared moribund on day 138. At the high dose of 400 mkd, 4 

rats died spontaneously or were humanely euthanized in a moribund state prnr to study 

day 203. On stud):' day 203, the sixteen remaining animals from the high dose were 

humanely euthanized because of excessive body weight loss. The mortality observed in 

the 300 and 400 mkd dose groups was considered treatment-related. The underlying 

cause of death or moribund condition was determined following gross and 

histopathologic (urinary bladder and kidney) examination and is presented in Table 27 

and Appendix Table 19 and further described for some rats in the pathology section 

below. At necropsy, all rats given 300 mkd that died or were declared moribund had 

gross findings on the bladder and four of them had gross findings on the kidney, with the 

cause of death attributed to sequelae of urinary obstruction. There were no treatment­
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related differences in the overall moribundity/mortality in rats given 50 or 150 mkd when 

compared to the control animals. 

Clinical and Cage-Side Observations 

Clinical 'and cage-side observations are summarized in Tables 7-9, and individual data are 

reported in Appendix Tables 1-3. Examinations performed on all animals given 0, 50, or 

150 mkd revealed no treatment-related findings as cited observations were found in at 

most one animal/group and there was no pattern suggesting an increased incidence with 

an increased dose ofEG. Overall, the incidence of clinical or cage-side observations was 

minimal. Animals given 300 or 400 mkd were observed with absent/decreased feces, 

blood in the cage, red urine, red perioral and perinasal soiling, and/or perineal soiling. 

These findings were considered related to treatment and are presented in Text Table 2. 

One animal given 150 mkd was observed with decreased feces, red peri nasal soiling, and 

pale skin; however, these findings were associated with size increases in the lymph node, 

spleen (probable lymphoid tumor) and thymus indicative of rat leukemia and were not 

considered related to treatment. 

Text Table 2. Salient Clinical Observations of Wistar Han Rats Given EG (All Groups) 

Dose Level (mkd) 

Observation 0 50 150 JOO 400 

Feces- Absent/Decreased 0 0 I 2 1 

Blood in the Cage 0 0 0 0 1 

Soiling- Perioral, Red 0 0 0 3 0 

Soiling- Perineal, Urine 0 0 0 1 0 

Soiling- Perinasal, Red 0 0 I 3 0 

Moribund/Spontaneous 
Death I 0 I 5 3 

Boldtype mdlcates effects conSidered treatment related. 

Ophthalmology 

Ophthalmology results are summarized in Table ro, and individual data are reported in 

Appendix Table 4. Examinations perfonned on all animals prior to the study revealed 

some animals with cloudy lens. These findings were considered incidental and a remnant 

opacity from the hyaloid artery; therefore, these animals were considered healthy and 

suitable for study purposes. 
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Body Weights/Body Weigbt Gains 

Mean body weight and body weight gain data for rats are presented in Figures 1-6, 

summarized in Tables 11-13, and individual data are reported in Appendix Tables 5-7. 

There were no statistically identified or treatment-related effects in body weights for 

animals given 50 or 150 mkd, which had considerable variability. Rats given 300 or 

400 mkd had treatment-related decrements in body weight (Text Table 3). The differences 

from controls were observed within the first few months in animals given 400 mkd. On 

study day 43, body weights and body weight gains for the 400 mkd group were decreased 

5.9% and 12.5%, respectively. The differences from controls and the 400 mkd group 

continued to develop and were first statistically identified on study day 141, when body 

weights and body weight gains were 12.7% and 21.4% less than controls, respectively. 

Body weight and body weight gains continued to decrease and, on study day 197, body 

weights were 20.1 % less than controls and body weight gains were 31.3% less. On study 

day 203, the 400 mkd dose group was humanely euthanized because of excessive body 

weight loss. Body weights for rats given 300 mkd were typically lower than controls by 

mid-study on with all but one animal having body weights less than the mean of the control 

group. These body weight decreases from controls were considered related to treatment 

but were not statistically identified because of the large standard deviations. The 

differences from controls for the 300 mkd dose group developed gradually and on study 

day 141, body weights were 5.2% less than controls and body weight gains were 8.4% less 

than controls. After day 141, differences from controls in body weights and body weight 

gains leveled off and on study day 358 body weight decreases were 5.4% ofcontrols and 

body weight gains were 8.5% of controls. At study tennination, body weights were 2.3% 

less than controls and body weight gains were only 3.8% less than controls for the 300 mkd 

group. The reported changes in body weights and body weight gains were calculated from 

the main study animals. Similar trends in body weight and body weight gains were 

observed in the oxalate clearance group but not in the metabolism group. The absence of 

these trends in the metabolism group may be a reflection of the smaller sample size and 

individual animal variability. 
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Text Table 3. Mean Body Weights of Wistar Han Rats Given EG (Main Group) - Selected 


Intervals 


Dose Level (mkd) 

Test Day 0 I 50 I ISO I 300 I 400 

Males (g) 

183.3 181.1 182.01 182.0 183.3 

343.7 334.2 321.74J 341.7 329.8 

441.6 424.2 390.8·141 447.7 429.3 

368.7·197 461.3 464.3 444.3 433.5 

456.3281 482.2 492.8 465.2 -
458.4323 484.8 505.4 471.8 -

358 501.0 521.8 488.0 473.8 -
365 504.4 523.8 490.1 493.0 .. ,•Siallstically Different from ContrOl Mcan by Dunnell s Test, alpha 0.05 . 

Boldtypc indicates effects considered treatment related. 
-- No data 

Feed CODsum ption 

Mean feed consumption data for rats are summarized in Tables 14-16, and individual data 

are reported in Appendix Tables 8-10. The reported effects in feed consumption were 

summarized from the main study animals. Similar trends in feed consumption were 

observed in the metabolite and oxalate clearance groups. Feed aversion/scratching 

occurred at ~ 150-mkd, which was reflected in the smaller sample size as these feed 

consumption data'were not collected. There was no noticeable treatment or dose-related 

trend in feed consumption for rats gIven 50, 150, or 300 mkd compared to controls, and 

differences were never statistically identified (Text Table 4). From day 1 through 

termination on study day 203, feed consumption for rats given 400 mkd was decreased at 

every time point when compared to controls, typically statistically identified from study 

day 106 to termination and was considered related to treatment (Text Table 4). 
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Text Table 4. Mean Feed Consumption of Wi star Han Rats Given EG (Main Group)­


Selected Intervals 


Dose Level (mkd) 

Test Day 0 I 50 I 150 I 300 400 

Mflles (g1day) 

1·8 23.4 23.4 23.9 22.9 22.7 

85·92 23.9 23.5 24.8 23.8 22.1 

IOG-Il3 24.4 22.7 23.1 22.8 20.4s 

19Q..197 22.9 22.7 22.0 22.8 17.4'" 

288-295 21.7 21.9 21.6 22.5 -
358-365 23.8 22.6 21.8 23.1 -
.. ,•Statistically DllTerent from Control Mean by Dunnett s Test, alpha 0.05 . 


$Statistically Different from Control Mean by Wilcoxon's Test, alpha = 0.05. 

Boldtype indicates elTects considered treatment related. 

- No data 


Water Consumption 

Mean water consumption data for rats are summarized in Table 17, and individual data are 

reported in Appendix Table 11. Water consumption data were collected for main group 

animals in the control, 50, 150, and 300 mkd groups for a 24-hour period during the urine 

collection period. Water consumption for rats'given 300 mkd was increased 151 % of 

controls and considered to be treatment related. There were no differences in water 

consumption for animals given 50 or 150 mkd when compared to controls. 

Feed Efficiency 

Feed efficiency data for the first l3-weeks of the study are summarized in Table 18, and 


individual data are reported in Appendix Table 12. Rats given 400 mkd were observed 


. with decreases in feed efficiency toward the end of the I3-week period. These decreases 


were considered related to treatment. There was no consistent pattern of altered feed 

efficiency at doses of 50, 150, or 300 mkd. 

Test Material Intake 

Test material intake data are summarized in Table 19. Group test material intakes for 0-12 

months were calculated on the parts per million of test material in the feed (% test material 

in the feed), feed consumption, and body weight data as reported above. The test material 

intake was consistent with the targeted concentrations for all dose levels over the course of 

the study. Mean test material intake data (mglkglday) are presented in Text Table 5. 

181 




THE DOW CHEMICAL COMPANY 
STUDY ID: 031079 

PAGE 38 

Text Table 5. Targeted (mglkglday in the diet) and Mean Calculated Dose (mglkglday) ofEG 

Targeted dose 0 '0 150 300 4001 

(mg/kg/day) 

Actual dose (mglkg/dIlY)+ 

0-12 months 

Males 0 51 (±4) 152 (± 14) 303 (± 24) 390 (± 36) 
• Mean (± Standard Devlallon) of calculated dosage levels . 
1 Study duration was 203 days for the 400 mglkg/day dose group. 

Clinical Patbology 

Urinalysis 

Urinalysis data for rats are summarized in Tables 20 and 21 and Text Table 6, and 

individual data are reported in Appendix Table 13. Decreases in urinary pH occurred 

in all treatment groups but were not considered adverse but rather likely resulted from 

the presence of urinary metabolic products ofEG, which were anticipated . .Animals 

given 300 mkd had increased urine volume and concomitantly decreased. urine specific 

gravity compared to controls. These findings correlated with the increased water 

consumption observed at this dose level. The more dilute urine in the 300 mkd group 

might also explain the finding that there were less animals in this group with 

decreased urinary pH than in the 150 mkd group. 

Urinary crystal data are summarized in Text Table 7. TreatmenHelated effects 

occurred in all treatment groups, with the proportion of crystals that were composed of 

calcium oxalate increasing with increasing dose ofEG, and those composed of 

phosphate decreasing with increasing dose of EG. The change in the composition of 

urinary crystals was considered a normal metabolic consequence of EG exposure and 

not an adverse effect. 
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Text Table 6.- Salient Urinalysis Findings 

Dose ml!lk(!}dav) 

Urine pH 

Urine volume (ml) 

Urine specific gravity 
(mOsmolll) 

0 

7.0(1) 
7.5 (I) 
8.0 (2) 
8.5 (2) 
>9 (2) 

10.6 

1.031 

50 

6.5 (3) 

7.5 (1) 
8.0 (2) 
8.5 (2) 
>9 (2) 

8.8 

1.03' 

150 
5.0 (2) 
5.5 (I) 
6.0 (2) 

7.5 (2) 

>9 (2) 

7.9 

1.038 

300 

6.5 (I) 
7.0 (I) 

8.5 (I) 
>9 (2) 

16.3 

1.025 

Unne pH data lObulated as number ofammals (N) with the stated value. 
Bold type indicates the effeclsjudged 10 be trealment-rel'lIed. 

Text Table 7. Urine Crystals 

Dose~ 0 50 150 300 
N 

Triple Phosphate (+++) 
Triple Phosphate (-1+) 
Triple Phosphate (+) 
Triple Phosphate (rare) 
Calcium Oxalate (rare) 
Calcium Oxalate (+) 
Calcium Oxalate (-1+) 
Calcium Oxalate (+++) 

8 
7 
I 

10 
7 
2 
I 

I 
2 

9 
3 
I 
3 
I 

I 
2 
6 

5 
3 
I 
I 

3 
2 

Numbers representmcldence and are not mutually exclusive (I.e., some 
animals had multiple crystallypes). 
Bold type indicates the effects judged to be Ircatmenl·rclaled. 

Anatomic Pat.bology 

Organ Weights 

Tenninal body and organ weight data for rats are summarized in Tables 24-26, and 

individual data are reported in Appendix Tables 14-16. Salient organ weight effects 

are presented in Text Table 8. At scheduled sacrifice, liver and kidneys were weighed 

for the main group animals and kidneys were weighed for the metabolism group 

animals given 0, 50, ISO, or 300 mkd. Kidneys were weighed at early sacrifice for 
animals given 400 mkd. 
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There were no statistically identified differences in any of the measured organs for any 

treated groups when compared to their respective controls. Statistical analyses were 

not conducted on organ weights of animals sacrificed early. Treatment-related 

increases in absolute and relative kidney weights occurred in animals given 300 or 

400 mkd. Although there were no contemporaneous controls for the animals given 

400 mkd that were sacrificed early, there were rem~rkable increases in their absolute 

and relative kidney weights compared to all other groups that went to term, even 

though the body weights of the 400 mkd group were considerably less. The treatment­

related changes in kidney weight were consistent with histopathological evidence of 

mineralization that occurred at the corresponding doses. 

Text Table 8. Treatment-Related Organ Weight Effects 

GROUP Mean Weight DOSE(mWJ<glday) 
0 50 150 300 400 

Main group Terminal Body (g) 483.5 498.7 467.6 466 
Kidney (g) 2.551 2.692 2.417 2.806 -
Kidney (giIOO) 0.530 0.539 0.517 0.612 -

Metabolism group Tenninal Body (g) 488.4 484.1 485.2 457.9 -

Kidney (g) 2.455 2.593 2.649 3.242 -
Kidney (gil 00) 0.505 0.539 0.548 0.713 -

Early tennination group Tenninal Body (g) - - - - 367.7 
Kidney (g) - - - - 4.021 
Kidney (giIOO) - - - - 1.122 

. Nodala. 

Bold type indicates the effects judged 10 be treatment related. 


Gross Pathology 

The gross pathologic observations are summarized in Table 27, and individual data are 

reported in Appendix Table 19. Salient gross pathological observations are presented in 

Text Table 9. Treatment-related gross pathological observations were primarily 

confined to the kidney and urinary bladder in animals given 300 or 400 mkd, with 

secondary treatment-related observations occurring at a lesser incidence in the lung at 

these dose levels. For rats given 300 mkd, of,15 rats examined grossly at necropsy, 7 

had findings on the kidney and 8 had findings on the urinary bladder. For rats given 

400 mkd, of20 rats examined grossly at necropsy, 17 had findings on the kidney and 10 

had findings on the urinary bladder. Some animals given 400 mkd also had decreased 

body fat, increased size of the renal lymph nodes, and calculus in the ureter or a dilated 

ureter. Gross pathological effects on the kidney consisted of calculi, dilated renal pelvis, 
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or a mottled, pale or roughened surface. Gross pathological effects on the urinary 

bladder consisted ofcalculi, dilatation, bloody urine, or a thickened or hemorrhagic 

wall. Treatment~related gross pathological effects on the lung, which were less frequent 

and considered secondary sequelae to effects on the kidney, consisted of a mottled 

appearance in four rats given 400 mkd. Effects in the lung secondary to chronic renal 

disease are well established in the literature (Boonnan and Eustis. 1990). Gross 

pathological findings of congestion and edema that occurred in the lungs of several 

animals given either 300 or 400 mkd may have been associated with agoraJ changes as 

these animals were found dead. The decrease in body fat observed for five animals 

given 400 mkd was considered reflective of the general decrease in body weight 

demonstrated by animals at this dose level. 1)te increased size of the renal lymph nodes 

was considered a secondary consequence of the renal findings observed in eight animals 

given 400 mkd. 
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Text Table 9. Salient Gross Pathological Observations 

Dose (mglkglday) 4000 50 150 300 

(20)Kidneys (# examined) (14) (15) (15) (15) ,.No visible lesions 15 15 38 

Calculus, unilateral 0 00 0 2 

Calculus, bilateral 0 0 I 30 

Dilated renal pelvis, unilateral 0 0 30 3 

Dilated renal pelvis, bilateral 0 60 0 3 

Mottled I0 0 0 0 

Pale, bilateral 0 I.0 0 3 

14Roughened surface, bilateral 0 0 0 2 

(15) (20)Urinary bladder (# examined) (14) (15) (15) 

10No visible lesions 15 15 7I' 

0 4Calculus 0 0 7 

ICalculus, multifocal 0 0 I0 

3Dilatation 0 0 80 

3Hemorrhage of the wall 0 0 0 5 

7Thickened wall 0 0 I0 

Bloody urine 0 20 0 0 

Lung (# examined) (14) (15) (15) (15) (20) 

No visible lesions 1414 15 14 14 

Congestion 0 0 I 20 

O· IEdema 0 0 I 

Focus, dark, multi focal 00 0 I 0 

MoUled 0 0 40 0 

0 50 0 0Decreased body: fat 

0 0 80 0Increased size of renal Il:mgh nodes 

20 0 0 0Ureter with calculus gresent 

0 20 0 0Ureter with unilateral dilatation 

Bold type mdlcates the effects Judged to be treatment related. 

Histopathology 

Histopathologic observations are summarized in the Pathology Report submitted by 

Dr. Gordon Hard and attached to this report as Appendix A. 
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A compound-induced nephropathy associated with crystalluria affected the majority of 

the animals at 300-mkd, and all of those given the highest dose of400-mkd with a 

severity that led to early term ination of this group. In contrast, none of the renal 

alterations associated with EG exposure (basophilic foci of crystalluria-related 

nephropathy, renal tubule dilatation, birefringent crystals representative ofcalcium 

oxalate, dilatation of the renal pelvis, or transitional cell hyperplasia !n the renal 

pelvis) were observed in the group ofrats administered 50 or 150-mkd, establishing 

the latter dose-level as a NOAEL. 

Calculi, up to 2 mm in diameter, were found in the bladder, and sorretimes in the renal 

pelvis, at the two highest doses. Since the cause of death of the 3 animals dying in 

Group 4 (300-mkd) was unlikely to be related to the extent of the compound­

associated kidney changes. which ~as less than end-stage in each case, bladder tissue 

from most animals in each group was examined. Histological findings in the bladder 

and/or ureter correlated well with the necropsy observations of calculi. The basic 

change was simple transitional cell hyperplasia, progressing to acute inflammation and 

hemorrhage in severe cases. In animals dying before scheduled termination in groups 

given 300 or 400-mkd, the acute inflammation and hemorrhage of the bladder wall 

was a consistent finding in all but one case, and considered to be related to the cause 

ofdeath. Such severe bladder pathology was often accompanied by a necropsy record 

ofascites or other edematous change, suggesting that infection via the bladder wall 

and septicemia may have been the tenninal event in these cases. Although the cause 

of death may have been related to the consequences ofcalculi in the bladder, the most 

sensitive marker of the adverse effects of ethylene glycol was in the kidneys. 

Calculus formation as a consequence ofEG administration is a predictable finding 

given the chronic duration ofexposure. DePass et al. (1986), in their 2-year bioassay 

ofEG in Fischer 344 rats, reported the presence of oxalate crystals in the urinary 

bladder by 12 months, and sometimes calculi in the pelvic space, ureters, and bladder, 

often in association with hydronephrosis, by 18 months. The greater sensitivity of the 

Wistar rat may explain the more rapid development of calculi by 12 months in the 

present study. In a subchronic study of calcium oxalate crystalluria induced by EG in 

the Sprague-Dawley rat, Khan (1995) described the fonnaHon of "ministones" on the 

surface of the renal papilla after 8 weeks, and referred to the potential for this to lead 

to stone development. On the basis of the crystalline structures observed in some of 

the bladders in the current 12-month study with ethylene glycol, it seems likely that 
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the calculi diagnosed at necropsy were not true concretions, which are usually solid, 

but merely organization of crystal clumps into larger aggregates. 

Oxalic Acid Clearance 

Oxalic acid clearance data are summarized in Table 22 and Text Table 10. 

Text Table 10. Summary of Oxalic Acid Clearance 

GROUP Mean Clearance EG DOSE Cmglkg/day) 
(mUminlkg BW) 0 50 150 300 

Main Study Rats (age Mean 3.91 4.50 4.70 4.79 
range 55-60 wk) SId Dev 1.03 0.59 0.77 1.53 
Na·ive Younger Wislar Mean 3.80 - - -
Rats (age range 9-12 Std Dev 0.70 - - -
wk) 
Na·ive Older f-344 Rats Mean 4.56 - - -
(age range 47-56 wk) Std Dev 1.26 - - -
NaIve Younger F-344 Mean 6.06 - - -
Rats (age range 9-12 Sid Dev 0.68 - - -
wk) 
C-) No data 

The renal clearance rates of 3H_ inulin and 14C-oxalate were evaluated in all surviving 

dose groups of the study (control, 10, 150, and 300 mkd) to evaluate dose-dependent 

effects on renal function. These parameters were also determined for control, male, 

young Wistar Han and F344 rats (9-12 weeks of age) and control, male, old F344 rats 

(47-56 weeks of age) to obtain reference level information on renal function in rats of 

different strains and ages. Nai"ve animals were purchased from the vendor shortly 

prior to clearance assessment, and therefore, were not on the lower-protein NTP diet 

that the main study animals were fed. No assessment pfthe potential impact of this 

variable was done as part of this study. 

There were no test material-related changes in oxalate or inulin clearance in the male 

Wistar Han rat at the end of the l2-month study. As shown in Table 23, the ratio of 

oxalate/inulin c.1earance was 0.82 for control mac rats and 0.73-0.87 for the three 

surviving dose groups. No statistically significant, dose-dependent trends were 

observed in the clearance ratio between these groups. Evaluation of the oxalate 

clearance alone (Figure 7, Table 22) also showed no statistically significant changes in 

renal elimination ofoxalate between the control and dosed groups, with clearance 

rates 00.91-4.79 mllminlkg bw. 
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The only statistically significant difference observed in the rate of oxalate clearance 

was between the non-dosed young Wistar Han and F344 rats. As shown in Figure BC, 

the renal elimination of oxalate was significantly higher in the F344 rat. These results 

are consistent with the higher kidney oxalate levels and increased renal toxicity 

reported previously in the Wistar rat vs. the F344 (Cruzanel al. 2004), following 

dietary administration of ethylene glycol for 16 weeks. 

The ratio of oxalate to inulin clearance appeared lower in the young vs. the old F344 

rats (0.70 vs. O.SI; not statistically significant), while the oxalate clearance rate 

appeared higher for the young F344 rats (6.06 vs. 4.56 mVminlkg, respectively; not 

statistically significant) (Tables 22 and 23, Figure BB). These results are consistent 

with both a higher rate ofoxalate and inulin clearance in the young vs. the old F344 

rat, as reported for inulin in Wister rats (Cormanet at. 19BB). 

The clearance of oxalate appeared slightly higher in the old F344 vs. Wistar Han rats 

(4.56 vs. 3.91 ml/minlkg, respectively; not statistically significant). Although old 

male F344 rats also have a reduced capacity for clearance of OX, similar to that of 

young and old male Wistar rats, the strain differences in sensitivity are maintained 

even through one year of exposure. 

Metabolism SaTellite Group 

EG metabolism analysis was conducted by Richard Corley, Ph.D., Battelle Northwest. 

The report is appended to this report as Appendix B. Blood, urine, and kidney 

samples collected from the metabolite satellite group of male Wistar rats exposed for 

12 months at 0, 50,150, or 300-mkd EG were analyzed for EG, glycolic acid (GA), 

and oxalic acid (OX) (Text Tables 1 la-c). In addition to these samples, a section of 

kidney from male rats in the 400-mkd group that were sacrificed on study day 203 due 

to excessive body weight loss, and a section of kidney from all main study animals 

necropsied at 12 months, were also analyzed for EG, GA, and OX. The presence of a 

contaminant- in the derivatization agent used for the analysis of EG in all samples 

except urine, which was ana lyzed directly, prevented the accurate quantitation of EG. 

Thus, for EG, only the urine data are reported. 

T.he elimination of EG in urine followed a linear, dose-related relationship. The results 

represented a slight under-estimate of the total amounts ofEG cleared in urine because 

of the inability to quantitate EG in cage wash samples due to a contaminant in the 

derivatization reagent, PFBCl. A linear increase in urinary excretion of GA was 
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observed at 50 and 150 mglkg/d while a disproportionate (non-linear) increase was 

observed at 300-mkd. Urinary excretion of OX was similar to controls across all dose 

levels. 

In the kidneys, there were no differences in the concentrations of GA and OX at dose 

levels up to 150-mkd, compared with controls. However. there were clear non-linear 

increases in the concentrations ofGA and OX at dose levels of300 and 400-mkd. 

Concentrations at 400-mkd reached an average of 14 Ilg/g and 18,800 Ilg/g for GA 

and OX, respectively, with some animals having considerably higher concentrations of 

each metabolite than average. In fact, OX concentrations, when expressed as calcium 

oxalate, 'accounted for an average of2.9% of the total kidney weight (with one animal 

approaching 11.2%) in the animals exposed to 400 mglkgld and sacrificed early in the 

study. 

The concentrations ofGA in blood were not significantly different from controls up to 

150-mkd. At 300-mkd, the concentrations in blood were approximately 3.3- fold 

higher than controls although the concentrations were all <10 Ilg/g regardless of dose 

level. The concentrations ofOA in blood were also similar across all dose levels, 

averaging 3.7-5.1 Ilg/g. These results were expected from the low solubility of OA at 

physiological pH in aqueous media. 

Text Table 11 a. Total Amounts (mean ± s.d.) of EG, GA, and OX Eliminated in the 

Urine + Cage Wash Collected 24 hours Prior to Sacrifice ofMale Wistar Han Rats 

Administered Ethylene Glycol in the Diets For Up to 12 Months 

Dose Group 
(mglkglday) 

EG 
(.g) 

GA 
(.g) 

OX 
(.g) 

Control nd(I) 52.0 ::1:40.9 3,015 ±1486 

50 2,576 ±1,375 231.5±112.0 1,519±989 

ISO 6,469 ± 1892 358.9 ± 105.9 4,211 ± 2,964 

300 13,945 ± 8,021 2,100± 1,160 4,274 ± 3, III 

(I)One control urine had detectable amounts orEG, while no EG was detected in all other samples. 
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Text Table II b. Concentrations (mean ± s.d.) ofGA and OX in the Kidneys of Male 

Wi star Han Rats Administered Ethylene Glycol in the Diets For Up to 12 Months 

Dose Group "'­ OX 
(mglkglday) (.gig) (.gig) 

Control (n-13) 1.72 ± 0.85 5.31 ± 4.22 

50 (n-15) 1.79 ± 0.97 16.07 ± 35.03 

150 (n-14) 1.67 ± 0.95 B.72± 7.33 

300 (n-IO) B.64± 14.11 6,561 ± IB,644 

400(n 15P) 13.97 ± 9.54 IB,789±23,446 

""Early sacnfice (day 203). 

Text Table Ilc. Concentrations (mean ± s.d., n==5) ofGA and OX in the Blood of Male 

Wistar Han Rats Administered Ethylene Glycol in the Diets For Up to 12 Months 

Dose Group 
(m!0<glday) 

"'­
(.gig) 

OX 
(.gig) 

Control 2.06 ± 1.38 3.87 ± 2.35 

50 3.42 ± 0.87 3.74 ± 2.80 

150 2.67 ± 1.89 3.8] ± 0.65 

300 6.78 ± 1.75 S.IO±2.IB 

Benchmark Dose Analysis 

BMD modeling was conducted by the Sapphire Group, Inc., using the histopathology 

data described by Dr. Gordon Hard for kidney effects in Wistar rats chronically 

exposed to EG using data for compound~ induced nephropathy, and birefringent 

crystals. Incidence data and combined incidence X severity data were used for the 

purposes ofdefining a dose corresponding to an extra risk of 5% (BM005) and its 

lower confidence limit (BMDL05). The BM005 and BMOL05 values calculated for 

compound~induced nephropathy using incidence data werel20 mglkg-day and 

82 mglkg-day, respectively. The BM005 and BMDL05 values calculated for 

compound~induced nephropathy using incidence X severity data were170 mglkg-day 

and 150 mglkg-day, respectively. The BMD05 and BMDL05 values calculated for 

compound~induced birefringent crystals using incidence data were 140 mglkg-day and 

94 mglkg-day, respectively. The BMD05 and BMDL05 values calculated for 

compound~induced birefringent crystals using incidence X severity data were 
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170 mglkg..day and 160 mglkg..day, respectively. The Sapphire BMD report is 

appended to, this report as Appendix C. 

DISCUSSION AND CONCLUSIONS 

As a result of excessive body weight loss in the 400-mkd group, remaining animals at this 

dose level were humanely euthanized on test day 203. For the 300-mkd group, due to 

deaths that occurred prior to the end of the one-year dosing period, some rats previously 

dedicated to the main group were shifted between groups at the end ofthe in-life phase of 

the study to ensure that at least five animals/dose level were in each the metabolism and 

clearance groups. Since this shifting of animals sometimes resulted in less than 10 

animals/dose level remaining in the main toxicity group, a portion of the kidneys from all 

animals finally dedicated to either the main or metabolism groups were collected for both 

histopathology as well as metabolite identification, thus resulting in a variable "N" 

greater than the original design often or five animals for general toxicity or kidney 

metabolites, respectively. Due to deaths that occurred during surgery or due to some 

non-successful surgeries, some rats previously dedicated to either the main or sentinel 

control groups were shifted to the clearance control group at the end of the in-life phase 

of the study to ensure that at least five animals/dose level were in the clearance group. 

One control rat died (day 307), no rats given 50-mkd died, one rat given 150-mkd died of 

a spontaneous rat lymphoma (day 267), and four rats given 300-mkd died (on day Ill, 

207,213, or 221) with a fifth rat at that dose level declared moribund on day 138. At 

400-mkd,4 rats died spontaneously or were humanely euthanized in a moribund state (on 

day43, 154, 187, or 193). On day 203, the sixteen remaining animals given 400-mkd 

were humanely euthanized because of excessive body weight loss. The mortality at 300 

and 400-mkd was considered treatment-related. 

All rats given 300-mkd that died or were declared moribund prior to study termination 

had gross findings on the bladder and four of them had gross findings on the kidney, with 

the cause of death attributed to sequelae of uri nary obstruction. The underlying cause of 

death/moribundity determined following gross and histopathologic examination was 

related to effects on the urinary bladder or kidney as described below. 

During the study, animals given 300 or 400-mkd had occasional treatment-related 

absent/decreased feces, blood in the cage, red urine, red perioral, and perinasal soiling, 

and/or perineal soiling. There were no treatment-related clinical signs at 50 or 150-mkd. 
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Rats given 300 or 400-mkd had treatment-related decrements in body weight and body 

weight gain. The differences from controls occurred within the first few months in 

animals given 400-mkd and were first statistically identified on day 141, when body 

weights and body weight gains were 12.7% and 21.4% less than controls, respectively. 

On study day 197 at 400-mkd, body weights were 20.1 % less than controls and body 

weight gains were 31.3% less; therefore, the remaining rats at this dose were humanely 

euthanized on study day 203 because of excessive body weight loss. Body weights for 

rats given 300-mkd were typically lower than controls by mid-study, with all but one 

animal usually having body weight less than the control mean. These effects were 

considered related to treatment but were not statistically identified because of the large 

standard deviations. The body weight effects for rats given 300-mkd occurred gradually, 

and on study day 141, body weights and body weight gains were 5.2% and 8.4% less than 

controls, respectively. After day 141, differences from controls in body weights and body 

weight gains leveled off. No body weight effects occurred at 50 or 150 mkd. 

Feed aversion/scratching occurred at;? 150-mkd. This was reflected in the smaller sample 

data set at these doses as feed consumption data were not collected for rats documented as 

having scratched feed out of their feed crock. Rats given 400-mkd had treatment-related 

decreases in feed consumption at every time point through termination on day 203, which 

were typically statistically identified from study day 106. There were no treatment-related 

decreases in Feed consumption for rats given 50, 150, or 300-mkd. 

Water consumption was analyzed near the end ofthe study. Rats given 300-mkd had a 

treatment-related increase in water consumption of 151% of controls. There were no 

treatment-related effects on water consumption for animals given 50 or 150-mkd. 

After 12 months, decreased urinary pH occurred in all treatment groups but was not 

considered adverse but rather likely due to the presence of acidic metabolic products ofEG. 

Animals given 300-mkd had increased urine volume and concomitantly decreased urine 

specific gravity compared to controls, which correlated with the increase in water 

consumption. The more dilute urine in the 300 mkd group might also explain the finding 

that less animals in this group had decreased urinary pH than in the 150-mkd group. 

Analysis of urinary crystals demonstrated treatment-related effects at all EG doses, with the 

proportion of crystals that were composed ofcalcium oxalate increasing with increasing 

EG dose, and those composed ofphosphate decreasing with increasing EG dose. This 
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compositional effect was considered a metabolic consequence ofEG exposure as no 

adverse effects were seen from the crystals observed in the 50 or 150-mkd groups. 

Increases in absolute and relative kidney weights occurred in animals given 300 or 400­

mkd. These were not statistically identified at 300-mkd and were not statistically 

analyzed at 400-mkd. but were considered treatment-related. There were no 

contemporaneous controls for the animals given 400-mkd since they were sacrificed 

early, but remarkable increases occurred in their absolute and relative kidney weights 

versus all other groups that went to term, although rats at 400-mkd weighed much less. 

Treatment-related gross pathological observations occurred in animals given 300 or 400­

mkd and were primarily confined to the kidney and urinary bladder, with secondary 

treatment-related observations occurring in the lung. For rats given 300-mkd, of 15 rats . 

examined, 7 had findings on the kidney and 8 had findings on the urinary bladder. For 

rats given 400 mkd. of20 rats examined, 17 had findings on the kidney and IO had 

findings on the urinary bladder. The most relevant observation in the 300-mkd group was 

the presence ofcalculi in the bladder (and sometimes the renal pelvis or ureter) in 8 of the 

total 15 rats examined. This also occurred in 8 of20 rats at 400-mkd. Calculus formation 

in the urinary bladder was usually accompanied by dilatation of the bladder and, for the 5 

unscheduled deaths at 300-mkd, hemorrhage of the bladder wall, usually with ascites or 

other edematou!i change. Three animals given 300-mkd had calculi in the renal pelvis. 

Almost all rats at 400-mkd showed signs of kidney andlor urinary bladder involvement, 

including a roughened kidney surface, renal pelvic dilatation, thickened bladdet wall, and 

calculi in the renal pelvis, ureter, or bladder. Of the four unscheduled deaths occurring 

before early termination of this group, three were observed to have hemorrhage of the 

bladder wall. Some animals given 400-mkd also had decreased body fat, increased size of 

the renal lymph nodes, and calculus in the ureter or a dilated ureter. Treatment-related 

gross pathological effects on the lung, which were less frequent and considered secondary 

sequelae to effects on the kidney, consisted of a mottled appearance in four rats given 

400-mkd. Gross pathological findings of congestion and edema that occurred in the lungs 

of several animals given either 300 or 400-mkd may have been associated with agonal 

effects as these animals were found dead. The decrease in body fat observed for five 

animals given 400-mkd was considered reflective of the general decrease in body weight 

demonstrated by animals at this dose level. The increased size of the renal lymph nodes 

was considered a secondary consequence of the renal findings observed in eight animals 

given 400-mkd. 
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Histopathological examination showed that a compound-induced nephropathy associated 

with crystalluria affected the majority of the animals at 300-mkd, and all of those given 

400-mkd. None of the renal alterations associated with EG exposure (basophilic foci of 

crystalluria-related nephropathy, tubule dilatation, birefringent crystals particularly in the 

pelvic fornix, renal pelvic dilatation, or transitional cell hyperplasia) were observed in the 

rats given 50 or 150-mkd, establishing the latter dose-level as a NOAEL. 

Calculi, up to 2-mm diameter, were found in the bladder, and sometimes in the renal 

pelvis, at the two highest doses. Since the cause of early death for 3 animals at 300-mkd 

was unlikely to be related to the extent of the compound-associated kidney changes, 

which were less than end-stage, bladder tissue from some animals in each group was 

examined. Histological findings in the bladder am ureter correlated well with the 

observations of calculi. There were no treatment-related findings in the bladder or ureters 

of the rats in the 50 and 150 mkd groups. The basic change was simple transitional cell 

hyperplasia, progressing to acute inflammation and hemorrhage in severe cases. In 

animals dying before scheduled termination in groups given 300 or 400-mkd, the acute 

inflammation and hemorrhage of the bladder wall ~as a consistent finding in all but one 

case, and considered to be related to tl"f: cause ofdeath. Such severe bladder pathology 

was often accompanied by a necropsy record of ascites or other edematous change, 

suggesting that infection via the bladder wall and septicemia may have been the terminal 

event. Although the cause of death may have been related to the consequences of calculi 

in the bladder, the most sensitive marker of the adverse effects of ethylene glycol was in 

the kidneys. 

Near the end of the 12-month study, the renal clearance rates of 3H-inulin and 14C_oxalate 

were evaluated in the control, 50, ISO, and 300-mkd groups as well as na"ive, male, young 

Wistar and F344 rats (9-12 weeks of age) and na"fve, male, old F344 rats (47-56 wk of 

age) to obtain information on renal clearance capability in rats of different strains and 

ages. 

There were no treatment-related changes in oxalate or inulin clearance in the male Wistar 

rats after 12-months. Oxalate/inulin clearance ratios were 0.82 for controls and 0.73-0.87 

for the 50, 150, and 300-mkd groups. Oxalate clearance rates ranged from 3.91-4.79 

ml/minlkg bw. 

Clearance ratios were not significantly different for the young versus old Wistar rats and 

varied from 0.59 to 0.82, respectively. While these results suggest an age-dependent 
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increase in oxalate clearance, the actual clearance of oxalate was found to be quite 

constant with age (3.80-3.91). This variation in oxalate/inulin clearance ratios was most 

probably due to an age-dependent decrease in inulin clearance. In contrast, the ratio of 

oxalate to inulin clearance was lower in the young versus old F344 rats (0.70 vs. 0.81; not 

statistically significant), while the oxalate clearance rate was higher for the young versus 

old F344 rats (6.06 versus 4.56 ml/minlkg, respectively; not statistically significant), 

suggesting a higher rate of oxalate and inulin clearance in the young versus old F344 rats. 

The only statistically identified difference in the rate of oxalate clearance was between 

the na'lve young Wistar and F344 rats, which was significantly higher in the F344 rat .. 

The clearance of oxalate was slightly higher in the old F344 versus Wistar rat (4.56 vs. 

3.91 ml/minlkg, respectively; not statistically significant). Although old ma'ie F344 rats 

also have a reduced capacity for clearance of OX, similar to that ofyoung and old male 

Wistar rats, the strain differences in sensitivity are maintained even through one year of 

exposure. 

Blood, urine, and kidney samples collected from the metabolite satellite group of Wistar 

rats exposed for 12 months at 0,50, 150, or 300-mkd EG were analyzed for EG, glycolic 

acid (GA), and oxalic acid (OX). A portion of kidney from each animal in the 400-mkd 

group that was sacrificed on study'day 203, and a portion of kidney from all main study 

animals at 12 months, were also analyzed for EG, GA, and OX. There was a contaminant 

in the derivatization agent used for the analysis of EG in all samples except urine, which 

was analyzed directly. Thus for EG, only the urine data are reported. 

The excretion of EG in urine followed a linear dose-response relationship across all dose 

levels. A linear increase in urinary excretion of GA was observed at 50 and ISO mglkg­

day while a disproportionate (non-linear) increase was observed at 300-mkd. Urinary 

concentrations of OX were similar to controls across alI'dose levels. In the kidneys, there 

were no differences in the concentrations ofGA and OX at dose levels up to 150-mkd, 

compared with controls. However, there were clear non-linear increases in the 

concentrations of GA and OX at dose levels of300 and 400-mkd. Concentrations at 

400-mkd reached an average of 141lg/g and 18,800 ",gig for GA and OX, respectively, 

with some animals having considerably higher concentrations of each metabolite than 

average. In fact, OX concentrations, when expressed as calcium oxalate. accounted for 

an average of2.9% of the total kidney weight (with one animal approaching 11.2%) in 

the animals exposed to 400 mglkgld and sacrificed early in the study. As with the results 
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from the kidneys, the concentrations ofGA in blood were not significantly different from 

controls up to IS0-mkd. At 300-mkd, the concentrations in blood were approximately 

3.3-fold higher than controls although the concentrations were all <10 J.lglg regardless of 

dose level. The concentrations ofOA in blood \'.ere also similar across all dose levels, 

averaging 3.7-S.1 llglg. These results were expected from the low solubility ofDA at 

physiological pH in aqueous media. 

BMD analyses were conducted using compound- induced nephropathy and birefringent 

crystal data from Wistar rats chronically exposed to EG for the purposes of defining a 

dose corresponding to an extra risk of 5% (BMDOS) and its lower confidenc~ limit 

(BMDL05). The respective BMDOS and BMDL05 values using incidence and severity 

were170 mglkg-day and ISO mglkg-day for compound-induced nephropathy, and 

170 mglkg-day and 160 mglkg-day for compound- induced birefringent crystals. 

Tn conclusion, chronic dietary administration ofEG to male Wistar Han rats for 12 

months resulted in: 

• 	 The maximum tolerated dose (MTD) was exceeded at 400-mkd as excessive body 

weight loss.at this level necessitated early termination and there were 

histopathologic manifestations of marked renal toxicity. 

• 	 The lowest-observed-adverse-effect level (LOAEL) was 300-mkd based on gross 

and microscopic observations of compound- induced nephropathy and urinary 

bladder changes associated with crystalluria (representative ofcalcium oxalate), 

increased absolute and relative kidney weights, decrements in body weight and 

body weight gain, increased mortality, increased water consumption, a non-linear 

increase in urinary and blood concentrations ofGA, and non-linear increases in 

the kidney concentrations of GA and Ox. 

• 	 The no-observed-adverse-effect level (NOAEL) was 150-mkd based on the 

absence of maniFestations of systemic, bladder or renal toxicity at this dose. The 

most sensitive marker of the adverse effects ofEG was in the kidneys at levels 

greater than ISO-mkd. 

• 	 A no-observed-effect level (NOEL) was not established as decreased urinary pH 

and increased urinary oxalate crystals occurred at all treatment levels ~ 50-mkd), 

however, these were not considered adverse but rather nonnal 

metabolic/physiological consequences of chronic EG exposure. 

• 	 There were no treatment-related effects on renal c~arance of oxalate or inulin. 
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• 	 Urinary excretion ofOX was similar to controls across all doses, that ofEG 

followed a linear dose-response relationship, and that ofGA was linear between 

50 and 150-mkd, with a disproportionate non-linear increase at 300-mkd. 

• 	 Kidney concentrations of GA and OX were similar to controls at doses up to 

150-mkd. However, there were clear non-linear increases in the kidney 

concentrations ofGA and OX at dose levels of300 and 400- mkd. 

• 	 The respective BM005 and BMDL05 values using incidence and severity data 
were170 mglkg-day and 150 mglkg-day for compound-induced nephropathy, and 

170 mg/kg-day and 160 mglkg-day for compound-induced birefringent crystals. 
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ETHYLENE GLYCOL:' 12-MONTH DIETARY TOXICITY STUDY TN WISTAR HAN RATS 

FIGURE 1. Body Weights - Main Group 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

FIGURE 2. Body Weights - Metabolism Group 
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ETHYLENE GLYCOL: I2-MONTH DIETARY TOXICITY STUDY IN WI STAR HAN RATS 

FIGURE 3. Body Weights - Oxalate Clearance Group 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

FIGURE 4. Body Weights Gains - Main Group 
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ETHYLENE GLYCOL: 12·MONTH DIETARY TOXICITY STUDY IN WIST AR HAN RATS 

FIGURE 5. Body Weights Gains - Metabolism Group 
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12·MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

Body Weights Gains - Oxalate Clearance Group 

~~~-+-OMKD 

-+'-SOMKD 

---- ISO /I.o1KD 

-+-JOOMKD 

--fr- 400 MKD 

5/ 113 169 22.5 m :m 
USfDA\s "" 



THE DOW CHEMICAL COMPANY 
STUDY ID: 031079 

PAGE 63 

ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

FIGURE 7. Renal Clearance of Oxalate in the Wistar Rat Administered EO for 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

FIGURE 8. Renal Clearance of Oxalate in Control Rats 

A) 3-month Wistar vs. 12-month Wistar; B) 3-month F344 vs. 12-month F344; C) 3­
month F344 vs. 3-month Wistar ('to statistically different, p < 0.001); D) 12-month F344 
vs. 12-month Wistar. 
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ETHYLENE GLYCOL: 12-MONTI-I DIETARY TOXICITY STUDY TN WISTAR HAN RATS 

TABLE 1. Study Specific Parameters 

Main Metabolite Satellite Oxalate Clearance 
Group Group Group 

Study Parameters # of AnimalslDose # of AnimalsIDose # of AnimalslDose 

Cage-side Observations 10 5 5 


Body Weights 10 5 5 


Feed Consumption 10 


Test Material Intake 10 


Feed Efficiency 10 


Clinical Observations 10 5 5 


Urinalysis 10 5 


Necropsy 10 5 5 


Organ Weights 10 5 


Histopathology 10 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

TABLE 2. DCO Parameters, Functional Tests and Mode of Recording 

Clinical Observations 

For the categories listed below, the observer directly records the positive observation. 

1. Abnormal behavior Description 
2. Abnormalities of the eye Description 
3. Abnormal urine or feces Description 
4. Abnormalities of the gastrointestinal tract Description 
5. Injury Description 
6. Missing extremity Description 
7. Abnormal muscle movements Description 
8. Palpable mass/swellings Description 
9. Abnormal posture Description 
10. Abnormalities of the reproductive system Description 
11. Abnormal respiration Description 
12. Abnormal skin or haircoatlmucous membranes Description 
13. Excessive soiling Description 
14. General abnormalities Description 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTARHAN RATS 

TABLE 3. Tissues Collected and Preserved at Necropsy 

ADRENIILS KIDNEYS PROSTIITE 
1I0RT1I LIICRIMAL/HARDERIAN GLANDS RECTUl1 
AUDITORY SEBIICEOUS GLANDS LARYNX SALIVARY GLANDS 
BONE (INCLUDING JOINT) LIVER SEMINAL VESICLES 

BONE HARROW LUNGS SKELETAL MUSCLE 

BRAIN (CEREBRUM, BRAINSTEM, CEREBELLUM) SKIN AND SUBCUTIS 

CECUM MEDIIISTINAL LYMPH NODE SPINAL CORD (CERVICAL, THORACIC, LUMBAR) 

MEDIASTINAL TISSUES SPLEEN 
COIlGULATING GLANDS MESENTERIC LYMPH NODE STOMACH 
COLON MESENTERIC TISSUES TESTES 
CRANIIIL NERVE - OPTIC NASAL TISSUES/PHARYNX THYMUS 
DUODENUM ORAL TISSUES THYROID GLlIND 
EPIDIDYMIDES TONGUE 
ESOPHAGUS TRACHEA 
EYES PANCREAS URINIIRY BLADDER 

GRQSS LESIONS PARATHYROID GLANDS 
HEART PERIPHERAL NERVE - TIBIAL 

ILEUM PITUITARY 

JEJUNUM 



Location 
-A I 0.0522 0.420 

0.0602 0.411 
0.0570 0.411 
0.0558 0.398 
0.0543 0.413 
0.0600 0.405 

0.0566 0.410 

0.109 
0.0624 
0.0553 
0.0431 
0.0640 
0.0493 

0.0638 

0.400 
0.412 
0.493 
0.343 
0.474 
0.539 

0.444 

0.0686 0.536 0.0637 0.677 
0.0691 0.547 0.0808 0.687 
0.0664 0.560 0.0802 0.698 
0.0717 0.592 0.0855 0.709 
0.0684 0.555 0.0843 0.699 
0.0723 0.555 0.0778 0.763 

0.0694 0.556 0.0821 0.706 

0.0648 0.510 
0.0661 0.542 
0.0620 0.538 
0.0660 0.553 
0.0647 0.558 
0.0643 0.589 

0.0647 0.548 

0.106 
0.108 
0.105 
0.107 
0.103 
0.109 

0.107 

0.914 
0.929 
0.965 
0.802 
0.649 
0.861 

0.887 

0.106 0.554 
0.103 0.567 
0.109 0.58 
0.107 0.564 
0.103 0.556 
0.101 0.602 

0.105 0.571 

0.111 0.619 
0.112 0.608 
0.114 0.611 
0.114 0.602 
0.111 0.617 
0.112 0.609 

I 0.112 0.611 
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TABLE 4. Homogeneity of Test Material in Diet 

N 

N 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXTCTTY STUDY IN WISTAR HAN RATS 

TABLE 5. Stability of Test Material in Diet 

A. Stability in feed crocks (unsealed) and exposed to indirect lighUdark cycle 

at ambient temperature 


Observed 

Date of Conc. Percent of ACL 


Dose Level Anal sis % wlw Initial Da Re ort # 


0.005% 8/1112003 0.00500 NA 2003-151 
811912003 0.00504 101% 2003-151 

0.05% 811112003 0.0485 NA 2003-151 
811912003 0.0473 97.7% 2003-151 

0.5% 811112003 0.481 NA 2003-151 
8/1912003 0.461 95.9% 2003-151 

5% 8/1112003 5.07 NA 2003-151 
8/1912003 4.96 97.9% 2003-151 

B. Stability in sealed containers at ambient temperature and no direct light 

Observed 

Date of Conc. Percent of ACL 


Dose Level Anal sis % wlw Initial Da Re ort # 


0.005% 

0.05% 

0.5% 

5% 

8/1112003 
9/212003 

8/11/2003 
91212003 

8/11/2003 
91212003 

8/11/2003 
91212003 

0.00500 
0.00518 

0.0485 
0.0471 

0.481 
0.449 

5.07 
4.96 

NA 
104% 

NA 
97.3% 

NA 
93.5% 

NA 
98.0% 

2003-151 
2003-151 

2003-151 
2003-151 

2003-151 
2003-151 

2003-151 
2003-151 

NA =Not Applicable 
Data obtained from ACL Reports which are Dow Internal Reports 
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ETHYLENE GLYCOL: I2-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

TABLE 6. Concentration ofTest Material in Diet 

Mean Percent of Target Concentration 

..N 

Dose ACL Report #: 2003-143 2003-154 2003-167 2003-176 2003-205 2004-27 2004-100 2004-128 Overall Number 
Level Mix Date: 2-Sep-03 23-Sep-03 2-0ct-03 20-0ct-03 30-Nov-03 22-Feb-04 27-Jun-04 22-Aug-04 Mean of Analvses 
Control <LLQ <lLQ <LLQ <llQ <LLQ <LlQ <LlQ . <LLQ <LLQ B 
M-50 MKD 102% 99.0% 93.3% 91.3% 92.0% 103% 92.0% 96.8% 96.2% B 
M-150 MKD 96.2% 110% 98.9% 93.4% 96.1% 106% 94.1% 99.0% 99.2% 8 
M-300 MKD 96.0% 82.2% 97.8% 93.5% 98.0% 107% 93.2% 98.5% 95.8% B 
M-400 MKD 92.5% 89.1% 99.9% 94.0% 102% 103% NfA NfA 96.8% 8 
5% Premix 102% 111% 104% 98.5% 117% 98.4% 98.3% 105% 104% 8 

<LLQ = less than lower limit of quantitation ranging from: 0.000410% (w/w) to 0.0209% (w/w) in feed 
Data obtained from ACL Reports which are Dow Intemal Reports 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

TABLE 7. Summary ofClinical Observations- Main Group 

MALES'''' (mkd) , .00DO" " '"' '" 

Number of Animals 

DAY 
DAY 

Examined ,, " " " " " " " " " "DAY '" " " " " "DAY " " " " " "DAY 30 " " " " "DA< " " " " " "DAY <J " " " " "DAY " " " " " "DAY 
DA< ".. " " " " " " " " " "DAY n " " " " "DAY " " " " " "DAY " " " " " "DAY " " " " " "DAY 
DAY 
DAY 
DAY 
DA< 
DAY 
DAY 
DAY 
DAY 
DAY 
DAY 

"m 
m 

'" '" '" '" '" '"m 

'" 

" " " " " " " 
" " " 

" " " " " " " 
" " " 

" " " " " " " 
" " " 

" ,,,,,, 
,, , 

" " " " " " ",, 

DAY 
DA< 
DAY 
DAY 
DA< 
DA< 
DAY 
DAY 
DAY 
DAY 
DAY 
~ 

no 

'" '" '" '"", 

'" '" '" m 
m 
m 

" " 
" " " ,, 
9 
9 
9 
9 

" " 
" " " 
" " " " 

" ", 
"9 
9 

9 
9 
9 
9 

,, 
,,, 
,,,, 

DAY '" 9 " 9 , 
_ No Data 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WrSTAR HAN RATS 

TABLE 7. Summary of Clinical Observations- Main Group (continued) 

(mkd) """'",DO" <0'" '" '" 

Number of Animals Examined 

AU Categories, 
D" 
D" 
DAY 
D" 
DAY 
D" 
DAY 
DAY 
DAY 
DAY 
DAY 
DAY 
DAY 
DAY 
DAY 
DA' 
DAY 
DAY 
DAY 
DAY 
DAY 
DAY 
DAY 
DAY. 
DAY 
DAY 
DAY 
DAY 
DAY 
DAY 
DAY 
DAY 
DAY 
DAY 

Within Normal,, 
" " " " " " " " " " " " "m 

m 

'"m 

'" '" '"m 
", 

'" '" '" 
'" '" '" '" m 

'" '" 

Limits 

" " " " ,,,,,,,,,,, ,,,,,,,,,,,, ,,,,,,, 

" " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " " 

,,, ,,,,,,,,,,,, ,,,,,,,,,,,, ,,,,,,, 

" " " " " " " " " " " " " " " ,,,,,,,,,,,, ,,,,,,, 

" " " " , 
" " " ",, 
" " " " " " " " " ", 

- No Data 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

TABLE 7. Summary of Clinical Observaflons- Main Group (continued) 

MAL'"'"'" (mkd) ,DO" " '" '" '"
-------------------------------------------------------.------------------------------.-­

Eyes, ClOl,ldy 

'"DAY 
DAY 

D" 
DAY 
DAY 

D" 
DAY 
DAY 

D" 
DAY 

D" 
OAY 
DAY 
DAY 
DAY 
DAY 

'"", 
'" '" '"m 
m 

'" '" '" '" '" '" '"m 

'" '" 

,,,,, ,,,,,,,,,,,, 

,,,,, ,,,,,,,,,,,, 

,,,,, ,,,,,,,,,,,, 

,,,,, ,,,,,,,,,,,, 

,,,,, 

Eyes, Enlarged 
DAY 
DAY 
DAY 
DAY 
DAY 
DAY 
DAY 
DAY 
DAY 

or Protrllding 
m 

'" '" '" '" '" '" '" '" 

,,,,,,,,, 

,,,,,,,,, 

,,,,,,,,, 

,,,,,,,,, 
Feces, Abnormal QIlantity, 

D" '" 
Absent , 

Feces, Abnormal 
D" 
DAY 

QIlantity, 

'" '" 
Decre-ased 

, , ,, , 
Gait, Dragging Hindcp.larters, 

DAY '" 
Limbs Flacid , 

- No Data 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR I-IAN RATS 

TABLE 7. SUmmary of Clinical Observlllions - Main Group (continued) 

(mkd) 0"'" """" <00DO" "0" '" 

Gait, Dragging Hindquarters, Limbs Flacid 

Gastrointestinal Tract, Maloccluded Incisors 
DAY " 

, 
DAY " 

, 
DAY " 

, 
DAY " 

, 
DAY " 

, 
DAY " 

, 
DAY n , 
DAY " 

, 
DAY " 

, 
DAY " 

, 
DAY " 

, 
DAY m , 
DAY m , 
DAY '" 

, 
DAY m , 
DAY '" 

, 
DAY '" , 
DAY '" 

, 
DAY '" 

, 
DAY '" , 
DAY '" 

, 
DAY '" , 
DAY '" 

, 
DAY '" 

, 
DAY '" 

, 
DAY '" 

, 
DAY '" 

, 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 

0 
0 
D 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0,, 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Injury, Apparent Mechanical, 
DAY , 
DAY , 
DAY "DAY "DAY "DAY " DAY " 

Trauma 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

,,,,,,, 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

No Data 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXrClTY STUDY IN WISTAR HAN RATS 

TABLE 7. Summary or Clinical Observations - Main Group (conlinued) 

SEX MALES 

DO" (mkd) , '" '"" '" 

Injury, J\pparent Mechanical, 

DAY "DAY "DAY "DAY "DAY "DAY "DAY " DAY "DAY '"DAY '"DAY '"DAY '"DAY '" DAY '"DAY '" DAY on 
DAY m 
DAY '" DAY m 
DAY '"DAY '"DAY 29.5 
DAY '"DAY m 
DAY '" DAY 3S3 
DAY '" 

Trauma ,,,,, ,,,,,,,,,,,, ,,,,,,,,,, 

,,,,, ,,,,,,,,,,,, ,,,,,,,,,, 

,,,,, ,,,,,,,,,,,, ,,,,,,,,,, 

,,,,, ,,,,,,,,,,,, ,,,,,,,,,, 

,,,,, ,,,,,,,,,, 

Miscellaneous, 
DAY 

"ood in Cage 

'" 
, 

Skin/FUr/M1,>cou5 Membranes, 
DAY " 

Flaking/scaling, Focal , , , , , 
Skin/FUr/Mucous Membranes, 

DAY 3S3 
DAY '" 

Skin, Scab, Focal ,, ,, ,, ,, 

- No Data 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

TABLE 7. Summary or Clinical Observalions- Main Group (continued) 

DOSE (mkd) """'"' 0 '" <00"" 
 " '" 

Skin/Fur/MuCOus Membranes, 

DAY '"DAY '"D" '"DAY '" 

Skin/Mucous Membranes 

0 ,, 
'"". 

0 

,, 0 

Soiling, Perinasal, 
DAY 
DAY 

'.d 
'" '" 0 0 

,, 0 

Soiling, periocular, 
DAY 
DAY 
D" 
DAY 
DAY 
DAY 
DAY 
DAY 
DAY 
DAY 
DAY 
DAY 
DAY 
D" 
DAY 
DAY 
D" 
DAY 
DAY 
DAY 
DAY 
DAY 
DAY 
DAY 
DAY 
DAY 
DAY 

,.d 
" " " " " '" " " " " "m 

m 

'">55 

'" '" '"m 
m 

'" '" '" '" '" '" '" 

,,,,,,, ,,,,,,,,,,,, ,,,,,,,, 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

- No Data 
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ETI-lYLENE GLYCOL: 12·MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

TABLE 8. Summary ofClinical Observations - Metabolism Group 

MALES 
DOSE (mkd)"" , ."
" '" '"--_ ... __ ._----------------------------------------------------------.-------------------­

Nl,lmber of Animals Examined 
D" 

, 
DAY "D" "D" "DAY m 
DAY '"DAY '"DAY '"DAY m 
DAY '"DAY '"DAY '"DAY '"DAY '"'DAY ", 

DAY '" DAY m 
DAY no 
DAY m 
DAY '" 

AU Categories, Within Normal 
DAY , 
DAY 

D" " 
DAY " 
DAY m" 
DAY 
DAY '" 
DAY '" 
DAY m'" 
DAY 
DAY '" '" m"" DAY 
DAY '" 
DAY '"'", 

DAY '" 

- No Data 

, , , ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, , , ,, ,, ,, ,, ,, ,, , 
Limits , ,,
, • 

, • 
, • , •,, ,, ,,
, • , • , • ,, •• 
, • 
, •• 

, ,,,,,,,,,,,, ,,,,,,, 

, ,,,,,,,,,,,, ,,,,,,, 

, ,
•••••• 

,,, ,,,,,,,,,,,,, 

•••••••••••••••• 

,,
•••••• 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

TABLE 8. Summary of Clinical Observations- Metabolism Group (confmued) 

MAL'""" (mkd) 0 <00DOSE 300" '" 

AU Categories, 

DAY 
DAY 
DAY 
DAY 

wi&hill Normal 

'" '"m 

'" 

Limits ,,,, 
,,,, 

,,,, 
,,,, 

Gastrointestinal Tract, Maloccluded Incisors 
DAY 30 0 

"'W " 0 
DAY " 0 
DAY H3 0 
DAY '" 0 
DAY '" 0 
DAY '" 0 
DM m 0 
DAY '" 0 
DAY '" o. 
DAY '" 0 
DM '" 0 
DAY '" 0 
DM '" 0 
DAY '" 0 
DAY '" 0 
DAY '" 0 
DAY m 0 
DAY '" 0 

,,,,,,,,,,, ,,,,,,,, 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

Injury, Apparent Mechanical, 
DM , 
DAY 30 

Other 
0 
0 

0 
0 

0 
0 

,, 0 
0 

DAY 
DAY 
DAY 
DAY 
DAY 
DAY 
DAY 
DAY 
DAY 

" "H3 

'" '" '"m 

'" '" 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

,,,,,,,,, 

0 
0 
0 
0 
0 
0 

- NO Data 
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ETHYLENE GLYCOL: I2-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

TABLE 8. Summary of Clinical ObseIVations- Metabolism Group (continued) 

'" DOSE: (mkd) """'"0 <00" '" '"---------------------------------------.------------------------------------------------­

Injury, J\pparent Mechanical, 
DA> '"DAY '"DA> '"DA> '"DAY '"DAY '" DAY no 
DAY m 
DAY '" 

Other 
0 , 
0 , 
0 , 
0 
0 
0 

0 
0,,, , 
0 
0 
0 

0 
0 
0 
0 
0 

0 
D 
D, 

,,,,, ,,,, 
Skin/Fur /MucOUS Membranes, 

DAY '"DAY '"DAY m 

Excessive Hairloss 
0 
0 
0 

,,, 
,, 
D 

0 ,, 
0 
0 
0 

Soiling, Periocular, 
DAY 
DAY 
DAY 
DAY 
DAY 
DA> 
DAY 
DAY 
DAY 
DAY 
DAY 
DAY 
DAY 
DAY 
DA> 
DAY 
DAY 
DAY 
DAY 

Rod 

" " "m 

'" '"m 
m 

'" '" '" '" '" '" 
'" '"no 
m 

'" 

, , 
0 , 
0 
D ,,,, 
0 
0 
0 
0 
0 
0 
0 
0 
0 

, ,,,,,,,,,,,, ,,,,,, 

, 
0 
0 
0 
D 
0 , 
0 
0 
0 
0, 
0 ,,, 
0 
0 
0 

0 
0 , 
0 
0 
0 
0 ,, 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

, , 
0 
0 , 
0 
0 

- No Data 
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ETHYLENE GLYCOL: I2-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

TABLE 9. Summary of Clinical Observations Oxalate Clearance Group 

MALES"" (mkd) ,DO" " '" '" '" 
Number of Animals 

D'Y 
D'Y 
DAY 
D'Y 
D'Y 
DAY 
D'Y 
D" 
D" 
D" 
D" 
D'Y 
DA< 
D'Y 
DA< 
D'Y 
DAY 
D'Y 
D'Y 
DAY 
D'Y 
D'Y 
D'Y 
D'Y 
D'Y 
D" 
DAY 

Examined , 
" " " " " '" '"",
'" '" '"no 
no 

'" '" ,., 
'" '" '" '"",
'" no 

'"m 

'" 

, , 
,, 
,,,,, 

,, 
,,,,,, 
, ,, 

, , 
,, 
,,,,, 

,, 
,,,,,, 
,, 

, , 
,,,,,,,, 

,,,,,,,,, 
, , 

, ,,,, 
,,,,,,, ,,, 
,,,,,,,, , 

, , 
,, 
,,
•• 

AU Categories, 
DA< 
DAY 
DA< 
DAY 
D'Y 
DAY 
D'Y 
D'Y 
DAY 

Within Normal , 
" " " '" ,., 
'" 'EO 

'" 

Limits ,,,,,,,, , 

,,,,,,,, , 

,,,,
••,, , 

,,
••••••, 

,,,,,,
•• 

_ No Data 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WrSTAR HAN RATS 

TABLE 9. Summary of Clinical Observations- Oxalate Clearance Group (continued) 

S~ MALES 
roSE (mkd) 0 ,,, ."
" '" 

All Categories, 

DA< 
DA< 
D" 
DA< 
DA< 
D" 
D" 
DAY 
DAY 
DAY 
DAY 

Within NOJ:Illal 
m 
no 

'" '" '"lOS 

'" '" '"m 
lOS 

Limits ,,,,, ,,,,,, 

,,,,
•,,,,, 

,,,,, ,,,,, 

,,,,, ,,,,, 
Feces, 1\bnoJ:Illal Quantity, Decreased 

DAY '" 1 
DAY no 1 

Gastrointestinal Tract, Maloccluded Incisors 
DAY 
DAY " " 0 0 0 

1, 0 
DAY 
DAY 
DAY 
DAY 
DA< 

" "III 
Hl 

'" 

0 

0 
0 
0 

0 

0 
0 
0 

0 , 
1 , 
1 

1 

, 
1, 

0 

0 
0 
0 

DAY 
DAY '" III 

0 
0 

0 
0 

1 , 1 , 0 

DAY 
DAY 
DA< 

m 
no ,.. 

0 
0 

0 
0 

1 , 
1 

1 
1 

DAY '" 0 0 , , 
DAY 
DAY 
DAY 
DAY 
DAY 
DAY 
DAY 

'" '"lOS 

'" '"m 
m 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

1 ,,,,,, 

1 ,,,,,, 
- No Data 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

TABLE 9. Summary of Clinical Observations- Oxalate Clearance Group (continued) 

"'" "'""",00," (mkd) " '" '" '" 
Injury. Apparent Mechanical. 

DAY '" 
Trauma , , , , 

Swellings/Masses, 
DAY 

Palpable Mm " 
,., '0 LO em,,., Ulcerated , 

swellings/Masses. 
DAY 
DAY 
DAY 
DAY 
DAY 
DAY 
DAY 
DAY 
DAY 
DAY 
DAY 
DAY 

Swelling 

'"m 

'" '" '",,, 
'" '" '" m 
no 
m 

,,,,,,,,,,, , 

,,,,,,,,,,, , 

,,,,,,,,,,, , 

,,,,,,,,,,, , 

, 

Skin/Fur/Mucous Membranes, 
DAY '"DAY '"DAY m 
DAY '"DAY '"DAY '"DAY '"DAY '"DAY '"DAY '"DAY m 
DAY no 
DAY m 

EXcessive Hairless ,,,,,,,,, ,,,, 

,,,,,,,,,,,,, 

,,,,,,,,, ,,,, 

,,,,,,,,, ,,,, 

,, 

Skin/Fur/Mucous Membranes, 
DAY '"DAY '"DAY m 

Thin Hair Coat ,,, 
,,, 

,,, 
,,, 

- Ne Data 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

TABLE 9. Summary orClinieal Observarlons- Oxalate Clearance Group (continued) 

,~ MALE.S 

DO," (mkd) , <0,
'"" '"
-----------------------.----------------------------------------------.------------------

Skin/Fur/M\lCOus Membranes, 
DAY m 
DAY m 

Thin Hair Coat 
D, ,, ,, D, 

Soiling, Perinasal, 
DAY 
DAY 
DAY 
DAY 
DAY 
DAY 

Red 

" "m 

'" '" '" 

,, ,, ,, 
, ,,,,, 

, 

soiling, Perineal, 
DA' 
DAY 

Urine 

'" '" 
,, 

Soiling, Periocular, 
DAY 
DAY 
DA' 

Red 

" " " 
, , D , 

, , , 
Soiling, Perioral, 

DA' 
DAY 
DAY 
DAY 

Red 
m 

'" '" '" 

, , , ,,,, 
Urine, J\l)normal Color 

DAY 
DAY 
D>Y 
DAY 
DAY 

, Red 
m 

'" '" '" no 

, , , ,, ,,, 

- No Data 
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m 
OOSE (mkd) 

Numbe~ of Animals 
DAY 

Examined 
-2 

Eyes, Cloudy Lens 

'" -2 

i;l 
~ 
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TABLE ro. Ophthalmic Observations Summary 

MALES 
a 50 150 300 400 

20 20 20 20 20 

a 2 1 1 a 
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TABLE 11. Body WeightIBody Weight Gains Summary (G) - Main Group 

DAYS ON TEST 
00'" -------------------------------------------------------------------------------------------------------­

1 8 GAIN 15 GAW 22 GAIN JO GAIN 36 GAIN GAIN 
~~=~====~=g=~=D~~~D=~==============D==========g=====================================================~==========g=D======="" " 

0 182.0 226.2 44.2& 263.0 81. 0& 291. 6 109.6& 308.5 126.5& 327.3 145.3& 341.1 159.7&"e"S. D. 11. 9 14.6 3.3 18.3 '" 21.4 11.7 22.8 18.4 2~. 1 18.4 25.3 17.4 

N- 10 10 10 10 10 10 10 10 10 10 10 10 10 

50 MEAN 183.3 225.2 41. 9& 25B.3 15.0& 2BB.l 104.1& 30B.2 124.9S 32B.6 145.2& 3B.1 160.3& 
S. D. 11.3 12.1 '.5 16.4 14.0 15.0 12.4 16.3 14.0 15.9 12.0 18.3 14.3 

'" N- 10 10 10 10 10 10 10 10 10 10 10 10 10 '" 
'" 150 183.3 224.0 40.6& 256.9 13.6& 280.5 91.2& 298.5 115.1& 316.0 132.7& 329. B 146.5&""" 29.6 36.6 31.4. 39.1 34.5S. D. 14 .1 19.7 24.4 15.1 22.3 33.1 21.9 ,- 10 10 '" 10 10 10 10 10 10 10 10 10 10 10 

JOO 181.1 220.4 39.3& 256.5 15.4& 281.1 106.1& 305.8 124.7& 324.6 143.5& 334.2 IS3.1& 
S. D. 17.0 18.5 22.3 11.5 26.6 16.1 29.0 19.5 32.4 23.7 34.0 ,- 10 10 10 10 10 10 10 10 10 10 10 10 10 
""'" '.B 25.2 

.00 162.0 219.1 31.1& 250.6 66.6& 278.5 96.6& 295.9 113.9& 311.1 129.8& 321. 1 139.1&""'" n.2 18.1 5.9 21.8 17.1 24.6 25.1 21.4 29.2 30.6S.D. 26.6 26.1 27.1,- 10 10 10 10 10 10 10 10 10 10 10 10 10 

~===========g=C=D===============D=D=D============D==D============g==g====D3====~===============D==~=================DCCD= 

, INDICATES NO STATISTICAL COMPARISON OF MEANS. 

tHERE WERE NO STATISTICAL DIFFERENCES FROM CONTROL AT ALPHA=C.05. 


http:ALPHA=C.05
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY fN WISTAR HAN RATS 

TABLE II. Body WeightIBody Weight Gains Summary (G) - Main Group (continued) 

DAYS ON TEST 

'''''' 1 SO GAIN 57 GAIN GAIN 71 GAIN GAIN as GAIN"" "~====~=====~=~====~===cm==========D================~==~==~=~==~m~=~D~=====~================~=~=========m============c= " 
0 !1EIIN 182.0 357.4. 175.4& 365.4 163.4& 376.0 194.1& 396.6 204.6& 396.1 214.1& 407.B 225.8& 

"" 
S.D. 11.9 28.2 19.6 32.0 23.6 34.2 25.8 35.1 26.7 )3.5 25.2 34.5 25.6 

10 10 10 10 10 10 10 10 10 10 10 10 10 

50 183.3 355.8 172.5& 364.3 180.9& 374.7 191.3& 386.7 203.4& 395.) 212.0& 402.7 219.3&""'" 11.3 19.8 16.3 15.7 21.7 19.7 21. 5 19.1 22.3 19 .3 24.3 20.9 

"" 
S.D. 19.1 

10 10 10 10 10 10 10 10 10 10 10 10 10 

N 
w 150 MEI\.N 183.3 343.0 159.7& 351. 7 168.4& 361.9 178.6& 377.0 193.7& 385.4 202.1& 395.1 211.8& 
0 

"" 
s. D. 14.7 36.6 34.3 38.2. 33.8 38.6 34.0 40.6 36.1 40.7 35.9 41.7 36.5 

10 10 10 10 10 10 10 10 10 10 10 10 10 

300 181.1 349.1 160.1& 356.4 175.3& 364.0 193.0& 375.9 194.9& 384.1 20).0& 393.2 212.1&"''" 17.0 36.1 27.5 30.7 31. 0 41.1 33.3 35.7 44.1 35.9 45.2 31.3 

"" 
s. D. 43.8 

10 10 10 10 10 10 10 10 10 10 10 10 10 

<00 192.0 338.5 156.56 344.6 162.6& 348.4 166.4& 363.4 181.5& 369.4 187.4& 379.5 197.5&""'" 17 .2 33.4. 32.8 45.7 44.9 36.5 36.9 36.6 36.2 35.9 35.7 

"" 
S.D. 36.2 35.5 

10 10 10 10 10 10 10 10 10 10 10 10 10 

=================c=cc=============================m=============~======================~========c======================== 

, INDICATES NO STATISTICAL OOMPI\.RISON OF HEI\.NS. 

THERE WERE NO STATISTICI\L DIFFERENCES FROM CONTROL AT ALPHA=0.05. 


http:ALPHA=0.05
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

TABLE II. Body WcightIBody Weight Gains Summary (G) - Main Group (continued) 

DAYS ON TEST 
OOSE -------------------------------------------------------------------------------------------------------­

1 92 GAIN 99 GAIN 1lJ GAIN 121 GAIN 141 GAIN 155 GAIN.""g~=_~~_C=C_D__DDDD================D=_====~====D=========================c==_==_=DD_======~=================_==~==D=D= 
0 	 192.0 U2.9 230.9~ 416.7 234.7& 429.7 247.7& 439.6 257.6& 447.7 265.7& 449.3 267.4&""'NS. O. 11.9 35.8 26.9 37 .1 28.2 37.9 29.0 36.2 27.5 38.8 30.0 39.6 31. 0 

No 10 10 10 10 10 10 10 10 10 10 10 10 10 

50 	 183.3 405.4 222.1& 409.7 226.H 422.0 238.7& 435.4 252.1& 441. 6 258.3& 449.7 265.3&""'NS.D. 11.3 23.S 20.4 23.1 20.4 22.6 20.2 23.7 21.2 25.3 21.7 27.5 25.1 
N- 10 10 10 10 10 10 10 10 10 10 10 10 10 

N 150 	 MEAN 183.3 398.9 215.5& 402.1 21B.7& 414.0 230.6& 42S.6 242.2& 429.3 246.0& 436.0 252.6& w 	 S. O. 14.7 42.5 36.9 42.0 36.0 43.6 39.2 43.6 37.9 43.4 37.1 43.8 37.2 
N- 10 10 10 10 10 10 10 10 10 10 10 10 10 

300 	 MEFIN 181.1 395.7 214.6& 397.4 216.4/; 404.9 226.6& 417.9 239.6& 424.2 243.4/; 426.5 245.6& 
S·. O. 17.0 45.5 37.8 46.5 38.9 47.9 42.1 49.3 43.9 56.6 51. 3 56.9 51. 2, ,N- 10 10 10 10 10 9 9 9 9 , 	 , 

400 	 MeAN 182.0 379.0 197.0& 379.9 197.9& 389.6 206.6& 393.2 211.2& 390,8* 209.8& 392.S* 210.9& 
S. D. 17 .2 37.0 37.2 34. i 35.7 35.2 36.1 34.9 37.0 36.6 37.8 32.8 33.3 
N- 10 10 10 10 10 10 10 10 10 10 10 10 10 

================_==~_====D=================_===_===================================c=c=====_============================= 

• 	INDICATES NO STATISTICAL COMPARISON OF MEANS . 

STATISTICALLY DIFFERENT FROM CONTROL MEAN BY DUNNETT'S TEST, ALPHA=O.OS. 


http:ALPHA=O.OS
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTARHAN RATS 

TABLE II. Body WcightIBody Weight Gains Summary (G)- Main Group (continued) 

DAYS ON TEST 
00'" ---------------------------------------------------------------------------------------­
NKO 	 1 169 GAIN 183 GAIN 107 GAIN 190 GAIN '" GAIN 
~~D==C=~==~========D==DD=========~======~cc=c==~==================c========~==============DD============= 

0 "EAN 182.0 459.9 277.9& 462.9 280.9& 459.6 277.1& ~61.7 279.6& 461. 3 279.3& 
S.D. 11.9 39.7 31.3 40.2 31. 9 39.9 31. 4 38.7 30.7 37.7 29.6 
N' 10 10 10 10 10 10 10 10 10 10 10 

50 MEAN 183.3 460.6 277.2& 465.0 281.7& 465.6 2B2.3& 463.6 280.3~ 464.3 281.0~ 

S. D. 11. 3 28.7 26.2 30.4 28.1 29.2 26.9 29.0 26.1 29.8 27.0 
N' 10 10 10 10 10 10 10 10 10 10 10 

'" '" ~ 150 MEAN 183.3 442.'l 259.0& 446.7 263.3& 446.9 263.6& 445.9 262.6& 444.3 261.0& 
S. D. 14.7 44.4 38.7 43.9 38.4 44.5 36.7 44.2 38.4 43.6 37.9 
N- 10 10 10 10 10 10 10 10 10 10 10 

300 MEAN 181.1 432.9 252.0& 436.0 255.1& 435.5 254.7& 436.1 255.2& 433.5 252.7& 
S. D. 17. a 60.6 54.4 61.1 54.3 63. e 57.0 61. 5 55.1 61. 4 56. a 

10 , , , , , , , , , ,N­

<00 MEAN 182.0 394.9" 212.9& 367.1' 205.1& 377.4* 195.4& 379.1~ 197.6& 36B.7· 192.0& 
S. D. 17.2 32.3 33.2 2S .4 26.3 32.8 34.9 26.5 27.4 27.8 26.1 , ,N' 10 10 10 10 10 10 10 9 9 

===~===============C=~=================CD==~===============c==C=~==D===================D~================ 

& 	 INDICATES NO STATISTICAL COMPARISON OF MEANS. 
STATISTICALLY DIFFERENT FROM CONTROL MEAN BY DUNNETT'S TEST, ALPHA=O.OS. 

http:ALPHA=O.OS
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN wrSTAR HAN RATS 

TABLE II. Body Weight/Body Weight Gains Summary (0) - Main Group (continued) 

DAYS ON TEST 
00'" -------------------------------------------------------------------------------------------------------­
"KO 1 204 GAIN 211 GI'!.IN 2lS GAIN 225 GAIN 232 GAIN 239 GAIN 
DD~~~D~D~====~~D=~DD====~============~=========~=D=D=D=~=============~D===~~=========~=======================D========== 

0 MEAN 182.0 ~64.0 282.0& 470.6 288.7& 470.6 288.6& 471.9 289.8& 412.2 290.3& 470.2 289.2& 
s. o. 11.9 37.0 29.2 37.7 29.3 37.4 29.4 36.3 28.1 36.3 28.1 34.4 26.5 ,- 10 10 10 10 10 10 10 10 10 10 10 10 10 

50 183.3 467.0 283.7& 473.2 289.8& 476.0 292.6& 477.3 294.0& 477.7 294.3& 477 .1 293.H""'"S.D. 11. 3 31. 6 28.9 32.2 29.9 31. 2 29.3 31.7 29.6 31. 2 29.2 32.6 29.9,- 10 10 10 10 10 10 10 10 10 10 10 10 10 

w 150 183.3 446.3 262.9& 455.4 212.1& 456.7 273.4& 457.5 274.2& 457.3 273.9& 455.0 271. if, 
N 

w "£A'S. O. 14.7 43.2 37.2 44.2 37.7 43.2 36.3 44.1 37.4 43.1 36.5 B.4 37.2 ,- 10 10 10 10 10 10 10 10 10 10 10 10 10 

300 181.1 435.8 254.9& 438.7 259.3& H6.0 2,65.6& 447.0 266.5& 446.9 266.5& 447.0 266.6&""'" 17.0 55.7 69.0S. D. 61. 7 56.4 61. 3 65.1 59.7 64.9 59.3 67.4 62.6 64.0, ,,- 10 7 7 7 7 7 7 7 7 7 7 

==~====D=~=============D=D==D~=============c============~==D====~========~====~=D===============D=D===D==~=============== 

& INDICATES NO STATISTICAL COMPARISON OF MEANS. 

THERE WERE NO STATISTICAL DIFFERENCES FROM CONTROL AT ALPHA=O.OS. 


http:ALPHA=O.OS
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

TABLE II. Body WcightIBody Weigh! Goins Summary (G) - Mllin Group (continued) 

DAYS ON TEST 
00" -------------------------------------------------------------------------------------------------------­

1 GAIN 253 GAIN 260 GAIN GAIN 27. GAIN 281 GAIN"" '"~~=========g=D=DDDmm=~DDg=~g====c~==cc====aD=D~D=g===================c=g=Cg==D====mD~=DDD======D==============C==CCC=: '" 
0 MEAN 182.0 ~73.5 291. 6& 472.0 290.1& 476.3 294.3& 477.2 295.2& 477.2 295.3& 482.2 300.2& 

S.D. 11.9 35.4 27.3 34. ~ 26.4 34.3 25.5 34.3 26.0 33.0 25.0 33.7 25.5,- 10 10 10 10 10 10 10 10 10 10 10 10 10 

SO 183.3 478.8 295.5& 479. ~ 296.0& 484.2 300.8& 487.7 304.4& 489.0 305.6& 492.8 309.5&"eAN
S.D. 11.3 33.9 31. 4 33.3 31.0 35.2 J3 .1 36.5 34.5 37.5 35.6 36.5 34.0 ,. 10 10 10 10 10 10 10 10 10 10 10 10 10w..~ 

1SO 183.3 454.9 271.5& 456.6 273.5& 461. 4 27B.1& 461. 6 276.3& 459.8 278.4& 465.2 283.6&""'" 43.6 37.8 43.9 38.0 42.8 38.2 44.5 39.4 43.8 38.4S. D. 14.7 43.5 37.7 
N' 10 10 10 10 10 10 10 10 10 9 9 9 9 

300 181.1 448.3 267.9& -447.4 267.0& 452.8 272.H 451.3 270.9& 452.2 271.6& 456.3 275.8&""" n. a 69.1 64.3 60.7 64.4 71.0 66. <1 70.2 66.1 66.7 73.0 68.8S.D. 71.4 
N· 10 7 7 7 7 7 7 7 7 7 7 7 7 

=======~=============D===========================DD========D=====================C==D==================================== 

& INDICATES NO STATISTICAL COMPARISON OF MEANS. 

THERE WERE NO STATISTICAL DIFFERENCES FROM CONTROL AT ALPHA=D.OS. 


http:ALPHA=D.OS
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

TABLE II. Body WeightIBody Weight Gains Summary (G) - Main Group (continued) 

DAYS ON TEST 
00'" -------------------------------------------------------------------------------------------------------­
"" 1 '" . GAIN 295 GAIN 302 GAIN 309 GAIN 316 GAIN 323 GAIN 
=======================c=c===============================C=====DCDDC======cc=============c=============m=CDD==C=C=D=====~ 

a MEAN 192.0 493.7 301. 7& 480.5 299.5& 477.4 295.'l& 486.5 306.3& 488.4 308.2& 494.8 304.6& 
S. D. 11. 9 33.8 26.5 32.1 27.2 34.7 31. 9 34.5 27.9 35.2 26.3 34.5 27.8
'0 10 10 10 10 10 10 10 9 9 9 9 9 9 

50 MEAN 183.3 496.6 313.3& 497.5 314.2& 495.1 311. 7& 500.9 317.5& 504.3 320.9& 505.4 322.0& 

,. S.D. 11.3 37. 5 36.2 37.8 35.9 36.4 35.0 37.3 35.8 38.0 36.0 38.3 36.2 
10 10 10 10 10 10 10 10 10 10 10 10 10 

N 
w 
~ 150 163.3 466.3 284.9& 466.6 285.2& 465.4 284.0& 470.1 268.1& 472.6 291. 2& 471.8 290.3&""" 42.7 37.5 36.2 43.0 38.0 44.1 36.9 44.6 39.0 44.4 36.5S. D. 14.7 43.3 ,. 910 9 9 9 9 9 9 9 9 9 9 9 

300 "EAN 161.1 458.1 277.7& 458.5 279.1& 456.6 276.2& 463.4 293.0& 466.1 285.6& 458.4 277.9& 
S. D. 17 .0 74.2 70.1 72.5 69.0 72 .5 6B .0 74.9 70.1 74.5 69.8 76.3 73.5 ,. 10 7 7 7 7 7 7 7 7 7 7 7 7 

===========D=~D=D==C======C====D===============B==DDDC==C=======D=====D=D===========C============C=D===D=C~=CC===C=CC=:== 

, INDICATES NO STATISTICAL cmlPARISON OF ME:1\.NS. 

THERE WERE NO STATISTICAL DIFFERENCES FROM CONTROL AT ALPHA=O.OS. 


http:ALPHA=O.OS
http:ME:1\.NS
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY TN WISTAR HAN RATS 

TABLE II. Body WeightIBody Weight Gains Summary (G)- N,Iain Group (conlinued) 

DAYS ON TEST 
00'" -------------------------------------------------------------------------------------------------------­
"<0 1 330 GAIN J37 G1'.IN ,H GAIN '51 GAIN '5B GAIN 36' G1'.IN 
~~~~~=c======g~gD~~C~C=c==C=C=D=C=g===~gc=c========~c~~=g==c~=c======C====Dg====~c=========g==c~g=====c===========~====c 

0 M"'" 182.0 ~88.4 308.2& 492.5 312.3& 495.3 315.1& 500.1 319.8& 501. 0 320.8& 504.4 324.2~ 

S. D. 11. 9 36.3 29.2 36.4- 29.5 36.6 29.8 36.8 29.9 36.6 29.8 39.5 31.7 
N~ 10 9 9 9 9 9 9 9 9 9 9 9 9 

50 MOAN 193.3 511.9 329.4& 51"3.9 330.6& 517.6 334.3& 519.9 336.5& 521. 9 338.4& 523.9 340.4& 
S. D. 11. 3 39.8 37.9 39.3 37.7 41. 9 40.7 43.7 42.4 42.5 41. 0 43.3 42.1 
N- 10 10 10 10 10 10 10 10 10 10 10 10 10 

N 150 MOAN 183.3 476.9 295.3& 481. 9 300.5& 494.1 ]02.6& 496.5 305.0& 498.0 306.5& 490.1 309.7& 
W S.D. 14.7 44.8 39.2 44.5 38.5 45.0 39.2 45.7 39.2 46.6 40.1 46.2 39.6 
~ 

N- 10 9 9 9 9 9 9 9 9 9 9 9 9 

'00 MEAN 191.1 466.1 295.6& 473.4 293.0& 478.0 297.5& 478.6 298.2& 413.9 293.4& 493.0 311.8& 
S. o. 17.0 75.4 71. 9 77.3 73.1 79.9 75.5 91. 2 77 .4 93.5 90.4 95.4 92.5, ,N~ 10 7 7 7 7 7 7 7 7 7 7 

=======~g==~~=============~==================D~~C=========c===m===g~============c=~==~~==================~D======c===== 

& INDICATES NO STATISTICAl COMPARISON OF MEANS. 

THERE WERE NO STATISTICAL DIFFERENCES FROM CONTROL.AT ALPHA-0.05. 


http:ALPHA-0.05
http:CONTROL.AT
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

TABLE 12. Body WeightIBody Weight Gains Summary (G) - Metabolism Group 

DAYS ON TEST 
00'" ------------------------------------------------------------------------------._-----------------------­

1 JO GAIN 57 GAIN B5 GAIN 113 GAIN 1<1 GAIN GAIN"" CD~D====_======~=D==_========D=======D==D=====m=D==D==_=======~=DDDmD=====================D===mc========C=~D~=~~~~~~=DD__ '" 
0 164.3 299.5 115.2& 342.9 158.6~ 382.5 198.2& 408.B 224.6~ 426.5 242.2& 442.5 258.2&""'" 14.5 21. 6 16.6 26.9 21.4 27.7 20.2 36.0 26.9 40.7 32.4 45.9 36.0S.D. 


N~ 5 5 5 5 5 5 5 5 5 5 5 5 5 


so 179.9 294.5 114.6& 343.5 163.6& 390.3 200.4& 399.5 219.6& 419.3 239.3& 436.3 256.4& w '"..., S.D. 14.3 27. B 32.1 22.9 33.0 43.4 36.6"" 20.4 40.7 36.0 44.3 51.1 42.9 
N" 5 5 5 5 5 5 5 5 5 5 5 5 5 

1SO 161. 6 305.7 124.1& 359.6 178.0& 39B.7 217.16 412.5 230.9& 428.1 246.5& 444.4 262.6&""'" 15.2 23.8 10.9 18.7 30.1 20.2 29.9 19.5 32.2 21. 6 30.7 22.3S. D. 28.1 
No 5 5 5 5 5 5 5 5 5 5 5 5 5 

300 179.0 293.2 114.1& 340.7 161. 7& 378.9 199.6& 399.5 220.4& 417.3 239.3& 429.7 250.7&""'" 16.3 21. 2 18.7 28.6 30.7 33.2 34.2 35.5 34.0 36.4 34.4 36.6S.D. 29.2 
No 5 5 5 5 5 5 5 5 5 5 5 5 5 

'00 ""'N 190.6 305.8 125.1& 361. 8 176.4& 402.7 217.36 423.1 237.76 440.3 254.9& D==& 
S.D. 14.6 26.2 23.9 36.7 34.6 41.3 37.9 47.5 44.4 55.2 53.5, , , , , , , ,N~ 5 5 5 0 0 

======================================================~===========D=====================~===D===========~=============DD= 

, INDICATES NO STATISTICAL COMPARISON OF MEANS. 

=== NO DATA AVAILABLE FOR MEAN AND S.D. 

THERE WERE NO STATISTICAL DIFFERENCES FROM CONTROL AT ALPHA=O.05. 


http:ALPHA=O.05
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ETHYLENE GLYCOL: I2-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

TABLE 12. Body WeightIBody Weight Gains Summary (G) - Metabolism Group (cominued) 

DAYS ON TEST 
OOSE -------------------------------------------------------------------------------------------------------­
"" 1 2ll GAIN 218 GAIN GAIN" 232 GAIN 2J9 GAIN 246 GAIN'"=====~=====~==amD~~=~=~c====~====C=DDDCDCDC=D=C=========CDD=DC=D=~==D==C========C====DDD=D==DDD=D==C====c======_======== 

0 "e," 194.3 451. 6 267.4& 449.7 265.45 453.5 269.3& 453.0 266.1& 454.8 270.5& 454.9 270.7~ 

"" 
S. D. 14.5 47.6 39.3 49.1 41.2 50.6 43.4 51.1 44.1 52.0 45.0 52.6 45. B 

5 5 5 5 5 5 5 5 5 5 5 5 5 

50 179.9 442.3 262.46 445.9 266.06 449.3 269.4& 451. 5 271.5& 450.6 270.7& 451. 7 271.66"E'" 14.3S. D. 56.9 49.5 52.8 45.1 54.5 46.7 54.2 45.9 51. 9 43.8 50.S 42.2
"0 5 5 5 5 5 5 5 5 5 5 5 5 5w '" ~ 

150 "E,," lSI. 6 452.4 270.8& 452.9 271.3& 454.7 273.1& 456.2 274.6& 456.6 275.0& 457.7 276.1& 
S. O. 15.2 31. 6 23.1 29.2 19.3 30.9 22.4 30.7 22.3 30.2 22.3 29.7 22.3
"0 5 5 5 5 5 5 5 5 5 5 5 5 5 

300 HE"" 119.0 436.7 257.1& 441.1 262.1& 441.2 262.2& 443.2 264.2& 440.4 261.4& 441. 4 262.4& 

"" 
S. D. 16.3 34.2 37.4 34.4 37.2 36.0 39.0 37.0 40.1 35.3 39.2 36.8 40.9 

5 5 5 5 5 5 5 5 5 5 5 5 5 

DC=C===~==============~=~D====C=========mm===C=D=D===========D========~=~~=D=D=D======c========D====DDD=D=D~============ 

Ii INDICATES NO STATISTICAL COHPARISON OF HEANS. 

THERE WERE NO STATISTICAL DIFFERENCES FROM CONTROL AT ALPHA=0.05. 


http:ALPHA=0.05
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ETHYLENE OLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WIST AR HAN RATS 

TABLE 12. Body WeightfBody Weight Gains Summary (0)- Metabolism Group (continued) 

OAYS ON TEST 
00" -------------------------------------------------------------------------------------------------------­
"W 1 253 GAIN 260 GFlIN 267 GAIN 274 GAIN 281 GAIN 268 GAIN 
~~~~~~~======~~=D=D~DD=C~D==~=C~===========~DC=~DD==D=~==============~=~==mDcm=~~~==~====================D==mem========= 

0 MEA" 184.3 456.5 272.2& 460.4 276.2& 462.2 217.96 462.5 278.2& 467.4 203.16 468.7 284.4& 
S.D. 14".5 54.2 46.9 53.2 46.2 55.0 48.1 54.7 47.8 54.6 48.0 57.5 50.8 
N' 5 5 5 5 5 5 5 5 5 5 5 5 5 

50 MEliN 179.9 451. 4 271.4& 456.1 276.1& 459.7 279.8& 458.6 278.7& 463.0 283.0& 464.1 284.1& 
S.D. 14.3 49.6 41.0 51. 6 42.7 53.7 44.9 53.3 44.1 53.7 44.9 59.4 51. 4. 
No 5 5 5 5 5 5 5 5 5 5 5 5 5 

w '" 
'" 150 MEAN IB1. 6 459.4 277.8& 464.1 202.5& 466.9 205.3& 465.2 283.6& 470.3 280.7& 471.1 299.5& 

S. D. 15.2 31. 0 23.5 30.4 22.9 31. 8 24.7 31. 3 24.1 32.6 25.7 33.3 26.0 
N- 5 5 5 5 5 5 5 5 5 5 5 5 5 

300 179.0 443.3 264.3& 448.3 2.69.3& 447.8 268.7& 447.0 268.0& 452.7 273.7& 456.2 277.2&""'N 
S.D. 16.3 36.2 40.1 38.4. 41.9 36.8 40.0 37.2 41.1 30.0 41.4 37.5 40.4 
No 5 5 5 5 5 5 5 5 5 5 5 5 5 

=DD=D=~D~=======================~~=================c=~c=~=~======c=======~==mmD=D=m==~~===========================~===== 

& INOIClITES NO STATISTIClIL COHPARISON OF HEANS. 

THERE WERE NO STATISTICAL DIFFERENCES FROM CONTROL AT lILPHAmO.05. 


http:lILPHAmO.05
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

TABLE J 2. Body WeightIBody.Weight Gains Summary (G)- Metabolism Group (continued) 

DAYS ON TEST 
OOSE -------------------------------------------------------------------------------------------------------­
M<O 1 295 GAIN 3" GAIN 309 GAIN 316 GAIN m GAIN no GAIN 
==~=g======================~==================================~============================z============================= 

0 MEAN 184.3 475.1 290.9& ~73.9 289.6& 478.8 294.6& 480.7 296.5& 478.2 294.0& 483.3 299.1& 
S.D. 14.5 55.9 48.9 59.7 52.7 61. 9 54.6 61. 4 5~. 7 59.8 52.8 61.1 54.5 
N' 5 5 5 5 5 5 5 5 5 5 5 5 5 

;0 MEAN 179.9 461. 7 281.8& 461.9 282.0& 469.3 289.3& 472 .6 292.6& 473.4 293.5& ~80.6 300.6& 
S. D. 14.3 65.1 50.3 69.1 61. 5 64.3 55.5 63.1 54.4 61. 5 52.5 65.0 55.8 
N' 5 5 5 5 5 5 5 5 5 5 5 5 5 

A '" 150 MEAN 181. 6 474.1 292.5& 472.4 290.8& 477 .5 295.9& 400.2 298.6& 480.7 299.1& 485.0 304.2&0 
S.D. 15.2 33.3 26.4 34.5 27.4 34.4 27.8 33.2 27.0 33.1 27.1 31.8 24.3 
No 5 5 5 5 5 5 5 5 5 5 5 5 5 

300 MEAN 179.0 455.5 276.4& 452.9 273.9& 456.6 277.6& 459.8 280.8& 458.5 279.4& 460.9 281. 9& 
S. D. 16.3 34.5 37.3 38.2 41.4 36.5 39.8 37.8 40.6 39.8 42.5 41.0 44.9 
N' 5 5 5 5 5 5 5 5 5 5 5 5 5 

==================================================================g====================================================== 

& INDICATES NO STATISTICAL COMPARISON OF MEANS. 

THERE WERE NO STATISTICAL DIFFERENCES FROM CONTROL AT ALPHA=D.05. 


http:ALPHA=D.05
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WrSTAR HAN RATS 

TABLE 12. Body WcighUBody Weighl Gains SummlU)' (G) - Metabolism Group (continued) 

DAYS ON TEST 
00" ---------------------------------------------------------------------------------------­
">0 1 3J7 GAIN '" GAIN 351 GAIN 35' GAIN 365 GAIN 
===~=====c==CDDC====C=====c==c====CC==CCD=C==CC==c================C===D~~CC=D======================c==c= 

0 M'AN 184.3 ~86 .1 302.5& ~90.0 305.1& 494.2 310.0& 496.5 312.2& 499.6 315.3& 
S. D. 14.5 62.3 55.6 61. 9 55.2 64.9 58.5 64.4 58.0 65.8 58.9,- 5 5 5 5 5 5 5 5 5 5 5 

50 MEAN 179.9 484.9 304.9& 4B6.1 306.8& 4B9.1 309.2& 492.0 312.0& 492.0 312.1& 
S.D. 14.3 63.1 53.9 65.0 55.7 11. 4 61. 9 68.5 5B.9 61.2 57.4 ,- 5 5 5 5 5 5 5 5 5 5 5 

A '" 
150 MEI'l.N IB1. 6 4B9.1 301.5& 494.2 312.6& 495.3 313.1& 498.1 317.1& 499.2 311.6& 

S.D. 15.2 31.3 29.1 35.0 21.2 36.0 21.8 31.4 29.1 37.0 28.6 
N- 5 5 5 5 5 5 5 5 5 5 5 

300 119.0 465.4 2B6.3& 465.7 2B6.7& 468.3 289.3& 461.7 288.7& 46B .1 289.0&"'AN
S.D. 16.3 41.2 44.4 43.5 41.8 40.7 44.1 42.9 47.6 42.7 47.1,- 5 5 5 5 5 5 5 5 5 5 5 

=============c=m=c======================cc=c=c=============================c=========c=================== 

& INDICATES NO STATISTICAL COMPI'l.RISON OF MEANS. 

THERE WERE NO STI'l.TISTICI'l.L DIFFERENCES FROM CONTROL AT ALPHA=0.05. 


http:ALPHA=0.05
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS· 

TABLE 13. 	 Body WeightIBody Weight Gains Summary (G) - Oxalate Clearance Group 

DAYS ON TEST 
00"' -------------------------------------------------------------------------------------------------------­
"" 	 1 30 GlI,IN 57 GAIN 85 GlI,IN 113 GlI,lN 1<1 GlI,IN GAIN2" 
~~~=====~======================================~==================D================_====================m===============_ 

0 183.5 310.4 126.B& 35B.2 174.7& 398.1 214.6& 423.2 239.6& 441. 5 257.9& 459.1 275.6&""'" 13.3 17 .3 lB. ") 16.1 17. ~ 21.5 25.1 

'" 
S.D. 16.5 17.6 15.2 19.5 22.1 25.6 

5 5 5 5 5 5 5 5 5 5 5 5 5 

50 IB3.2 290.9 107. ")& 339.5 156.3& 3B1. B 19B.6& 399.0 215.B& 413 .B 230.6& 429.B 2~6.6&""" 15.3 2B.3 n.5 IB.2 26.3S.D. 	 22.B 23.9 19.0 27.7 19.4 24.9 26.4 32.3 
5 5 5 5 5 5 5 5 5 5 5 5 5..'" 	 ,­

'" 150 179.9 305.1 125.2& 354.2 174.31i 3BB.O 20B.l& 39B.O 218.1& n5.6 235.7& 433.1 253.2&""" 15. ") 23.1 9.8 32.5 11.9 32.0 17 .B 31.7 16.9 22.9 42.4 28.4s. D. 35.B,- 5 5 5 5 5 5 5 5 5 5 5 5 5 

300 leO.7 299.7 l18.9& 3B.7 163.0& 395.7 214.9& 420.3 239.5& 442.0 261. 3& 456.1 275.3&""" 16.6 25.8 11. 0 38.1 22.5 26.3 14.1 30.0 15.4 19. B 36.0 21.0 

'" 
S.D. 34.1 

5 5 5 5 5 5 5 5 5 5 5 5 5 

<00 183.1 303.3 120.2& 353.9 170.B& 390.5 207.3& 397.0 213.9& 396.2 213 .1& ===&""" 15.B 14 .8 22.5 31.7 13.3 28.9 15.5s. D. 24.6 32.6 20.7 24.5 ,- 5 5 5 5 5 5 5 5 5 5 5 0 0 

========================================================================================================================= 

, INDICATES NO STATISTICAL COMPARISON or MEANS. 

=== NO DATA AVAILlIBLE FOR MEAN AND S.D. 

THERE WERE NO STATISTICAL DIFFERENCES FROM CONTROL AT ALPHA=0.05. 


http:ALPHA=0.05
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

TABLE 13. Body Weight/Body Weight Gains Summary (G) - Oxalate Clearance Group (continued) 

DAYS ON TEST

00" -------------------------------------------------------------------------------------------------------­
"" 1 211 GAIN 218 GAIN 225 GAIN 232 GAIN 2J9 GAIN 246 GAIN 
~c~========c========~=~=========DD=================D========================D==============~=======~==============C===== 

0 "EAN 18J.5 467.2 283.7& 469.0 284.4& 470.5 286.9& 473.5 290.0& 468.3 284.8& 470.9 287.4& 
S. D. 13.3 26.7 27.0 25.0 24.8 25.2 25.8 26.9 27.0 28.8 28.2 27.6 27.3 
N' 5 5 5 5 5 5 5 5 5 5 5 5 5 

50 MEAN 183.2 435.1 251. 9& 438.4 255.2& 439.8 256.6& 442.1 258.9& 439.8 256.6& 440.8 257.6& 
S. D. 15.3 24.9 31.1 22.3 29.5 23.6 29.6 24.9 32.1 26.2 33.3 24.1 32.4 
N" 5 5 5 5 5 5 5 5 5 5 5 5 5 

N 
-I> 150 "EAN 179.9 440.9 261.0& 441.4 261. 5& 445.8 265.9& 446.1 266.2& 444.4 264.5& 447.4 267.5& w S. D. 15.7 43.9 30.3 45.4 31.3 46.2 J2.3 46.7 33.1 45.1 31.3 46.5 32.5 

N' 5 5 5 5 5 5 5 5 5 5 5 5 5 

JOO 180.7 459.3 278.5& 470.1 2B7.4& 461.3 285.9& 459.5 284.1& 459.3 283.9& 458.5 283.H"''''' 
S. D. 16.6 38.0 23.7 35.2 17 .8 25.6 14.1 23.0 11.8 2J.3 12.1 23.5 12.5 
N' 5 5 5 3 3 3 3 3 3 3 3 

====~==================================================~===============================================D==============e== 

& INDICATES NO STATISTlCAL COMPARISON OF MEANS. 

THERE WERE NO STATISTICAL DIFFERENCES FRDM CONTROL AT ALPHA=0.05. 


http:ALPHA=0.05
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

TABLE 13. Body Weight/Body Weight Gains Summary (G) - Oxalate Clearance Group (continued) 

OAYS ON TEST 
00"' -------------------------------------------------------------------------------------------------------­
"" 
 1 253 GAIN 260 GAIN 261 GAIN 27< GAIN 281 GAIN 288 GAIN 

=======================~===========================~m==================================m_========================cc====== 

0 HEAN 183.5 471.1 287.6& 471.1 293.5& 480.4 296.8& 478.8 295.2& 483.7 300.1& 484.1 300.6& 
S.D. 13.3 28.0 28.2 27.4 26.6 2B.3 27.6 28.0 27.1 29.4 30.1 29.7 30.6,- 5 5 5 5 5 5 5 5 5 5 5 5 5 

50 MEAN 183.2 441.3 258.1& 447.0 263.8& 449.0 265.8& 449.0 265.8& 451.7 268.5& 454.5 271.3& 
S. D. 15.3 24.9 32.9 2~. 2 31.9 24.9 32. e 26.7 34.0 25.3 32.2 25.8 33.4 ,- 5 5 5 5 5 5 5 5 5 5 5 5 5 

N 150 179.9 445.9 266.0& 451. 6 271. 1& 454.5 274.6& 451.0 271.1& 455.2 275.3& 457.1 271.2& 
A M""S. D. 15.7 44.7 30.7 45.0 31.2 46.9 33.0 45.2 31. 3 45.4 31.5 45.8 32.1A ,- 5 5 5 5 5 5 5 5 5 5 5 5 5 

300 ""., leO .1 461.0 285.610 467.1 291. 7& 465.4 290.0& 467.0 291.6& 411. 6 296.2& 472.5 297.1& 
S.D. 16.6 24. B 13.5 25.3 13.7 25.1 13.5 26.9 H.4 27.3 15.4 25.9 13.1,- 5 3 3 3 3 3 3 3 3 3 3 3 3 

==============================================================================================================~==D====== 

, INDICATES NO STATISTICAL COMPARISON OF MEANS. 

THERE WERE NO STATISTICAL DIFFERENCES FROM CONTROL AT ALPHA=Q.Q5. 


http:ALPHA=Q.Q5
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ETHYLENE GLYCOL: I2-MONTH DIETARY TOXICITY STUDY IN WISTARHAN RATS 

TABLE 13. Body WeighUBody Weight Gains Summary (G) - Oxalate Clearance Group (continued) 

OOSE 
"<0 

DAYS ON TEST 
-------------------------------------------------------------------------------------------------------­

1 295 GAIN 302 GAIN 309 GAIN 316 GAIN 323 GAIN 330 GAIN 
=~=~~~~~=~~~~D~DDD~DD~~D~D=~CD~=========~=~====~=~=D=======~~=~=am=DDDDDDDD=D=~=D===~=======~=======================~==~= 

a MEAN 183.5 485.8 302.3& 482.7 299.2& 487.8 304.3& 490.5 307.0& 488.9 305.4& 492.9 309.3& 
S. D. 13.3 30.2 30.1 30.2 30.1 30.1 30. ~ 28.8 28.7 29.7 29.2 29.4. 29.7 

'" 5 5 5 5 5 5 5 5 5 5 5 5 5 

N.. 
~ 

50 

150 

MEAN 
S. D. 

'" 
MEAN 
S.D. 

'" 

183.2 
15.3 

5 

179.9 
15.7 

5 

455.1 
23.9 

5 

458.0 
46.2 

5 

271. 9& 
31.4 

5 

278.1& 
32.2 

5 

453.2 
23.9 

5 

457.4 
47.7 

5 

270.0& 
31.1 

5 

277.5& 
33.8 

5 

458.5 
24.3 

5 

448.7 
40.8 

5 

275.3& 
31.0 

5 

269.8& 
28.8 

5 

460.9 
24.1 

5 

461. 8 
43.7 

5 

277.7& 
30.5 

5 

281.9& 
29.7 

5 

461.0 
25.7 

5 

462.4 
43.0 

5 

277.0& 
32.2 

5 

282.5& 
28.7 

5 

465.7 
25.8 

5 

467.1 
45.4 

5 

282.5& 
31. 3 

5 

297.2& 
31.3 

5 

300 "'"S.D. 

'" 
180.7 
16.6 

5 

473.5 
27.4 

3 

298.1& 
15.0 

3 

469.6 
29.9 

3 

293.2& 
16.7 

3 

469.7 
26.6 

3 

294.3& 
13 .5 

3 

472.6 
26.8 

3 

297.2& 
13.8 

3 

473.7 
33.1 

3 

298.3& 
20.3 

3 

475.1 
19.0 

3 

299.7& 
5.5 

3 

==~=~===~=~DDDDD~DD=~=====C==D=======================~~=~===~~=~==~D==D=D=========D=================~============~=~=~D~D 

& INDICATES NO STATISTICAL COMPARISON OF MEANS. 
THERE WERE NO STATISTICAL DIFFERENCES FROM CONTROL AT ALPHA=O.OS. 
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ETHYLENE GLYCOL: 12·MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

TABLE 13. Body WeightIBody Weight Gains Summary (G) - Oxalate Clearnnce Group (continued) 

DA'iS ON TEST 
OOSE ---------------------------------------------------------------------------------------­
"" 
 1 J37 GAIN m GAIN 351 GAIN 358 GAIN 365 GAIN 

c~=====~======DDDD=D=C====c============D=C=D====================~==D=DDD===================C=DDCD=~===== 

0 183.5 496.4 314.96 502.1 318.5& 498.8 314.3& 493.6 311. 7& 480.7 318.5&""'N 
S. D. 13.3 28.8 29.6 30.6 30.9 31. 9 31. 6 23.4 28.0 
N" 5 5 5 5 5 , , , , 1 1 

50 ""'" 163.2 467.6 264.6& 469.9 286.7& 477.5 269.5& 467.6 261. 9& ===& 
S. D. 15.3 24.8 30.0 23.1 28.1 19.1 '.3 
N- 5 5 5 5 5 3 3 1 1 0 0 

150 H"'N 179.9 472.0 292.1& 472.8 292.9& 461.1 261.2& 483.7 302.6& CDC& 
S. D. 15.7 45.9 31. 9 46.4 34.5 43.7 31. 9..'" 

'" N" 5 5 5 5 5 5 5 1 1 0 0 

300 180.7 462.0 306.6& 463.6 306.4& 463.5 306.1& 449.9 277.6& =,,=&""'N 
S.D. 16.6 21. 4 7.' 24.3 10.6 24.1 10.5 33.1 16.1 
N- 5 3 3 3 3 3 3 2 2 0 0 

============C==D=======CD===================Dm========"="===========D============================D====D== 

& INDICATES NO STATISTICAL COMPARISON OF" I1EANS. 

=~= NO DATA AVAILABLE FOR MEAN AND S. D. 

THERE WERE NO STATISTICAL DIFFERENCES FROM CONTROL AT ALPHA=0.05. 


http:ALPHA=0.05
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WIST AR HAN RATS 

TABLE 14. Feed Consumption (G/Day) Summary- Main Group 

DAYS ON TEST 
00'" -------------------------------------------------------------------------------------------------------­
"" 1-8 8-15 15-22 22-30 30-36 36-43 43-50 50-57 57-64 64-11 11-78 78-85 85-92 
D~~~~~===~~gDgDgD=====C===_==gmc=~=~=====CgD=DCD=D~=======~g====~========C=C===DD~========c==g=DmDD===C====~=~mDD=D====== 

0 23.4 25.0 24.8 24.0 23.8 24.0 23.8 22.5 22.8 23.8 25.3 24.6 23.9'''''' S. D. 1.3 1.6 1.8 2.2 2.1 '-' 1.8 1.8 2.5 2.5 2.0 1., 2.1, , ,N' 10 10 10 10 10 8 7 10 8 8 

50 MeAN 23.4 23.9 24.0 23.7 24.1 23.8 23.3 22.6 23.2 24.5 24.5 .23.4 23.5 
S. D. 1.1 1.5 1.. 1.0 1.0 1.1 1.2 1.3 1.7 1.3 1.2 1.7 1.3, , 

.. N- 10 10 10 10 10 10 10 10 8 10 10 

150 "eAN 23.9 24.9 23.7 22.4 24.3 23.1 22.9 22.2 23.2 26.2 24.7 24.1 24.8'" ~ S. D. 2.3 2.6 2.8 1.8 2.' 2.5 2.' 2.3 2.5 2.6 3.0 2.6 2.8, 7 7 ,N' 10 8 10 7 6 8 8 6 7 

300 MOAN 22. 9 24.3 23.7 22.7 23.8 23.3 22.9 21. 9 22.0 24.4 24.0 24.4 23.8 
S. D. 1., 2 .. 1.6 1.8 1., '-' 2.7 1.6 2.6 2.6 3.0 2.' 2.', , , , ,N- 10 10 7 8 7 7 8 6 

400 MeAN 22.7 23. 9 23.3 22.1 22.7 22.3 22.5 21. 8 21. 3 23.0 23.0 23.2 22.1 
S. D. 1.6 2.3 2.2 1.6 2.1 1.9 2.7 2.1 2.' 1.5 1., 2.0 
N' , 10 , , 10 , 6 , 7 8 7 , '-' 

7 

gD=DD========g=g=DD_D==~======~ggDD=~D~~======g=gDDD=~D========g==DDD=~~========gC=DD~D========~gDD=D==~=======~=g~=DDDD 

THERe WERE NO STATISTICAL DIFFERENCES FROM CONTROL AT ALPHAgO.05. 

http:ALPHAgO.05
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WI STAR HAN RATS 

TABLE 14. Feed Consumption (G/Day) Summary- Main Group (continued) 

DAYS ON TEST 
00'" ---------------------------------------------------------------­
M>O 92-99 106-113 120-121 134-141 148-155 162-169 116-183 190-197 
~~~=====g==~~~=a~~D~======C====D~D=D=D~DmD~DDD=D==C=====D==D===Dmm~=D============ 

0 24.1 2~.4 23.6 23.3 23.3 23.6 22.5 22.9M"" 

,. S. O. 2.1 0.9 La 2.9 1.2 0.' 1.9 1.9 
9 9 9 9 9 6 9 9 

SO 22.7 22.7 22.6 22.6 22.4 22.1 22.4 22.7""'" 1.5 1.1 1.2 1.5 1.9 1.7S.D. 1.6,. '-' 
10 9 9 10 9 10 9 9 

1SO M"," 22.7 23.1 22.5 22.7 22.0 21. 2 21. 8 22.0 
N S. D. 3.0 3.1 2.3 3.0 2.3 2.9 2.2 2.0.. N° 5 6 7 9 6 5 7 6 
~ 

300 M"'" 22.8 22.8 22.7 22.7 21. 5 22.0 22.3 22.6 
S.D. 2.3 3.1 2.3 2.7 3.< 3.2 3.0 3.0 ,. 9 5 7 

<00 21. 5 20.4$ 20.1* 20.0 19.6" Ie.5$ 17.8· 17.4*""" 1.2 3.0 2.2 2.5 1.2 1.7 2.3 ... 
'" 

S.D. 


7 6 7 6 6 6 6 5 


======D==D~D~=~=~==========D=D=D=D==DD=============D====~=D=D==========D=D~====D= 

, STATISTICALLY DIFFERENT FROM CONTROL MEAN BY OUNNETT'S TEST, ALPHA=O.05. 
STATISTICALLY DIFFERENT FROM CONTROL MEAN BY WILCOXON'S TEST, ALPHA=O.05. 

http:ALPHA=O.05
http:ALPHA=O.05
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WrSTAR HAN RATS 

TABLE 14. Feed Consumption (GIDilY) Summary- Main Group (continued) 

OAYS ON TEST 
DOSE -----------------------------------------------------------------------------------------------­
HW 204-211 218-225 232-239 2~6-253 260-267 274-281 288-295 302-309 316-323 330-337 344-351 358-365 
g~_gg_g~g~gg~~~~~~~~=~g============g=g==g~g=~===~=~=====g======g==g==g~g=c=========================g~g=gg======~ 

0 23.4 23.2 22.9 22.5 22.7 23.2 21. 7 21.2 22.8 23.2 23.6 23.8""" S. D. 1.6 0.8 1.' 1.. 1.8 1.8 2.2 1.6 0.8 J.' O.S 0.6, , ,N- 9 9 9 8 6 6 9 S 6 

SO MEAN 22.9 22.9 22.3 22.4 23.0 23.2 21. 9 21.4 24.2 22.5 22.6 22.6 
S. D. 1.6 1.6 2.0 1.S 1.9 1.5 2.1 1.5 1.8 1.6, '-' '-' 
N- 9 9 10 10 10 10 8 10 9 9 10 

lS0 "EAN 22.0 21. 7 21.1 22.1 20.5 23.0 21. 6 20.1 22.1 22.4 22.1 21.8 
S. D. 2.0 2.' 1.8 2.6 '.6 3.2 2.3 1., 2.S 2.' 2.S 2.1..'" 

'" N- 6 6 6 B 7 6 6 S S 6 6 6 

300 23.5 22. B 22.7 22.4 22.9 23.2 22.5 21. 4 23.4 22.3 23.2 23.1""" S. D. 1.9 •. 2 J.7 •. 0 2.' •. S 3.2 3.3 '.1 3.' '.1 S.8 
N- 3 2 3 2 S 2 3 2 3 3 2• 

=_g=gg==g~=~==cc~============g===gggg=gD===C=C=~~~=============g=g==gmm=====~=~============g====gggD_mm===m=cccm= 

THERE WERE NO STATISTICAL DIFFERENCES FROM CONTROL AT ALPHA=O.OS. 

http:ALPHA=O.OS
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

TABLE 15. Feed Consumption (G/Day) Summary - Metabolism Group 

DAYS ON TEST 

""'" 190-197 204-211 218-225 232-239 246-253 260-267 274-281 289-295 302-309 316-323 330-337 344-351 358-365 
=====D=~~~===============DDD===~D~================D=D=D==D=============a=~DD=D=D=D===========m==mD==============C====D==D "" 
0 MEAN 22.3 23.0 22.6 22.2 22.1 22.3 22.6 22.6 21. 2 21. 8 21. B 22.7 22.5 

S. o. 2.3 2. , 	 2.9 3.5 2.9 2.' 2.' 2.' '.0 2. , 2.' 2.9 2.9, , , , , , , 	 , ,3 	 3'" 	 • • 
50 21. 5 21. 8 22.5 21. 9 21. 5 21. 9 22.5 19.9 20.6 22.7 21.B 22.2 22.1""'" 1.. 2.5 2.0 1., 1.9 1.9 2.' 1.. 1.,S.D. 	 '.3 1.9 2.' 

5 , 3 , , , '-' 
5 5 3 3 3 3 ,'" 

N 150 23.1 23.5 23.3 23.1 23.1 23.1 24.1 23.0 22.0 23.B 23.1 23.4 22.4 
~ S.D. 1.30 	 """ 1., 1., 1.2 1.0 1.2 '-' '-' 1.3 1.3 '-' L6 '-' 

N- 5 5 5 5 5 5 

JOO 21. 2 22.2 22.1 19.6 20.6 21. 5 23.4 20.8 20.2 21.5 20.6 20.7 20.0""'" 1.1 2.2 1.1 1.9 1..S.O. 1.3 1.6 2.9 O. , 2.0 1.1 	 1.9 1.,,- 3 3 3 3 3 3 3 3 3 3 3 3• 
'00 	 24.0 

'" 

S. O. 


3 0 0 0 0 0 0 0 0 0 0 0 0 

""'" 2.0 

=======DDDD================DmDU==========C==========D=DD=_==D=============DDDD=D=D=================DmD=DD==D============= 

=Dm NO OATA AVAILABLE FOR M~N AND S.D. 

THERE WERE NO STATISTICAL DIFFERENCES FROM CONTROL AT ALPHA=0.05. 


http:ALPHA=0.05
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WI STAR HAN RATS 

TABLE 16. Feed Consumption (G/Day) Summary - Oxalate Clearance Group 
DAYS ON TEST 

00" -------------------------------------------------------------------------------------------------------­
190-197 204-211 218-225 232-239 2q6-253 260-267 274-281 288-295 302-309 316-323 330-337 344-351 358-365 "KO 

=c~~~~~====~====D~=~==~=======mDD===~~=============D~===~===========~==c========~==~===========~m========c=========c 

0 MEAN 22.7 22.7 22.9 21. 7 20.9 21- 6 23.4 21. 6 20.3 20.6 21. B 21.2 24.6 
S. o. 1.0 1.2 2.0 0.2 0.1 0.1 1.7 0.9 0.6 D.• 2.3 D.• 
N- 5 2 2 3 2 2 2 3 2 1 

50 MEAN 21.1 21. 5 21. 9 21. 6 21. 0 22.1 22.0 20.8 20.1 22.3 21.7 20.8 
S.D. 0.9 0.7 0.5 1.0 1.0 1.7 1.0 1.1 D.• 0.7 0.6 2.0 
N- 5 5 5 5 5 5 5 5 5 5 3 0• 

150 MEAN 21. 6 22.2 22.4 21. 9 21. 6 22.2 22.1 21. 6 20.5 22.4 21.8 20.7 
S. D. 1.5 2.0 2.0 1.6 1.2 . 2.0 1.7 1.7 1.. 2.1 1.9 2.0 
N· 5 5 5 5 5 5 5 5 5 5 5 5 0 

~ '" 
300 "'AN 21. 5 20.6 22.1 21.0 23.0 21.1 21. 4 20.3 21.1 23.6 20.8 21.1 

s. D. 2.' 5.3 1.9 1.3 3.5 2.0 1.5 1.6 2.' '.2 1.0 2.6 
N- 2 2 3 2 2 2 3 3 2 2 0 

<00 MEAN 16.4 "'''=* 
S.D. 0.9 
N- 3 0 0 0 0 0 0 0 0 0 0 0 0 

==============,,===========c===,,=,,========,,=====~====c==============="C"==~==~=====C"=="=D====e,,=====m=="="=~===e=c=e==== 

• STATISTICALLY DIFFERENT FROM CONTROL MEAN BY DUNNETT'S TEST, ALPHA=D.D5. 

=DD NO OATA AVAILABLE FOR MEAN AND S.D. 


http:ALPHA=D.D5
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ETHYLENE GLYCOL: 12·MONTH D[ETARY TOXICITY STUDY IN WISTAR HAN RATS 

TABLE 17. Water Consumption (G/Day) Summary - Main Group 

00'" 
"KO 

DAYS DN 

368-369 
DDD=~~=~C==C=D===D==D=== 

0 "eAN 10.9 
S. D. 3.8 
N' 8 

50 M""" 
S.D. 
N' 

9.' 
3.0 

10 

N 
~ 
N 

150 M',," 
S. D. 
N' 

8.9 
'.0 

9 

3D0 """"S. O. 
N' 

16.5 
8.7 

5 

THERE WERE NO STATISTICAL DIFFERENCES FROM CONTROL AT ALPHADO.OS. 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WI STAR HAN RATS 

TABLE 18. Feed Efficiency (G/Day) Summary- Main Group 
DAYS ON TEST 

OOSE 1,8 a,15 15,22 22,30 30,36 36,43 43,50 50,57 57,64 64,71 71,78 78,85 85,92 
H<O 1-8 8-15 15-22 22-30 30-36 36-43 43-50 50-57 57-64 64-71 71-78 78-95 85-92 
===~==O~=~~========O==============D=========D~=COCD====D===CC=D=~=~==D========OD==c====C~C=D~==m========~============C=e 

0 MEAN J.7 ,.8 6.2 9.' 8.5 13.1 11.7 25.0 18.1 14 .5 17.6 16.6 33.4 
S. D. 0.1 0.5 0.7 1.7 '.6 J.3 10.3 8.5 2.9 6.5 6.5 7.0 
H- 10 10 10 9 10 9 9 7 7 8 7 9 7 

50 H'AN '.0 •. 6 5.9 9.6 7.5 11. 0 14.2 IB.7 17.8 14.7 19.3 22.7 76.1 
S.D. 0.' 0.5 1.1 1.4 1.8 3.1 J.6 5., 6.7 '-' 5.0 9.' 41.8 
H- 10 9 10 10 10 9 10 9 8 10 8 9• 

150 MEAN '.2 5.5 6.J 13.4 '.6 13.0 13.0 23.4 15.8 12.3 22.3 2I.7 48.6N 
~ S.D. 0.7 1.' 0.7 6.7 1.6 J.6 J.O 11. 9 J.5 1.5 4.5 1.. 2~ .1 
w H= 9 10 6 7 10 7 7 6 7 8 5 6 7 

300 MElIN '.1 ,.9 5.7 10.6 7.7 20.0 11.2 22.2 24.8 12.3 25.0 16.0 14.6 ,..S. D. 0.' 0.9 1.2 2.' 1.3 9.1 2.2 12.2 10.4 2.' 6.J 132.5 
H- 10 10 9 7 8 8 9 6 6 6 6 7 9 

000 '.J 5.5 6.J 10.7 8.8 16.1 '.8 29.4 18.3 17.9 -54.8 15.5 -106.8""""S. D. 0.7 2.9 '.2 15.4 9.9 2.11.. 1.1 U J.9 136.9 96.6 
H- 9 9 9 9 10 8 6 6 7 7 

I.' • • • 
c=======O=O==============D============D===c=======e=~=============0============0===============================oc======= 

DAYS ON TEST GIVEN AS BODY WEIGHT INTERVAL OVER FEEO CONSUMPTION INTERVAL 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

TABLE 20. Urinalysis Summary - Main Group 
OOSE 	 URINE VOL SPECIFIC PROTEIN GLUCOSE KE1'ONES BILI- UROBIL­

(ML) GRAVITY Color Appear (HG/DL) (MG/DL) (MG/DL) RUBIN INOGEN'WO' 
~~~~=~====~===CDD=DDDDDDDD=D~================DDD~DCCDDDD~D============D==DDDDDDCD=D=============~===C===D=D=mDD=~================= '" 	 p' 

, MEAN 10.6 1.031 YELLOW ( 8) SL. CL ( 8) 7.0 + ( 5) NEG ( 8) NEG ( 4) NEG ( 8) NEG ( 8) <=1 ( 8) 
S. D. 3.6 0.007 	 '.5 ++ ( 3) TRC ( 4.) " • • 	 '.0 " 2J'" '.5 2J 

'"9 2J 

50 MEAN 1. 034 YELLOW (10) SL. CL (10) 6.5 ( 3J + ( 3) NEG (10) NEG ( 7) NEG ( 7) <=1 (10) 
S.D. 3. , 0.009 7.5 ( 1) ++ ( 7) '" " 6) + ( 3) + ( 2),- 10 10 6.0 ( 2) '" ++ ( 1) 

8.5 ( 2)

'" >"'9 ( 2)~ 
~ 

150 '.9 1. 036 YELLOW ( 9) SL. CL ( 9) 5.0 2J + ( 4) NEG ( 9) NEG ( 3) NEG ( 7) NEG ( 8) <c1 ( 9)""'" 3.2 0.013 5.5 ++ ( 5) TRC ( 5) + ( 2) ( 1)S. D. 	 ++ 
9 9 	 6.0 2J + ( 1) " '" 7.5 ( 2) 


>=9 ( 2) 


300 MEAN 16.3 1.025 YELLOW ( 4) SL. CL ( 5) 6.5 ( 1) + ( 3) NEG ( 5) JJ NEG ( 4) NEG ( 4) <=1 ( 5) 
S.D. 12.2 0.012 BROWN ( 1) 7.0 ( 1) ++ ( 1) '" 2J + ++++ ( 1)TRC ( 1) 

5 5 8.5 ( 1) +++ ( 1)'" >c9 ( 2) 
======DD====================DDCDD======================D=DD=~=============~=====CD====D~=================D~==CD=~================C 

THERE WERE NO STATISTICAL DIFFERENCES FROM CONTROL AT ALPHA=0.05. 
URINE VOLUME AND SPECIFIC GRAVITY VALUES ARE MEAN AND S.D. FOR THE SPECIFIED NUMBER (N) OF ANIMALS. 
ALL OTHER DATA TABULATED AS NUMBER OF ANIMALS (N) WITH THE STATED VALUE. 
THE TOTAL NUMBER OF ANIMALS FOR SOME PARAMETERS MAY NOT EQUAL THE NUMBER OF 
ANIMALS IN THE roSE GROUP DUE TO INSUFFICIENT QUANTITY OF SAMPLE OR EXCLUSION OF ANII1AL(S) FEIOl1 ANALYSIS 
NEG=NEGATIVE TRCDTRACE SL. CL=SLIGHTLY CLOUDY UROBILINOGEN IS ME~SURED IN EU/DL=EHRLICH UNITS/DECILITER 
N D NORMAL: + C SLIGHT: ++ '" ~DERATE: +++ = Si;';VERE 

http:ALPHA=0.05
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ETHYLENE GLYCOL: 12-MONTH OIETARYTOXICITY STUDY IN WISTAR HAN RATS 

TABLE 21. Urine Microscopic - Main Group 

OOSE ANIMAL wac ROC CASTS CRYSTALS ,PI BACTERIA YEAST MUCUS MICROSCOPIC 
UNIT. NUMBER /HPF /HPF /LPF /LPF /LPF /HPF /HPF /LPF COMMENTS 
=======DD=D=D===C===C==============DD=D==============D=====mm===============D==D=c=================D=D=ame===============DD=D, 4402 TR PHOS +++ 

CA OXAL RARE 
PRESENT SPERM PRESENT 

4403 TR PHOS +++ ''''''ENT SPERM PRESENT 

4405 TR PHOS ++ PRESENT SPERM PRESENT 

N 
~ 

'" 
4406 TR PHOS +++ PRESENT SPERM PRESENT 

4407 TR PHOS +++ PRESENT SPERM PRESENT 

HOB TR PHOS +++ PRESENT SPERM PRESENT 

4409 TR PHOS +++ PRESENT SPERM PRESENT 

4410 TR PHOS +++ PRESENT SPERM PRESENT 

===============c=m==================c====================D=CDD==============D=C=================D===aD======================c 
DATA ARE COLLECTED FROM INDIVIDUAL ANIMALS (NOT POOLED) 
AM PHOS=AMORPHOUS PHOSPHATES EPI=EPITHELIAL URIC=URIC ACID 
CA CARB=CALCIUM CARBONATE GRAN=GRANULAR 
CA OXAL=CALCIUM OXALATE 
TR PHOS=TRIPLE PHOSPHATES 
+=FEW ++=MDDERATE 

HYLN=HYALINE OCC~CCASIONAL 

SULF=SULFONAMIDE TNTC=TOO NUMEROUS TO COUNT 
+++"MANY 

CRS=COARSE GRANULAR CASTS 
FINE=FINE GRANULAR CASTS 
/HPF=PER HIGH POWER FIELD 
/LPF=PER LOW powER FIELD 



THE DOW CHEMICAL COMPANY 
STUDY ID: 031079 

PAGE 113 

ETHYLENE GLYCOL: 12-MONTH DIET ARY TOXICITY STUDY IN WIST AR HAN RATS 

TABLE 21. Urine Microscopic- Main Group (continued) 

ANIMlIL WBC CASTS CRYSTALS EPI BACTERIA YEAST MUCUS MICROSCOPIC 
UNIT. NUHBER /HPF /HPF /LPF (LPF /LPF (HPF /HPF /LPF COHHENTS 
00'" "" 
~~~~~c~=c=~~~~~ccC==========~~~mD~CC=CC===C=CCC==C======~=~~=~C=CDC===C==c=========~=~=~~===m=_=====c===C======~==~=~=D~D=DC= 

50 4.421 TR PHOS +++ PRESENT SPERM PRESENT 

4.4.22 TR PHOS 
CA OXAL 

++ 
+ 

PRESENT SPERM PRESENT 

44.23 TR PHOS +++ PRESENT SPERM PRESENT 

N 
~ 

" 
4424 

4425 

TR 

TR 

PHOS 

PHOS 

+++ 

+++ 

PRESENT 

PRESENT 

SPERM 

SPERM 

PRESENT 

PRESENT 

4426 TR 
CA 

PHOS 
OXAL 

+++ 
+ 

E'RESENT SPERM PRESENT 

4427 TR PHOS + PRESENT SPERM PRESENT 

4426 TR PHOS 
CA OXAL 

+++ 
RARE 

PRESENT SPERM PRESENT 

4429 TR PHOS +++ PRESENT SPERM PRESENT 

4430 TR PHOS ++ PRESENT SPERM E'RESENT 

C=~==========~==========~====~====~=======C===============~===c=======~===~=====m==c====================~====~=========c=== 

OATA ARE COLLECTED FROM INDIVIDUAL ANIMALS (NOT POOLED) 
AM PHOS=AMORPHOUS PHOSPHATES EPI=EPITHELIAL URICcURIC ACID 
CA CARB=CALCIUM CARBONATE GRAN~GRANULAR 

CA OXAL=CALCIUM OXALATE HYLNcHYALINE OCC=OCCASIONAL 
TR PHOS=TRIPLE PHOSPHATES SULF=SULFONAMIDE TNTC=TOO NUMEROUS TO COUNT 
+mFEW ++~MODERATE +++"MANY 

CRS=COARSE GRANULAR CASTS 
FINE~FINE GRANULAR CASTS 
/HPF=E'ER HIGH ~WER FIELD 
/LPF=PER LOW POWER FIELO 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WI STAR HAN RATS 

TABLE 21. Urine Microscopic - Main Group (continued) 

OOSE ANIMlIL WBC ,",e CASTS CRYSTALS EPI BACTERIA YEAST HUCUS MICROSCOPIC 
UNIT. NllMBER IIIPF IIIPF ILPF ILPF ILPF IIIPF IIIPF ILPF COMMENTS 
~~~~~C~~=======C~ggg=g=Gg=g=G~=CC==~C=C===C===========g==gg=DD=~=C~=C=================C=gg=g==~~~~~DD=====DC=====C==CC====DDD 

150 4441 	 TR PIIOS + PRESENT SPERM PRESENT 
CA OXAL +++ 

4442 	 TR PIIOS +++ PRESENT SPERM PRESENT 
CA OXAL + 

4443 	 TR PIIOS + PRESENT SPERM PRESENT 
CA OXAL +++ 

N 
~ 
~ 4445 TR PIIOS RARE PRESENT SPERM PRESENT 

CA OXAL +++ 

4446 	 TR PIIOS ++ PRESENT SPERM PRESENT 
CA OXAL +++ 

4447 	 TR PIIOS +++ PRESENT SPERM PRESENT 
CA OXAL ++ 

4449 	 TR PIIOS +++ PRESENT SPERM PRESENT 
CA OXAL ++ 

4449 	 TR PIIOS + PRESENT SPERM PRESENT 
CA OXAL +++ 

4450 	 CA OXAL +++ PRESENT SPERM PRESENT 

==~==========D==D===DD============DgDgg==~D=D=~=D~======C========D=D=D=Dm==D=D~DC==C=================DD==D=D==D==~C==C~==C====== 

OATA ARE COLLECTED FROM INDIVIDUAL ANIMlILS (NOT POOLEO) 
AM PIIOSDAMORPIIOUS PHOSPHATES EPI=EPITIIELIAL URIC=URIC ACID 	 CRS=COARSE GRANULAR CASTS 
CA CARB=CALCIUM CARBONATE GRANGGRANllLAR 	 FINE=FINE GRANULAR CASTS 
CA OXAL=CALCIUM OXALATE IIYLN=HYALINE OCC=OCCASIONAL 	 IHPFmPER HIGH POWER FIELD 
TR PHOSgTRIPLE PHOSPHATES SULFgSULFONAMIDE TNTC=TOO NUMEROUS TO COUNT ILPF=PER LOW POWER FIELD 
+=FEW ++=MODERATE +++=MANY 
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ETHYLENE GLYCOL: 12·MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

TABLE 2 I. Urine Microscopic - Main Group (continued) 

00" lINIMAL WEIC 	 ROC CASTS CRYSTALS EllICTERIlI YEAST MUCUS MICROSCOPIC 
/HPF /LPF '" /HPF /HPF /LPF COHMENTSUNIT. NUMElER /HPF /LPF 	 /LPF 

~~~~~==~D~DDD~~~======~D=~=~EDDD===D=======gg=g=D~D=DDDD===~======g==~=gDDDD==~============gg~m=======~======~=~=g=gD=DBD==== 

300 4464 TR PHOS +++ PRESENT SPERM PRESENT 
CA OXAL +++ 

4465 	 TR PHOS +++ PRESENT SPERM PRESENT 
CA OXllL +++ 

4467 	 TR PHOS +++ PRESENT SPERM PRESENT 
CII OXAL ++ 

N 

'" 
~ 

446B 	 TR PHOS + PRESENT SPERM PRESENT 
CA OXAL ++ 

~469 	 TR PHOS ++ PRESENT SPERM PRESENT 
CA OXAL ++ 

==========g======D==~=========g=g~Dm=mD===============g=_=_=D==========D=~=g==================g~g~=D=================~~=~=DD= 

DlITA ARE COLLECTEO FROM INDIVIDUAL ANIMALS (NOT POOLED) 
AM PHOS=AMORPHOUS PHOSPHATES 	 EPI=EPITHELIAL URIC=URIC ACID CRS=COARSE GRANULAR CASTS 
CA CAREl-CALCIUM CARBONATE 	 GRAN=GRANULAR FINE=FINE GRANULAR CASTS 
CA OXAL=CALCIUM OXALATE 	 HYLN=HYALINE OCC~CCASIONAL /HPF=PER HIGH POWER FIELD 
TR PHOS=TRIPLE PHOSPHATES 	 SULF=SULFONAMIDE TNTC=TOO NUMEROUS TO COUNT /LPF=?ER LOW POWER FIELD 
+=FEW ++"'HODERATE 	 +++=HANY 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

TABLE 22. Oxalic Acid Clearance 

Renal clearance of oxalate in the Wistar rat administered EG for 12 months, and 

control young (9-12 weeks ofage) Wistar and F344 rats and old (approximately 12 months ofage) F344 rats 

N 

'" 0 

oMKD 
Mill1~1 Clc:ar.mee 
number (mllminlkg bw) 
04A4996 .. 2.74 
04A4998 .. 3.42 
03A4416 4.47 
03A4417 3.27 
03A4419 5.62 
03A4420 3.95 

Mean 3.91 
SO 1.03 

Study Animals 
50 MKD 150 MKD 

Animcl Cleamnec .4.ninlol Clcar.mce 
number (ml/minlkg bw) number (mllmi~g bw) 
03A4436 4.46 03A4456 3.92 
03A4438 5.23 03A4458 5.71 
03A4439 4.54 03A4459 4.83 
OJA4440 3.79 03A4460 4.34 

4.50 
0.59 

4.70 
0.77 

300 MKD 
Mimcl CI=lCC 
number (ml!mi~~\·) 

03A4476 -"""2.61 
03A4477 5.S! 
03A4480 6.08 
03A4461 3.80 
03A4466 5.97 

4.79 
1.53 

Control Animals 
Young Wislnr Old FJ44 

Animol Clear;mce -Animal Clc:mmec 
number (mllminlkg bw) number (mllminlkg bw) 

NA 0 4.41 NA' 5.81 
NA 2.93 NA 5.15 
NA 3.46 NA 2.89 
Nfl 4.61 NA 4.38 
Nfl 3.56 

3.80 
0.70 

4.56 
1.26 

Young F344 
Min101 Clcamncc 
number (mllminlkg bw) 

Nfl' 5.22 
Nfl 6.08 
NA 6.27 
NA 7.04 
NA 5.67 

6.06 
0.68 

• No nnimal number assigned 10 control animals usc:d for el=« dC1erminalions only. 
o. Senlinel animals. 
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ETHYLENE GLYCOL: I:z..MONTH DIETARY TOXIClTY STUDY IN WI STAR HAN RATS 

TABLE 23. Ratios of Renal Clearance of Oxalate versus Inulin 

Ratios of renal clearance of oxalate vs. inulin in the Wistar rat administered EO for 12 months, 

and control young (9-12 weeks of age) Wistar and F344 rats and old (approximately 12 months of age) F344 rats 

SlUdy Anim:lls Conlrol Animal5 

'" ", Anim:ll 
OMKD 

CI=nce 
" 

Amm' 
MKD

Clearnncc 
ISO MKD 

Anim:ll C]eanme<: 
300 MKD 

Animnl Clc:tf:utce 
Young Wislar 

Animal C1carnoe<: 
Old F344 

Animo! CI=ce 
young F344 

Animal Clcarnne<: 
Dumber mliD (OXffN) number rill;O (OXllN) number 131;0 (OXffN) number riI~" (OXlIN] number r.1l;O (OXllN) number rnlio (OXllN) number ,,,ti~ (OXllN) 

04A4996 .. 0,54 03A44l6 0.72 OJA4456 0.74 03A4476 0.83 NA" 0,50 NA" .0.90 NA" 0.68 
04A4998 00 0.73 03A4438 1.03 OJA4458 0.70 03A4477 0.67 NA 0,90 NA 0.81 NA 0.76 
OlA4416 0.70 03M439 1.04 03A4459 0.65 03A4480 1.15 NA 0.l8 NA 0.66 NA 0.70 
OJM417 lAO 03M440 0.70 OlA4460 0.8S 03A446] 0,82 NA 0.58 NA 0.86 NA 0.72 
03A4419 0.92 01A4466 0.41 NA 0.61 NA 0.6:1 
03A4420 0.64 

Mean 0.82 0.87 0.73 0.78 0.59 0.81 0.70 
SO 0,3] 0.19 0.08 0.27 0,19 0,]0 0.04 

o No animnl number assigned to control ""imal. u5Cd for cleWlIlce dclmninal;ons only. 
00 SCflI;ncl ",,;mals. 
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ETHYLENE GLYCOL: I 2-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

TABLE 24. Organ and OrganIBody Weights Summary - Main Group 
FINAL KIDNEYS LIVER 
BODY ,G,00" -------------------------------­

M" (G/100) (G/lOO)". ''I ,G' 
=~-========================-===================-==-===~== 

0 MEAM ~63.5 2.551 0.530 11.717 2.4.27 
S.D. 39.4 0.140 0.036 0.997 0.109 
M- 8 8 8 8 8 

50 MEAN 496.7 2.692 0.539 11.995 2.400 
S.D. 4.0.3 0.297 0.034 1.431 0.127 
M- 10 10 10 10 10 

N 
a- 150 MEliN 467.6 2.417 0.517 11.129 2.373 
N S.D. ~5.5 0.246 0.026 1. 539 0.143 

M- 9 9 9 9 9 

300 MEAN 466.0 2.606 0.612 11.2e4 2.426 
S. O. 93.1 0.515 0.122 2.203 0.161 
M- 5 5 5 5 5 

===DDS====================_mD======================mDD=== 

THERE WERE NO STATISTICAL DIFFERENCES FROM CONTROL AT ALPHA=0.05. 

http:ALPHA=0.05
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

TABLE 25. Organ and Organ/Body Weights Summary - Metabolism Group 

FINlIL KIDNEYS 
DOSE 00"' ---------------­
"" "'. '0' 10' (G/1Oa) 
===============DDDDDDDDDDDDD=C=========== 
0 MEAN 4.BB.4. 2.455 0.505 

S. D. 6B.5 0.270 0.028 
N­ 5 5 5 

so ""'N
S.D. 
N­

4BLl 
71. 3 

5 

2.593 
0.275 

5 

0.539 
0.04.4 

5 

N 
0, 
~ 

1SO MEAN 
s. D.
N­

485.2 
38.B 

5 

2.649 
0.lB2 

5 

0.548 
0.047 

5 

300 MEliN 
S.D. 
N­

457.9 
39.2 

5 

3.24.2 
1.2B6 

5 

0.713 
0.304 

5 

DD==~~~~~~DDD=DDD=D=D==D============D==== 

THERe WERE NO STATISTICAL DIFFERENCES FROM CONTROL AT ALPHA=D.05. 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

TABLE 26. Organ and Organ/Body Weights Summary - Early Termination 
FINAL KIDNEYS 

""" aoDY ---------------­
H<O ;IT. (G) (G) (G/I00) 

'00 MEAN 367.7 ~.021 1.122 
S.D.,. 5~.5 

16 
0.746 

16 
0.278 

16 

~..N 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

TABLE 27. Gross Pilthologicill Observations (continucd) 

•••••••••• ______ MALES --------------- ­
Removal Reasons; All of thoso SELECTED ,... '" ... ... " ok' ok' '" '" 

Numbor of Animals on S~udy ; 

Numbor of Animals Completed; (14) (15) (15) (15) "
" " " " (20) 

COAGULATWG GLANOj 
Sub~itted •••.••..•...••..••.•••....•••.....•.•.••..•.•••.••...•...•..••..•..••...•.••••.•••..•..• (14) ( 15) (15) (15) (20)

No VisIble Lesions ••.•••.•••...•...••..•..•••.•.•.••..•..•.•••.•••..•..••...•.••..•.••..••.•.•..• 

Corkj bilateral ••.••..••.••...•...•••.•.•..•...••.•.•..•••..•••..•...••..••.••..•..••.•.•...•. ", ", ", " " , 


" 
COLONj 

Submittod•..••.••.•••.••...••..•...•••.••..•.•.•..••.••.•..••..•..••..••..•..•.•.••..••.••.•..••• (14) (15) (15) (15) (20) 
No Visible Lesions .••..••..•.•••..•.•.....•.•.•.•.••..•..••..••...••.••..•••••...•..••........•••'" " " " " "'" CRANIAL NERVE - OPTICj 
Submitted••••....••.•••..•...••...•...••..••.••.•.••.••..•.••..•••..••.••..••..•.•••.••..••.•..•. (H) (15) (15) (15) (20) 
No Visible Lesions •••.•..••..•••..••..••.•••.••.•••••.•.•.•.••..•.•...•...••.••...••••.••.••..••. " " " " " 

KIDNEYS; 
Sub~ittod ••...••..••..•.••....••..•..•.•.•••.•..••.••..•••..•••.••....•...•••.•..•.••.••..••...•• (14) (15) (15) (15) (20) 
No Visible Leaions ••••.••.••••.•••..••...•..••.••.••.•.•••..•••••.•••.•••.••.•••.••..•.•••.••••.• , , 
Calculusj unilateralj pelvis ................................................................... . " , " , ", , , 
Calculusj bilateral; pelvis ..•..•••..••.••..••..••.••..••..•••••.•••••..••.•••.••.••..••..•...•• , , , , , 
Dilatation; loft; pelvis •.••..•..•...••..••..••.••.••.•..••.....•.•.•••.•••.••..•..••.••...••..• , , , , , 
Oilatationj rightj pelvis ..................................................................... .. , , , , , 
Oilatationj bilateralj pelvis •..••..••..••.••..••.•..•••.•..•..•...•.•••.•••••..•..••.••..•••.•. , , , , , 
Mottled ••..••.•••.•..••..••.••••.••..•••..••.••..••.••.•••..•..••..•.•••.••.••..••..•.•...•.•••• , , , , , 
Pale; bilateral .•••.••...••..•••..•••..••..••.•.••.••.•.••••..••...••.••..••.•••.••••.•.•..•..•. , , , , 
Roughoned Surfacej bilateral .••..•••.••..•••.•..•..••..•.•.•..••.•.•••..•••.••.••..•..••..••..•• , , , , " " 

OUOOENUMj 
Sublllitted •.••....••..•.••..•••••.••..••..••..•..••.••.•..•..••.•••..•..••..••..••.•..••..•.•.•... (14) (15) (15) (15) (20) 
No Visible LesIonG ••..••..••...•...•••.••.•.•..••.•••..•.•..•...••..•..••..••.•••..••.•...•..•..• " " " " " 

EPIDIDYMIDES j 
Subllitted ..•.••...•.•..•••.•••...••.•••..••.••.••••.••.•.•.•.•••..••..•..•••..•.••.•.•..••......• (H) (15) (15) (15) (2~). 
No Visible Lesions ..••..••...••..•.•.•..•..••.••.•.••..••.••...••..•...••..•.•.••.••.•.•••.••..•• " " " " " 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WI STAR HAN RATS 

TABLE 27. Gross Pathological Observations (continued) 

••••••••••••• --- MALES •• ------------- ­
Removal Reasons: All of those SELECTED 

0 ~

." .",,' ..'", '" 
Nu~ber of Animals on Study : '" '" 

,. A l 115)Nu~ber of Animals Completed: " " (15) "" " (20) 

ESOPHAGUSj. 
(14) (15) (15) (15) (20)~~b~i~~~~~' L~~i~~~:::::::: :::: :::: :::::: :::::: : : :: : : :: :::'. ::'. :: :::::::: :::: .... :...... :...... :.... :: ..:.......... 
 " " " " " 

EYE, 
Submittod•...•.•...•..••.••.••..•..•••...•••.•.••..••..•..••.••...••....•••...•..•••..•••.•.•.••• (14) (15) (15) (15) (20) 

NO Visible Losions •.••..•..••..•.•••.•.•••.•..•..••..••.••.•••..•.•...•••...•..•••.•.•.••..•.••.. 

CloudYj leftj cornea ........................................................................... . " " , ", ", ", 
~ 

~ GENERALj 
Submittea •••••.••••.••.••.••..•..••..•••••••.••..••...•.••.••••..••.•..•••..••...••......•.•••.•• (0,",, (0', I", ",, ,NO Visible Losions .•.•••.•.••..••..•••..••..•.••.•.•.•..••.••..••..•••••..•..•••..••..•••.••....• , , , ,Ascites .••••.•..•••••..••..•..•••...••.•.•..••..••....••...•....••••••.•••...•••.•.•••.•.•••.••. ,, , , , ,Congestionj viscera ............................................................................. . 
 , , , , ,Decreased Amount Of Fat ••.•••.••..••..•.•••.•..•..••..••..•.••..•.•••.•..•••...•..••...•••.•.••. , , , , ,Hellolyzed Blood, gastrointestinal tract ........................................................ . 
 , , , , ,Hydrothoraxj clear •..••..••..••.•••••..•.•••.••..••..•••••.••.•.•••..•••..•••.••..••••..••.•..•• , , , ,Hydrothorax, sorosanguineous ••..••..••••..•••••.••..••..•..••.•...•••.•...••...••...•••••..•••.• 

HEART, 
Submitted ••..•••••.•..••.••.•••.•••..•.•..•.••..••..••.••.•.•••.••••..•••.•••..•••.••••.•.••.••.. (14) (15) (15) ( 15) (20) 
NO Visible Losions ....•••.••..•..••..••.•..•.•..••...•..••.••..•••.•••••...•..•••..•....••..••..• 
MOttled, bilateral, ventricle ................................................................. .. ", ", ", ", ", 

ILEUM; 
Sublllitted ••••••.••...••.••.•.••.•.••...••.••..•.•..•.•.•..•.••..••..••....•..••..••..•..••.•.••.• (14) ( 15) (15) (15) (20) 
No Visible Losions ••..••.••.••••.••..•.•••.•••.••..••...••.•.••.••..••...••••..•.•..•••.••.••..•• " " " " " 

JEJUNUU, 
Sublllittod •••••.•.•.••..••..•.••••••.•.•..•..••.. : •.•.•••..••..••.••..••..•.•••••..••..•..••.••.•. (14) (15) (15) (15) (20) 
No Visible Lesions .•••••..••.••.•.•..•••••..•..••..•••...••.••..•...•...•..•.•••.•.••..•..•..••.. "" " " " 

LACRIMALIHARDEAIAN GLANDj 
Submitted •••••..•.••..••..•..••••.••••..••.••..•••.•..•••.••.••..••..••..•..••••..••..••.••.••••. (H) (15) (15) (15) (20) 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WlSTARHAN RATS 

TABLE 27. Gross Pathological Observations (continued) 

................ MALES ................ 
ROlovol Reasons: All 01 those SELECTED , ~ <0,

," ,"'" '" ,"
Number 01 Ani~als on Study : '" '" 

NUlber ot Animals COlplotcd: (14) (15) ( IS) (15) (20)
" " " " " 

LACAIt.lAL/HARDERIAN GLAND; (continued) 
No Visible Lesions •..••...•...••...•.... , ..•..••...••..••..•••.•.• , .....•.••••.••..•...••.••...• , 
Increasod Size; bilateral ..••..•••.••...•. , ..•.••.•..••...••..••...•... " .•..••..•••..••..••..•• ", ", ", ", ", 

LARYNX; 
Submitted .•..•.•.•.•••..••..••..••..•.•.• , .•.•.•...•..••...••.•••.•. , •. , •.•.••••••..••..•...••... (14) (IS) (15) (15) (20) 
No Visible Lesions •..•••.•••.•.• , .• , .•.•.•.••...••..•...••..••...•.•••.•.•••.••..•..••••.•. , ...•. "" " " " 

LIVER; '" ~ '" 	 Submitted ..•••...••..•••..••..•.. , •.•.•••.••..•...••...•••.•.•. , .••.•.••..••..••..•....•....• , .... (14) (15) ( 15) (15) (20) 
No Visible Lesions •...••.•••..•..••.•....• , •.•.•••..••.•••..•..•.. ,., •.•.••••••.•••.••..••.•••.•. 
Hernia; hiatal ..••..•..•..•..••.••..•..••.•••.•• " ...•••.••...•..•.••..•..•••. , ...•.••••...•••.. ", ", ", ", ",, , , ,Palo •••.•.• " .....•.•..••..••..••.•••.•.•.... , ...•.••...••..••..••.•••.•. , ..•.•••..•...••..•••.. , 

LUNG; 
Submitted ..•••.....•.•..••..••..••.••.•.•.••. , ..•.•••.•••..••.•••.••..•.•.• , •.••••..••..•..•••..• (14) (15) (15) (15) (20) 
No Visible Lesions •.•••..••.••...•••.•.•.• , .•.•••.•••..••••••..••..• , •.• , ••••••..•...•..•..•.•.•. 
Congestionj genoralized .•.•..••.••..••.•••........ , .•.•.••..••..••..•..••.•.• , •.••••..••..••.••• , , ", ", , 
Edema •••.•.• " .•...•..••.••••..••.•.•.•.••..••.•..•••..••..••..••.•.•...•..•.••..••..••.•••..••. 

" , " , , , " , 
Focusj darkj lIulti1ecal ..•••..••..•.•.• , •..•••...••..•...••..••..• " .•.••••••.•••..••.••.•.••..• , , , , ,, , , , ,~ottled .••..•..• , ...•.•••..••..••.••..••....• , ..••.••..••...•...••.••...••.• , •••..••...•...••..• 

LYMPH NODE; 
Submitted .....••...•.....•..••...••..•..•..•.•.•.• , ..•..•...••..•..••.•••.••. "',." •••..•..••..• (14) (15) (15) PS) (20) 
No Visible Lesions .••••.••..••..••.•••.•...• , ..•.•••.•••..•..••..•..•. , .. , ..•.••..••..•..••.....• 
Dark; lIesonteric ••••••..••...••..•.•.. , ..•.••..•••..••..•...••. , .• , ••.•.•.••..••.••..•.•.•.. , .•. ", ", ", ", ", 
Increased Sizej goneralized ..................... , ............................................. .. , , , , ,
, , , , ,Increased Size; ronal .••..••...••..••.•••.•....•••..••..••...••.•••.•.• , ....••..••...•..••..•... 

MEDIASTINAL TISSUE; 
Submitted .••..•........••..••..••..•..••.......•...•.••...••.••..••..•.•.• , •.•....•••..•..••..•• , (14) (15) ( IS) (15) (20) 
No Visible Les10ns •..•••..••...••.•.•.•.• , ..•.•.•..•••..••.•••.•.•...• , ..•..•..••..••....•....... "" " " " 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS , 
TABLE 27. Gross Palhological Obscrvations (continued) 

_............... MALES ................ 
Re~oval Rea90n9: All 01 those SELECTED 

0 ~ '00 <00..'", ..,,"
~unber 01 Aninals on Study : '" "" 
Nu~ber or Ani~als Completed: (15) " "(14)" " (15) (15)" (20) 

MESENTERIC TISSUE: 
Submitted .•..•.•.• , •.•..•...•.•..••.•••.••.••..••.••.•••.•...•.•..... , .• , •.••.•..••..••.••...•••. (14) (IS) (15) (15) (20) 
No Vhible Lesions ••... , •..•..••.•••..••...••.•..•..•.•••.•••.••..••.••...• , .. , •.•.••.••.••...•.. "" " " " 

NASAL TISSUE· PHARYNX: 
Subnitted ••..•••.••..••..•.••..• , .. , •..•••.••.••.••..••.••..•...•..•••.•••.••...• , .•... , •.•.••.•• (14) (15) (15) (IS) (20) 
No Visible Losions .•.•.. , .....•••.•••.•..••..•..•..••.•••..••.•••.•...•.••.. " .•.•...••..••..••.. "" " " " 

ORAL TISSUE: 
N Sub .. itted .••...••.•••..•.• , ..•.••.•••..•••.•..••.••.••...••..•..•••..••.•.. , •..•.•..••..•...••..• (14) (15) (15) (15) (20)
'll No Visiblo Losions .•••..•..••••..• , •..•.• , •.••••.••.••..••..••..••.•••..•..•.•...•.. "., .•.•.•••• " " " " " 

PANCREAS: 
Sublllitted ...•••..•..•••..••....•.•. , •.•.•••.••.••..•..••..•••.••..•••..•..•.••.• , •.•.••••.•...••. (14) (15) (15) (1S) (20) 
No Visible Lesions ...••.••....•..••..••.•••.•••.. , •. " ••.•••.••...••.••..••••••.••••.•.•.. , .....• " " " " " 

PARATHYROID GLAND: 
Subllitted ••..• , ••••.•.•..•••...••..•••.••..••.••..•.. , •..•.•...•••..••..•...••.•••.••.•••.....•.. (14) (15) (15) ( 15) (20) 
No Visible Lesions ••..••..•••..••.•••.••.... , ..•.•.•••••...••.••...•..••..••..••.•..•...•...•••.. " " " " " 

PERIPHERAL NERVE· TIOIAL: 
SUbmitted .•••..•..•..• , •.•.•••..•••••..••..•..••.•• ' •••.•.• " ••.•••..•..••...••.••..••..•..•••... (H) (15) (15) ( 15) (20) 
No Visible Lesions .••...•••..••..•••.••••.•.••..••.•.•.••..•••.••..•..•••.••..•..••••.••.•..••.•• " " " " " 

PITUITARY GLAND: 
Submittod••.•••..••..•...•••..••.•.•••..•.•••••.••.••..••..•...••..••.•.•.•..••.......••••••...•• (14) ( 15) (15) (15) (20) 
No Visible Losion& ....•.•••...•..••..••.••.•.••.••..•.•..•••.••...•.•••..••••••.•.••.•.•.••..••.• " " " " " 

PROSTATE; 
Subllittod ...•.•..•••..•...•••..••.••..••.•.••.•.•••.•..••..•••.•••.•••...•.•.••..•.••.•••..•••.•• (14) (15) (15) (15) (20) 
No Visible Lesions •..•••.•••..•..•••.•....••.••.•.•••.•...••.. , ...••.•••.•.....•..•......•..••..• " " " " " 

RECTUU; 
Submitted .•..•.•...•••..••..••..••••••.••••.••.•.•• ' •••..••..•...••..•..•.•••..•..••.•.••..•••..• (14) (15) (15) (15) (20) 
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TABLE 27. Gross Pathological Observations (continued) 

- --- --- --- --. _•• IolALES -- -- -_. --- --- -- ­
Re~oval Reasons: Allot those SELECTED ,... ... '" '" ". '".kO '" 

Number of Animals on Study : 

Nu~ber 01 Anilals COlplotcd: (14) " (15) (IS)
(15) (20)" " " "." 

RECTUU; (continued) 

No Visible Lesions .•..•••..••..••..•••..•••. , ..•.•.••.•••.••.....•..••..•• " .••.•.••.••.••.••..•. 
 " " " " " 

SALIVARY OLANOj 
Subllitted•....•..•••.••.••..••...••.•••.•..•.••.•••..••..••.••..••..••.. , .• , ..•..••..•.••..••..•• (14) (15) ( 15) (15) (20) 
No Visiblo Lesions •.•.. , ...•.•.••..••..••...••••.•.•..•.•.••.••...••.•••..••.•.•.....•••••.•..••. " " " " " 

SEUINAL VESICLES;

'" Subllitted •.••...•. ,., •.••..•.••..•••..•..•••.....•.. , ..•.••.•••.•••.•••..•••.••.•.• , •••••..••..•. ( 14) (lS) (IS) (15) (20) 
a No Visible lesions, .•.•••.•..•••..•..•••.••..•.. , ..•.••.••..••.••...••.•••........••..••.••.••..• " 

Darkj bilateral .• , •...•.•.•.•..••...••..•.•.•• , ...•.•••.••..••...••..•••..•.• , ..•.••..••.•...•.. ", " , ", ", " , 

Intlalilationj bilateral ..••.•..•.•.•..•••..••..•••..•.•.....•.•.•..••..••...•••...•.•.. , •.•.•..• , , , , 


SKELETAL MUSCLE; 
SubmitUd ..•••..••..••..••.••• , ... , .•••.••..••...••..••.•.•..• , , ..•..••..•••..•..••.•. " .. , •••..• (14 ) (15) (15) (15) (20) 
No Vl&ible Lesions •..••.••.•.• , .•..••..••..••..••..•.••.• , .. , ....•••.•••..••.••..•• , .• , •.•.••.••. " " " " " 

SKIN AND SUaCUnSj 
Submitted .••.•••..•. ,." ...•.•..•...••..•••..•..•.• ' •.•.••.•••..••..•...••..•.•..•.••..••.....••. ( 14) (IS) (15) ( 15) (20) 
NO Visible Losions .• , •.••...••.•••..•..•.••..• , ••..••.••..••.••..••..•••..• , •.•.••..•.••..•..••.. 
Porineal Soiling ..••..• , •....•..••..••..••••••..•.•.. , ..••••..•••.••...•..••. ,." .•..•.••..••.•• ", ", ", ", ", 
Scab; right; lIIuzzle •.••.......••.•..•...•..••..••.•.•... , ..••.•..•...••..••..•.•. , ..•••.••..•••. , , , , , 
Soiling j rightj periocular •••..••..•••.••. , .. " ..••.••..••.••..•••..•.•.•. " ••..••..••.••..••.•• , , , , , 

SPINAL CORD; 
Sublllitted ••..•.• , ....••..•..••..••.•.•....••.•..••..•..••..••..••..•.•.....•••.•..••..•••••.•.• ,. (14) (15) ( 15) (lS) (20) 
No Visible Lesions ••.•.• , •..•.•.•••.••...••.••..•. , •.•.••••••..••.•••..••.•.• ,' •.••••••.••.••.••. " " " " " 

SPLEEN; 
SUbnitted •.•••.•.. " .••••..••..••.•••..•••...••.•..••..••.••..••....•...• , •.•.•••.•...••.••.•.•.. (14) (15) ( 15) (15) (20) 
No Visible Lesions .•.•.••.••......••..••.•.• , .•..•••....•••.••.•••...• , ..•..•..••..•..••.•..... , • 
Increased Size; probable lYliphoid tumor .•••.•••..•..••..••.••• , •.•.•••.••..••..••••.•. ,', .•..••• ", ", " ", ", 
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ETHYLENE GLYCOL: 12·MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

TABLE 27. Gross Pathological Observalions (continued) 

................ UALES ................ 
Re~oval Reasons: Allor those SELECTED 

'k< 
, ...,, ..'", '" ok< '" 

Nu~ber of Animals on Study : '"' 
Nu~ber of Animals Completed: (14)" " (15) "" (lS) "(lS) (20) 

STOMACH; 
Submitted ••.•...•...••..••.•.••..•••.•••...•..••..••.•••.•.•..•.••.•••••...•••.•.•••..•.•••..•..• (14) (15) (15) (15) (20) 
No Visible Lesions .............................................................................. . 
Erosion· Ulcer; gldndular lIucosa; lIuUifocal .................................................. . ", " , ", ", " , 
Hemolyzed 8iood ..•••.•••.•..••.•.••..•••..••••••..•. , •..•.••..••.••..••..•.•.•..•..•••...•..••.• , , , , 
Mineralization; glandular lIucosa ...•.•.•••.•.•••..•..••..•.•.••....•....•••.•••..••..•..•...•••• , , , , 

TESTES; 

..., 
Submitted••..•..•..••.•••..••.••.••..••....•.••..••..••.••..••.•••.....•.••...•••.•••....•..•..•. (14) (15) (15) (15) (20) 


N No Visibla Lesions ..••..•..•••.•.•...•...•••..•..•••.••.•.••...••.••.••...••.•••..•.•.•.•..•..••. 

Flaccid; unilateral •.••..•..•.••.•.•..•.••..••..•..••.•..•.•.••.•.•..•..••.•••.•..•..•.•••••.••• ", ", ", ", " , 


THYMUS; 
Submiued•.•.••..•••.••..•••..•••.••••.••...••.••...••..•••.•.••.••.••..••..•.•..•...••..••..••.. (14) (15) (15) (15) (20)
No Visible Lasions ..•.••..••..•.•••.••••.•••.•.•••..••.••..••..•... , .•.•••..••..•••....••...•••.• 
Increasod Size •••..••.••...•.•••••.•.••••••••..•...•.•••..•...•...•..••.•••..••..•••••..•••.•..• ", ", ", ", ", 

THYROID GLAND; 
Sublllittod .••.••••....••..•..••..••..•••.•..•..•••..••.•••.••••.••.•.••.••..•••••.•.••.•.••...•..• ( 14) {lS) (15) (15) (20) 
No Visible Lesions •..••..••.•••••••.. , .•..•••.••...••.••••.••.•.••....••..••..•..•..••.•••.••..•• " " " " " 

TONGUE; 
5I1bllittod ...••••••..•.•••..••..••.•••.•••••••..•..•..••..••...••.•.••.••..••..•••••..•..•..••..•• (14) (15) ( IS) (15) (20)
No Visible Lesions ••.•••.••.•.•..••..••.•••.•.•••••..•..••.••.••••. , •...•••.••...••...••••..•••.• " " " " " 

TRACHEA; 
Sublllitted ..•••..•.•.•.•..•..••..••.••.•.•••.•.•••..•..••..••....•.•.••••...••..•••.•..•..•..••..• (14) (15) (15) ( 15) (20) 
No Visible Lesions •..••....••..••.•..•...•..••..••.••.•••..••.•.•..•..•..••....•....•••..•...•.•• 
Froth .••. , •••••..•••..•••.•.••.••.•.•••..•••..••••.•.•••.••..••.••..••.•.•.•.•..•••..•••..•..•.• ", ", ", ", ", 

URETER; 
Subllittod •••.••.•••.•.•••.••..•.•••.••...•.••..••..••.••.•.••.•.••.••..•.•••...••.•...••••••..•.• {'I {o1 {'I {'I
No Visible Lesions ..•••••.•..••.••..••...•••.•....••••...•..•••.•..•..••••..•••..••••.•..•..•..•• , , , , ,'" 
Calcul1l5 ...••...••••.••.••.••..••.••.•..••..••••..••..•..••••.•.•••••.•••.••..•....••..•••..•..• , , , , , 
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ETHYLENE GLYCOL: 11-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

TABLE 27. Gross Pathological Observations (continued) 

-------------.-. MALES ---------------­
Removal Rea~ons; All 01 th0ge SELECTED 

0 ~ '00 '00," ,"'" ,"
Number 01 AnimalG on Study : '" '" 
Number 01 Animals Completed: (14) (lS) (lS) (20)" (1S)" " " " 

UAETE~; tcontinuod) 
Dilatation; le1t ..•...••..•..•.••.•..•..•.••.••..•....••.••..•••..•...••..••.•..•..•.•••..••...• 0 0 0 0 
Dilotation; right .••..••..•••...••.....•.••.••..••...•••.•••.•..••••.••...•..••.••..••.•..•..•.. 0 0 0 0 

U~rNA~Y BLADDER; 
Subllitted•.•••..••..••...••.•..••.••...••..•..••.•••.•.•..•..••.•.•••.••..••..•.••..•.•...•.•••.• (14 ) (lS) (1S) (1S) (20)

N 	 No ViGible Le~ion5 ..•••...•••...••..••.•..••..••.•••...••••..•..•..••..•..•..•••.••••..••.•••.••. ,
;j 	 Calculus •..•••..••....•.•••.••...•..•..••..•••.•• , ..•..•...••...•..••..••..••...•• ; .•••..••..••. "0 "0 "0 , " 

CDlculus; lIultUocal ••.•••.•.•.•...•.•..••.•..••..•••..••••.•...•••.•••.••..••.•••.•.....••..•.. 0 0 0 , ,• 
Dllatation .••..•••.•.•••.•.••..••.••..•..••.••.•.•••.••.•.•.•••..•..••..•.•••.••...•.••.•••.••.. 0 0 0 , , 
Hemorrhage, wall .•••..•.......•.•••.••..•..•..••..••.....••.••.••.••..••.••..•.•••.•..•..•.....• 0 0 0 , , 
Thickened; wall .•••..•.••..•••.••.....•...•...••....••...•••..•.•.•••.•••••..••.•••..•••.•.•••.. 0 0 0 , , 
Urine - Bloody .•.••...••..••..••.•.••.•••.•..•.••...••...••.•••....•..•.•••.•..•..•••..•..•.•... 0 0 0 0 , 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTARHAN RATS 

APPENDIX TABLE I. Clinical Observations - Main Group 

Anima.l Day Observed 
Dose Number First Last 

o mkd 

HOI -B 365 

3" 370 

4402 -B 365 
369 369 

4403 -B 365 

'" 369 369 

w 
~ 

4. 4. O~ -B 22 
3D 307 
30 307 

302 307 
307 307 
307 307 

4405 -B 365 
369 369 

4406 -B 127 
14l 365 
253 365 
369 369 

4407 -B 365 
369 369 

4408 -B 365 
369 369 

4409 -B 365 
369 369 

4410 -B 365 
369 369 

Observation/Comment 

No Remarkable Observations 
Disposition, Scheduled Necropsy 

No Remarkable Observations 
Disposition, Scheduled Necropsy 

No Remarkable Observations 
Disposition, Scheduled Necropsy 

No Remarkable Observations 
Soiling, Periocular, Red, Right 
GI, Maloccluded Incisors 
Skin/MUcous Membranes Pale 
Gait, Dragging Hindquarters, Limbs 
Disposition, Moribund - Unscheduled 

No Remarkable Observations 
Disposition, SCheduled Necropsy 

No Remarkable Observations 
Eye, Cloudy, Left 
Eye, Enlarged or Protruding, Left 
Disposition, Scheduled Necropsy 

No Rema.rkable Observations 
Disposition, Scheduled Necropsy 

No Remarkable Observations 
Disposition, Scheduled Necropsy 

No Remarkable Observations 
Disposition, Scheduled Necropsy 

No Remarkable Observations 
Disposition, Scheduled Necropsy 

Flacid 
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Animal 
Dose Nu.mber 

150 mkd 

4442 

4443 

4444 

~ '" ~ 
4445 

4446 

4447 

4448 

4449 

4450 

300 mkd 

4461 

4462 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WIST AR HAN RATS 

APPENDIX TABLE I. Clinical Observalions- Main Group (continued) 

Day Observed 
Firs~ Las~ 

369 369 

-. 365 
369 3GO 

-. 25J 
266 
'66 '" 
'66 '" 
267 '" 

365-. '" 

369 369 

-. 365 
369 369 

-. 365 
369 369 

-, -. 
1 365 

369 369 

-, 365 
369 369 

-, 365 
369 369 

-, 351 
363 363 

-, 127 
139 138 

Observation/Comment 

Disposition, Scheduled Necropsy 

No Remarkable Observations 
Disposition, Scheduled Necropsy 

No Remarkable Observations 
Soiling, Perinasal, 'od 
Skin/Mucous Membranes Pale 
Feces, Abnormal Quan~i~y, Decreased 
Disposition, Moribund - Unscheduled 

No Remarkable Observations 
Disposi~ion, Scheduled Necropsy 

No Remarkable Observations 
Disposition, Scheduled Necropsy 

NO Remarkable Observations 
Disposi~ion, Scheduled Necropsy 

No Remarkable Observations 
Injury, Apparent Mechanical, Trauma, 
Disposition, Scheduled Necropsy 

No Remarkable Observations 
Disposi tion, Scheduled Necropsy 

No Remarkable Observations 
Disposi tion, Scheduled Necropsy 

No Remarkable Observations 
Disposition, Scheduled Necropsy 

No Remarkable Observations 
Disposition, Moribund - Unscheduled 

Tail, Tip 



Dose 

300 mkd 

Animal 
Number 

4463 

4464 

'" ~ ." 

4465 

4466 

4467 

4466 

4469 

4470 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE I. Clinical ObscIVations- Main Group (continued) 

Day Observed 

First Last 


-8 99 
111 III 

-8 365 
369 369 

-8 365 
369 369 

-8 351 
363 363 

-8 365 
369 369 

-8 365 
369 369 

-8 365 
369 369 

-8 '" 207 207 

Observation/Comment 

No Remarkable Observations 
Disposition, Spontaneous - Unscheduled 

No Remarkable 	Observations 
Disposition, Scheduled Necropsy 

No Remarkable 	Observations 
Disposition, Scheduled Necropsy 

No Remarkable Observations 
Disposition, Scheduled Necropsy 

No Remarkable Observations 
Disposition, SCheduled Necropsy 

No Remarkable Observations 
Disposition, Scheduled Necropsy 

No Remarkable Observations 
Disposition, Scheduled Necropsy 

No Remarkable Observations 
Disposition, Spontaneous - Unscheduled 

--------------------------------------------------------------------------------------------------------------~--------
400 mkd 

4481 	 197-.
203 203 

4482 	 -8 57 
64 71 
7B 183 _ 

187 187 
187 187 
187 187 

4483 	 -8 22 

No Remarkable Observations 
Disposition, Scheduled Necropsy - Early Termination 

NO Remarkable 	Observations 
GI, Maloccluded Incisors 
No Remarkable Observations 
Misc, Blood in Cage 
Feces, Abnormal Quantity, Absent 
Disposition, Moribund '- Unscheduled 

No Remarkable 	Observations 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTARHAN RATS 

APPENDIX TABLE 1. Clinical Observo.lions- Main Group (continued) 

Animal Oay Observed 

Dose Number First Last Observation/Comment 


400 mkd 

4483 30 30 Skin, Flaking/Scaling, Focal, Neck, Left 
36 197 No Remarkable Observations 

203 203 Dillposition, SchedUled Necropsy - Early Termination 

4484 -, 197 No Remarkable Observations 
203 203 Disposition, SCheduled Necropsy - Early Termination 

N -," 4465 197 No Remarkable Observations 
203 203 Disposi tion, SCheduled Necropsy - Early Termination" 

4486 -, 197 No Remarkable Observations 
203 203 Disposition, Scheduled Necropsy - Early Termination 

4487 -, 193 No Remarkable Observations 

193 193 Disposition, Moribund - Unscheduled 


4488 -, 197 No Remarkable Observations 
203 203 Disposition, Scheduled NecropllY - Early Termination 

4499 -, 197 No Remarkable Observations 
203 203 Disposition, Scheduled Necropsy - Early Termination 

4490 -, 197 No Remarkable Observations 
203 203 Disposition, Scheduled Necropsy - Early Termination 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 2. Clinical Observations - Metabolism Group 
Animal Day Observed 


Dose Number Firse Lase Observaeion/Comment. 


o mkd 

4411 -, 365 No Remarkable Observations 
370 370 Disposition, Scheduled Necropsy - Metabolism 

'" 
4412 -, 365 No Remarkable Observations 

370 Disposition, Scheduled Necropsy - Metabolism 

4413 -, 365 No Remarkable Observations 

'" '" 370 Disposition, SCheduled Necropsy - Metabolism 
~ 
~ 

'" '" 
4414 -, 365 No Remarkable Observations 

Disposition, Scheduled Necropsy - Metabolism 

4415 -, 365 No Remarkable Observations 
370 370 Disposition, Scheduled Necropsy - Metabolism 

50 mkd 

'" 
H31 -, 365 No Remarkable Observations 

370 Disposition, SCheduled Necropsy'- Metabolism 

4432 -, 365 No Remarkable Observations 
370 370 Disposition, Scheduled Necropsy - Metabolism 

4433 365 No Remarkable Observations-.
370 370 Disposition, SCheduled Necropsy - Metabolism 

'" 

4434 -, 113 No Remarkable Observations,<1 197 Skin, Excessive Hairloss, Axillary, Right 
211 365 No Remarkable Observations 

370 Disposition, Scheduled Necropsy - Metabolism 

4435 1 No Remarkable Observations-. 
'" 
30 365 Soiling, Periocular, Red, Right 
30 365 GI, Maloccluded Incisors 

370 Disposition, Scheduled Necropsy - Metabolism 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 2. Clinical Observa!ions- Metabolism Group (continued) 

Dose 
Animal 
Number 

Day Observed 
First Last Observation/Comment 

150 mkd 

4451 -8 
370 

365 
370 

No Re~rkable Observacions 
Disposition, Scheduled Necropsy - Mecabolism 

4452 -8 
370 

365· 
370 

No Re~rkable Observations 
Dispos1Cion, Scheduled Necropsy - Mecabolism 

'"..., 'D 

4453 

4454 

-8 
370 

-8 
370 

365 
370 

365 
370 

No Re~rkable Observations 
DisposiCion, Scheduled Necropsy 

No Remarkable Observations 
Disposicion, Scheduled Necropsy 

- Metabolism 

- Metabolism 

4455 -8 
370 

365 
370 

No Remarkable Observacions 
Disposition, Scheduled Necropsy - Metabolism 

300 mkd 

4471 -8 
-8 
1 

370 

-9 
-8 

365 
370 

Injury, Apparent Mechanical, Other, Tail, Tip 
tail is kinked. 
No Remarkable Observations 
Disposicion, Scheduled Necropsy - Mecabolism 

H72 -8 
-8 
1 
30 

370 

-8 
365 

1 
30 

370 

Tail is kinked. 
Injury, Apparent Mechanical, Other, Tail, Tip 
Tail is kinked. 
Tail is kinked. 
Disposition, Scheduled Necropsy - Metabolism 

4473 -8 
370 

365 
370 

No Remarkable Observations 
Disposition, Scheduled Necropsy - Metabolism 

4474 -8 
370 

365 
370 

No Remarkable Observations 
Disposition, Scheduled Necropsy - Metabolism 

4q75 -8 
370 

365 
370 

No Remarkable Observations 
Disposition, SCheduled Necropsy - Metabolism 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 2. Clinical Obscrvations- Metabolism Group (conlinued) 

Animal Day Observed 

Dose Number Firs~ Last Observation/Comment 


400 mkd 


4491 JO No Remarkable Observations
-.
" " Disposition, Spontaneous - Unscheduled 


4492 197 No Remarkable Observations
-. 
20J 20J Disposition, Scheduled Necropsy - Early Termination 

H93 197 No Remarkable Observations-.~ '" 20J 20J Disposition, Scheduled Necropsy - Early Termination0 

4~94 No Remarkable Observations-.. 203 '" 20J Disposition, Scheduled Necropsy - Early Termination 

4495 197 No Remarkable Observations-.
20J 20J Disposition, Scheduled Necropsy - Early Termination 
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APPENDIX TABLE 3. Clinical Observations - Oxalate Clearance Group 

Dose 
Animal 
Number 

Day Observed 
First Last 

o mkd 

Hl6 1 J51 

4417 1 
357 

351 

'" 
4418 1 

362 
351 
362 

'" ~- 4419 1 
362 

351 
362 

4420 1 
370 

365 
370 

50 mkd 

4436 1 
350 

337 
3SO 

4437 1 
350 

33' 
350 

4439 1 
355 

351 
355 

4439 1 
JSS 

351 
355 

4440 1 
281 
295 
361 

'"291 
351 
361 

150 mkd 

4456 1 
92 

85 
92 

Observation/Comment 

No Remarkable Observations 

No Remarkable Observations 
Disposition, Scheduled Necropsy 

No Remarkable Observations 
Disposition, Scheduled Necropsy 

No Remarkable Observations 
Disposition, SCheduled Necropsy 

No Remarkable Observations 
Disposition, Scheduled Necropsy 

No Remarkable Observations 
Disposition, Scheduled Necropsy 

No Remarkable Observations 
Disposition, Scheduled Necropsy 

No Remarkable Observations 
Disposi~ion, Scheduled Necropsy 

No Remarkable Observations 
Disposition, SCheduled Necropsy 

No Remarkable Observations 
Injury, Apparent Mechanical, Trauma, 
No Remarkable Observations 
Disposition, Scheduled Necropsy 

No Remarkable Observations 
Soiling, Periocular, Red, Right 

lIinddigit, Left 
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APPENDIX TABLE 3. Clinical Observations- Oxalate Clearance Group (continued) 

Animal Day Observed 
Dose Number First Last 

150 mkd 

'" 
4456 92 351 

246 246 
351 

4457 1 141 
169 351 
169 351 
197 351 '" l'3 197 351 
295 351 
351 351 

'" 
4458 1 351 

356 

~459 1 351 
356 356 

4460 1 351 
'61 361 

300 mkd 

4476 1 351 
m 354 

4477 	 1 30 
53 57 
53 57 
53 351 

358 358 

4478 1 197 
211 212 
211 212 
211 212 
212 212 

Observation/Comment 

GI, Maloccluded Incisors 
Palpable Mass 1, 0.3 to 1.0 em, Ulcerated, Hock (Tarsus), Right 
Disposition, Scheduled Necropsy 

No Remarkable Observations 
Skin, Excessive Hairloss, Mu~~le, General 
Skin, Excessive Hairloss, Chin 
Swelling, Hu~~le, General 
Swelling, Chin 
Skin, Thin Hair Coat 
Disposition, Scheduled Necropsy 

No Remarkable Observations 

Disposition, Scheduled Necr~psy 


No Remarkable Observations 

Disposition, Scheduled Necropsy 


No Remarkable Observations 
Disposition, Scheduled Necropsy 

No Remarkable Observations 
Disposition, Scheduled Necropsy 

No Remarkable Observations 
Soiling, Periocular, Red, Bilateral 
Soiling, Perinasal, Red 
Gr, Maloccluded Incisors 
Disposition, Scheduled Necropsy 

No Remarkable Observations 
Urine, Abnormal Color, Red 
Soiling, Perioral, Red 
Soiling, Perinasal, Red 
Feces, Abnormal Quantity, Decreased 
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APPENDIX TABLE 3. Clinical Observations- Oxalate Clearance Group (continued) 

Dose 
Animal 
Number 

Day Observed 
Firs~ Las~ 

300 mkd 

447B 213 213 

4479 1 
2lB 
218 
2lB 

211 
219 
219 
219 

N 
~ 
w 

218 
219 
221 

219 
219 
221 

4460 1 
330 
337 
350 

323 
330 
351 
358 

~oo mk.d 

4496 1 
203 

197 
203 

4497 1 
203 

197 
203 

4498 1 
203 

197 
203 

4499 1 
203 

197 
203 

4500 1 
15< 

141 
15< 

Observation/Co~nt 

Disposition, Spontaneous ­

No Remarkable Observations 
Urine, Abnormal Color, Red 
Soiling, Perioral, Red 
Soiling, Perineal, Urine 

Soiling, Perinasal, Red 
Feces, Abnormal Quantity, 
Disposi~ion, Spontaneous ­

No Remarkable Observations 

Unscheduled 

Decreased 
Unscheduled 

Urine, Abno~l Color, Red 
No Remarkable Observations 
Disposition, Scheduled Necropsy 

No Remarkable Observations 
Disposition, Scheduled Necropsy ­

No Remark.able Observations 
Disposition, Scheduled Necropsy ­

No Remarkable Observations 
Disposition, Scheduled Necropsy ­

No Remarkable Observations 
Disposition, Scheduled Necropsy ­

No Remarkable Observations 
Disposition, Spontaneous - Unscheduled 

Early Termination 

Early Termination 

Early Termination 

Early Termination 
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APPENDIX TABLE 4. Ophthalmic Observations 

Animal DilY Observed 
Dose Number First Last Observation/Comment 

o mk.d 
4401 -2 -2 No Remarkable Observations 

4402 -2 -2 No Remark.able Observations 

4403 -2 -2 No Remarkable Observations 

H04 -2 -2 No Remarkable Observations 

N 
~.. 4405 -2 -2 No Remarkable Observations 

4406 -2 -2 No Remarkable Observations 

HOl -2 -2 No Remarkable Observations 

440e -2 -2 No Remarkable Observations 

4409 -2 -2 No Remarkable Observations 

4410 -2 -2 No Remarkable Observations 

Hll -2 -2 No Remarkable Observations 

4412 -2 -2 No Remarkable Observations 

4413 -2 -2 No Remarkable Observations 

4414 -2 -2 No Remarkable Observations 

4415 -2 -2 No Remarkable Observations 

4416 -2 -2 No Remarkable Observations 

Hll -2 -2 No Remarkable Observations 

H18 -2 -2 No Remarkable Observations 

4419 -2 -2 No Remarkable Observations 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 4. Ophthalmic Observations (continued) 

Animal Day Observed 

Dose Number First Last Observation/Comment 


o 	mkd 

4420 -2 -2 No Remarkable Observations 


50 ntkd 

4421 -2 -2 No Remarkable Obs~rvations 


4422 -2 -2 No Remarkable Observations 


4423 -2 -2 No Remarkable Observations 


'" 	 4424 -2 -2 No Remarkable Observations~ 
~ 

4425 -2 -2 No Remarkable Observations 


4426 -2 -2 No Remarkable Observations 


4427 -2 -2 No Remarkable Observations 


H29 -2 -2 No Remarkable Observations 


4429 -2 -2 No Remarkable Observations 


4430 -2 -2 Eye, cloudy Lens, Right 


4431 -2 -2 No Remarkable Observations 


4432 -2 -2 Eye, Cloudy Lens, Right 


4433 -2 -2 No Remarkable Observations 


4434 -2 -2 No Remarkable Observations 

4435 -2 -2 No Remarkable Observations 

4436 -2 -2 No Remarkable Observations 
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APPENDIX TABLE 4. Ophthalmic Observations (conlinucd) 

Animal Day Observed 

Dose Number First Last Observation/Comment 


50 mkd 

4437 -2 -2 No Remarkable Observations 


4438 -2 -2 No Remarkable Observations 


4439 -2 -2 No Remarkable Observations 


4440 -2 -2 No Remarkable Observations 


150 mkd 

~ 4441 -2 -2 No Remarkable Observations '" ~ 
4442 -2 -2 No Remarkable Observations 


4443 -2 -2 No Remarkable Observations 


4444 -2 -2 No Remarkable Observations 


4445 -2 -2 No Remarkable Observations 


4446 -2 -2 No Remarkable Observations 

H47 -2 -2 Eye, Cloudy Lens, Right 

4448 -2 -2 No Remarkable Observations 

4449 -2 . -2 No Remarkable Observations 

4450 -2 -2 No Remarkable Observations 

4451 -2 -2 No Remarkable Observations 

4452 -2 -2 No Remarkable Observations 

4453 -2 -2 No Remarkable Observations 

4454 -2 -2 No Remarkable Observations 
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APPENDIX TABLE 4. Ophthalmic Observations (conlinued) 

Animal Day Observed 
Dose Number First Last Observation/Comment 

150 mkd 
4455 -2 -2 No Remarkable Observations 

4456 -2 -2 NO Remarkable Observations 

4457 -2 -2 No Remarkable Observations 

4459 -2 -2 No Remarkable Observations 

4459 -2 -2 No Remarkable Observations 
N 
~ 

-> 4460 -2 -2 No Remarkable Observations 

300 mkd 

4461 -2 -2 No Remarkable Observations 

4462 -2 -2 No Remarkable Observations 

4463 -2 -2 No Remarkable Observations 

4464 -2 -2 No Remarkable Observations 

H65 -2 -2 NO Remarkable Observations 

4466 -2 -2 No Remarkable Observations 

4467 -2 -2 No Remarkable Observations 

4468 -2 -2 No Remarkable Observations 

4469 -2 -2 No Remarkable Observations 

4470 -2 -2 No Remarkable Observations 

4471 -2 -2 No Remarkable Observations 

4472 -2 -2 No Remarkable Observations 
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APPENDIX TABLE 4. Ophthalmic Observations (cominued) 

Dose 
Animal 
Number 

Day Observed 
First Last Observation/Comment 

400 mkd 
4491 -2 -2 No Remarkable Observations 

4492 -2 -2 No Remarkable Observations 

4493 -2 -2 No Remarkable Observations 

4494 -2 -2 No Remarkable Observations 

'" ~ 
"" 

4495 

4496 

4497 

-2 

-2 

-2 

-2 

-2 

-2 

No 

No 

No 

Remarkable Observations 

Remarkable Observations 

Remarkable Observations 

449B -2 -2 No Remarkable Observations 

4499 -2 -2 No Remarkable Observations 

4500 -2 -2 No Remarkable Observations 
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APPENDIX TABLE 5. Body WeightIBody Weight Gains Summary (G) - Main Group 

DAYS ON TEST 
00$0 	 ANIMAL -------------------------------------------------------------------------------------------------------­
HKD 	 NUMBER 1 GUN 15 GAIN 22 GAIN 3D GAIN 36 GAIN 43 GAIN• 
~~~===~=~=ggg=========g==D=================================Dg==========c==c==============m=============================g=gD 

0 	 4401 173.3 216.2 42.9 253.7 60.4 283.4 110.1 306.0 132.7 323.2 149.9 333.5 160.2 
4402 183.3 228.9 45.6 262.0 78.7 285.4 102.1 308.2 124.9 322.6 139.3 340.0 156.7 
4403 179.9 225.8 45.9 258.6 78.7 286.1 106.2 302.2 122.3 318.4 138.5 326.3 146.4 
4404 197.8 244.1 46.3 282.2 84.4 317.6 119.8 291.7 93.9 328.2 130.4 361.0 163.2 
4405 165.2 201. 7 36. 5~ 230.3 65.1 250.9 85.6 269.3 104.1 290.1 114.9 293.0 127.8 
4406 185.7 230.8 45.1 262.9 77.2 288.3 102.6 303.5 117.8 313.9 128.1 327.9 142.2 
4407 192.6 240.9 48.3 287.2 94.6 320.7 128.1 350.5 157.9 369.0 176.4 381.1 188.5 
'1408 165.2 206.7 41.5 244.0 78.8 274 .1 108.9 298.9 133.7 320.9 155.7 334.8 169.6 

N 	 4409 179.0 224.2 45.2 263.6 94.6 296.6 117.6 316.0 137.0 335.4 156.4 346.3 169.3 
'D 4410 197.8 242.7 '44.9 285.6 B7.8 313.0 115.2 339.2 140.4 360.9 163.1 371. 3 173.50 

182.0 226.2 44.2 263.0 81.0 291. 6 109.6 309.5 126.5 327.3 145.3 341. 7 159.7""" S. D. 11. 9 14.6 3.3 18.3 7.7 21. 4 11.7 22.8 18.4 24.7 18.4 25.3 17.4,- 10 10 10 10 10 10 10 10 10 10 10 10 10 
====================m===D===========_=c=c=========m======c==========~m==============~=D==========m==g==========m==._mD==== 

50 	 4421 182.9 231. 9 49.0 276.0 93.1 310.1 127.2 332.6 149.7 J53.3 170.4 373.6 190.9 
4422 171.2 214.7 43.5 256.4 85.2 285.1 113.9 308.4 137.2 327.9 156.7 339.0 167.8 
4423 177.9 215.2 37.4 244.0 66.2 265.5 87.7 284.7 106.9 308.5 130.7 324.0 146.2 
4424 186.5 230.4 43.9 228.5 42.0 276.7 90.2 293.7 107.2 324.0 137.5 340.1 153.6 
4425 191. 9 225.9 34.0 260.6 68.7 285.9 94.0 309.9 118.0 334.0 142.1 339.8 147.9 
4426 187.9 235.6 47.7 271. 6 83.9 305.2 117.3 327.5 139.6 342.9 155.0 364.9 177.0 
4427 183.3 224.8 41.5 260.9 77 .6 289.3 106.0 312.0 128.7 325.9 142.6 343.8 160.5 
4428 175.1 215.4 40.3 250.5 75.4 281. 0 105.9 298.9 123.8 317.7 142.6 327.2 152.1 
4429 169.0 209.1 40.1 249.8 80.9 274 .5 105.5 290.7 121.7 304.8 135.8 320.1 151.1 
4430 207.8 249.2 41. 4 284.4 76.6 307.3 99.5 323.6 115.8 346.6 138.8 36J .8 156.0 

183.3 225.2 41. 9 25B.3 75.0 288.1 104.7 308.2 124.9 328.6 145.2 343.7 160.3"""S.D. 11. 3 12.1 '.5 16.4 14 .0 15.0 12.4 16.3 14.0 15.9 12.0 IB.3 14.3,- 10 10 10 10 10 10 10 10 10 10 10 10 10 
=_==============C======C=gm__===========D=D=C=========g==~==============~m~==~=====~====mg=c~=======~==D==D=~=========~===D 
~ STATISTIC~L OUTLIERS INCLUDED. 
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APPENDIX TABLE 5. Body Weight/Body Weight Gains Summary (G)- Main Group (continued) 

DAYS ON TEST 
00" ANIMAL -------------------------------------------------------------------------------------------------------­
MKD NUMBER 1 a GAIN 15 GAIN 22 GAIN JO GAIN 36 GAIN GAIN 
~~ggDD~m~g====g=~DmmDm=======~g~DgDDm=D======g~D=D=m=========ge=_==m=======~=DDDm=========~g=DD===========g=DDm=========gDD " 
150 	 4441 184.8 229.1 44.3 272.0 87.2 300.3 115.5 325.8 141.0 347.0 162.2 371-0 186.2 

4442 164.4 206.5 42.1 246.7 82.3 275.7 111.3 297.4 133.0 321. 4 157.0 335.5 171.1 
4443 178.4 219.1 40.7 256.1 77.7 295.3 106.9 309.0 129.6 326.4 148.0 340.1 161. 7 
4444 200.4 248.3 47.9 276.0 75.6 303.4 103.0 320.6 120.2 334.5 134.1 344.4 144.0 
4445 192.3 231.0 38.7 266.4 74.1 291. 9 99.6 312.7 120.4 331.1 138.8 348.0 155.7 
4446 186.0 216.3 30.3 236.0 50.0 244.1 58.1 250.9 64.9 266.4 80.4 275.8 89.8 
Hn 195.0 249.0 54.0 292.9 97.9 327.1 132.1 349.9 154.9 372.0 177.0 388.1 193.1 
4448 172.3 212.5 40.2 243.3 71. 0 264.4 92.1 284.9 112.6 303.6 131. 3 316.1 143. B 
4449 201.0 241.1 40.1 272 .0 71.0 287.1 86.1 295.B 94.8 309.4 100.4 318.7 117.7'" 	 4450 158.7 106.6 27.9 207.8 49.1 226.0 67.3 238.5 79.0 240.4 09.7 260.7 102.0'"-

183.3 224.0 40.6 256.9 73.6 280.5 97.2 298.5 115.1 316.0 132.7 329.8 146.5M"" 
S. D. 14.7 19.7 7.6 24.4 15.1 29.6 22.3 33.7 27.9 36.6 31. 4 39.1 34.5,- 10 10 10 10 10 10 10 10 10 10 10 10 10 

~==m=======~=DD=m=m=======~g=m=D=m==~====g=m=m_==========D==========~~D=DD==========D====m========================g==mmDm= 

JOO 	 4461 183.1 228.9 45.8 268.7 B5.6 307.5 124.4 326.7 143.6 345.2 162.1 353.9 170.7 
4462 157.7 197.6 39.9 235.0 77.3 264.2 106.5 279.4 121.7 294.5 136.8 301. 6 143.9 
4463 206.0 242.6 36.6 277.3 71.3 311. 4 105.4 334.7 128.7 354.4 140.4 370.1 164.1 
4464 176.2 207.0 31.6 232.6 56.4 255.0 79.6 275.5 99.3 2B4.5 108.3 293.3 117.1 
4465 187.5 235.5 48.0 283.5 96.0 318.2 130.7 345.5 158.0 371. 8 184.3 382.1 194.6 
4466 174.1 211.3 37.2 234.5 60.4 252.5 78.4 264.4 90.3 279.5 105.4 286.1 112.0 
4467 153.3 189.9 36.6 227.6 74.3 258.9 105.5 282.0 128.7 304.9 151. 6 319.0 165.7 
4468 203.7 244.7 41. 0 284.1 90.4 314.4 110.7 333.8 130.1 3SI. 7 146.0 364.2 160.5 
4469 185.1 224.1 39.0 257.9 72.8 289.6 104.5 303.5 118.4 320.6 135.5 324.5 139.4 
4470 183.9 221. 3 37.4 263.3 79.4 298.7 114.8 312.4 128.5 338.7 154.8 347.2 163.3 

MEAN 181.1 220.4 39.3 256.5 75.4 297.1 106.1 305.8 124.7 324.6 143.5 334.2 153.1 
S. O. 17.0 18.5 4.8 22.3 11.5 26.6 16.7 29.0 19.5 32.4 23.7 34.0 25.2 ,- 10 10 10 10 10 10 10 10 10 10 10 10 10 

=====~DD~=m=======D=D=mm=======g=g=m==m~=~===~~gggg~m~D~===g=g=e~e=====gggm=e=D~=====~D=gDg=Dm===~====~g=gDgDmmc========egg 
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APPENDIX TABLE 5. Body WeightIBody Weighl Gains Summary (G)- Main Group (continued) 

DAYS ON TEST 
ANIMAL00'" -------------------------------------------------------------------------------------------------------­,MKD NUMBER 1 GAIN 15 GAIN 22 GAIN JO GAIN 36 GAIN 4J GAIN 

~~~D~~D~DD~~~=~======~D=DD==~==~~========D=D=D=D~==~==c=====~==D=D==D=~===========DD=DD==~====c===========D=D======~======= 

'" 

400 4481 194.6 222.0 27.4 235.8 41.2 252.0 57.4 269.8 75.2 287.7 93.1 298.9 104.3 
4482 188.9 226.5 37.6 250.5 61. 6 275.6 86.7 291.1 102.2 304.7 115. B 312.1 123.2 
4483 185.1 225.2 40.1 264.1 79.0 296.6 111.5 313.9 128.B 334.7 149.6 345.2 160.1 
4484 172.5 214 .2 41. 7 248.4 75.9 275.7 103.2 296.1 123.6 310.0 137.5 324.0 151.5 
4485 164.8 204.4 39.6 237.2 72.4 266.2 101- 4 280.4 115.6 295.0 130.2 J02.6 137.8 
4486 174.5 207.0 32.5 235.3 60.8 261.2 86.7 276.4 101. 9 290.9 116.4 298.9 124.4. 
4487 217. J 264.2U 46.9 307.H 89.8 342.111- 124.8 353.2 135.9 366.9 149.6 376.2 158.9 
4488 184.2 217.7 33.5 236.1 51. 9 253.8 69.6 274.2 90.0 287.3 103.1 296.4 112.2

'" 'D 4489 183.1 216.6 33.5 242.J 59.2 268.4 85.3 283.9 100.8 298.4 115.3 301.0 117.9 
4490 154.8 198.7 43.9 251. 2 96.4 293.7 138.9 . J19.7 164.9 341. 7 186.9 361.6 206.8 

M"" 182.0 219.7 37.7 250.8 68.8 278.5 96.6 295.9 113.9 311.7 129.8 321. 7 139.7 
S.D. 	 17.2 18.1 5.9 21. 8 17.1 26.8 24.6 26.1 25.7 27.1 27.4 29.2 30.6 

10 10 10 10 10 10 10 10 10 10 10 10 10 
===========D=m==Dm==============D==m~D====~=C========D=================D======D==~=~===============~=~=c=================== 

ij STATISTICAL 	OUTLIERS INCLUDED. 
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APPENDIX TABLE 5. Body WcightIBody Weight Gains Summary (G)- Main Group (continued) 

DAYS ON TEST 
00" 	 ANIMAL -------------------------------------------------------------------------------------------------------­

NUMBER 1 50 GAIN 57 GAIN 64 GAIN 71 GAIN 78 GAIN as GAIN"W 
g~~~m~~~~g~~~~~~=====~~g=~==~=====m==~~=~g=~===========g=g=~=======~g=~=g==~============~=======c=g=g==~============g=~=== 

0 	 4401 173.3 348.6 175.3 352.1 176.6 358.2 194.9 371. 5 196.2 361.1 207.6 392.6 219.5 
4402 193.3 350.1 166.9 357.0 173.7 369.0 165.7 378.3 195.0 395.6 212.3 408.9 225.5 
4403 179.9 339.1 158.2 343.7 163.8 349.0 169.1 356.3 176.4 369.0 166.1 364.6 204.7 
4404 197.6 394.4 196.6 411.1 213.3 429.2 231. 4 433.0 235.2 435.5 237.7 453.0 255.2 
4405 165.2 302.6 137.6 303.0 137.6 313.1 147.9 316.3 151.1 323.9 159.7 332.9 167.7 
4406 165.7 346.9 161. 2 354.9 169.2 366.4 1BO.7 364.9 199.2 399.6 213.9 411.6 225.9 
4407 192.6 394.6 202.0 405.2 212.6 417.9 225.2 429.6 237.2 435.9 243.3 446.7 256.1 
4406 165.2 351. 4 196.2 366.2 201. 0 377.5 212.3 366.4 223.2 397.5 232.3 403.1 237.9 
4409 179.0 361. 7 162.7 366.9 187.9 377.6 198.6 390.7 211.7 401. 5 222.5 410.3 231. 3 
4410 197.6 365.0 197.2 394.1 196.3 403.6 205.9 U6.4 219.6 422.5 224.7 432.4 234.6 

MEAN 162.0 357.4 175.4 365.4 163.4 376.0 194.1 366.6 204.6 396.1 214.1 407.9 225.9 
'D S. D. 11.9 26.2 19.6 32.0 23.6 34.2 25.9 35.1 26.7 33.5 25.2 34.5 25.6 '" w 

N- 10 10 10 10 10 10 10 10 10 10 10 10 10 
======~========~=g================~====~=~=~=~=~=====~=~================~====~==~============~=m======~=~=============~=g=~ 

50 	 4421 192.9 392.3 209.4M 401.2 219.3# 416.0 233.1H 426.9 246.0ij 439.1 255.2 449.3 266.4 
4422 171.2 349.0 176. B 357.5 166.3~ 367.1 195.9 379.9 209.6 389.1 217.9 399.3 227.1 
4423 177.6 336.7 160.9 347.9 170.1 357.6 190.0 376.0 196.2 395.1 207.3 396.7 21B.9 
4424 186.5 350.0 163.5 357.6 171. 1 371.1 164.6 393.0 196.5 393.7 207.2 399.0 202.5 
4425 191.9 351,7 159.6 364.0 172.1 369.6 1i7. 7 379.7 166.6 393.1 201.2 403.B 211.9 
4426 167.9 390.9 193.0~ 36"4.6 196.9~ 403.4 215.5~ 415.2 227.3~ 422.2 234.3 429.4 241.5 
4427 193.3 352.5 169.2 361.5 176.2 371. 0 197.7 362.4 199.1 3B9.7 205.4 392.6 209.5 
4428 175.1 339.9 164.6 344.6 169.7 353.1 176.0 364. 9 169.6 365.9 190.6 373.2 196.1 
4429 169.0 331. 3 162.3 342.5 173.5 349.0 180.0 360.0 191. 0 369.1 200.1 313 .1 204.1 
4430 207.8 373.1 165.3 391. 0 173.2 366.5 190.7 396.0 190.2 407.9 200.1 421. 2 213.4 

MEAN 183.3 355.6 172.5 364.3 lBO.9 374.7 191. 3 366.7 203.4 395.3 212.0 402.7 219.3 
S. D. 11.3 19.6 16.3 19.1 15.7 21.7 19.7 21.5 19·1 22.3 19.3 24.3 20.9 
N- 10 10 10 10 10 10 10 10 10 10 10 10 10 

~=~~===========m==~~~~~==~=~========~=~====D~======~==~======~====D====~==~===============~==========~=~=~================= 

~ STATISTICAL OUTLIERS INCLUDED. 
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APPENDIX TABLE 5. Body WeightfBody Weight Gains Summary (G)- Main Group (conlinued) 

DAYS ON TEST 
OOSE 	 ANIMAL -------------------------------------------------------------------------------------------------------­
">0 	 NUMBER 1 50 GAIN 57 GAIN GAIN 71 GAIN GAIN as GAIN 
~=~==~=g=g~gD~~D~DmDD=~~===c==========D===DDD=D====D==c=c======g=g==D==gDDD=D==D==C=~========g=~Dg_m=D~DDDD=D============== " 	 " 
150 	 44n 184.8 392.5 197.7 386.3 201.5 391. 2 206.4 406.3 221.5 409.4 224.6 418.1 233.3 

4442 164.4 349.7 185.3 358.9 194.5 . 369.7 205.3 384.9 220.5 393.9 229.5 404.4 240.0 
4443 178.4 355.6 177.2 363.5 185.1 379.7 201. 3 394.9 216.5 403.5 225.1 410.7 232.3 
4444 200.4 357.2 156.8 363.7 163.3 373.0 172.6 389.2 188.8 396.2 195.8 413.1 212.7 
4445 192.3 364.1 171.8 372.0 179.7 392.5 190.2 400.1 207.8 408.8 216.5 419.8 227.5 
4446 186.0 288.6 102.6 305.9 119.9 316.7 130.7 330.5 144.5 342.2 156.2 350.9 164.9 
4447 195.0 399.1 204.1 414 .2 219.2 424.3 229.3 444.2 249.2 453.6 258.6 462.4 267.4 
4449 172.3 328.7 156.4 334.3 162.0 345.5 173.2 360.5 181L2 371. 9 199.6 383.1 210.8 

~ 	 4449 201.0 328.9 127.9 334.8 133.8 346.3 145.3 358.2 157.2 368.8 167.8 376.2 175.2..N 

4450 159.7 276.0 117.3 283.7 125.0 289.9 131. 2 301. 3 142.6 306.0 147.3 312.1 153.4 

183.3 343.0 159.7 351. 7 168.4. 361.9 178.6 377.0 193.7 385.4 202.1 395.1 211. 9"EruO 
S. D. 14.7 38.6 34.3 38.2 33.8 38.6 34.0 40.8 36.1 40.7 35.9 41. 7 36.5 
M- 10 10 10 10 10 10 10 10 10 10 10 10 10 

==~g=Dg=DD~D=D~D====~===========g=me=m=D=D===~==c=====g=======~=DD==D~DD======c========g=g=g~D~=D=========c======~===g=m= 

JOO 	 4461 183.1 366.6 183.5 376.2 193.1 381. 0 197.9 396.8 213.7 402.7 219.6 406.4 223.3 
4462 157.7 314.5 156.8 323.1 165.4 333.0 175.3 345.1 187.4 355.8 198.1 367.4 209.7 
4463 206.0 386.0 180.0 399.5 192.5 407.2 201.2 429.3 222.3 434.9 228.9 445.9 239.9 
4464 176.2 308.4 132.2 312.5 136.3 312.3 136.1 320.9 144.7 328.2 152.0 334.3 158.1 
'4465 187.5 402.2 214.7 414 .1 226.6 429.7 241. 2 442.4 254.9 453.5 266.0 468.1 280.6 
4466 174 .1 297.B 123.7 301.1 127.0 305.0 130.9 315.2 141.1 322.5 148.4 331. 8 157.7 
4467 153.3 334.6 191. 3 347.8 194.5 351. 4 198.1 365.4 212.1 369.7 216.4 379.1 225.8 
4468 203.7 380.1 176.4 386.8 183.1 393.7 190.0 410.3 206.6 419.9 216.2 425.9 222.2 
4469 185.1 333.9 148.9 331. 5 146.4 345.0 159.9 350.8 165.7 362.0 176.9 370.0 184. 9 
4470 183.9 367.3 183.4 372 .3 198.4 382.9 199.0 384.0 200.1 391. 6 207.7 402.6 218.7 

"EruO 181.1 349.1 168.1 356.4 175.3 364.0 193.0 375.9 194.9 384.1 203.0 393.2 212.1 
S. D. 17.0 36.1 27.5 3B.7 31.0 41.1 33.3 43.8 35.7 44 .1 35.9 45.2 37.3 
M- 10 10 10 10 10 10 10 10 10 10 10 10 10 

~==========g==D~gDg=====c=c=========~D~D~D~~=~========~=g===~gD=~=g~D=~~~=~=c========g===g=DDg=D=====~==c===========g=~==== 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WrSTAR HAN RATS 

APPENDIX TABLE 5. Body WeightIBody Weight Gains Summary (G)- Main Group (continued) 

DA:tS ON TEST 
00", 	 ANIMAL -------------------------------------------------------------------------------------------------------­

NUMBER 1 50 GAIN GAIN 64 GAIN n GAIN GAIN 85 GAIN 

g~gg~g~~~~~g=~gg~gD~mg~~g~====g~gg~Dmgg=g========g=DBg~g~======g~D=~=~======~=D=g~~========g~ggDg~g~=======~=ggm==g====~== "" 	 "" 
<00 	 4481 194.6 313.9 119.3 320.0 125.4 321.9 133.3 341. 6 141.0 341.2 152.6 356.6 162.0 

4482 188.9 330.3 141.4 336.4 141.5 343.3 154.4 352.5 163.6 351. 8 162.9 363.1 114. B 
H83 1S5.1 365.6 180.5 314.6 189.5 382.3 191.2 393.7 208.6 399.6 214.5 412.0 226.9 
4484 112.5 338.6 166.1 348.2 115.7 361. 8 189.3 312 .1 200.2 319.4 206.9 389.4 216.9 
4485 164.8 312.0 147.2 317. a 152.2 324. 9 160.1 331. 6 166.8 340.5 175.1 349.4 184.6 
4486 174.5 311.3 136.8 311.5 137.0 261.2 92.7 333.2 158.7 337.7 163.2 347.9 173.4 
4487 217.3 403.9 186.6 413.6 196.3 422.2 204.9 426.8 209.5 438.9 221. 6 445.2 221.9 
4488 184.2 311.2 127.0 313.4 129.2 321. 5 137.3 329.4 145.2 334.1 149.9 344.4 160.:? 
4489 183.1 317.8 134.7 321.1 138.0 327.0 143.9 338.2 155.1 350.8 161.1 362.5 179.4 
4490 154.8 379.9 225.1 389.8 235.0 405.4 250.6 414.7 259.9 H4.1 259.3 423.5 268.7'" ~ '" 
MEAN 182.0 338.5 15G.5 344.6 1G2.6 348.4 IG6.4 363.4 181. 5 369.4 187.4 379.5 191.5 
S. D. 17.2 33.4 32.8 36.2 35.5 45.1 44.9 36.5 36.9 36.6 36.2 35.9 35.7 
,- 10 10 10 10 10 10 10 10 10 10 10 10 10 


~mg~=~======gmm==~~===g====gDgmmg~g~========gD=mgm=~===g=======_m~========g=m=~g==~===g=gm=g=g======g==~m==============ge= 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 5. Body Weight/Body Weighl Gains Summary (G)- Milin Group (continued) 

DAYS ON TEST 
00'" 	 ANIMAL -------------------------------------------------------------------------------------------------------­
M" 	 NUMBER 1 92 GAIN GAIN 113 GAIN GAIN 1<1 GAIN 155 GAIN 

~~==========D~=m~~~~==~==========c=c==m==~=~m=========m===mmmc============c====cm=c==============cmmm==============cmcmmme= " 	 '" 
0 	 4401 173.3 396.5 225.2 395.6 222.5 406.3 235.0 41B.9 245.6 425.3 252.0 427.9 254.6 

4402 183.3 412.5 229.2 414.7 231. 4 434.1 250.8 441.0 257.7 450.5 267.2 444.3 261. 0 
4403 179.9 385.5 205.6 393.8 213.9 409.2 229.3 422.1 242.2 439.9 259.9 430.6 258.7 
4404 197.8 455.9 258.1 463.7 265.9 412 .1 214.3 475.9 278.1 491.2 293.4 486.8 291.0 
4405 165.2 336.5 171.3 337.8 172.6 346.3 181.1 358.4 193.2 356.5 191.3~ 356.1 190.9~ 
4406 195.7 417.4 231.1 421.3 235.6 435.0 249.3 H8.6 262.9 453.0 267.3 460.9 275.2 
H07 192.6 458.9 266.3 464.9 212.3 481.2 28B.6 489.0 291.2 493.9 301. 3 498.9 306.3 
HOB 165.2 . 407.6 242.6 412. B 247.6 423.2 258.0 435.3 270.1 445.3 280.1 447.6 282.4 
4409 179.0 416.0 237.8 420.7 241. 7 434.5 255.5 442.8 263.8 448.9 269.9 456.4 277.4 

N HI0 197.8 439.2 241. 4 441. 6 243.8 452.8 255.0 462.9 265.1 472.2 274.4 473.6 276.0
'D 
~ 

M'''' 162.0 412.9 230.9 416.7 234.7 429.7 247.7 439.6 257.6 447.7 265.7 449.3 267.4 
5.0. 11. 9 35.8 26.9 31.1 20.2 37.9 29.0 36.2 27.5 30.8 30.0 39.6 31. 0 

N- 10 10 10 10 10 10 10 10 10 10 10 10 10 


m==m========cm==m=m=mm============c=c=_m===m==~=======c===m=mm=m=m=m=========mmm=D==m===m=========C=CK=mm~==========mc=c=mm 

50 	 H21 192.9 450.6 267.7 451.2 268.3 461.2 278.3 476.7 293.8 479.0 296.1 493.4 310.5 
4422 171.2 402.3 231.1 410.9 239.7 422.9 251.7 438.2 267.0 437.5 266.3 450.8 279.6 
4423 177.8 399.6 221. 8 408.0 230.2 425.1 241.9 443.4 265.6 454.4 276.6 464.1 286.3 
4424 186.5 396.5 210.0 399.0 212.5 416.6 230.1 431. 9 245.4 442.9 256.4 447.5 261. 0 
4425 191.9 407.4 215.5 411.1 219.2 425.2 233.3 438.3 246.4 .443.7 251.B 447.8 255.9 
4426 167.9 430.9 243.0 436.6 248.7 447.7 259.0 457.2 269.3 470.4 282.5 478.2 290.3 
4421 183.3 393.0 209.7 398.0 214.7 406.0 222.7 419.2 235.9 423.2 239.9 427.2 243.9 
4428 175.1 374.3 199.2 376.5 201. 4 386.1 213.0 399.3 224.2 405.3 230.2 409.6 234.5 
4429 169.0 376.2 207.2 381.8 212.8 393.3 224.3 402.9 233.9 403.5 234.5 408.8 239.8 
4430 207.8 423.2 215.4 424.3 216.5 433.5 225.7 447.2 239.4 456.3 24B.5 459.3 251. 5 

Me>N 183.3 405.4 222.1 409.7 226.4 422.0 23B.7 435.4 252.1 441. 6 258.3 448.7 265.3 
S.D. 11.3 23.8 20.4 23.1 20.4 22.6 20.2 23.7 21. 2 25.3 21.7 27.5 25.1 
N~ 10 10 10 10 10 10 10 10 10 10 10 10 10 


=~m~D3mm~=~====~===~Dcm=mm=~=~====~=====~Dm=~==~======c=mmmmD~m=========D===~mmD=~==~===========m=cma===~~~==========caCDUD 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 5. Body WcighUBody Weight Gains Summary (G)- Main Group (conlinued) 

DAYS ON TEST 
ANIMAL 


"" NUMBER 1 92 GAIN 99 GAIN 113 GAIN GAIN Hl GAIN 155 GAIN 

00"' -------------------------------------------------------------------------------------------------------­
~====g=====BD========~====D====~==========D====================================DD===============D================c======== '" 
150 	 4441 184.8 416.2 231. 4 421.1 236.3 432.7 247.9 439.5 254.7 H2.4 257.6 451. 5 266.7 


4442 164.4 408.7 244.3 406.5 242.1 424.6 260.2 435.6 271.2 438.4 274.0 442.6 278.2 

4443 178.4 412.5 234.1 412.7 234.3 429.1 250.7 439.3 260.9 441. 6 263.2 448.7 270.3 

4444 200.4 H8.1 217.7 423.6 223.2 434.7 234.3 446.5 246.1 454.3 253.9 461. 7 261. 3 

4445 192.3 423.4 231.1 424.0 231-.7 430.6 238.3 443.9 251. 6 449.6 256.3 449.5 256.2 

4446 186.0 353.7 167.7 360.0 174.0 373.9 187.9 386.7 200.7 390.1 204.1 395.0 209.0 

4447 195.0 410.7 275.7 475.3 280.3 498.6 293.6 497.7 302.7 500.4 305.4 509.4 314.4 

4449 172.3 387.3 215.0 393.0 220.7 407.2 234.9 425.1 252.8 425.0 252.7 431. 4 259.1 

4449 201. 0 383.6 182.6 396.0 185.0 394.1 193.1 409.7 208.7 416.6 215.6 429.0 228.0 

4450 158.7 314.5 155.8 318.5 159.8 324.1 165.4 331. 5 172.9 335.8 177 .1 341.9 183.2


N 

" ""'" '" 183.3 399.9 215.5 402.1 218.7 414.0 230.6 425.6 242.2 429.3 246.0 436.0 252.6 
14.7 42.5 36.9 42.0 36.0 43.6 39.2 43.6 37.8 43.4 37.1 43.8 37.2S. O. 


N" 10 10 10 10 10 10 10 10 10 10 10 10 10 

====================DD===========__=D=D=============m=D=================================c=================__=============== 
300 4461 183.1 405.3 222.2 405.9 222.8 418.9 235.8 427.9 244.8 434.6 251. 5 438.0 254.9 

4462 157.7 375.1 217.4 374.9 217.2 386.3 228.6 400.3 242.6 ... ... ••• ... 
4463 206.0 451. 0 245.0 450.6 244.6 ••• ••• ... ... • •• ••• ... ... 
4464 176.2 330.5 154.3 331. 4 155.2 344.0 167.9 357.9 181. 7 359.3 183.1 361. 0 184.8 
4465 187.5 468.8 281.3 476.2 288.7 497.3 309.8 514.0 326.5 531.1 343.6 535.3 347.8 
H66 174.1 334.9 160.9 338.7 164.6 350.7 176.6 358.8 184.7 363.9 189.8 364.4 190.3 
4467 153.3 382.6 229.3 384.0 230.7 393.6 240.3 410.4 257.1 412.0 258.7 408.4 255.1 
4468 203.7 430.5 226.8 434.2 230.5 44B.7 245.0 463.1 259.4 469.1 265.4 467.7 264.0 
H69 185.1 376.3 191. 2 375.3 190.2 387.1 202.0 397.6 212.5 395.0 209.9 405.1 220.0 
4470 183.9 401. 8 217.9 403.0 219.1 417.7 233.8 431. 2 247.3 429.9 245.0 B1.9 248.0 

191.1 395.7 214.6 397.4 216.4 404.9 226.6 417.9 239.6 424.2 243.4 426.5 245.6
"""" 17 .0 37.B 46.5 38.9 47.B 42.1 4!.. 3 43.9 56.6 51. 3 56.9 51. 2
S. O. 45.5 

N- 10 10 10 10 10 9 9 9 9 B B B B 


===D===========D===============~=========c=m===~======~_====D===~=========D=_CD==========C=DD===========~====c=============*.. OEAD ANIMAL 
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ETHYLENE GLYCOL: I2-MONTH DIETARY TOXICITY STUDY IN WrSTAR HAN RATS 

APPENDIX TABLE 5. Body WeightIBody Weighl Gains Summary (G)- Main Group (continued) 

D/WS ON TEST 
ANIMIlL 
NOMBER , GAIN 99 GAIN 113 GAIN GAIN GAIN 155 GAIN 

00" -------------------------------------------------------------------------------------------------------­
'"C~eeDDmDD=~====~=DcDmca=D=======DCCDC=========CD=CDD===========C=CDDD=========eeDD===========CCDDD==========CCDCC=D=======e "" 	 " '" 

<0, 	 4481 194.6 355.9 161.3 357.2 162.6 376.9 182.3 389.3 194.7 395.0 200.4 394.3 199.7 
4482 188.9 360.9 171.9 367. q 178.5 374.2 185.3 373.3 184.4 354.2 165.3 365.7 176.8 
4483 185.1 413.9 228.8 416.8 231. 7 427.3 242.2 435.4 250.3 430.9 245.8 439.0 253.9 
4484 172.5 389.2 216.7 391. 5 219.0 400.4 227. 9 404.7 232.2 403.7 231. 2 402.0 229.5 
4485 164.8 349. B 184.0 350.6 185.8 365.3 200.5 371. 9 207.1 354.9 200.1 372.3 207.5 
4496 174.5 347.2 172.7 350.0 175.5 357.1 182.6 365.8 191.3 365.5 191. 0 363.0 168.5 
4487 217.3 443.7 226.4 435.6 218.3 444.8 227.5 440.9 223.6 444.0 226.7 441. 4 224.1 
4488 184.2 342.0 157.8 340.7 156.5 350.1 165.9 349.9 164.6 347.6 163.4 354.7 170.5 

'D 	 4469 183.1 361. 4 178.3 364.3 181.2 356.6 173.5 361.6 178.5- 364.2 191.1 370.2 187.1 '" ~ 	 4490 154.8 427.1 272.3 424.8 270.0 433.3 278.5 440.3 285.5 437.6 282.8 425.7 270.9 

MEAN 182.0 379.0 197.0 379.9 197.9 388.6 206.6 393.2 211.2 390.8 208.8 392.8 210.9 
s. D. 17.2 37.0 37.2 34.7 35.7 35.2 36.1 34.9 37.0 36.6 37.8 32.8 33.3 

10 10 10 10 10 10 10 10 10 10 10 10 10"­
CD~=======C=D=D==========e~D~==========mD=~==========C=aDD==========CDCDD===========C==D=========ccc=c===========cece== 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 5. Body WeightIBody Weight Gains Summary (G)- Main Group (continued) 

DAYS ON TEST 
00"' ANIMAL ---------------------------------------------------------------------------------------­
"" NU!1BER 1 169 GAIN 183 GAIN GAIN 190 GAIN 19' GAIN 

D~~~~~==========D=~=============================~===========================~========~=================== 
'" 

'" 

0 HOI 173.3 433.3 260.0 435.2 261. 9 434.2 260.9 432.6 259.3 442.0 268.7 
4402 183.3 463.5 280.2 466.4 283.1 466.3 283.0 464.6 281. 3 461.6 278.3 
4403 119.9 455.1 275.2 459 ..9 290.0 459.7 279.8 460.6 280.7 460.9 280.9 
4404 197.8 498.3 300.5 503.4 305.6 507.1 309.3 503.7 305.9 504.1 306.3 
4405 165.2 365.0 199.8" 367.3 202.U 368.2 203.0 370.1 204.9" 369.5" 204.3" 
4406 185.7 468.6 282.9 468.8 283.1 466.1 280.4 463.5 277.8 465.8 280.1 
4407 192.6 508.6 316.0 513.0 320.4 505.6 313.0 506.0 313.4 504.0 311.4 
4408 165.2 459.3 294.1 463.1 297.9 463.4 298.2 468.5 303.3 464.2 299.0 
4409 179.0 465.0 286.0 469.1 290.1 442.1 263.1 465.6 286.6 462.0 283.0 
HI0 197.8 482.2 284.4 483.0 285.2 483.6 285.8 482.2 284.4 479.2 281. 4 

~ 
~ 

182.0 459.9 277.9 462.9 280.9 459.6 277.7 461.7 279.8 461.3 279.3""'" 39.7 40.2 39.9 38.7 30.7 29.6 

'" 

S.D. 11.9 31. 3 31. 9 31.4 37.7 


10 10 10 10 10 10 10 10 10 10 10 

========================~================D==============================================================8DO 

50 	 4421 182.9 505.5 322.6 515.5 332.6 513.9 330.9 505.7 322.8 508.4 325.5 

4422 171.2 466.3 295.1 472.0 300.8 473.8 302.6 469.5 29B.3 469.0 297.8 

4423 177.9 475.7 297.9 481. 9 304.1 481.2 303.4 484.6 306.8 488.1 310.3 

4424 186.5 464.6 278.1 473.1 286.6 464.2 277.7 464.8 278.3 470.2 283.7 

4425 191. 9 463.4 271.5 467.3 275.4 472.1 280.2 465.4 273.5 467.4 275.5 

H26 187.9 487.3 299.4 487.0 299.1 488.6 300.7 486.6 29B.7 494.2 296.3 

4427 183.3 433.5 250.2 435.8 252.5 437.6 254.3 439.0 255.7 437.1 253.8 

4428 175.1 415.0 239.9 417.6 242.5 418.8 243.7 414.9 239.8 415.6 240.5 

4429 169.0 422.4 253.4 424.2 255.2 428.6 259.6 424.9 255.9 423.3 254.3 

4430 207.8 472 .0 264.2 475.8 268.0 477.3 269.5 480.9 273 .1 479.7 271. 9 


183.3 460.6 277.2 465.0 281.7 465.6 282.3 463.6 280.3 464.3 281. 0 
S. D. 11. 3 26.2 28.1 ,. """ 28.7 30.4 29.2 26.9 29.0 26.1 29.8 27.0 


10 10 10 10 10. 10 10 10 10 10 10 

=====DD==============================~==========_================D==========~==~=D==~=====~=======~======== 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 5. Body Weight/Body Weight Gains Summary (G)- Main Group (continued) 

DAYS ON TEST 

roSE ANIHAL ---------------------------------------------------------------------------------------­
"" NUMBER 1 169 Gj>,.IN 183 GI\.IN 187 GI\.IN 190 GAIN 197 GAIN 

========CDC=C=C====C==DDC=C====C=C========D====CCC======c_m=====C=====c==mD==============c===c===c========m 
1SO 4441 184.8 448.4 263.6 459.7 274.9 462.5 277.7 458.7 213.9 456.2 271- 4 

4442 164.4 451.9 293.5 463.0 298.6 459.2 294.8 458.5 294.1 457.6 293.2 
4443 178.4 458.3 279.9 460.1 281.7 460.0 281.6 460.8 282.4 459.9 281- 5 
4444 200.4 472.6 272.2 476.6 216.2 475.3 214.9 474.9 274.5 415.0 274.6 
4445 192.3 '457.2 264.9 458.9 266.6 461.5 269.2 461.6 269.3 455.0 262.7 
4446 186.0 399.5 213.5 405.4 219.4 404.5 218.5 403.8 217.8 403.4 217.4 
4447 195.0 513.7 318.7 516.8 321. 8 520.0 325.0 518.0 323.0 516.8 321.8 
4448 172.3 440.2 267.9 443.8 271.5 442.5 270.2 440.4 268.1 437.5 265.2 

w 4449 201. 0 427.9 226.9 428.8 227.8 430.3 229.3 429.7 228.7 428.7 227.7 
0 4450 158.7 347.8 189.1 353.4 194.7 353.0 194.3 352.5 193.8 353.2 194.5 
0 

"EAN 183.3 442.4 259.0 446.7 263.3 446.9 263.6 445.9 262.6 444.3 261.0 
s. D. 14.7 44.4 38.7 43.9 38.4 44.5 38.7 44.2 38.4 43.6 37.9 
N- 10 10 10 10 10 10 10 10 10 10 10 

D===========c==m-=====C===c=====c=============~========C====~~==============m==============c======c======m 

300 4461 183.1 'I'll. 7 258.6 438.3 255.2 437.9 254.8 440.6 257.5 440.4 257.3 
4462 157.7 ••• ... • •• ... ••• ... ... .,.'" 
4463 206.0 ... •• • ... ... ... ... ... ... ... ... 
4464 176.2 362.7 186.5 374.0 197.8 371.0 194.8 374.4 198.2 371.0 194.8 
4465 187.5 548.1 360.6 555.6 368.1 562.3 314.8 559.0 371.5 561. 3 373.8 
4466 174.1 370. B 196.7 372.3 199.2 371.8 197.7 370.4 196.3 370.0 195.9 
4467 153.3 408.4 255.1 401. 4 248.1 398.6 245.3 403.2 249.9 405.0 251.7 
4468 203.7 480.6 276.9 482.2 278.5 482.6 278.9 474.8 271.1 458.9 255.2 
4469 185.1 408.4 223.3 414.7 229.6 413.2 228.1 415.6 230.5 413.8 229.1 
4470 183.9 442.3 258.4 449.3 265.4 446.1 262.8 450.4 266.5 447.9 264.0 

181.1 432.9 252.0 436.0 255.1 435.5 254.7 436.1 255.2 433.5 252.7"""" 17.0 54.4 S4.3 61.5 61. 4s. o. 60.6 61.1 63.8 57.0 55.1 56.0, ,N- 10 B B B B B B B B 
=================c==========cmcm====C=======mc=c=========C=CCD===========cm=============~=D====C===~======= 

•• * DElIO ANIMAL 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 5. Body WeightIBody Weight Gains Summary (G)- Main Group (continued) 

DAYS ON TEST 
ANIMAL ---------------------------------------------------------------------------------------­""'" 	 NUMBER 1 GAIN 183 GAIN 197 GAIN 190 GAIN 197 GAIN"KO 	 16' 

~D=D=DC=DC===CCDC===C==========D=====~====DDD~===C==c=D===========D==~==~=============c======c============= 

<00 	 4401 194.6 401. 2 206.6 399.1 204.5 393.8 199.2 392.3 197.7 390.7 196.1 
4492 108.9 356.5 167.6 359.0 169.1 317.7 128.8 ... ... ... ... 
4483 195.1 447.6 262.5 436.2 251.1 439.7 254.6 437.6 252.5 423.6 238.5 
4404 172.5 ~12.3 239.9 397.9 225.4 388.6 216.3 392.6 210.1 371.7 199.2 
4465 164.8 378.0 213.2 377.7 212.9 374.2 209.4 374.5 209.7 363.3 198.5 
4486 174.5 366.5 192.0 356.8 182.3 3H.4 169.9 347.6 173.1 340.6 166.1...4487 217 .3 435.9 218.6 413.1 195.8 398.1 180.8 388.6 171. 3 ••• 
4480 184.2 366.2 182.0 369.4 105.2 370.3 166.1 361.0 176.0 361. 6 177.4 

w 4489 183.1 367.6 184.5 370.8 187.7 362.1 179.0 356.1 173.0 337.5 154.4
0 4490 154.8 416.7 261. 9 392.0 237 .2 384.5 229.7 371.2 216.4 360.4 205.6 

192.0 394.9 212.9 387.1 205.1 377.4 195.4 379.1 197.8 369.7 192.0""'" 17.2 32.3 33.2 25.4 26.3 32.8 34.9 27.4 27.8 26.1S. D. 	 26.5,10 10 10 10 10 10 10 9 8 8"­
~================~=~~===D==c=c========c=================_~===C=C=D==================~=~====DD===c====== 

"H DEAD ANIMAL 
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ETHYLENE GLYCOL: 12·MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 5. Body WeightIBody Weight Gains Summary (0)- Main Group (continued) 

DAYS ON TEST 
ANIMAL 

MKO NUMBER 1 20. GAIN 211 GAIN 210 GAIN 225 GAIN 232 GAIN 239 GAIN 
00'" -------------------------------------------------------------------------------------------------------­
gDDDD~DCD~~=C===~D=~D==D=mD=aD==~~=======C==D==D~==m~=DD==~=C===========~DD==D====~=~============D=D===DD~=~============== 

0 	 4401 173.3 441. 8 268.5 451.1 277.8 452.7 279.4 453.6 280.3 449.0 275.7 448.3 275.0 
4402 183.3 463.2 279.9 470.9 287.6 466.2 282.9 473.8 290.5 470.4 287.1 470.3 287.0 
4403 179. 9 464.9 285.0 468.5 288.6 475.4 295.5 475.3 295.4 477.8 297.9 480.2 300.3 
4404 197.8 503.5 305.7 516.1 31B.3 510.3 312.5 509.2 311. 4 510.3 312.5 500.4 302.6 
4405 165.2 374.0ij 208.8ij 380.6 215.4H 378.611 21J.4H 381. 9# 216.7ij 385.0" 219.8ij 384.8" 219.6" 
4406 185.7 467.0 281. 3 473.5 287.8 475.1 289.4 478.8 293.1 476.9 291. 2 476.3 290.6 
4407 192.6 506.8 314.2 512.9 320.3 512.8 320.2 512.8 320.2 514.5 321. 9 508.1 315.5 
4408 165.2 467.8 302.6 472.1 306.9 472.7 307.5 470.4 305.2 473.4 308.2 470.4 305.2 
4409 179.0 469.8 290.8 469.8 290.8 472.3 293.3 472.6 293.6 472.6 293.6 473.9 294.9W 

0 	 4410 197.8 481.4 283.6 490.8 293.0 4'10.1 292.3 48'1.5 291. 7 492.5 294.7 489.1 291. 3 
N 

ME:AN 182.0 464.0 282.0 470.6 288.7 470.6 288.6 471.8 289.8 472 .2 290.3 470.2 288.2 
S. O. 11.9 37.0 29.2 37.7 29.3 37.4 29.4 36.3 28.1 36.3 28.1 34.4 26.5 
N- 10 10 10 10 10 10 10 10 10 10 10 10 10 

=========D==DODDDDDDD=C======cC========DD=gDDD=====C===C==C==C====D=D=m=====C====C=======D=D~==DDDD=C======C====CCm=====DDD 

50 	 4421 182.9 513.0 330.1 521. 6 339.7 520.4 337.5 521. 3 338.4 519.2 336.3 516.1 333.2 
4422 171. 2 475.1 303.9 479.4 308.2 485.9 314.7 485.7 314 .5 489.3 31B.1 486.6 315.4 
4423 177.8 493.5 315.7 502.8 325.0 507.0 329.2 510.2 332.4 507.3 329.5 506.4 328.6 
4424 186.5 470.4 283.9 474.7 288.2 478.9 292.3 482.3 295.9 483.8 297.3 485.7 299.2 
4425 191. 9 467.7 275.9 471.0 279.1 469.6 277.7 472 .9 291.0 473.0 281.1 472 .5 290.6 
442G 187.9 488.8 300.9 496.7 308.8 499.1 311.2 498.8 310.9 500.2 312.3 503.6 315.7 
H27 183.3 436.3 253.0 442.1 259.8 445.4 262.1 445.1 2G1. 8 443.9 260.6 445.0 261. 7 
4429 175.1 417.3 242.2 422.0 246.9 428.5 253.4 428.1 253.0 426.4 251. 3 419.0 243.9 
4429 169.0 423.4 254.4 432.3 263.3 434.1 265.1 435.4 2G6.4 439.8 270.8 438.5 269.5 
4430 207.8 494.4 276.6 489.2 291. 4 490.8 283.0 493.5 295.7 493.9 286.1 497.4 289.6 

MEAN 193.3 467.0 283.7 473.2 299.8 476.0 292.6 477.3 294.0 477.7 294.3 477 .1 293.7 
S. D. 11.3 31. G 29.9 32.2 29.9 31.2 29.3 31.7 29.6 31.2 29.2 32.6 29.9 
N~ 10 10 10 10 10 10 10 10 10 10 10 10 10 

=~=====~==~D=DDD=D~C=D=========~D=D~D=DDD~~======~_==DDDD=DD=DD====~====~_=~=D=D=D===DD~=_=======C=_=_=DDDDD=DD~~=~=D====== 

tt STATISTICAL OUTLIERS INCLUDED. 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WrSTAR HAN RATS 

APPENDIX TABLE 5. Body WeightIBody Weight Gains Summary (G)- Main Group (continued) 

DAYS ON TEST 
oose 	 ANIMAL -------------------------------------------------------------------------------------------------------­
"'0 	 NUMBER 1 204 GAIN 211 GlIIN 218 GAIN 225 GAIN 232 GAIN 239 GAIN 
~~=~=======c==gCg=D=DDD====~=============c=g9C=C=D~DDC================c====9C9=DDDBD=======~============c=g=C9CDCDCD======= 

150 	 44U 184.8 456.B 272.0 469.4 284.6 466.8 282.0 465.1 280.3 466.0 281.2 464.0 279.2 
4442 164.4 457.9 293.5 463.8 299.4 463.1 298.7 470.2 305.8 466.1 301. 7 465.0 300.6 
4443 178.4 463.8 285.4 472.2 293.8 472 .1 294.3 472.5 294.1 472.5 294.1 474.3 295.9 
4H4 200.4 476.3 275.9 483.7 283.3 485.6 285.2 492.2 291.8 492.7 292.3 491. 5 291.1 
4445 192.3 458.5 266.2 468.6 276.3 473.0 280.7 476.0 293.7 470.6 278.3 466.5 214.2 
H46 186.0 405.9 219.9 415.7 229.7 41B.1 232.7 419.0 233.0 411.5 231.5 410.7 224.7 
4441 195.0 511.3 322.3 526.3 331. 3 524.1 329.7 523.6 328.6 522.1 327.1 521. 6 326.6 
444B 172.3 438.0 265.7 450.2 271.9 452.1 279.8 449.2 276.9 454.8 282.5 450.0 271.7 

w 4449 201.0 432.8 231.8 445.1 244.1 449.4 24B.4 447. 4 246.4 448.2 241.2 443.5 242.5 
0 4450 158.7 355.3 196.6 358.9 200.2 361.0 202.3 360.1 201.4 362.2 203.5 363.3 204.6 w 

H"," 183.3 446.3 262.9 455.4 272 .1 456.7 273.4 457.5 274.2 457.3 273.9 455.0 271. 7 

"" 
S. D. 14.1 43.2 37.2 H.2 31.7 43.2 36.3 44.1 37.4 43.1 36.5 43.4 37.2 

10 10 10 10 10 10 10 10 10 10 10 10 10 
=DDDD=====~=~=============g===C9==~D~~==~=~=D===D======g==g=g==mDD==========~=========~==c======~D=9===~=~========e==c= 

300 4461 183.1 440.1 257.0 443.4 260.3 449.1 266.0 448.5 265.4 453.9 270.8 453.1 270.0... ... ... 	 ...4462 157.7 ••• ••• • •• 	 • •• • •• ... ... ... 	 ... ... ... ... ...4463 206.0 • •• • •• • •• • •• 
4464 116.2 372.5 196.3 375.8 199.6 381.0 204.B 387.0 210.8 382.1 2\15.9 381.0 204.8 
4465 187.5 562.5 375.0 556.4 368.9 570.4 382.9 572 .2 384.7 518.6 391. 1 582.4 394.9 
4466 114.1 3n.4 197.3 384.5 210.4 386.6 212.5 385.3 211.2 384.6 210.5 391. 9 207.8 
4461 153.3 407.3 254.0 419.0 265.1 429.7 216.4 428.3 275.0 432.0 27B.1 429.5 276.2 
4468 203.7 460.5 256.8 471. 4 267.7 482.8 279.1 483.2 279.5 476.2 272.5 415.8 272 .1 
4469 185.1 413 .5 228.4 420.7 235.6 422.3 237.2 424.2 239.1 420.9 235.8 425.4 240.3 
4410 193.9 458.5 274.6 ••• ... ... ... ... • •• ... 
MEI\.N 181.1 435.8 254.9 438.7 258.3 H6.0 265.6 447.0 266.5 446.9 266.5 447.0 266.6 
S. D. 11 .0 61. 7 56.4 61. 3 55.7 65.1 59.7 64.9 59.3 62.6 69.0 64.067. " 

10 , , , , , , , , , , , ,
""DDDB==~=D===========c=c=c===~mD~==D===C===c==g=CgCg======c==========g====9CDc===gmD=m==~=c===~=D==========g=9CDCDDDDDZDD=== 

H* DEAD IINIMAL 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 5. Body WeighlfBody Weight Gains Summary (0)- Main Group (continued) 

DAYS ON TEST 
ANIMAL00"' -------------------------------------------------------------------------------------------------------­,NUMBER 	 GAIN 253 GAIN 260 GAIN 2" GAm 27< GAIN GAIN 

DDDDDDDDD~~D~==~==c====~==D=D=~DDD=D=~cDm=DcDD=DDDD=D=D=====C====C=DD~D=D=D===DDDDDDDD=D====D~==========c============CDCCDD "" 	 '" '" 
0 	 4401 173.3 448.6 275.3 449.2 275.9 456.5 283.2 459.8 286.5 460.5 267.2 464.7 291. 4 

4402 183.3 472.8 289.5 471.5 288.2 481. 7 298.4 n9.8 296.5 482.5 299.2 486.J J03.0 
4403 179.9 480.8 300.9 478.7 296.8 482.6 302.7 478.0 298.1 483.4 303.5 489.9 310.0 
4404 197. a 511.1 313.3 509.2 311. 4 513.0 315.2 514.4 316.6 505.4 307.6 513.8 316.0 
4405 165.2 387.8# 222. 6~ 390.0 224.8~ 394.1 228.9U 393.4# 228.2~ 395.U 229.9" 398.8# 233.6~ 

4406 185.7 474.6 288.9 469.7 284.0 475.3 289.6 478.7 293.0 475.8 290.1 479.3 293.6 
4407 192.6 510.1 317.5 512.0 319.4 515.1 322.5 515.7 323.1 515.3 322.7 518.9 326.3 
4408 165.2 475.9 310.7 473.2 308.0 467.8 302.6 475.0 309.8 475.4 310.2 479.3 314.1 
4409 179.0 477.7 298.7 n6.4 297.4 480.0 301.0 479.8 300.B 481. 0 302.0 486.2 307.2 
4410 197.8 495.9 298.1 490.4 292.6 496.4 298.6 491.1 299.3 497.9 JOO.l 504.4 306.6 

w 
0 ""'N 182.0 473.5 291. 6 472.0 290.1 476.3 294.. 3 477 .2 295.2 477.2 295.3 482.2 300.2 

S. o. 11.9 35.4 27.3 34.4 26.4 34.3 25.5 34.3 26.0 33.0 25.0 33.7 25.5"" 
N' 

~=DD=DCDCCCDDDD=mDDDDDD==D==~======D==D=D===C=Dg=DmDBD===DDD=D====D========~===D=D=D=D=m=D==D====D============DD=D=~=DDDD=D " " " " " " " " " " " " " 
50 	 4421 182.9 523.8 340.9 521.1 338.2 529.1 346.2 537.8 354.9 535.9 353.0 543.0 360.1 

4422 171.2 498.7 317 .5 491. J 320.1 496.3 325.1 497.4 326.2 501. 5 330.3 502.5 331. 3 
4423 177.8 508.3 330.5 511.1 333.3 518.4 340.6 524.4 346.6 531. 5 353.7 533 .1 355.3 
4424 186.5 492.1 305.6 486.0 299.5 495.4 308.9 500.5 314.0 497.8 311.3 501.1 314.6 
4425 191. 9 474.3 282.4 415.8 283.9 477 .8 295.9 483.9 292.0 485.7 293.8 468.7 296.8 
4426 167.9 501.2 313.3 504.3 316.4 508.7 320.8 511.5 323.6 514.2 326.3 517.6 329.7 
4427 193.3 446.0 262.7 445.2 261. 9 446.5 265.2 448.0 264.7 450.3 267.0 451. 6 268.3 
4428 175.1 H8.4 243.3 420.5 245.4 420.6 245.5 426.9 251.8 424.0 248.9 432.8 257.7 
4429 169.0 438.8 269.8 441. 3 272.3 446.0 277.0 444.6 275.6 446.0 277.0 452.9 283.9 
4430 207.6 496.5 288.7 496.9 289.1 500.8 293.0 502.1 294.3 502.9 295.1 505.1 297.3 

183.3 478.8 295.5 479.4 296.0 464.2 300.B 487.7 J04.4 489.0 305.6 492.8 309.5""'" 11. 3 31. 4 33.3 31.0 35.2 33 .1 34.5 35.6 36.5 34.8S.D. 33.9 36.5 J7.5 
N' 10 

D==gDD=DDDDDD=D=~=D==D===D=~D=D==gDDDD=DDD====DD~D~=~~======~=CgD=~DDDDDDD=_DD=~DDD~D~=~======~=g=D=D=~=~DD=DDD=mDDDD~DDDDD " " " " " " " " " " " " 
~ STATISTICAL ODTLIERS INCLUDED. 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXIC[TY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 5. Body WeightIBody Weight Gains Summary (G)- Main Group (continued) 

DAYS ON TEST 

ANIMAL
00'" -------------------------------------------------------------------------------------------------------­

MK' 	 NUMBER 1 '" GAIN 253 GAIN 260 GAIN 267 GAIN 274 Gj>,.IN 261 GAIN 
ggggDaD~aDDDD~D~D=D============gDDDDaDD==~=D~===C===c======D=DDDD=D=D=D=D~D==~===========D===gDgDDDDDDDD==D===DD:========== 

150 	 4441 1B4.B 470.1 285.3 467.B 2B3.0 475.7 290.9 4BO.O 295.2 479.2 294.4 4B5.3 300.5 
44~2 164.4 46B.1 303.7 471.9 301.5 473. B 309.4 4BO.9 316.5 476.B 312. ~ ~Bl.3 316.9 
4443 178.4 471. 4 293.0 410.4 292.0 479.0 300.6 490.9 302.5 476.2 297.8 479.B 300.4 
4H4 200.4 490.9 290.5 499.0 291.6 500.4 300.0 473.7 273.3 ... ... " . 
H45 192.3 462.9 270.6 470.8 279.5 473.5 281. 2 477.4 295.1 478.9 296.6 485.3 293.0 
H46 196.0 408.0 222.0 409.7 222.7 414.5 22B.5 416.1 230.1 420.3 234.3 432.4 246.4 
4447 195.0 523.2 32B.2 519.2 324.2 526.4 331.4 529.3 334.3 529.4 334.4 531. 6 336.6 
4448 172.3 447.6 275.3 453.1 2BO.B 454.5 282.2 457.7 295.4 ~58.4 286.1 465.9 293.6 
H49 201. 0 440.5 239.5 4U.B 240.B 446.1 245.1 449.3 24B.3 449.3 248.3 452.9 251. 9 

w 	 4450 159.7 365.9 207.2 366.7 209.0 370.2 211.5 371. 0 212.3 370.1 211. 4 373.3 214.6a 
~ 

MEAN 183.3 454.9 271. 5 456.8 273.5 461.4 279.1 461.6 278.3 459.8 279.4 465.2 283.8 
S. D. 14.7 43.6 37.8 43.5 37.7 43.9 38.0 42.B 39.2 44.5 39.4 43.B 38.4 
N- 10 10 10 10 10 10 10 10 10 9 9 9 9 

C=D=====D=g=gD=DD=~===========D====~==g=gDgD=D=mmD===D===DC==C==========gD=D=D=D=====D~~===========g=g====DmD_=======D= 

ico 4461 193.1 450.9 267.9 454.9 271. 7 460.7 277.6 457.3 274.2 456.9 273.7 462.7 279.6 
4462 157.7 ••• ••• ... ••• ••• ... ... • •• ... 
4463 206.0 ••• .. . ... ... ... ••• ... • •• ... ... ... ... 
4464 176.2 388.5 212.3 3BB.9 212.1 393.3 217.1 396.2 220.0 391. 8 215.6 396.1 219.9 
4465 187.5 597.1 399.6 585.7 399.2 596.6 409.1 59B.2ij 410. H 599.0 410.5~ 605.7 41B.2ij 
4466 174.1 381. 6 207.5 379.1 204.0 394.9 210.7 399.5 215.4 3B7.2 213.1 387.1 213.0 
4~67 153.3 430.1 276.8 431. 9 279.5 432.4 279 .1 429.1 275.9 430.5 277.2 439.0 295.7 
4468 203.7 472.8 269.1 464.9 261.2 472.4 268.1 460.4 256.7 472. B 269.1 472 .3 268.6 
4469 195.1 427.4 242.3 427.6 242.5 429.4 244.3 429.3 243.2 428.4 243.3 430.9 245.9 
4470 183.9 ... .., ... ... • •• ... ... ... • •• ... ... ... 
MEAN 181.1 448.3 267.9 447.4 267.0 452.B 272.4 451. 3 270.9 452.2 271.8 456.3 275.8 
S. O. 17.0 69.1 64.3 68.7 64.4 71.0 66.4 70.2 66.1 71. 4 66.1 73.0 68.8 
N- 10 7 7 7 7 7 7 7 7 7 7 7 7 

==gD===mD=D=D===============DgD=~D====~=c======~==gD=DD=DDD~=D===================~D=DDDDD===D==========c=================== 

U STATISTICAL OUTLIERS INCLUDED . 

• ** DEAD ANIMAL 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WI STAR HAN RATS 

APPENDIX TABLE 5. Body WeightIBody Weight Gains Summary (G)- Main Group (continued) 

DAYS ON TEST 
"'SE 	 ANIMAL -------------------------------------------------------------------------------------------------------­

NUMBER 1 29B GAIN 295 GAIN . 302 ' GAIN 309 GAIN 316 GAIN 323 GAIN""============~===============c=e==============~=====~=====c=====e=========~============================================c=== 
0 	 4401 173.3 464.1 290.8 468.B 295.5 466.3 293.0 473.4 300.1 411.7 298.4 468.3 295.0 

4402 183.3 499.9 306.6 487.3 304.0 486.6 303.3 490.8 307.5 492.2 308.9 499.3 306.0 
4403 179.9 496.8 316.9 494.4 314.5 497.9 318.0 507.5 327.6 510.6 330.7 507.0 327 .1 
4404 197.8 503.6 305.8 469.4 271. 6 440.1 242.3 ... ... ... ... ••• ••• 
4405 165.2 398. 9~ 233.7U 402.0U 236.8 400.7 235.5 406.3# 241.U 406.9" 241.7U 403.8# 238.6" 
4406 195.7 483.0 297.3 479.6 293.9 479.9 294.2 482.7 297.0 488.6 302.9 486.5 300.6 
4407 192.6 523.4 330.8 522.7 330.1 521. 9 329.3 529.5 336.9 532.1 339.5 526.8 334.2 
4408 165.2 486.0 320.8 488.8 323.6 4B7.2 322.0 491. 0 325.8 491. 4 326.2 485.9 320.7 
4409 179.0 484.7 305.7 493.6 304.6 488.4 309.4 486.7 307.7 489.9 310.9 491. 5 312.5 

w 	 HI0 197.9 506.7 309.9 508.1 310.3 504.9 307.1 511.0 313.2 512.6 314.8 503.9 306.1 
~ '" 182.0 463.7 301.7 480.5 298.5 477. <1 295.4 486.5 306.3 498.4 308.2 484.8 304.6"'-'N 

S. O. 11.9 33.8 26.5 32.1 27.2 34.7 31. 9 34.5 27.8 35.2 28.3 34.5 27.8,10 10 10 10 10 10 10 9 9 9 9 9""=========B=======================~======m=====~================~======================e=======~========m======C=e=e=e==c=== 

50 	 4421 182.9 548.7 365.8 546.6 363.7 546.3 363.4 553.8 370.9 557.6 374.7 560.2 377.3 
4422 171.2 511. 5 340.3 507.7 336.5 503.2 332.0 509.8 338.6 513 .0 341. 8 508.2 337.0 
4423 177.8 538.0 360.2 540.6 362.8 538.7 360.9 542.4 364.6 544.0 366.2 550.2 372.4 
H24 186.5 509.4 322.9 510.8 324.3 503.4 316.9 511. 3 324.8 515.0 328.5 509.7 323.2 
4425 191.9 488.5 296.6 496.5 304.6 493.9 302.0 497.4 305.5 503.9 312.0 505.7 313.8 
4426 187.9 517.9 330.0 518.0 330.1 516.2 328.3 525.5 337. 6 528.6 340.7 531. 6 343.7 
4427 193.3 453.2 269.9 453.4 270.1 455.5 272 .2 463.1 279.8 462.2 279.9 464.1 280.8 
4428 175.1 438.6 263.5 434.3 259.2 435.3 260.2 438.2 263.1 441. 8 266.7 445.9 270.8 
4429 169.0 452.5 283.5 ~55. 4 286.4 455.2 286.2 458.5 289.5 460.2 291. 2 459.8 290.8 
4430 207.8 507.7 299.9 511.6 303.8 502.9 295.1 508.6 300.8 516.4 308.6 518 .2 310.4 

HEAN 183.3 496.6 313.3 497.5 314.2 495.1 311.7 500.9 317.5 504.3 320.9 505.4 322.0 

"" 
S.D. 11. 3 37.5 36.2 37.B 35.9 36.4 35.0 37.3 35.8 38.0 36.0 38.3 36.2 

10 10 10 10 10 10 10 10 10 10 10 10 10 
==e=c===~======_==~=~~cce===c===g========D=D=DD====C=============~==~D~DD==C=~e=========~=~c======D~D====D=3=c=~=cc=~e===e= 

~ STATISTICAL OUTLIERS INCLUDED. 

.... DEAD lINlMAL 
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ETHYLENE GLYCOL: 12·MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 5. Body WeightIBody Weight Gains Summary (G)- Main Group (continued) 

DAYS ON TEST 
ANIMAL 
NUMBER 1 288 GAIN '" GAIN 302 GAIN 309 GAIN 316 GAIN 323 GAIN 

00"' -------------------------------------------------------------------------------------------------------­
"KO 
DD~D~D~~=======DDDDD~~~D=DD=C==CC=DCD~~_D=D=======D==DD=DD=D========D=DDD_==D===C========D~D~===DD=========DDDD============ 

150 	 4441 184.8 4B5.1 300.3 487.1 302.3 4B1. 9 297.1 4B5.5 300.7 492.9 308.1 490.4 305.6 
4442 164.4 483.7 319.3 462.6 318.2 482.5 3IB .1 486.5 322.1 484.5 320.1 481. 7 317.3 
4443 178.4 463.0 304.6 483.4 305.0 482.8 304.4 498.2 309.8 494.7 316.3 488.2 309.8 
44~4 200.4 ••• 	 ••• ... • •• ., . • •• ... ... ... ...'" 
4445 192.3 4B4.5 292.2 464.9 292.6 462.2 299.9 469.9 297.6 495.8 303.5 497.3 305.0 
4446 186.0 434.2 248.2 433.5 247.5 432.6 246.6 435.6 249.6 437.0 251. 0 436.3 250.3 
4447 195.0 530.1 335.1 531.9 336.9 530.6 335.6 537.1 342.1 535.0 340.0 536.6 341.6 
4448 172.3 464.3 292.0 466.7 294.4 467.4 295.1 471. B 299.5 473.6 301. J 475.2 302.9 
4449 201.0 455.5 254.5 453.6 252.6 453.4 252.4 458.7 257.7 462.8 261. 8 462.5 261. 5 

~ 	 4450 156.7 376.3 217.6 376.0 217.3 375.2 216.5 377.7 219.0 377.2 2IB .5 377.8 219.1 
0 
~ 

183.3 466.3 284.9 466.6 285.2 465.4 264.0 470.1 288.7 472.6 291.2 471.8 290.3 
S. D. 14.7 42.7 37.5 43.3 38.2 43.0 38.0 44.1 38.9 44.6 39.0 44.4 38.5 
N' 10 9 9 9 9 9 9 9 9 9 9 9 9 
""'" 

=========D=Dm===D=========mD=_==D~=========D=D~=================~=m======CC==m====DD==~===C====D==~=D~===========D==cmD 

300 4461 183.1 468.5 295.4 464.3 281.2 462.1 279.0 469.1 286.0 468.1 285.0 470.7 287.6... ... ... 	 .,. ... ...4462 157.7 • •• • •• ••• • •• 	 • •• 
4463 206.0 ... ... ... ••• ••• • •• .' . • •• ... ...'" 
4464 176.2 397.8 221.6 403.1 226.9 401.5 225.3 408.7 232.5 409.0 232.8 402.3 226.1 
4465 187.5 608.6 421.1 607.1 419.6# 605.6 418.1H 616.8 429.3~ 619.2 431.7~ 616.9~ 429.4~ 
4466 174.1 386.9 212.8 389.6 215.5 3B8.5 214.4 393.B 219.7 397.3 223.2 384.1 210.0 
4467 153.3 442.7 289.4 438.6 285.3 435.8 292.5 440.2 296.9 444.0 290.7 447.9 294.6 
4466 203.7 476.1 272.4 477 .3 273.6 475.5 271.8 485.7 282.0 ~68.8 285.1 458.6 254.9 
~469 185.1 426.1 241.0 429.5 244.4 427.3 242.2 429.5 244.4 436.1 251. 0 426.0 242.9... ... ... ... 	 ...4470 163.9 ••• • •• 	 •••'" 
MEAN 181.1 458.1 277.7 458.5 278.1 456.6 276.2 463.4 283.0 466.1 285.6 458.4 277.9 
S.D. n .0 74.2 70.1 72.5 68.0 72.5 68.0 74.8 70.1 74.5 69.8 76.3 73.5 
N' 10 7 7 7 7 7 7 7 7 7 7 7 7 

====~c==c~~==g~=D~=======D=D_=~===~==C====DDcmD===~=====~====D=D=D=D=========DgD===D~=========D==~==D=~=~=========~DDDDm~=D 

~ STATISTICAL OUTLIERS INCLUD~D .... DEAD ANIMAL 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 5. Body Weight/Body Weight Gains Summary (G)- Main Group (continued) 

DAYS ON TEST 
00," 	 ANIMAL -------------------------------------------------------------------------------------------------------­
"" NUMBER 1 330 GAIN 3J7 GAIN GAIN J5l GAIN J58 GAIN GAIN
'" 
====c======C=CCD~D~=C==============DC=DD~=================CDDCDDCCC=================C=CDDDC===================~=~=DD======= '" 
a 	 ~401 173.3 ~59.9 286.6 466.0 292.7 469.5 296.2 479.9 306.6 492.2 308.9 483.9 310.6 

4402 193.3 493.9 310.6 502.3 319.0 505.0 321.7 509.2 325.9 512.2 329.9 516.9 333.6 
4403 179.9 513.6 333.7 515.0 335.1 513 .4 333.5 525.9 346.0 529.9 349.0 530.8 350.9 .,.4404 197.8 ••• ••• • •• •• • • •• " . ... • •• ••• ... 
4405 165.2 406. ") 2n.5~ 408.4ij 243.2~ 410. U 244.9ij 413.0# 247.B~ 415.3# 250.1# 4U.9~ 248.7# 
4406 195.7 492.6 306.9 498.5 312.9 504.2 318.5 507.4 321. 7 502.8 317.1 511.0 325.3 
4407 192.6 528.3 335.7 533.1 340.5 538.1 345.5 540.0 347.4 541. 9 349.3 549.5 356.9 
4409 165.2 492.7 327.5 497.5 332.3 501. 0 335.9 502.0 336.9 502.4 331.2 505.0 339.8 
4409 179.0 492.8 313.B 497.5 31B.5 500.7 321.7 501. 5 322.5 502.4 323..4 506.9 327.9 

w 4HO 197.8 515.5 311.7 514.6 316.8 515.6 317 .9 521.6 323.8 521. J 323.5 522.0 324.2
0 
~ 

182.0 489.4 308.2 492.5 312.3 495.3 315.1 500.1 319.8 501.0 320.8 504.4 324.2
""'" 11.9 36.3 29.2 29.5 36.6 29.9 36.9 29.9 36.6 29.8 38.5 31. 7
S. O. 36.4 

10 9 9 9 9 9 9 9 9 9 9 9 9
"­

Dm=============c===CC==C=D=_==============c=CDC=DDD=============C=~==CDDm=c=================c=======================~=~D=== 

so 	 4421 182.9 569.8 395.9 569.0 386.1 580.1 397.2 582.2 399.3 580.5 397.6 593.3 400.4 
4422 111.2 512.9 341. 7 520.9 349.7 521. 0 349.8 524.6 353.4 529.8 358.6 531. 8 360.6 
4423 117.8 561.1 383.3 563.0 385.2 574.4 396.6 591. 4 403.6 582.3 404.5 586.7 408.9 
4424 196.5 519.7 333.2 526.7 340.2 527.4 340.9 532.7 346.2 525.7 339.2 526.5 340.0 
4425 191.9 511. ") 319.8 509.9 319.0 512.7 320.8 512.5 320.6 516.4 324.5 515.7 323.8 
4426 187.9 536.9 349.0 534.2 346.3 537.6 349.7 538.6 350.7 5U.7 353.8 547.2 359.3 
4427 183.3 469.1 285.8 469.3 286.0 470.9 2B7.6 472. B 289.5 475.6 292.3 475.0 291.7 
4428 175.1 449.1 274 .0 455.0 279.9 ~54.8 279.7 454.7 279.6 460.5 295.4 461. 6 286.5 
4429 169.0 467.0 298.0 ~66. 6 297.6 473.0 304.0 470.7 301.7 471.1 302.1 475.3 306.3 
4430 207. 9 521.2 313.4 524.6 316.9 524.2 316.4 527.9 320.1 533.9 326.1 534.5 326.7 

183.3 511. 0 328.4 513.9 330.6 .517.6 334.3 519.8 336.5 521. 8 339.4 523.8 340.4""'" 11.3 39.9 37.9 37.7 41.9 40.7 43.7 42.4 42.5 41.0 43.3 42.1S.D. 	 39.3 

10 10 10 10 10 10 10 10 10 10 10 10 10
"­

~=~~~====~~==c=~=~=~==~=~=====c~=~c~m~DD~~==~=======~~~C=~DD========C=C=====C===CDDD=~D===================C=~=Dm=c====~==== 

ij STATISTICAL OUTLIERS INCLUDED. 

... DEAD ANIMAL 
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ETHYLENE GLYCOL: 12·MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 5. Body WeighUBody Weight Gains Summary (G)- Main Group (conti,nued) 

DAYS ON TEST 
00'" 	 ANIMAL ------------------------_._._-----------------------------------------------------------_._------------­
"" NUMBE:R 1 330 GAIN JJ7 GAIN '" GAIN 351 GAIN J5B GAIN 365 GAIN 
~~~~~cc===~ggg~~~ZD=ZC~CDC======gD====~=~~~c=ccc==c=c==D===~~C=c=====c=g====m===~c==cc=====gc=g====~==c=ccc=====g====D~=~C= 

150 	 HH 194.8 490.4 305.6 497.1 312.3 500.6 315.6 499.7 314.9 501. 3 316.5 503.6 316.6 
4442 164.4 406.4 324.0 491.1 326.7 494.9 330.5 494.6 330.2 496.0 331. 6 496.8 332.4 
4443 178.4 499.5 321.1 505.1 326.7 507.5 329.1 508.2 329.8 510.0 331. 6 512.9 33'4.5 
4444 200.4 ••• ... ... ... ... ... ... .., ... ... ...'" 
4445 192.3 502.6 310.3 505.3 313.0 510.2 317.9 515.0 323.5 519.4 327.1 523.7 331. 4 
4446 106.0 440.1 254.1 451. 9 265.9 452.2 266.2 455.2 269.2 453.7 267.7 458.8 272.0 
4447 195.0 538.0 343.0 541.0 346.0 543.0 346.0 547.0 352.6 549.1 354.1 549.2 354.2 
4448 172.3 403.2 310.9 468.7 316.4 499.8 317.5 491. 4 319.1 493.7 321. 4 495.4 323.1 
4449 201.0 466.6 267.6 474.7 273.7 4H.3 273.3 400.7 279.7 484.2 203.2 403.4 282.4 
4450 158.7 380.0 221.3 302.1 223.4 384.2 225.5 304.8 226.1 384.4 225.7 387.0 228.3 

w 
0 
~ 	 MEAN 183.3 476.8 295.3 481. 9 300.5 494.1 302.6 496.5 305.0 488.0 306.5 490.1 308.7 

"" 
S. D. 14.7 44.9 39.2 44 .5 36.5 45.0 39.2 45.7 39.2 46.6 40.1 46.2 39.6 

10 9 9 9 9 9 9 9 9 9 9 9 9 
=g=~~====~==c====c=gc======~=c=c==c=c=g=======~=====c:===c===~=~=====cc=====g==g========cc=c======D=====~~c=cc======g=====...300 4461 183.1 474 .5 291. 4 402.0 296.9 485.1 302.0 489.6 306.5 465.6 282.5 •••... ... ... .,. ... ... ...4462 157.7 ••• • •• • •• 	 • •• 

4463 206.0 ••• ... ... • •• ... ... ... ... ... ... 
4464 176.2 414.4 238.2 419.4 243.2 424.3 246.1 422.9 246.7 424.6 248.4 414.6 238.4 
4465 167.5 622. 9~ 435.4* 632.0 444.5H 641.6 454.3H 647.6H 460.U 651.4H 463.9ij 656.1 466.6 
4466 174.1 393.9 219.8 396.7 222.6 399.0 224.9 403.2 229.1 395.1 221. 0 ... ... 
4467 153.3 450.9 297.6 455.3 302.0 458.9 305.6 459.1 305.8 463.3 310.0 468.2 314.9 
4468 203.7 475.3 271.6 469.5 285.8 497.0 293.3 409.2 285.5 480.8 277 .1 488.0 284.3 
4469 195.1 430.6 245.5 436.0 253.7 439.7 254.6 438.5 253.4 435.7 250.6 437.9 252.8... ... ... ... ... .., ... ... ... ... ...4470 103.9 	 ••• 

181.1 466.1 285.6 473.4 293.0 478.0 297.5 478.6 298.2 473.8 293.4 493.0 311.0""'" 17.0 83.5s. D. 	 75.4 71.9 77.3 73.1 79.8 75.5 01.2 77.4 60.4 95.4 92.5, , , , , , , , , ,10 	 5 5"­
==z~~=~=c===g=~_a=~~~=c=c=~==ga_m=~===c=c===~~~=~===D==~=======g_=D==m==~=ccc===========~==~==c=======gC==D~===~==DC~====== 

~ STATISTICAL OUTLIERS INCLUDED .... DEAO ANIMAL 
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ETHYLENE GLYCOL: 12-MONTH DIET AR Y TOXICITY STUDY IN WIST AR HAN RATS 

APPENDIX TABLE 6. Body WeightIBody Weight Gains Summary (G) - Metabolism Group 

DAYS ON TEST 
ANIMAL00'" -------------------------------------------------------------------------------------------------------­,NUMBER 30 GAIN 57 GI'IIN 85 GI'IIN nJ GAIN '" GI'IIN 20. GAIN 

C~CDCDCCC~C~~==========~~~====c=c======~~=========~===DC=DCC==============c======D==~==================C=CDC==c============ "" 
0 	 4411 203.4 314.6 111.2 360.5 157.1 403.5 200.1 428.9 225.5 444.0 240.6 459.4 256.0 

4412 179.5 266.4 87.9 303.2 124.7 350.0 171. 5 376.4 197.9 396.0 217.5 402.3 223.9 
4413 185.4 308.5 123.1 345.4 160.0 376.8 191. 4 406.9 221.5 416.5 231.1 434.7 249.3 
4414 190.0 318.5 120.5 372.8 182.9 417.5 227.5 459.6 268.6 488.1 299.1 512.7 322.7 
4415 164.0 289.5 125.5 332.5 168.5 364.6 200.6 373.4 209.4 387.9 223.9 403.2 239.2 

184.3 299.5 115.2 342.9 158.6 382.5 199.2 408.0 224.6 426.5 242.2 442.5 258.2 
w S.D. 21. 6 27.7 40.7""'" 14.5 16.6 26.9 21.4 20.2 36.0 26.9 32.4 45.9 38.0 

N- 5 5 5 5 5 5 5 5 5 5 5 5 5 

=============~=====~=~==~======D=C==C=================c=C===DDD=~c==============m===m====================~~=m=c==~===== 

50 	 4431 184.7 309.0 124.3 359.9 175.2 401.0 216.3 416.3 231. 6 436.1 251. 4 461.7 277.0 
4432 174.8 279.8 105.0 327.9 153.1 358.1 183.3 386.8 212.0 407.4 232.6 404.2 229.4 
4433 158.6 277.0 118.4 318.2 159.6 358.4 199.8 375.4 216.8 392.5 233.9 410.6 252.0 
4434 197.0 336.6 139.6 392.3 195.3 'I'll. 9 244.8 465.7 269.7 487.1 290.1 514.1 317.1 
4435 184.6 270.2 B5.6 319.2 134.6 342.2 157.6 353.5 169.9 373.3 188.7 391. 0 206.4 

"EAN 179.9 294.5 114.6 343.5 163.6 380.3 200.4 399.5 219.6 419.3 239.3 436.3 256.4 
S. D. 14 .3 27.8 20.4 32.1 22.9 40.7 33.0 43.4 36.0 44.3 36.6 51.1 42.9 
N- 5 5 5 5 5 5 5 5 5 5 5 5 5 

~_D==========c==c===m_=D=============~=c=======_=_c=========~=========D=_m===c==================_=c==============C=====D=mc,SO 	 4451 191.6 JJ3.4 141. 8 402.1 210.5 443.6 252.0 454.7 263.1 47J.0 281. 4 49J.3 301. 7 
4452 180.9 JOB .2 119.3 358.0 169.1 405.6 216.7 422.6 233.7 439.1 250.2 447.8 259.9 
4453 161.2 279.0 117.9 336.3 175.1 369.6 206.4 385.1 223.9 399.6 230.4 418.0 256.9 
445~ 169.9 284.~ 114.5 332.0 162.9 372.3 202.4 392.3 212.4 394.2 224.3 ~16.7 248.8 
4455 196. ~ 323.7 127.3 368.8 172.4 402.4 206.0 417.9 221. 5 43~.6 238.2 444.2 247.8 

HEI'IN 181. 6 305.7 124.1 359.6 178.0 399.7 217 .1 412.5 230.9 420.1 246.5 444.4 262.8 
S. D. 15.2 23.B 10.9 29.1 18 .7 30.1 20.2 29.9 19.5 32.2 21. 6 30.7 22.3 
N= 5 5 5 5 5 5 5 5 5 5 5 5 5 

=~g==D=C~C~~======~===D=~========~====~~=CD=D=DD===D=~=D~=========D==~D======~=====C==D=Dc=mm==c=c========~===========c===c 



THE DOW CHEMICAL COMPANY 
STUDY ID: 031079 

PAGE 167 

ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 6. Body WcightIBody Weight Gains Summary (G)- Metabolism Group (continued) 

DlIYS ON TEST 
lINIMAL 

MKD NOMBER 1 30 GlIIN 57 GlIIN as GlIIN 113 GlIIN 1<1 GlIIN ". GlIIN 
00" -------------------------------------------------------------------------------------------------~------

~~~=~~~~~~~~==~=~~~m~D~D~D~=D=D====~D=g=~DD~DD~DD======g=gD=~D~~~~D=====g~~g==DD~============~~~~=mD============~gD===~==== 

300 	 4471 195.1 299.3 104.2 350.9 155.8 391.1 196.0 414.2 219.1 435.3 240.2 455.0 259.9 
4472 171.1 299.0 127.9 350.0 176.9 394.9 223.8 419.6 248.5 441. a 270.7 457.4 286.3 
4473 181. 7 267.7 B6.0 295.4 113.7 325.9 144.2 341. 6 159.9 359.0 177.3 372.5 190.6 
4474 192.0 322.1 130,.1 371. 0 179.0 402.3 210.3 426.0 234.0 434.5 242.5 436.7 244.7 
4475 155.3 277. a 122.5 336.3 1Bl. 0 379.B 224.5 396.0 240.7 416.0 260.7 427.0 271.7 

HEliN 179.0 293.2 114.1 340.7 161. 7 378.B 199.B 399.5 220.4. 417 .3 236.3 429.7 250.7 
S. o. 16.3 21.2 16.7 28.2 26.6 30.7 33.2 34.2 35.5 34.0 36.4 34.4 36.B,- 5 5 5 5 5 5 5 5 5 5 5 ' 5 5w 

========~===~D=BD~=~==========~=~=~D==D==~~==========D=D=D==============DD===========~=~=~~=D==~===========~=~=m==~======== -- <00 4491 Hi1.8 303.2 141. 4 ••• •• • • •• ... .., ••• ... ••• ... • •• ...4492 172.4 307.2 134.B 371. 0 19B.6 415.3 242.9 443.6 271.2 nl. 9 299.5 
4493 196.5 346.2 149.7 407.9 211. 4 452.0 255.5 474.5 27B.O 497.6 301. 3 ... ... 
4494 177.9 273.2 95.3 314.9 137.0 354.2 176.3 363.6 165.7 375.1 197.2 ...4495 194.6 299.0 104.4 353.2 156.6 389.2 194.6 410.5 215.9 416.3 221.7 ••• 

160.6 305.8 125.1 361. B 176.4 402.7 217.3 423.1 237.7 440.3 254.9 
S.D. 	 26.2 23.9 3B.7 34.6 41. 3 37.9 47.5 44.4 55.2 53.5""'" 14.B,- 5 5 5 • • • • • • • • 0 0 

==D==~=====~===~=======================D===D=========~=~=m=D======D====~==D====================~==============m=====~=D==D= 

••• DEAD lINIMAL 

==D NO DATlI AVAILABLE fOR MEAN AND S.D. 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 6. Body Weight/Body Weight Gains Summary (G)- Metabolism Group (continued) 

DAYS ON TEST 
ANIMAL 
NUMBER 1 211 GAIN 218 GAIN 225 GAIN 232 GAIN 2J9 GAIN GFlIN 

DO" -------------------------------------------------------------------------------------------------------­
g~~DDZ~~~~~C===~D~gD=DD~===~=======~g========~=========~==c======C==D==~g==m=_=============g===mD============~ggDmm======== "" 	 '" 

a 	 4411 203.4 470.7 267.3 464.0 260.6 464.4 261.0 460.0 257.4 462.6 259.2 461.7 258.3 

4H2 178.5 415.9 237.4 412.1 233.6 418.3 239.8 417 .1 238.6 H9.7 241. 2 410.5 240.0 
4413 185.4 439.2 253.8 441. 7 256.3 441.2 255.8 443.9 258.5 444.1 258.7 444.8 259.4 
4414 190.0 524.7 334.7 526.4 336.4 535.3 345.3H 536.1 346.lU 539.7 349.7H 541.2 351.U 
HIS 164.0 407.6 243.6 404.3 240.3 409.4 244.4 407.0 243.0 407.9 243.9 408.5 244.5 

104.3 451. 6 267.4 449.7 265.4 453.5 269.3 453.0 2G8.7 454.8 270.5 454.9 270.7 
S. D. 14.5 47.6 39.3 49.1 41.2 50.6 43.4 51.1 44.1 52.0 45.0 52.6 45.8 
N- 5 5 5 5 5 5 5 5 5 5 5 5 5 
"""" 

w 
 ~========g=m===============g==D=m=====c======g=g=m================m_m===~~======g=g==m===========~g==g===D=====~=D======g== 


50 4431 184.7 471.5 296.8 472.6 287.9 472.8 288.1 413.5 288.8 472 .1 267.4 476.0 291.3
N 4432 174.9 415.8 241. 0 417.2 242.4 425.4 250.6 428.3 253.5 425.8 251. 0 423.2 248.4 

4433 156.6 H6.0 257.4 420.8 262.2 421. 8 263.2 421. 0 262.4 423.1 264.5 422.5 263.9 
4434 197.0 526.3 329.3 525.2 328.2 532.5 335.5 535.4 338.4 531.1 334.1 529.6 332.6 
4435 184.6 381. 9 197.3 393.0 209.2 394.0 209.4 399.1 214 .5 400.9 216.3 407.2 222.6 

179.9 442.3 262.4 445.9 266.0 449.3 269.4 451.5 271. 5 450.6 270.7 451. 7 271.8 
S.D. 14.3 56.9 49.5 52.8 45.1 54.5 46.7 54.2 45.9 51. 9 43.8 50.8 42.2 
No 5 5 5 5 5 5 5 5 5 5 5 5 5 
"""" 

======~===c====g=========~=======g===D==~========g=====m==~~===========D========c===~=g=m===~========~==g======~~========~= 

150 	 4451 191. 6 501. 6 310.0 496.4 304.8 503.4 311. B 504.1 312.5 505.1 313.5 506.3 314.7 
4452 168.9 460.5 211.6 459.4 270.5 459.7 270.8 464.0 275.1 461. 4 272.5 460.0 271.1 
4453 161. 2 424.8 263.6 424.8 263.6 428.9 267.7 428.6 267.4 430.9 269.7 432. a 271. 6 
4q54 169.9 425.4 255.5 427.2 257.3 427.4 257.5 431.0 261.1 432.1 262.2 434.9 265.0 
4455 196.4 449.8 253.4 456.8 260.4 454.1 257.7 453.3 256.9 453.6 257.2 454.5 258.1 

181. 6 452.4 270.8 452.9 271. 3 454.7 273.1 456.2 274.6 456.6 275.0 457.7 276.1""'N 
S. D,. 15.2 31. 6 23.1 29.2 19.3 30.9 22.4 30.7 22.3 30.2 22.3 29.7 22.3 
N- 5 5 5 5 5 5 5 5 5 5 5 5 5 

=m==~=========~=~====~=====~~===mD===~~=~==~g===m~=~=======~=mm===============~========~========~=========~=========g====~= 

" STATISTICAL OUTLIERS INCLUDED. 
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ETHYLENE GLYCOL: I2-MONTH DIETARY TOXICITY STUDY IN WrSTAR HAN RATS 

APPENDIX TABLE 6. Body Weight/Body Weight Gains Summary (G)- Metabolism Group (continued) 

DAYS ON TEST 
ANIMAL 

"" NUMBER 1 211 GAIN 210 GAIN 225 GAIN 232 GAIN 239 GAIN 246 GAIN 
DO" -------------------------------------------------------------------------------------------------------­
==~===~=DD====~======D~=~=D==D=m=~==~D=============DD============~===D================D======================D=D=D======== 

300 	 4471 195.1 460.0 264.9 467.0 271.9 467.4 272 .3 469.1 274.0 466.7 271. 6 470.5 275.4 
4472 171.1 465.5 294.4 465.0 293.9 466.6 295.5 465.5 294.4 467.3 296.2 471.1 300.0 
4473 181.7 379.5 197.8 382.4 200.7 379.7 198.0 378.7 197.0 380.B 199.1 381.1 199.4 
4474 192.0 442.4 250.4 448.6 256.6 448.2 256.2 453.6 261. 6 441. 9 249.9 437.6 245.6 
4475 155.3 436.3 281. 0 442.5 287.2 444.1 298.8 449.3 294.0 445.5 290.2 446.7 291.4 

179.0 436.7 257.7 441.1 262.1 441.2 262.2 443.2 264.2 440.4 261. 4 441. 4 262.4""'" 16.3 34.2 37.4 34.4 37.2 39.0 37.0 40.1 35.3 39.2 36.8 40.9S. D. 	 36.0 ,. 5 5 5 5 5 5 5 5 5 5 5 5 5 
=============DD~==D================D==mD=D================D=DD__==============D=D=D=============DD====D==================== 

w 
w 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 6. Body Weight/Body Weight Gains Summary (G)- Metabolism Group (continued) 

DAYS ON TEST 
ANIMAL 

"KO NUMBER 1 253 GAIN 260 GAIN 267 GAIN GAIN 281 GAIN 2BB GA.IN 
00" -------------------------------------------------------------------------------------------------------­

'" ~~g=C~=D~D==g=D=g=DD====~==================~=g~DD=~==========================CC===DD===DDD=======================C=g=g=DDD 

0 	 4411 203.4 466.5 263.1 469.5 266.1 471. 0 267.6 470.4 267.0 474.7 271. 3 479.3 275.9 
H12 178.5 417.3 238.8 419.7 241. 2 421.5 243.0 423.9 245.4 429.2 250.7 432.5 254.0 
4413 165.4 446.2 260.8 451.3 265.9 450.6 265.2 451.2 265.9 452.9 267.5 445.3 259.9 
H14 190.0 544.1 354.1 546.6 356.6 552.1 362.1 552.1 362.U 557.7 367.7" 564.0 374. O~ 
4415 164.0 406.4 244.4 415.1 251.1 415.7 251. 7 414.9 250.9 422.3 256.3 422.3 258.3 

164.3 456.5 272.2 460.4 276.2 462.2 277.9 462.5 276.2 467.4 263.1 466.7 264.4 -.. 	 H"'" 
W 	 S.D. 14.5 54.2 46.9 53.2 46.2 55.0 46.1 54.7 47.6 54.6 46.0 57.5 50.6 

,,~ 5 5 5 5 5 5 5 5 5 5 5 5 5 
==D===================~g~===g=g====g=====DDD===========================g=Dm===========================~c=========D=D=D===== 

50 	 4431 164.7 475.2 290.5 464.0 299.3 466.5 303.6 485.7 301. 0 466.7 304.0 490.0 305.3 
4432 174.6 421. 2 246.4 420.9 246.1 425.7 250.9 424.4 249.6 431. 7 256.9 433.7 256.9 
4433 158.6 424.0 265.4 426.8 266.2 428.5 269.9 425.9 267.3 431. 3 272.7 434.8 276.2 
4434 197.0 527.5 330.5 533.9 336.9 540.9 343.9 540.2 343.2 545.6 346.6 555.4 358.4 
4435 184.6 408.9 224.3 414.8 230.2 415.1 230.5 417.0 232.4 417.6 233.0 406.4 221. 6 

MEAN 179.9 451. 4 271.4 456.1 276.1 459.7 279.6 458.6 278.7 463.0 283.0 464.1 264.1 
S. D. 14 .3 49.6 41.0 51. 6 42.7 53.7 44.9 53.3 44.1 53.7 44.8 59.4 51.4 
N- 5 5 5 5 5 5 5 5 5 5 5 5 5 

=========gC=g======D======================gc=g====gm==Dm==================~~===g==g=m==m==D====================C=g==g=g==m= 

1SO 	 4451 191. 6 509.6 318.2 513 .3 321. 7 520.1 328.5# 517.2 325.6 525.3 333.7 526.9 335.3" 
4452 166.9 463.8 274.9 469.0 260.1 465.6 276.7 466.0 277 .1 466.2 279.3 467.0 278.1 
4453 161.2 432.9 271.7 438.2 277.0 442.0 280.6 440.4 279.2 446.7 265.5 446.2 265.0 
H54 169.9 435.9 266.0 HO.5 270.6 442.9 273.0 441.3 271.4 444.5 274.6 445.2 275.3 
4455 196.4 454.4 258.0 459.4 263.0 463.7 267.3 461.1 264.7 467.0 270.6 470.0 273.6 

H!:AN 181. 6 "459.4 277.6 464.1 282.5 466.9 285.3 465.2 263.6 470.3 268.7 471.1 289.5 
S. D. 15.2 31. 0 23.5 30.4 22.9 31. 6 24.7 31. 3 24.1 32.6 25.7 33.3 26.0 
N= 5 5 5 5 5 5 5 5 5 5 5 5 5 

====gg~====B=D~D===~=~C==C===~=g=g====_=g==Dg__D==D===_=======DCDg=g=g==~mD~=D====~D~C====D=D=====D====_==C===gg=c=g==ggg=g 
" STATISTICAL OUTLIERS INCLUDED. 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 6. Body WeighllBody Weight Gains Summary (G)- Metabolism Group (continued) 

DAYS ON TEST 
00", 	 ANIMAL -------------------------------------------------------------------------------------------------------­

NUMBER 1 253 GAIN 26' GAIN '67 GAIN 27. GAIN 281 GAIN '08 GAIN 

~~=======DD==========DDDDD=======~DDD===========D=D=======_==DD=D~~====~===DDD=======================D_=========_===DeD==:"" 
300 	 4471 195.1 469.9 274.9 476.1 281.0 480.6 295.5 477.4 262.3 497.2 292.1 489.2 294.1 


4472 171.1 470.0 298.9 477 .0 305.9 468.7 297.6 473.9 302.8 478.3 307.2 477.4 306.3 

4473 191. 7 381.7 200.0 363.0 201. 3 385.7 204.0 385.1 203.4 390.4 209.7 392.7 211. 0 

4474 192.0 445.7 253.7 451. 6 259.8 446.9 256.9 444.7 252.7 448.7 256.7 459.3 267.3 

H75 155.3 449.2 293.9 453.6 296.3 455.0 299.7 454.0 29B.7 456.9 303.6 462.5 307.2 


w MEAN 179.0 443.3 264.3 446.3 269.3 447.8 268.7 447.0 268.0 452.7 273.7 456.2 277.2 
~ S.D. 16.3 36.2 40.1 38.4 41.9 36.8 40.0 37.2 41.1 38.0 41. 4 37.5 40.4
,- 5 5 5 5 5 5 5 5 5 5 5 5 5 


D~DD============D===========g=D==========m=============================D===~========DD=D~=========__D~==============D====== 
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ETHYLENE GLYCOL: 12·MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 6. Body WeightIBody Weight Gains Summary (0)- Metabolism Group (continued) 

DAYS ON TEST 
00'" 	 ANIMAL -------------------------------------------------------------------------------------------------------­
"" NUMBER 1 295 GAIN '02 GAIN 'DO GAIN GAIN 323 GAIN 330 GAIN31' 
~Da~~~~==~~=~=~~e~======c========~============e=e~=~===========~e==a==============================eD====C=======e==a======= 

0 	 4U1 203.4 465.0 281. 6 462.3 278.9 496.1 284.7 465.6 282.4 495.2 281. 8 468.3 264.9 
4412 178.5 436.2 257.7 426.7 246.2 432.5 254.0 434.5 256.0 433.5 255.0 439.3 259.6 
4413 195.4 460.0 274.6 466.0 280.6 467.7 282.3 472 .0 296.6 469.9 294.5 472.8 2B7.4 
4414 190.0 566.6 376.9~ 570.7 360.7 579.7 369.7 591.6 391. B 575.6 365.8 594.5 394.5 
4415 164.0 427.7 263.7 423.6 259.6 426.1 262.1 429.5 265.5 426.8 262.6 432.8 268.6 

""N 164.3 475.1 290.9 473.9 269.6 476.8 294.6 460.7 296.5 476.2 294.0 463.3 299.1 
w S.D. 14 .5 55.9 46.9 59.7 52.7 61. 9 54.9 61.4 54.7 59.9 52.6 61.1 54.5 

" 
~ 

No 5 5 5 5 5 5 5 5 5 5 5 5 5 
==~=e===~========~=e==D=z=========e====m==============__~=================m==============~=====c===========m====c==c======= 

4431 164.7 492.1 307.4 495.6 311.1 497.0 312.3 502.6 317.9 502.3 317.6 504.6 320.1 
4432 174.6 432.6 257.6 428.7 253.9 431. 9 257.0 437.9 263.0 436.2 263.4 '444.0 269.2 
4433 158.6 436.0 279.4 431. 9 273.3 434.2 275.6 437.1 279 .5 437.3 278.7 442.7 264.1 
4434 197.0 557.7 360.7 564. 6 367.6 569.6 372.6 569.4 . 372.4 56B.3 371.3 584.1 367.1 
H35 184.6 368.1 203.5 368.5 203.9 413.7 229.1 416.0 231. 4 420.9 236.3 427.3 242.7 

-

MEAN 179.9 461.7 281.6 461.9 262.0 469.3 289.3 472.6 292.6 473.4 293.5 460.6 300.6 
S.D. 14.3 65.1 58.3 69.1 61.5 64.3 55.5 63.1 54.4 61. 5 52.5 65.0 55.8 
N° 5 5 5 5 5 5 5 5 5 5 5 5 5 

=================D~================~============a====c=========~==============~=========c======================c====c====== 

I" 	 4451 191. 6 530.2 3J8.6~ 530.4 338.6H 535.5 343.9 536.6 345.0 536.9 345.3 538.4 346.8H 
4452 16B.9 471. 1 262.2 469.9 281. 0 478.9 289.9 419.5 290.6 481. 9 293.0 495.9 297.0 
4453 161. 2 450.6 299.4 44B.0 266.6 452.1 290.9 457.5 296.3 456.9 295.6 460.4 299.2 
4454 169.9 447.3 277.4 444.4 274.5 452.0 282.1 454.6 284.9 456.9 287.0 460.6 290.7 
4455 196.4 471. 2 274.8 469.4 273.0 469.1 272.7 472.7 276. J 470.9 274.5 493.6 267.2 

M',," 161. 6 474.1 292.5 472 .4 290.8 477.5 295.9 460.2 298.6 480.7 299.1 485.6 304.2 
S. D. 15.2 J3.3 26.4 34.5 27.4 34.4 27.8 33.2 27.0 33.1 27.1 31. 9 24.3 
N- 5 5 5 5 5 5 5 5 5 5 5 5 5 

D====~=====~=C=D==~~C~====~=====~===============~=======m==~D========~===~CD==============DCCD===============c============= 

~ STATISTICAL OUTLIERS INCLUDED. 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 6. Body Weight/Body Weight Gains Summary (G)- Metabolism Group (continued) 

OAYS ON TE:ST 
00" 	 ANIMAL -------------------------------------------------------------------------------------------------------­
"'D 	 NUMBER 1 295 GAIN 302 GAIN 309 GI'IIN 316 GI'IIN J2J GAIN 330 GAIN 

~~DDDDDDDD~~======~=c=~DmcDDDcDDC~=========mDDDDDD=D==========mc~DDDDDC==C~=========cmDmcDcDDD============mcmCDccmDmDC==== 

300 	 4471 195.1 486.1 291. 0 484.5 289.4 489.3 294.2 494.0 298.9 492.9 297.8 499.0 303.9 

4472 171.1 475.9 304.8 480.2 309.1 481.2 310.1 4B2.7 311. 6 484.9 313.8 491. B 320.7 

4473 181. 7 397.4 215.7 389.1 207.4 396.3 214.6 396.5 214 .8 391.8 210.1 396.7 215.0 

4414 192.0 458.6 266.6 453.2 261.2 454.8 262.8 461.2 269.2 460.1 268.1 44B.9 256.9 

4475 155.3 459.4 304.1 457.5 302.2 461.4 306.1 464.0 309.5 462.7 307.4 469.3 313.0 


MEI\.N 179.0 455.5 276.4 452.9 273.9 456.6 277.6 459.8 2BO.8 458.5 279.4 460.9 281. 9 

S.D. 16.3 34.5 37.3 38.2 41.4 36.5 39.8 37.8 40.6 39.0 42.5 41. 0 44.9,.w 	 5 5 5 5 5 5 5 5 5 5 5 5 5


DD=C========mmcmDDmCDCD=======C===mmmmmmmmDDCC==========cmCDDDDDCCDC=========mmmDDmUDCDCCC=======mcmmCDmmDCDcCCC========mmm 
~ 
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ETHYLENE GLYCOL: I2-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 6. Body Weight/Body Weight Gains Summary (0)- Metabolism Group (continued) 

DAYS ON 'rEST 
DOSE 	 ANIMAL ---------------------------------------------------------------------------------------­
HKO 	 NUMBER , GAIN ,« GAlN GAIN J5e GAIN 365 GAIN'"=====gg~DD~DDDDD~=========~=g===DD~DD=D===D=======g=~g=ggD=mDDD=~=D=g===============m===D==~============~g= '" 
0 	 4411 203.4 492.7 289.3 495.7 292.3 498.4 295.0 502.3 298.9 507.9 304.5 

4412 178.5 438.7 260.2 445.4 266.9 446.0 267.5 448.0 269.5 448.3 269.8 
4413 185.4 477.0 291. 6 H7.9 292.5 480.8 295.4 461. 6 296.2 486.9 301.5 
4414 190.0 -589.2 399.2 592.4 402.4~ 602.6 412.6# 603.8 413.9" 607.7 417.7 
Hl5 164.0 436.0 272.0 436.5 274.5 443.4 279.4 446.6 292.6 447.1 283.1 

MEAN 184.3 486.7 302.5 490.0 305.7 494.2 310.0 496.5 312.2 499.6 315.3 
w S.D. 14.5 62.3 55.6 61. 9 55.2 64.9 58.5 64.4 58.0 65.8 58.9 
~ 5 5 5 5 5 5 5 5 5 5 5'"=D~=D===============g==Dm=D===============g==D=D=D~D~===========~=g~g==DmD==~=============g=g====D==D====== 

50 	 H31 184.7 509.8 325.1 515.1 330.4 514.3 329.6 513.9 329.2 516.3 331.6 
4432 174.8 451.1 276.3 452.3 277.5 452.5 277.7 455.6 280.9 456.5 281.7 
4433 1,58.6 446.4 287.8 446.6 288.0 444.6 286.0 448.8 290.2 447.2 298.6 
4434 197.0 594.6 387.6 588.0 391. 0 603.3 406.3 602.8 405.9 599.5 402.5 
4435 184.6 432.4 247.8 431. 7 2H.l 430.9 246.3 438.7 254.1 440.5 255.9 

MEAN 179.9 484.9 304.9 466.7 306.8 489.1 309.2 492.0 312.0 492.0 312.1 
S.D. 14.3 63.1 53.9 65.0 55.7 11.4 61. 9 68.5 58.9 67.2 57.4 ,. 5 5 5 5 5 5 5 5 5 5 5 

===~=D==g=D========D=====~==D=mD==D======D=======m====mD===mDgD=========~======D=D=====~D==============_=D 

'50 	 4451 191.6 551. 4 359.8# 551. 7 360.H 554.3 362. 7~ 560.5 368.9H 557.4 365.8 
4452 188.9 489.4 300.5 496.9 308.0 496.6 307.7 497.0 308.1 509.5 320.6 
4453 161.2 460.6 299.4 465.0 303.8 465.0 303.8 467.9 306.7 467.2 306.0 
4454 169.9 459.6 289.9 467.6 297.7 467.3 297.4 470.0 300.1 469.2 299.3 
4455 196.4 494.5 288.1 499.7 293.3 493.2 296.8 498.1 301.7 492.5 296.1 

H""" 181. 6 489.1 307.5 494.2 312.6 495.3 313.7 496.7 317.1 499.2 317.6 

"" 
S. D. 15.2 31.3 29.7 35.0 27.2 36.0 27.8 37.4 29.1 37.0 28.6 

5 5 5 5 5 5 5 5 5 5 5 
==D~~==========~==g==DD=D~==D=====~~~=_==~D~=~=~======~===g==DD=D~===D~=========~~=======DmD=D~D~D=~======= 

H STATISTIC~L OUTLIERS INCLUDED. 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WrSTAR HAN RATS 

APPENDIX TABLE 6. Body WeightIBody Weight Gains Summary (0)- Metabolism Group (continued) 

DAYS ON TEST

00" ANIM1I.L ---------------------------------------------------------------------------------------­
"" NUMBER 1 337 GAIN m GAIN m GAIN 358 GAIN 365 GAIN 

=~====~=g=g=~DgDg~~~=g============zm=D==~=============g=gmmg==~===========g=g=g=g==g=D====~g============~= 

30O 	 4471 195.1 504.0 308.9 507.4 312.3 508.9 313. B 509.3 314.2 509.8 314.7 

4472 171.1 495.0 323.9 494.9 323. B 497.8 326.7 498.8 327.7 500.6 329.5 

4473 181. 7 399.4 217.7 398.4 216.7 405.9 224.2 404.4 222.7 405.6 223.9 

4474 192.0 458.1 266.1 449.2 257.2 455.3 263.3 445.7 253.7 446.3 254.3 

4475 155.3 nO.4 315.1 478.6 323.3 473.8 318.5 490.4 325.1 478.1 322.8 


179. a 465.4 286.3 465.7 286.7 468.3 289.3 467.7 288.7 468.1 289.0w 

'" 

s. D. 44.4 40.7 


5 5 5 5 5 5 5 5 5 5 5 

""'" 16.3 41.2 43.5 47.8 44.1 42.9 47.6 42.7 47.1

"­
============g==~m=m=D=================g==D==~==============g~==~========================D==~===========g=g= 
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ETHYLENE GLYCOL: I2-MONTH DIETARY TOXICITY STUDY IN wrSTAR HAN RATS 

APPENDIX TABLE 7. Body WeightIBody Weight Gains Summary (G) - Oxalate Clearance Group 

DAYS ON TEST 
oo'E 	 ANIMAL -------------------------------------------------------------------------------------------------------­
MW 	 NUMBER 1 30 GAIN GAIN 85 GAIN 113 GAIN 141 GAIN GAIN 
~DmDDDDDDD~======~==~=DDDDDDDD====C======D====D=====C=========~=~==D=DD========c=======~==DDD=D===C=C=cc========D=DDD=D===~ " '" 
0 	 4416 196.0 326.5 130.5 377.6 181. 6 416.1 220.1 436.1 240.1 H8.5 252.5 464.5 269.5 

4411 189.9 323.1 133.2 313.0 183.1 406.1 216.2 431.4 241.5 456.6 266.7 481.7 297.8 
4418 179.6 314.3 134.1 352.2 172.6 400.2 220.6 436.3 256.1 465.9 286.2 477.6 296.0 
4419 190.0 286.4 96. 4~ 333.7 143.7 376.8 186.8 400.5 210.5 417.1 221.1 427.2 237.2 
4420 162.2 301. 5 139.3 354.7 192.5 390.7 228.5 405.5 243.3 419.4 257.2 438.5 276.3 

MEAN 183.5 310.4 126.8 358.2 174.1 398.1 214.6 423.2 239.6 441.5 251.9 459.1 275.6 
S. D. 13.3 16.5 17.3 11.6 19.7 15.2 16.1 18.5 17.4 22.1 21. 5 25.6 25.1, , , , , , , , , , , , ,w 	 N­

N 
0 

==DD====C============~D=======================DDD=============~==D==D~======================D=D=D=C==========~====D=D=D=== 

50 	 4436 191. 8 254.9 63.0 305.6 113.8 353.9 162.1 374.1 192.3 389.1 197.3 390.4 198.6 
4437 HiO.2 293.8 133.6 355.3 195.1 393.9 233.1 409.7 249.5 429.0 268.8 448.5 288.3 
4436 200.5 302.4 101. 9 340.1 140.2 386.2 185.1 417.4 216.9 424.8 224.3 455.9 255.3 
4439 177.8 287.6 109.8 329.5 150.1 372.6 195.0 382.3 204.5 399.6 221. 8 416.0 240.2 
4440 195.7 315.9 130.2 361.2 181.5 402.3 216.6 411.4 225.1 426.6 240.9 436.3 250.6 

MEAN 183.2 290.9 101.1 339.5 156.3 381. 8 198.6 399.0 215.8 413 .8 230.6 429.8 246.6 
S.D. 15.3 22.6 28.3 23.9 32.5 19.0 21.1 19.4 24.9 18.2 26.4 26.3 32.3 
N- , , , , , , , , , , , , , 

===================D==============mDDD=====C===========D===D=D=====C======~=~==D======DD==C=============DD==DDDe=====c===== 

150 	 4456 189.0 321.1 132.7 379.7 190.7 419.7 230.1 420.6 231. 6 452.4 263.4 479.2 290.2 
4457 169.5 278.6 109.1 325.2 155.1 361. 5 192.0 313.1 203.6 379.2 209.1 397.7 228.2 
4458 199.8 329.7 129.9 385.3 185.5 414.9 215.1 429.3 229.5 439.3 239.5 466.9 267.0 
4459 160.1 293.0 122.9 314.2 154.1 348.0 187.9 356.2 196.1 375.4 215.3 381. 7 221.6 
4460 191.1 312.7 131. 6 366.8 185.7 396.0 214.9 410.8 229.7 431. 6 250.5 440.1 259.0 

M""N 119.9 305.1 125.2 354.2 174.3 388.0 208.1 399.0 218.1 415.6 235.7 433.1 253.2 
S. D. 15.7 23.1 9.8 32.5 11.9 32.0 17.8 31.7 16.9 35.8 22.9 42.4 28.4 
No , , , , , , , , , , , , , 

=====C===~~============C=====~=======~====m====C=======C=====~==~c================DDC~=========C============~=D=DDD=D===== 

# STATISTICAL OUTLIERS INCLUDED. 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WI STAR HAN RATS 

APPENDIX TABLE 7. Body Weight/Body Weight Gains Summary (G)- Oxalate Clearance Group (continued) 

DAYS ON TEST 
OOSE 	 ANIHAL -------------------------------------------------------------------------------------------------------­
"" NUMBER 1 3D GAIN 57 GAIN 85 GI'IIN 1lJ GAIN 1<1 GAIN 20. GAIN 
~~======~=~=======DD~~=~=======c==============mm=D=========================D==e========~=========~============mmK===~====== 

300 	 4476 181. 6 302.0 120.4 358.3 176.7 395.8 214.2 410.5 22B.9 429.1 246.5 4B.9 262.3 
4477 159.8 275.9 116.1 290.8 131. 0 378.9 219.1 394.7 234.9 412.5 252.7 425.4 265.6 
4479 172.6 275.3 102.7 320.3 147.7 362.7 190.1 395.9 223.3 414.9 242.3 429.2 256.6 
4479 204.8 337.7 132.9 367.7 182.9 429.7 224.9 465.5 260.7 490.4 285.6 512.8 308.0 
4480 184.8 307.4 122.6 361. 3 176.5 411.2 226.4. 434.7 249.9 464.3 279.5 469.0 264.2 

MEAN 180.7 299.7 118.9 343.7 163.0 395.7 214.9 420.3 239.5 442.0 261. 3 456.1 275.3 
S.D. 16.6 25.9 11.0 3B.l 22.5 26.3 14.7 30.0 15.4. 34.1 19.9 36. a 21.0 

w N- 5 5 5 5 5 5 5 5 5 5 5 5 5 
N =====m=D=m===~==============~======mmD======~===~===============g==m=mm=m=e==~================~======m=gmDD_====~=~=======c 

400 	 4496 161.2 287.0 125.8 340.1 178.9 374.4 213.2 379.7 217.5 366.1 204.9 ... 
4497 205.J 342.1 136.6 409.3 204.0 443.9 238.6 434.5 229.2 440.3 235.0 ••• ••• 
4498 185.4 287.1 101.7 338.6 153.2 3B8.3 202.9 406.8 221. 4 408.1 222.7 ••• • •• 
4499 194.9 313.7 128.8 355.4 170.5 384.6 199.7 391.1 206.2 381. 6 196.7 
4500 178.9 296.8 107.9 326.2 147.3 361.2 192.3 374.1 195.2 394.9 206.0 ••• ••• 
"EAN 18J .1 303.3 120.2 353.9 170.8 390.5 207.3 397.0 213.9 396.2 213 .1 
S.D. 15.8 24.6 14.8 32.6 22.5 31. 7 20.7 24.5 13.3 28.9 15.5 
N- 5 5 5 5 5 5 5 5 5 5 5 0 0 

=====================DDD===========================D=_===========c=======================~==============~=======D====~===== 

•• "' DEAD ANIMAL 

De= NO DATA AVAILABLE FOR MEAN AND S.D. 
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ETHYLENE GLYCOL: 12·MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 7. Body Wcight/Body Weight Gains Summary (G)- Oxalate Clearance Group (continued) 

DAYS ON TEST______________ L _________________________________________________________________________________________ 

00"' ANIMA!. 


'" NUHBER 1 211 GAIN 2lB GAIN 225 GAIN 232 GAIN 239 GAIN 24' GAIN 

~~~=====~=====================D=====~=~=============================D~====~====================c=========================== 


0 	 4416 196.0 468.4 272.4 467.8 271. 8 471.4 275.4 478.6 282.6 475.1 279.1 461. 5 285.5 
4417 189.9 491.0 307.1 496.6 306.7 499.6 309.1 500.6 310.1 499.3 309.4 498.9 309.0 
4410 119.6 408.9 309.3 48B.8 309.2 499.9 310.3 ~96.3 316.1 469.1 310.1 409.3 309.1 
4419 190.0 433.0 243.8 439.8 249.8 436.9 246.9 438.5 248.5 431. 2 2~1. 2 432.5 242.5 
4420 162.2 441.9 265.1 446.8 284.6 452.5 290.3 453.6 291. 4 446.3 284.1 452.3 290.1 

183.5 467.2 283.7 468.0 284.4 470.5 296.9 413.5 290.0 468.3 284.8 410.9 297.4 
S.D. 26.7 	 25.2 26.9 28.9""" 13.3 27.0 25.0 24.8 25.8 27.0 26.2 27.6 27.3,- 5 5 5 5 5 5 5 5 5 5 5 5 5 

W =D==~==~=========~========D==========m===m~~=~===================================mD=m===~=~===~============================
N 
N 5' 	 4436 191. 8 402.3 210.5 400.1 216.3 408.1 216.3 406.9 215.1 402.0 210.2 403.4 211.6 

4437 160.2 456.0 295.0 458.7 296.5 458.3 296.1 ~64.9 304.7 463.4 303.2 463.4 303.2 
H30 200.5 459.0 259.3 460.2 259.7 465.5 265.0 465.7 265.2 463.3 262.6 459.8 259.3 
4439 177 .8 416.9 239.1 424.7 246.9 425.4 241.6 429.4 251. 6 426.0 246.2 434.2 256.4 
4440 185.7 440.5 254.0 HO.1 254.4 441. 9 256.2 443.5 251.8 444.5 258.6 443.2 257.5 

MEAN lB3.2 435.1 251. 9 436.4 255.2 439.9 256.6 442.1 256.9 439.8 256.6 440.6 257.6 
S.D. 15.3 24.9 31.1 22.3 29.5 23.6 29.6 24.9 32.1 26.2 33.3 24.1 32.4 ,- 5 5 5 5 5 5 5 5 5 5 5 5 5 

=============Dm===================================&====~=================================D====~=~=~=~=====~=========e====== 

lSO 	 4456 199.0 467.9 298.9 484.7 295.7 493.4 304.4 494.7 305.7 407.0 298.0 493.1 304.1 
4457 169.5 402.4 232.9 399.6 230.1 403.3 233.8 401.7 232.2 400.9 231. 4 399.6 230.1 
4458 199.8 471.3 2i1. 5 .476.7 276.9 400.9 281.1 4i9.1 279.3 479.3 278.5 485.5 265.7 
4459 160.1 381.2 227.1 386.3 226.2 390.8 230.7 391. 4 231.3 391. 0 230.9 396.4 236.3 
H60 161.1 455.7 274.6· 459.5 27B.4 460.8 279.7 463.6 282.5 465.0 203.9 462.4 291. 3 

"EM 179.9 440.9 261. 0 441. 4 261.5 445. B 265.9 446.1 2"66.2 444.4 264.5 447.4 267.5 
S. D. 15.7 43.9 30.3 45.4 31.3 46.2 32.3 46.7 33.1 45.1 31.3 46.5 32.5 
N- 5 5 5 5 5 5 5 5 5 5 5 5 5 

=~=======D==~=m~=============~=========e=~==~=======~=====~==================m=D===~========D=========~==Dg==============D 
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ETHYLENE GLYCOL: 12·MONTH DIET AR Y TOXICITY STUDY TN WIST AR HAN RATS 

APPENDIX TABLE 7. Body WeighllBody Weight Gains Summary (G)- Oxalate Clcornnce Group (continued) 

01l'iS ON TEST 
0050 	 ANIMAL -------------------------------------------------------------------------------------------------------­
"" NUMBER 1 211 GAIN 21B GAIN 225 GAIN 232 GAIN 239 GAIN 20' GAIN 
======~g=~D_D~g~~===========D==g===DD=DD==================g=DDD=====~=============g=D=DD=D================g=_DC=D=D==C==== 

300 	 H76 191. 6 449.3 267.7 456.6 275.0 461.6 280.0 459.3 277.7 459.2 277.6 457.9 276.3 
4477 159.8 432.5 272.7 429.8 270.0 435.5 275.7 436.6 276.8 436.0 276.2 435.3 275.5 
4478 172.6 422.7 250.1 ... ... • •• .,. ... • •• ••• • •• • •• ....,.4479 204.6 517.6 312.8 512.2 307.4 ••• ... ... ... • •• ••• ... 
4460 184.8 474.2 289.4 481. 9 297.1 486.7 301. 9 492.5 297.7 482.6 297.8 482.3 297.5 

MEliN 180.7 459.3 276.5 470.1 287.4 461.3 285.9 459.5 284.1 459.3 283.9 458.5 263.1 
s. D. 16.6 38.0 23.7 35.2 17.8 25.6 14.1 23.0 11.8 23.3 12.1 23.5 12.5, , ,w N-	 4 4 J J J J J J J J 

================~DD===================g=g=gD==D================g=g==D=~=================g=g=DD=D================gg===DD===i:l 
.. H DElIO ANIMAL 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

,APPENDIX TABLE 7. Body WeightfBody Weight Gains Summary (G)- Oxalate Clear.lnce Group (continued) 

DAYS ON TEST 
ANIMAL00"' -------------------------------------------------------------------------------------------------------­,,, 	 ,,,MKO 	 NUMBER 1 2SJ GAIN GAIN GAIN GAIN GAIN GAIN'" '" =~=~=c===~C===DCDDCCDDC==D========c======c=======e==c=CDC=C=CCC=====================ceC=D=DD=mDDDC=CCC============c==c===ce '" 

0 	 H16 196.0 475.5 279.5 490.1 294.1 490.5 294.5 486.3 290.3 484.2 288.2 4B2.5 296.5 
4417 199.9 502.1 312.2 502.7 312.8 508.2 318.3 508.7 31B.8 517.4 327.5 518.2 328.3 
4418 179.6 491.7 312.1 496.2 316.6 501. 4 321. B 499.3 319.7 506.3 326.7 508.0 329.4 
H19 190.0 434.0 244.0 439.7 249.7 442.6 252.6 443.3 253.3 445.3 255.3 445.9 255.9 
4420 162.2 452.2 290.0 456. 7 294.5 459.1 296.9 456.2' 294.0 465.1 302.9 465.9 303.7 

MEAN 183.5 471.1 287.6 477 .1 293.5 480.4 296.8 478.8 295.2 483.7 300.1 484.1 300.6 
S. O. 13.3 28.0 2B.2 27.4 26.6 2B.3 27.6 28.0 27.1 29.4 30.1 29.7 30.6,- 5 5 5 5 5 5 5 5 5 5 5 5 5 

W =gDDDC=CC=C=============C=C==========cgce===mmcc_====c=D==================ce=c========ccmccc=cc=c====================cc==== 
N 50 	 4436 191. 8 404.4 212.6 409.1 217.3 409.3 217.5 408.5 216.7 413.4 221. 6 414.2 222.4.. 

4437 160.2 465.3 305.1 467.4 307.2 470.1 309.9 472.5 312.3 472 .1 311. 9 476.7 316.5 
4438 200.5 463.1 262.6 468.2 267.7 469.9 269.4 472 .1 271. 6 475.9 275.4 477 .1 276.6 
4439 177.8 432. fI 255.0 441. 0 263.2 444.2 266.4 438.6 260.9 442.9 265.1 HfI.4 270.6 
4440 195.7 440.9 255.2 449.4 263.7 451. 7 266.0 453.2 267.5 454.3 268.6 455.9 270.2 

ME," 183.2 441. 3 258.1 447.0 263.9 449.0 265.fI 449.0 265.8 451.7 268.5 454.5 271.3 
S.D. 	 15.3 24.9 32.9 24.2 31. 9 24.9 32.8 26.7 34.0 25.3 32.2 25.8 33.4 

5 5 5 5 5 5 5 5 5 5 5 5 5"­
=======C====C==DCCCC=DCDDDCCCCC=================ec==c===C=Dcm=mDD=C==C======C======~===~~~c==cc======D==C=C=c=e=e==C=D===== 

150 	 4456 189.0 466.5 291.5 497.6 308.6 503.1 314.1 495.5 306.5 499.2 310.2 504.0 315.0 
4457 169.5 399.0 229.5 407.5 238.0 407.3 237. B 402.6 233.1 40B.0 238.5 409.6 240.1 
4458 199.fI 4f14.2 264.4 485.7 2B5.9 491. 2 291. 4 489.1 269.3 492.7 292.9 492.3 292.5 
4459 160.1 396.9 236.fI 400.1 240.0 402.9 242.8 403.8 243.7 405.7 245.6 407.4 247.3 
4460 181.1 462.9 291. 8 466.9 265.8 466.2 287.1 463.9 2f12.fI 470.5 269.4 472.3 291. 2 

M"," 179.9 445.9 266.0 451. 6 271.7 454.5 274.6 451. 0 271.1 455.2 275.3 457.1 277 .2 
5. D. 15.7 44.7 30.7 45.0 31.2 46.9 33.0 45.2 31.3 45.4 31.5 45.9 32.1,- 5 5 5 5 5 5 5 5 5 5 5 5 5 

===~==~C===DCD=DD===========C=======e===cmDD~DD~===C===============~e=====DDDD==DDcem====cm=c=c=====~============e==cece=== 
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ETHYLENE GLYCOL: I 2·MONTH. DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 7. Body WeightIBody Weight Gains Summary (0)- Oxalate Clearance Group (conlinued) 

DAYS ON TEST 

"" 
ANIMAL 
NOMBER 1 253 GAIN 260 GUN 267 GAIN 274 GAIN 291 GAIN 2BB GAIN 

00" -------------------------------------------------------------------------------------------------------­
~_~_~DDD=D=_=~C====c====_=D~=DDDm==================~~DDDD~====D=DC==========~=D=D=======c===========~=D=D=D================ 

JOO 	 4476 181. 6 460.8 279.2 467.7 286.1 465.8 284.2 470.4 288.8 472.6 291. 0 474.7 293.1 
4477 159.8 436.3 276.5 441. 5 281. 7 440.2 280.4 438.6 278.8 443.8 284.0 445.6 285.8... ... ... 	 ...4478 172.6 ••• ••• ••• ••• • •• ••• 	 ••• 
4479 204.8 ... ••• ••• ... • •• ••• • •• ... • •• '" 	 '" 
4480 184.8 485.9 301.1 492.1 307.3 490.3 305.5 492.0 307.2 498.3 313.5 497.2 312.4 

"eAN 180.7 461.0 285.6 467.1 291. 7 465.4 290.0 467.0 291. 6 471.6 296.2 472.5 297.1 
S.D. 16.6 24.8 13.5 25.3 13.7 25.1 13.5 26.9 14.4. 27.3 15.4 25.9 13.7, 	 , , , , , , , , , ,N- J J 

==================~=================~=~=~m===~======================__=======================_=============================W 
N 	 ... DEAD ANIMAL 
~ 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 7. Body Weighl1Body Weight Gains Summary (G)- Oxaline Clearance Group (continued) 

DAYS ON TEST 
DOSE 	 ANIMAL -------------------------------------------------------------------------------------------------------­

NUMBER 1 295 	 GAIN '" GAIN GAIN 116 GAIN 32J GAIN GAIN 
=======~=~gg=~~~~D~DDDD~DD=~D====D====g=g~gDD=Dg=m=D=================~gDg=D=DDDD=D~D=D=======D===~~=D===DDDD====D========== '" 	 '" '" 
, ~416 196.0 486.0 290.0 ~80.1 204.1 485.1 289.1 488.6 292.6 484.6 288.6 487.8 291. 8 

4417 189.9 520.9 331. 0 518.1 328.2 525.1 335.2 527.2 337.3 527.5 337.6 530.3 340.4 
4419 119.6 509'.5 329.9 508.1 328.5 509.9 330.3 510.3 330.7 510.3 330.7 514.6 335.0 
4419 190.0 448.8 258.8 448.0 258.0 451. 5 261. 5 456.9 266.9 ~57.4 267.4 459.5 269.5 
~420 162.2 463.9 301. 7 459.4 297.2 467.4 305.2 469.5 307.3 464.9 302.7 471.8 309.6 

MEAN 103.5 485.8 302.3 482.7 299.2 487.8 304.3 490.5 307.0 488.9 305.4 492.8 309.3 

'" 
S. D. 13.3 30.2 30.1 30.2 30.1 30.1 30.4 28.8 28. '] 29.7 29.2 29.4 29.7 

5 5 5 5 5 5 5 5 5 5 5 5 5 
===============D==~gDgDD~~=D=D==D=========~===gD=D=DmD=D=================~=~gDg=m=====~===D==========g==D=D==am=D===D====== 

W 4436 191. 8 416.5 224.7 416.3 224.5 421.0 229.2 422.4 230.6 421.1 229.3 426.6 234.0

'" " 	 4437 160.2 473.2 313 .0 472.1 311. 9 476.3 316.1 475.7 315.5 479.2 . 319.0 481.5 321. 3'" 	 4438 200.5 476.8 276.3 476.4 275.9 482.9 282.4 485.8 285.3 467.5 287.0 494.3 293.8 
4439 177 .8 453.6 275.8 ~49.1 271. 3 452.1 274.3 ~59. 0 281. 2 456.8 279.0 458.1 280.3 
4440 185.7 455.6 269.9 451. 9 266.2 460.0 274.3 461.8 276.1 460.6 274.9 467.8 282.1 

MEAN 183.2 455.1 271. 9 453.2 270.0 458.5 275.3 460.9 277.7 461. 0 277 .8 465.7 282.5 
S. O. 15.3 23.9 31. 4 23.9 31.1 24.3 31.0 24.1 30.5 25.7 32.2 25.8 31.3 ,- 5 5 5 5 5 5 5 5 5 5 5 5 5 

===g~=gmg==m~D_m=D=D============~g===D=DDDDmD=======D========g~ggmg_=mm=DDDD==============g=gDDD~~mD========c============== 

150 	 H56 189.0 503. ~ 314.4 502.9 313.9 442.4 253.4 503.8 314.8 505.5 316.5 512.6 323.6 
4457 169.5 409.3 239.8 496.4 236.9 411. 4 241. 9 415.6 246.1 418.2 248.7 420.4 250.9 
4458 199.8 497.0 297.2 496.9 297.1 499.3 299.5 498.8 299.0 502.8 303.0 506.2 306.4 
4459 160.1 408.9 248.8 406.6 246.5 408.7 248.6 415.1 255.0 418.6 258.5 418.7 258.6 
4460 191.1 471. 4 290.3 474.3 293.2 481.5 300.4 475.6 294.5 466.7 285.6 477.5 296.4 

179.9 458.0 278.1 457.4 277.5 448.7 268.8 461. 8 281. 9 462.4 282.5 467.1 2B7.2""'" 15.7 46.2 32.2 47.7 33.8 40.8 28.8 43.7 29.7 28.7 45.4 31. 3S.D. 43.0,- 5 5 5 5 5 5 5 5 5 5 5 5 5 
============g~DD=D===~===========gD=DDDD~================g===D=DD===~=~==========gg=g=~=D===D===================g===mg=g=== 



THE DOW CHEMICAL COMPANY 

STUDY ID: 031079 


PAGE 183 


ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 7. Body WeightfBody Weight Gains Summary (0)- Oxalate Clearance Group (cominued) 

DAYS ON TEST 
ANIMAL 


"W NUMBER 1 295 GAIN 302 GAIN 30' GAIN 316 GAIN 323 GAIN 330 GAIN 

00'" -------------------------------------------------------------------------------------------------------­
~~~~~======~===~========c====c=========================~============~==================~=~===============~================ 

300 	 4476 191. 6 476.6 295.0 476.2 294.6 476.0 294.4 479.3 296.7 479.9 297.2 484.9 303.3 

4477 159.B 444.7 284.9 435.7 275.9 440.6 2BO.8 443.4 283.6 439.3 27B.5 453.2 293.4 

4478 172.6 ... ••• ... • •• ... ... .., ... ... ... ... 
4479 204.8 '" ... ... ... ... ••• .., '" ... ... ... ... 
4480 184.8 499.2 314.4 494.0 309.2 492.6 307.8 496.0 311.2 503.9 319.1 487.3 302.5 

MEAN 190.7 473.5 29B.l 468.6 293.2 469.7 294.3 472 .6 297.2 473.7 298.3 475.1 299.7 
S. D. 16.6 27.4 15.0 29.9 16.7 26.6 13.5 26.8 13.8 33.1 20.3 19.0 5.5 

N- 5 3 3 3 3 3 3 3 3 3 3 3 3 


w 
===============================================================~==================~=============~~=~=============D==~=~=~==

!:l .... DEAD ANIHAL 



w 
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ETHYLENE GLYCOL: 12-MONTH DIET AR Y TOXICITY STUDY IN WIST AR HAN RATS 

APPENDIX TABLE 7. Body Weight/Body Weight Gains Summary (G)- Oxaillte Cleanmce Group (continued) 

DAYS ON TEST 
00'" ANIMAL ---------------------------------------------------------------------------------------­
I1KD NUMBER 1 J37 GAIN GAIN 351 GAIN 35B GAIN 365 GAIN'" ~==========~==D~~==DDD===D=============~==~D=D=D==================~==~==D=~==================D~=DDD======= 

0 4416 196.0 490.3 294.3 497.3 301.3 495.1 299.1 491.1 295.1 
4417 189.9 537.6 347.7 542.5 352.6 544 .4 354.5 ... ... ... ... 
HID 179.6 517.7 338.1 522.1 342.5 527.7@ 348.1@ 527.3 347.7 ... ... ••• 
4419 190.0 466.7 276.7 466.2 276.2 4'/1.4 291. 4 474.7 284.1 ••• 
4420 162.2 479.9 317.7 462.2 320.0 404.3 322.1 401. 4 319.2 400.7 318.5 

103.5 499.4 314.9 502.1 318.5 498.0 314.3 493.6 311.7 400.7 3l8.5
""" 13.3 20.8 29.6 30.6 30.9 31.9 31. 6 23.4 28.0
,- 5 5 5 5 5 1 1 

S.D. 

• • • • 
======~D===m====================~===D==~=================Bm=DD==============~====~=D===D================~~= 

50 4436 191. 9 430.7 238.9 438.7 246.9 .,. • •• .. . ... • •• ... 

4437 160.2 481. 8 321. 6 484.2 324.0 .,. ... • •• ... ... 

4438 200.5 496.8 296.3 498.7 298.2 499.4 299.9 ... ... ... 
4439 177. B 461.2 283.4 458.5 290.7 464.5 286.7 ... ... • •• •••
...4440 185.7 468.3 282.6 469.5 203.8 468.7 283.0 467.6 281. 9 


183.2 467.9 284.6 469.9 286.7 477.5 289.5 467.6 281. 9
""" 15.3 24.8 30.0 23.1 2B.l 19.1 8.3
S.D.
,- 5 5 5 5 5 3 3 1 1 0 0 

=========~~==D==~===================D=D=D=~================mDD==m===============~=DmD=D===D=============~D= 

150 4456 189.0 517.4. 320.4 522.6 333.6 496.0 307.0 ••• ... ... ... 

4457 169.5 424.8 255.3 423.4 253.9 402.2 232.7 ... ... ... 
4458 310.9 492.6 ... ... ... ...199.8 510.7 510.5 310.7 292.8 
4459 160.1 422.2 262.1 419.9 259.8 426.2 266.1 ... ... ... • •• 
4460 181.1 485.0 303.9 487.5 306.4 488.4 307.3 483.7 302.6 ••• 

179.9 472 .0 292.1 472.0 292.9 461.1 281. 2 483.7 302.6"'''' S.D. 15.7. 45.9 31. 9 48.4 34.5 43.7 31.9
,- 5 5 5 5 5 5 5 1 1 0 0 

=====DDD=D=D========~==DD=================~mD=DDD===D=D========~====~D=D=D=====~=============~===D=D======= 

@ VALUES EXCLUDED FROM ANALYSIS. 
NO DATA... DEAD ANIMAL 
NO DATA AVAILABLE FOR MEAN AND S.D. 
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ETHYLENE GLYCOL: l2-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 7. Body WcightIBody Weight Gains Summary (G)- Oxalate Clearance Group (continued) 

DAYS ON TEST 
ANIMAL 

"" NUMBER 1 337 GAIN 3<4 GAIN 351 GAIN 358 GAIN 365 GAIN 
00'" ---------------------------------------------------------------------------------------­
DD~=~====~==========D~==~=======~===D~D===~=D=========DDD====~========DDDmmD=~~=========D===DD============ 

JOO 4476 191. 6 	 490.4 JOB.B 496.4 31~.9 495.9 314.J ... ... ... ... 
4477 159.9 457.7 297.9 455.0 296.0 455.7 295.9 426.0 266.2 ... ... 
4476 172.6 ••• 	 ... ... ... ... .., ... m ... ...... ... ... ... .., ... ... ... ...4479 204.6 ••• 
4460 164.9 497.9 313.1 499. J 314.5 49B.9 314 .0 473.7 2B9.9 ••• ... 

leO.1 462.0 306.6 46J.B 306.4 493.5 309.1 449.9 277.6""'N 
S. D. 16.6 21.4 7.' 24.3 10. a 24.1 10.5 33.7 16.1 
N' 5 3 3 3 3 3 3 2 2 0 0 w 

====DmD==~==D===========~=D=================mm===============_====================mm====c============m====

li ... 	DEAD ANIMAL 
NO DATA AVAILABLE FOR MEAN AND S.D. 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 8. Feed Consumption (G/Day) Summary - Main Group 

DAYS ON TEST 
ANIMAL -------------------------------------------------------------------------------------------------------­

"" NUHBER S-15 15-22 22-30 30-36 36-43 43-50 50-57 57-64 64-71 71-78 78-B5 85-92"'''" 1-' 
~gg~=~D~~~~~=~~ggggg=D=~D=~~~=====ggggD=D=~========g=~gDgmD=~==~m====gcgmm=========~gggmD==~=======c=DgmDD=======m=Cggg=DD 

0 	 4401 22.4 24.4 24.S 24.9 23.7 23.2 22.3 21. 7 21. 3 22.3 24.6 23.4 22.9 
4~02 23.5 24.7 23.4 23.9 23.1 23.3 23.2 22.7 23.0 23.0 26.6 24.5 24.2 
4403 23.5 25.2 24.2 23.9 22.9 23.3 22. ~ 21. 6 21. 2 21.4 24.1 23.5 22.6 
4404 24.0 25.1 25.9 19.5 21. 7 26.6 26.9 26.6@ 26.6 23.9 25.7 26. S 26.7@ 
4405 21. 0 22.4 22.4 21. 9 20.S 21.2 21.3 19.0 19.2 19.0 21.1 20.7 19.7 
H06 23.7 24.4 23.2 22.7 22.0 22.4 23.1 22.7 22.S@ 24.0 26.7 25.3 25.4 
4407 25.5 2B.2 2S.2 27.7 27.S 27.5@ 27.3@ 27.2@ 26.9@ 26.6 30.2@ 29.5@ 29.5@ 
440S 22.1 23.6 23.9 24.6 25.1 24.6 24.7 24.3 24.S 24.3 27.3@ 24.8 24.4 
4409 23.4 25.4 26.6 25.2 25.2 25.3 24.4 23.4 23.6 27.1 27.0 26.8 25.B 

w 	 4410 24.7 26.7 25.8 25.6 25.7 25.S 25.5 24.7 23.8@ 26.5 26.7 25.9 26.0 
w 
0 

"EM< 23.4 25.0 24.S 24.0 23.8 24.0 23.S 22.5 22.8 23.8 25.3 24.6 23.9 
S. D. 1.3 1.6 La 2.2 2.1 La 1.' 2.5 2.5 2.0 1.9 2.> 

"" 
 10 10 10 10 10 9 9 8 7 	 9
'"' 	 10 , , 
mm==g=gg====~==~~~m===g=g=g~D======m====g==ggD_=_~=~=mm===ggg=g_DD===~====g=g=g==~==~==mg=gggm===~=======ggD==DD==~=~=m=== 

50 	 4421 23.9 25.3 24.1 24.4 23.8 24.0 24.4 23.7 23.6 24.S 24.9 23.8 24.0 
4422 23.9 25.0 24.8 24.3 24.9 24.5 23.5 22.6 23.4@ 24.0 24. 4 23.9 23.2 
4423 22.8 22.0 21. 4 22.2 23.9 23.8 22.4 21.7 22.6@ 26.3 24.9@ 24.4@ 24.8 
4424 24.4 21. 4 25.6 24.3 24.0 23.0 23.4 21. 9 23.6 25.2 25.1 23.S 23.9 
4425 22. B 23.4 23.0 23.7 24.3 23.4 23.2 22.9 23.2 24.2 24.6 24.6 24.5 
4426 25.0 25.4 25.S 24.4 24.4 24.3 24.5 23.6 25.6 25.6 25.6 24.3 23.S 
4427 22. S 24.1 24.5 24.6 24.8 24.3 23.0 22.4 22.5 23.7 24.7 22.2 22.7 
4428 22.S 23.1 23.6 23.2 23.6 22.6 22.0 21.4 22.0 23.S 22.7 21.6 21. 6 
4429 21. 3 23.4 22.4 21.8 21.7 21.7 21.3 20.6 20.3 21.7 22.6 20.6 21.3 
4430 24.7 25.5 24.7 24.4 25.4 25.2 25.1 24.9 25.1 25. S 26.0 26.0 25.3 

"EM< 23.4 23.9 24.0 23.7 24.1 23.8 23.3 22.6 23.2 24.5 24.5 23.4 23.5 
S.D. 1.1 1.5 1.. 1.0 1.0 1.1 1.2 1.3 1.7 L3 1.2 1.7 1.3 

"" 10 10 10 10 10 10 10 10 , 10 9 9 10 
g=gmDD=======ggmD~===~======Dgg=m=D=========cDgDDD===========D=g=m=====m===D=D=Gm=======~~~=DDD==~=~======gggDD==D======~~~ 

@ VALUES EXCLUDED FROM ANALYSIS. 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WI STAR HAN RATS 

APPENDIX TABLE 8. Feed Consumption (GfDay) Summary- Main Group (continued) 

OAYS ON TEST 
00'" ANIMAL -------------------------------------------------------------------------------------------------------­

NUMBER 1-' 8-15 15-22 22-30 30-36 36-43 43-50 50-57 57-64 64-71 71-78 78 -95 85-92 
~3DDC~~CC====~Cg=DD3C3CCC=~=====D=gD=D=D3DC~=======gDgDgg~DC3=CC===c===gg=gD==========c===CgggD=D=C3==~=====CCgD=D=D===CCC= "" 
150 	 44n 23.7 25.4 25.3 25.1 26.5 26.0 25.1 24.2 24.2 27.2 25.9 2~.7 23.9 

4442 23.8 25.5 26.5@ 26.3@ 27.1 28.B@ 28.8@ 21.8@ 28.5@ 30.2@ 29.6@ 28.6@ 28.6 
4H3 21. 9 22. B 23.1 22.3 23.2 23.2 22.7 21. 7 22.4 26.2 24.9 24.1 23.3 
4444 24.8 24.5 23.7 22.4 22.8 22.3 22.2 21. 9 22.0 25.1 23.6 24.1 24.1 
4445 25.5 26.2 24.9 25.5@ 25.3 25.2@ 25.2@ 24.8@ 24.5 27.6 27.9@ 27.4@ 26.2 
4446 24.8 24.2 20.9 20.5 22.6 22.2 22.4 24.6 24.2@ 26.6 26.4@ 25.2 25.0 
H47 26.5 29.5 27.8 21.2@ 26.9 26.2 26.4 26.1@ 26.7 30.4 28.6 27.6 27.7 
4448 25.8@ 25.8 24.8@ 23.6 25.4 25.9@ 25.5@ 24.4@ 24.5 27.5@ 26.9@ 26.3@ 26.2@ 
4449 25.7 26.7 25.2 23.3 23.3 22.8 22.9 22.5 22.6 25.5 25.7 24.4 25.1 

w 	 4450 18.9 18.9 19.0 19.1 19.6 18.7 19.9 18.2 18.3 21. 2 19.6 18.9 18.9 
w- 23.9 24.9 23.7 22.4 24.3 23.1 22.9 22.2 23.2 26.2 24.1 24.1 24.8""'" 2.J 2.5 2.5 2.'S.D. 	 2.' 2.' 1.0 2.' 2.' 2.J 2.' J.O 2.', , , , 	 , ,N- 9 10 10 	 9 

====g~DD=====C===c~==Cg==D=~=C=C====c==~~gg=_D_=C===========g=g==DDm=======c==C==g==DD===DC==========D=gm==~==~===c===== 

JOO 	 4461 22.9 24.4 25.1 24.8 24.2 24.3 23.1 22.9 21. 0 24.2 24.2 23.1 22.4. 
4462 21.9 24.2 24.1 22.6 23.6 22.4 20.6 21.4 21.6 24.1 24.1@ 24.0 24.8 
4463 24.0 24.0 24.2 24.6 24.8 25.1 24.5 23.9 24.5 21.1 26.7 26.2 26.1 
4464 21.3 22.1 22.5 22.8 24.4 24.8@ 25.9@ 24.8@ 23.4 25.4@ 24.5@ 22.9@ 22.9@ 
4465 25.9 29.6 29.6@ 28.1@ 29.2@ 27.6@ 27.8 26.6@ 25. ~ 29.0 28.2 27.4 26.8 
4466 22.4. 22.0 21.2 19.1 21. 4 21.0 19.2 19.6 18.1 21.1 21.2 21. 4 20.6 
4467 19.6 21.2 21. 6 21. 3 22.4 22.0 20.8 21.2 19.2 21. 9 20.9 21. 5 20.3 
4468 25.4 26.6 26.1 26.3@ 26.1 25.8 25.S 25.1@ 25.0@ 29.2@ 29.0@ 28.0 26.5 
4469 22.4 24.1 23.3 24.3@ 22.9 22.0 21.3 20.7 21.9@ 23.2 24.1@ 23.8 23.4 
4470 23.4 25.1 24.8 23.1 24.3 24.1 23.S 23.6 23.U 24.2 22.8· 23.S 23.5 

22.9 24.3 23.7 22.7 23.8 23.3 22.9 21. 9 22.0 24.4 24.0 24.4 23.8""'" 1., 1.6 U 2.6 J.O 2.'S. D. 2.' 1., 1.. 	 1.6 2.6 2.< 
N- 10 	 6 910 , , 9 

'-' 
9 , , 	 9 

==~======~DD==C========CgD==CCC========_=D£===C~~====c==~~D=D=DDmDDc=======D~=DDDDC===~======gggD=mDC=C=====c===C=C=ggggggg 

@ VALUES EXCLUDED FROM ANALYSIS. 
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ETHYLENE GLYCOL: 12·MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 8. Feed Consumplion (G/Day) Summary- Main Group (continued) 

DAYS ON TEST 
ANIMAL 

MKO NUMBER H 8-15 15-22 22-30 30-36 36-43 43-50 50-51 51-64 64-11 11-18 18-85 95-92 
00" -------------------------------------------------------------------------------------------------------­
===~======~~=====~=~===~=~~==================~===========c===cc============================================================ 

400 	 4481 22.4 22.5 20.1 21.5 22.1 23.0 22.4 22.0 22.2 24.0 24.3 22.5 22.7 
4482 22.9 22.9 22.1 21. 9 21. 6 22.1 21. 9 22.2 20.9 23.3 22.3 22.8 21. 5 
4483 24.8 21.8 2B.3@ 21.3@ 21.1 26.9@ 26.8@ 21.2@ 26.3@ 30.B@ 21.3@ 27.2 26.4@ 
44B4 22.4 24.4 23.9 22.5 23.0 23.1 22.7@ 23.3 24.l@ 26.8@ 26.8@ 26.0@ 25.3@ 
4485 23.3@ 23.6 24.6 22.2 21. 1 22.8 21.1@ 20.3 19.8@ 22.0 23.6@ 22.5 21. 6@ 
4496 21.2 21.8 21. 6 20.8 21.1 21. 4 21.8@ 20.2 20.2 22.1 21. 8 21.8 21. 4 
4487 25.1 26.8 26.8 23.9 23.5 21. 6 26.3 25.1 24.1 24.3 26.1 24.9 23.8 
448B 23.5 21. 9 21. 3 20.1 20.8 20.9 20.0 19.5 19.6 21. 3 21.1 20.9 20.0 
4489 20.3 21.3 21. 9 20.1 20.4 19.3 19.3 19.5 11.9 21.0 21.3 21.3 20.9 
4490 21.1 26.1 26.2 25.0 25.5 26.1 24.8 24.4 24.5 25.4 24.3 24.9 24.1 

MEAN 22.7 23.9 23.3 22.1 22.7 22.3 22.5 21. 8 21. 3 23.0 23.0 23.2 22.1 
w S. D. 1.6 2.J 2.2 1.6 2.1 1.9 2.' 2.1 2. , 1.5 1. 9' 2.0 Uw 	 , , ,N' 9 10 9 9 10 9 6 9 e 9'" 	 ==========~=~=====C=======~==============c=c=C=====================c==================~========================~=c======== 

@ VALUES EXCLUDED FROM ANALYSIS. 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 8. Feed Consumplion (O/Day) Summary- Main Group (continued) 

DAYS ON TEST 
ANIMAL00'" ---------------------------------------------------------------­

MKD 	 NUHBER 92-99 105-113 120-127 1J~-141 149-155 162-169 176-183 190-197 
~~DDD==~C~===~C~=D=DD=DC========~~c==c===c====~==~===========~===============~===D 

0 	 4401 21. 8 23.0 21.8 21.1 21.2 21.11 20.3 21. 7 
4~02 24.7 24.4 23.7 22.1 22.2 23.2 22.2 22.0 
4403 23.5 23.7 24.4 24.0 23.4 23.4 22.4 23.3 
4404 26.3 25.0 23.3 24.3 23.6 23.9 25.1 24.5 
4405 19.9 19.31 19.7 19.2 17.91 19.4 ! 19.1 18.9 
4405 24.7 24.0 24.3 23.4 23.7 23.4 23.4 23.8 
4407 30.0@ 29.9~ 29. 2~ 28.8 29.2~ 31.0~ 30.5~ 29.1@ 
4409 24.3 24.0 24.1 22.6 23.3 23.3 22.4 23.4 
4409 25.6 25.5 25.7 24.6 24.7 24.2 23.9 24.9 
4410 25.8 25.1 25.0 25.1@ 24.5 25.0@ 24.0 24.1 

w 
w 	 MEAN 24.1 24.4 23.6 23.3 23.3 23.6 22.5 22.9W 	

S.D. 2.1 O•• 1.. 2.' 1.2 0.' 1., 1.,, , , 	 , ,N' 	 6 
========~c=gmg_============~__===_CD========m=_D=c=========__==========~==g==DCD=== 
50 	 4421 22.1 23.3 23.0 22.9 22.6 23.1 24.0 22.9 

4422 23.2 23.1 22.9 22.5 23.6 24.5 23.1 23.7 
4423 24.4 25.2~ 25.0@ 24.7 24.2 24.0 24.9@ 24.4@ 
H24 22.9 23.3 23.3 23.8 23.5 22.6 22.9 23.8 
4425 23.1 23.4 23.2 22.8 22.1 23. '3 22.6 22.2 
4426 23.5 23.2 22.6 23.0 23.4 22.3 22.2 22.2 
H27 21. 9 21.8 22.1 21. 5 21.5 20.9 21.0 21. 4 
4428 20.9 21. 8 21.5 21. 4 21.3 20.4 20.8 21. 2 
4429 20.0 20.6 20.5 19.3 19.4 20.2 19.7 20.5 
4430 24.8 24.1 24.6 24.4 24.9@ 25.3 25.0 26.0 

MEAN 22.7 22.7 22.6 22.6 22.4 22.7 22.4 22.7 
S. D. 1.5 1.1 1.2 1.6 1.5 1.8 1.7 
N- 10 9 	 109 10 , '"', , 

==================DCD==========mDCDc======c==m_CD======~=m=D============~=~=C====== 

@VALUES EXCLUDED FROM ANALYSIS. 

1 STATISTICAL OUTLIERS EXCLUDED. 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 8. Feed Consumption (GlDay) Summary- Main Group (continued) 

DAYS ON TEST 
. roSE ANIMAL ---------------------------------------------------------------­
MKO 	 NUMBER 92-99 106-113 120-121 134-141 148-155 162-169 176-183 190-191 

~~~~~~~~~~DD~~~D~~~~=========~~==D=~=DD~=D~m~~D~=~~~==c===========D=~==~=~=DD~===== 

150 	 4441 23.8 23.2 22.4 22.1 22.4 20.6 21. 6 22.2 

4442 25.6@ 28.4@ 27.9@ 27.1 27.8@ 28.0@ 26.4@ 28.0@ 

4443 21.7 22.8 22.0 21.2 21. 5 21. 8 21.2 21. 3 

4444 22.9 22.4 21. 7 21. 7 20.9 21.1 21.1 21. 9 

4445 25.0@ 25.6 25.1@ 24.7 24.0 24.2@ 23.9 24.2@ 

4446 24.0@ 24.0@ 23.5 22.2 23.0@ 21. 2@ 22.0 23.0 

4447 26.6 26.8 25.4 25.4 24.7 25.0 24.7 24.9 
4448 26.2@ 25.6@ 26.3@ 26.4@ 26.9@ 27.1@ 25.5@ 24.8@ 
H49 25.2@ 24.2@ 24.2 24.9@ 25.4@ 24.2@ 23.2@ 24.2@ 
4450 1B.4 17.9 18.2 17.4 18.2 17.3 17.8 1B.6w..w 

22.7 23.1 22.5 22.7 22.0 21. 2 21. 8 22.0
"'""S. D. 3.0 2.3 2.3 2.2
3.1 3.0 2.8 2.0 
,. , 6 7 8 6 , 7 6 

===========c==c======~~~~~_~=D===========c=========D=~===================c======= 

JOO 4461 21. 5 22.4 22.3 21.9 20.7 21.3 20.2@ 23.0 

4462 23.7 24.1@ 25.5@ ... ... ... ... 
4463 24.8 ... ... • •• ... ... • •• • •• 
H64 21. 5@ 22.2@ 21. 5 21. 8 21.1@ 21. 5@ 22.1 21. 7@ 

4465 26.5 26.8 26.3 26.2 25.6 26.1 25.5 26.2 

4466 20.5 20.5@ 20.6@ 20.3 20.3@ 20.2@ 19.3@ 20.3@ 

4467 19.5 19.2 20.2 19.7 17.5 IB.4 18.3 18.B 

446B 26.2@ 26.S@ 26.7@ 26.7 26.0@ 27.1@ 26.2@ 21.3@ 

4469 22.5 23.3@ 23.9@ 22.1@ 23.S@ 23.2@ 23.6@ 22.9@ 

4470 23.1 22.7 23.1 22.0 22.3 22.0 23.3 23.0 


MEAN 22.8 22.8 22.7 22.7 21.5 22.0 22.3 22. B 
S.D. 2.3 3.1 2.3 2.7 3.' 3.2 3.0 3.0,. , , 7 


=====================D=====~m=D=======c========D=~==D======~===============~~=~D~~= 

@VALUES EXCLUDED FRDM ANALYSIS. 

..... D&AO ANIMAL 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 8. Feed Consumption (G/Day) SUmmary- Main Group (continued) 

DAYS ON TEST 
ANIMAL 

"" NUMBER 92-99 106-113 120-127 134-141 148-155 162-169 176-183 190-197 
00" ---------------------------------------------------------------­
c===c~cccm~99cC=======g=CC9C9CC=C==c===~ggCCcc==========CD==C=C=====9=C~9D======== 

'00 	 4481 21.3 22.3 22.2 23.2 21. 7 21. 4 20.9 22.4 
4482 22.2 21.8 19.7 17.4 18.9 17.9 19.0 
4483 25.3@ 26.6@ 23.5~ 23.9@ 24.4@ 24.7@ 2J.O@ 22.2@ 
4484 24.5@ 2J.2@ 22.7@ 23.4@ 24.5@ 22.9@ 21.1@ 18.2@ 
4465 22.1@. 22.7@ 22.9@ 22.2@ 21.2@ 21. 5@ 21. 4@ 20.9@ 
4486 20.8 21. 4@ 21.2 21. 4@ 20.1@ 20.2@ 19.2@ 18.7...4497 22.7 22.5 21.2 21. 6 19.8 18.2 15.5 
4488 20.4 18.3 16.6 18.4 19.6 19.5 19.5 19.9 
4489 20.1 15.1 17.7 17.4 18.2 16.8 15.7 11. 6 
4490 23.3 22.4 22.2 21. 8 19.5 17.4 16.3 14.2 

w 	 21. 5 20.4 20.1 20.0 19.6 18.5 17.8 17.4 
w 	

""'N~ 	 S.D. l.2 J.O 2.2 2.5 1.2 1.7 2.J
N- 7 6 7 6 6 6 6 5 

==c====c==9=9~DC==C=======9=9c=9=C=========9DC~===========cc=C=======g=c_c======== 

@ VALUES EXCLUDED FROM ANALYSIS . 

... DEAD ANIMAL 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 8. Feed Consumplion (O/Day) Summary- Main Group (continued) 

DI\.YS ON TEST 

I\.NIMll.L
DOSE -----------------------------------------------------------------------------------------------­H" 	 NUMBER 20~-211 218-225 232-239 246-253 260-267 27~-281 288-295 302-309 316-323 330-337 344-351 358-365 


=~~=~==_===Dm==~DDDDDDD~D=~=D====D~CC====C=DD=D=D==~=~=DDDDDDDDDDD=D=D=D======c==C===D===m==D=D~D=DD=D===DD====cc 

0 	 4401 23.1 22.4 21.1 21. 0 21. 9 21. 9 22.6 21. 2 22.0 21.1 23.9 24.0 

4402 23.~ 23.1 23.1 22.4 22.7 22.9 22.8 21.0@ 22.2 23.0 24.2 23.5 

4403 23.0 22.7 23.3 23.2 21.4 23.3 21. 8 22.7 22.9 22.0 23.1 23.7 

4404 25.7 23.8 24.0 23.5 23.8 22.4 17.6 ... ... ... ... ... 
4405 19.8 19.2! 19.4 19.7 19.1 20.0 19.1 19.4 18.2! 17.9 19.~! 19.1! 
4406 23.6 2~. 8 24.3 23.9 24.1 25.1 23.4 22.4 24.1 25.5 25.8@ 24.6 
4407 30.2@ 31.2@ 30.6@ 30.8@ 30.4@ 32.0~ 30.1@ 29.8@ 31. 3@ 30.0 31. 6@ 32.4@ 
4408 23.8 22.7 23.0 22.2 22.5 23.1 23.9 22.0 22.6 22.2 23.1 22.9 
4409 23.6 23.2 23.7 23.7 23.3 24.2 22.5 20.7 23.2 21.9 23.9 23.9 
4410 24.9 24.5~ 24.6 23.1 25.1 26.0 25.2@ 23.4@ 23.7@ 24.8 26.3@ 25.1@ 

MEAN 23.4 23.2 22.9 22.5 22.7 23.2 21.7 21.2 22. B 23.2 23.6 23.8 
S.D. 1.6 0.8 ,,7 1., 1.8 1.8 2.2 1.6 0.8 J.' 0.5 0.6 
No , 7 , , , , 	 ,9 6 6 5 6 


D==DDDD=D=D=DD=D=~========c===c=============D=DD_=DDD====D====D=D===============D==DDDDD==D===~====~============c== 

SO 	 4421 24.0 23.5 23.3 23.0 24.0 25.5 23.3 23.2 24.9 24.0 24.7 23.5 

H22 23.6 24.6@ 2J.8@ 23.6 23.5 24.2 22.5 22. 6~ 24.3 22.8 23.7 23.3 

4423 25.6@ 24.9 23.6 24.2 26.3 24.2 24.0 23.2~ 29.8 25.9@ 27.0~ 25.1 

4424 23.2 23.6 22.6 22.9 23.1 23.6 22.3 22.2 23.6 23.1 23.4 21.. 6 

4425 22.5 22. B 21.9 22.7 23.4 23.4 22.5 21. 8 24.4 22.4 22.2 '22.0 

4426 24.4 23.0 23.6 22.0 22.9 22.5 21. 9 22.4 24.8 22.5 22.9 23.6 

4427 20.7 21. 3 20.9 21.0 21. 7 21..1 20.1 20.5 21. 9 21.1 20.7 20.6 

4~28 21.7 22.2 19.2 20.6 21.1 22.2 19.6 19.4 23.5 22.1 21.6 21.7 

4429 20.7 19.9 19.9 19.8 19.4 21. 0 19.4 18.6 20.7 19.7 19.4 20.3 

4430 24.9 25.0 25.3 24.1 24.1 24.6 23.7 22.7 25.2 24.6 24.8 23.9 


MEAN 22.9 22.9 22.3 22.4 23.0 23.2 21. 9 21. 4 24.2 22.5 22.6 22.6 

S.D. 1.6 L6 2.0 1.5 1., 1.5 l.? 1.7 2.1 1.5 1.9 1.6, , , 	 , ,
N° 	 10 10 10 10 9 10 10 


====D========D_=DD=DD====D=D=====C=======~==D==Dm=DD=m====D=D=D===C===~====_=Dg==mD~D~DDDDD=D==D=D=====~======D==== 

@ VALUES EXCLUDED FROM I\.NALYSIS. 
.... DEAD I\.NlHAL 
! STI\.TISTICI\.L OUTLIERS EXCLUDED. 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 8. Feed Consumption (G/Day) Summary- Main Group (continued) 

DAYS ON TEST 
ANIMlILDO" -----------------------------------------------------------------------------------------------­
NUMBER 204-211 218-225 232-239 246-253 260-267 274-281 288-295 302-309 J16-323 330-337 344-351 350-365H" 

=~~~DDCD~CC~C~======~DCCC=D==C==========~~DDDCC=C=C=====c==~c==ccc=======C==D=CDCCD=C===========cc=cccc=c=~c======= 

4441 22.5 22.0 21.4 21. 5 22.3 22.1 21.7 20.0 22.3 21. 6 21. 6 21.9'" 4442 27.8@ 28.0@ 26. B@ 27.4@ 27.5@ 27.5@ 26.5@ 25.2@ 26.0@ 26.2@ 25.7@ 25.4@ 
4443 22.4 21. 9 21.3 21. 3 21. 7 22.2 21.7 20.3 22.9 23.0 21.5 21.0... ... ... ...4444 21.1 21. 4 21. 3 19.5 11.1 • •• '" 
4445 25.6@ 26.8@ 24.8@ 26.0 26.4@ 25.3@ 24.2 24.8@ 27.3@ 25.4 25.0 24.3 
4446 23.4 23.0 21.2 21.9 22.5 23.6 21. 4 21.2 22.2 23.2 22.1 21.~ 

4447 24.1 24.5 23.6 23.6 24.3 23.7 23.1 22.1 25.1 23.3 24.5 23.9 
4448 27.3@ 27.3@ 26.9@ 27.7@ 27.0@ 28.2 27.0@ 26.5@ 29.1@ 29.2@ 26.6@ 26.8@ 
4449 26.3@ 25.0@ 24.8@ 24.8 23.7 25.5@ 23.2@ 23.3@ 27.5@ 26.9@ 25.3@ 25.9@ 
4450 16.6 17.2 10 .0 18.1 17.7 18.4 17.3 17.0 10.1 18.1 17.9 18.4 

H"," 22.0 21.7 21.1 22.1 20.5 23.0 21. 6 20.1 22.1 22.4 22.1 21. 8 
W S.D. 2.0 2.' 1.8 2.6 '.6 3.2 2.3 1.9 2.' 2.' 2.' 2.'w , ,,- 6 6 6 7 6 6 6 6 6~ •

cc=========~==cc=c~c==============CD=C==============D=cCC==============D==C===============cc==cc===========~c==...300 4461 23.8@ 23.1@ 22.4 21. 7@ 22.7 24.5@ 22.8 23.9@ 27.0@ 25.7@ 24.9@ 
4462 ... ... ... ... ... ... ... ... ... ... .., 
4463 ... ... ." ... ... ... ... ... ... ... ... ... 
4464 23.1@ 23.7@ 23.0@ 23.5@ 23.9@ 26.2@ 24.7 23.9@ 25.0@ 26.6@ 2S.7@ 23.3@ 
4465 23.9 25.7 26.5 25.2 26.4 26.4 24.6 25.0 26.3 26.1 27. 9 27.2..,4466 22.1@ 21. 9@ 21. O@ 19.4@ 22.0 19.5@ 21. 8@ 20.0 20.8@ 21. 4 21. 8 
4467 21. 4 19.8 19.1 19.6 19.0 20.0 17.8 18.5 20.5 19.4 20.0 19.0 
446B 25.2 28.2@ 26.5@ 22.6@ 23.8 25.0@ 26.8@ 26.1@ 22.5@ 30.O@ 27.1@ 27.9@ 
4469 24.3@ 24.6@ 2S.B@ 25.2@ 23.3@ 25.4@ 23.6@ 23.2@ 24.9@ 26.7@ 23.8@ 23.2@ 
4470 ... ... .,. ... ... .., ... ... ... ... .., 

MEAN 23.5 22.S 22.7 22.4 22.8 23.2 22.5 21.4 23.4 22.3 23.2 23.1 
S. D. 1.9 <.2 3.7 '.0 2.7 .., J.2 3.3' .., 3.' .., ,.',- 3 2 3 2 , 2 3 2 J 3 2•

CD~===========cc=ccm====C==========c==~c~========ccc=c=ccc========cccc=============cccc==ccc====C======ccc====c~=== 

@ VALUES EXCLUOED FROM ANALYSIS. 

*** DEAD ANIMAL 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN R.J\TS 

APPENDIX TABLE 9. Feed Consumption (GlDay) Summary - Metabolism Group 

DAYS ON TEST 
00"' 	 IINIMFlL -------------------------------------------------------------------------------------------------------­
"" NUMBER 190-197 204-211 218-225 232-239 246-253 260-267 274-281 286-295 302-309 316-323 330-337 344-351 358-365 
~~=~=~=======~======ZD~D~=======c===============Z_D=ZZ===========c===========m==~=====c=c==============~===~=====c=c======= 

0 4411 23.0 24.1 22.3 23.4@ 23.5 23.0 23.0 23.4 21. 6@ 22.6 21.5 21. 9 22.9 
4412 20.3 21. 7 21. 0 20.5 19.8 20.4 21.1 20.7 18.7 19.7 20.3 20.6 19.9 
4413 23.3@ 25.0@ 26.6@ 26.9@ 26.5@ 25.8@ 27.4@ 29.3@ 27.5@ 27.4@ 26.8@ 2B.1@ ·28.8@ 
4414 25.3 26.0 26.8 26.2 25.6 25.6 25.9 26.0 25.9 24.7 25.6 27.0 26.5 
H15 20.7 20.2 20.2 19.9 19.6 20.1 20.5 20.1 19.1 19.8 19.6 21.2 20.8 

""'" 22.3 23.0 22.6 22.2 22.1 22.3 22.6 22.6 21.2 21. 8 21. B 22.7 22.5 
S.D. ,­ 2.3

• 
2.'

• 
2.9

• 
3.5 

3 
2.9

• 
2.'

• 
2.'

• 
2.7

• 
'.0 

3 
2.'

• 
2.8

• 
2.9

• 
2.9

• 
======D============c===~=============~======c===============D======c=c=c===========D===~=========================~=====c== 

50 	 4431 20.6 20.7 21.0 20.7 20.7 21. 1 20.9 20.7 19.5 21.7 21.1 21.0 20.9 
4432 18.9 20.9 21. 7 20.3 19.1 19.6 20.8 19.0 18.5 21.4 20.5 20.1 20.9 
4433 22.1 23.2@ 22.7@ 22.7 22.9 22.4 24.5 23.1 21. 49 24.2@ 23.9@ 22.6@ 23.8@ 
4434 23.8 25.6 24.8 23.7 23.2 24.2 24.1 23.6 23.7 24.9 23.9 25.4 23.0 
4435 21. 9 20.1 22.9@ 23.4@ 24.7@ 22.2@ 22.4 13.0 26.49 23.7@ 23.1@ 23.4@ 23.5 

MEFIN 21. 5 21. e 22.5 21. 9 21.5 21.9 22.5 19.9 20.6 22.7 21. B 22.2 22.1 
S.D. L9 2.5 2.0 L' L9 L9 L7 '.3 2.8 1.9 L8 2.8 L<,- 5 3 5 5 3 3 3 3 

==========D===~==================_mD=m==~===================D==~=~=~=====c=c==========_=~=~=====c===c===========DDD=======e 

>50 	 4451 25.4 24.7 24.7 24.5 24.7 24.4 25.3 24.4 23.4 24.8 24.7 24.9 24.1 
4452 22.7 24.7 24.6@ 22.6 23.1@ 23.1@ 24.6 23.4 22.7@ 25.4@ 23.7 24.3@ 25.8@ 
4453 21. 9 22.5 22.7 22.9 22.4 23.1 23.6 22.1 22.0 23.3 22.1 22.4 22.5 
4454 22.2 21.2 21. 9 22.0 22.0 21.1 22.0 21.1 20.2 22.2 20.6 21.7 20.0 
4455 23.2 24.5 23.9 23.5 23.2 23.8 24.9 23.9 22.5 25.0 24.3 24.7 23.0 

23.1 23.·5 23.3 23.1 23.1 23.1 24.1 23.0 22.0 23.8 23.1 23.4 22.4""'"S. D. L. L' L2 LO L2 L. 1.3 1.. 1.3 LJ 1.7 1., 1.7,- , , , 	 , , , 

==D=~~====c===c======mD=mD~mc======c==~=======mDB=D========~=====DD=CD=D=D====~C===c==========c=mDm======~=c=c=c====~====== 

@ VALUES EXCLUDED FROM ANALYSIS. 
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ETHYLENE GLYCOL: 12-MONTII DIET ARY TOXICITY STUDY IN WIST A R HAN RATS 

TABLE 9. Feed Consumplion (G/Day) Summary- Metabolism Clearance Group (continued) 

DAYS ON TEST 
ANIMAL 

"W NUMBER 190-197 204-211 218-225 232-239 246-253 260-267 274-281 298-295 302-309 316-323 330-337 344-351 358-365 
00" -------------------------------------------------------------------------------------------------------­
~~c==========D=D==C====~============D=DC=C=========~====Dmmmcmm====c=c=======mmm=m~=======C=====mmmm=cmc============mm=mmc 

300 	 4471 22.7 24.0 23.0 22.3 21. 3 23.8 24.1 21. 9 21. 3 23.7 22.6 22.2 21.8 
4472 25.0~ 25.4@ 25.1~ 25.6~ 26.6@ 26.4~ 26.2 26.4~ 25.9@ 31. O@ 27.1~ 26.5@ 26.09 
4473 20.4 20.4 20.9 19.9 19.9 20.5 21.3 19.8 19.2 20.1 19.8 20.3 19.7 
4474 20.5 22.1 22.4 16.6 20.6 20.3 22.1 20.8 20.0 20.8 20.4 19.5 18.6 
4475 26.7@ 26.3~ 26.2@ 26.2@ 25.9@ 26.4@ 26.8@ 26.1@ 26.0~ 27.9@ 27.4@ 28.0@ 27.3@ 

21. 2 22.2 22.1 19.6 20.6 21. 5 23.4 20.8 20.2 21. 5 20.6 20.7 20.0""'" 1.3 1., 

'" 
S. D. LB 1.1 2.' 0.' 2.0 2.2 1.1 1.1 1., 1.4 1., 

3 3 3 3 3 3 4 3 3 3 3 3 3 
=======m==DD===============mmmmmcm=====~==========m=mcm=m====C========m==DmD=~C=========mm==mDm=========c====m=mmmc=====~== 

400 	 4491 ... ••• '" ... .*'. • •• ... ••• ••• ... 
4492 29.4@ ••• ... ••• ••• ... .,. ... ... ••• ••• 
4493 25.9 ... ••• ... ... • •• ... • •• ... • •• ••• ... ... 

w 4494 22.0 ... ••• ... ... • •• .,. ... ... '" ••• ...w 	
4495 24.1 ... ... ••• .,. ... ... • •• ... ... ..."" 

24.0 === 	 ~==m'"S. D. 2.0 ,- 3 0 0 0 0 0 0 0 0 0 0 0 0 
mm==m~===========m=m=cmc===c==========m==Dmc===========~===mmmmcc=============mmmcmmm=================Dmcmm============== 

~ VALUES EXCLUDED FROM ANALYSIS . 

... OEFID ANIMAL 

=== NO DATFI AVAILABLE FOR MEAN AND S.D. 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 10. Feed Consumption (G/Day) Summary - Oxalate Clearance Group 

DAYS ON TEST 
IINIMAL 

"" NUMBER 190-197 204-211 218-225 232-239 -246-253 260-267 274-281 208-295 302-309 316-323 330-337 3~~-351 358-365 
00'" -------------------------------------------------------------------------------------------------------­
~Deeee~~~~==~e~~eDDmDDeee~~==c=======DDDDeeC=C=c=====e=e=~DDee========e==D=DDDee=~=~==========D=e=e=========e=e=eD===~===c= 

0 	 4416 21.1 21. 5 21.1 21.5 21.0 21. 6 20.4 20.9 19.9 20.0 19.7 20.6 
4417 22.3 21.9 21. 9 21. 7 20.0 21. 5 22.4 22.2 20.7 21.1 21. 5 21.7 ... 
4410 23.3 23.1@ 26.7@ 21. 8 24.7@ 27.1@ 27.5 26.7@ 25.4@ 26.1@ 26.61.! 28.4@ ......4419 23.8 22.9 22 ... 21. 9 22.01.! 24.3@ 25.J@ 25.5@ 25.3@ 27.61.! 26.6@ 20.71.! 
4420 22.9 24.3 25.7 24.3! 24.8@ 25.1@ 24.9@ 26.0@ 23.9@ 24.3@ 24. 3 27.5@ 24.6 

22.7 22.7 22.9 21.7 20.9 21. 6 23.4 21.6 20.3 20.6 21.0 21.2 24.6"£AN 
S. D. 1.0 1.2 2.0 0.2 0.1 0.1 ", 0.9 0.6 0.' 2.3 O•• 
N- 5 2 2 3 2 2 2 3 2 1 

==c=====eD==m=ce==~=~==~==e=e==ee=e====c=C====eD==eee============D=Du=ce==============DDeC============DDD=eD=========Ce=== 

50 	 4436 21. 2 22.3 21.7 20.5 20.3 20.9 21. 5 20.5 19.5 21.1 21. 5 ... ••• ., .4437 21.7 21. 5 22.3 21. .. 22.1 22.4 22.2 21.1 19.9 22.6 22.2 • •• 
4438 19.9 21.2 21. 4. 20.8 20.0 19.9 20.6 19.1 19.1 22.1 20.9 18.8 ...4439 20.8 20.6 21. 7 21.8 22.1 23.4 22.9 22.1 20.9 23.1 22.71.! 22.7 ...4440 22.1 22.1 22.5 23.0 20.7 24.1 23.0 21.3 21. 0 22.5 22.2 20.9 

mN 21.1 21.5 21.9 21.6 21.0 22.1 22.0 20.0 20.1 22.3 21. 7 20.8 
S. D. 0.9 0.7 0.5 1.0 1.0 1.7 1.0 1.1 0.' 0.7 0.6

• 
2.0 

N- 5 5 5 5 5 5 5 5 5 5 3 0 
=====e==C=========Dm=ee====C====e=e====e=c=====C=~DmDme=eee==~C====e=D==eD=========C=e=e===Deee==========eDe=D=ce=cc=====C= 

150 	 4456 24.1 24.6 25.0 23.8 22.8 25.4 24.9 24.4 21. 9 25.8 24.5 22.2 ••• 
4457 20.7 20.0 20.1 20.1 20.0 20.4 21.1 20.1 10.8 21. 5 20.0 17.5 ... 
4458 21.7 21. 9 22.3 21. 9 22.1 22.3 21.4 21.3 20.5 22.7 21. B 20.1 ••• 
H59 20.2 20.8 21. a 20.4 20.0 20.7 20.6 20.5 19.4 22. a 19.9 20.9 ••• 
4460 21. 3 23.9 23.7 23.1 22.4 22.0 22.5 21. 6 21. 7 20.0 22.7 22.6 

"£AN 21. 6 22.2 22.4 21. 9 21. 6 22.2 22.1 21. 6 20.5 22.4 21. 0 20.7 
S.O. 1.5 2.0 2.0 1.6 1.2 2.0 1.7 1.7 1.. 2.1 1.9 2.0 
N- 5 5 5 5 5 5 5 5 5 5 5 5 0 

=De===ee=============DDeeeC=======e=DDD==============eDeBe====C==~=De=emD==~==========DeDeD~m==e==========e=e=D=ee===~=~=C= 

@ VALUES EXCLUDED FROM IINALYSIS. 
--- NO DATA 
••• DElID ANIMIIL 
! STATISTICAL OUTLIERS EXCLUDED. 
=== NO DATA AVIIILABLE FOR MEAN liND S.D. 
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ETHYLENE GLYCOL: 12-MONTH DIET AR Y TOXICITY STUDY IN WIST AR HAN RATS 

APPENDIX TABLE 10. Feed Consumption (GlDay) Summary- Oxalate Cleamnce Group (continued) 

DAYS ON TEST 
ANlHAL 

MKO NUMBER 190-197 204-211 218-225 232-239 246-253 260-267 274-281 288-295 302-309 316-323 330-337 344-351 358-365 

00"' -------------------------------------------------------------------------------------------------------­
gg~~~DDDD~~~======g=~DgDDgD=~~~g~========gDD~DDgD~D======D====ggg=D==========~=~g=DD==~=======~=g=DD~D~============g~m=DD=~ .,.300 4476 22.4 23.1 23.4 21. 9 22.6 22.5 22.4 21. 4 19.7 22.9 22.0 22.9 
 ...4477 18.8 20.6 20.7 20.1 19.7 19.7 20.3 19.2 19.2 19.9 19.5 19.2 

4478 20.5 13.2 •• • ... ••• ... ... • •• ••• • •• ••• 
4479 24.4 25.3 ... •• • ... ... ... .,. ... ... • •• ... 
4480 24.8@ 29.1@ 29.3@ 27.6@ 26.7 25. B@ 29.2@ 26.1@ 24.3 28.1 24.5@ 24.8@ ... 
M"'N 21.5 20.6 22.1 21.0 23.0 21.1 21. 4 20.3 21.1 23.6 20.S 21.1 
S.D. 2.' 5.3 1.9 1.3 3.5 2.0 L5 1.6 2.6 '.2 1.6 2.6 
N- 2 2 3 2 2 2 3 3 2 2 0 


W 
 ======~D=D=DD===========~=gm=D=DDDDD=~==========~=~D=DD=D=======g=g_mD===~m=======g=mmeDmDm========g=gmgmDm=D======g===~g=.. '00 4496 17.4 ••• ••• ... ... ... .,. ••• • •• " . ... • •• 
4497 16.0 ••• ... • •• ... ... .., ... ... • •• ... ... 
4498 19.3@ ••• ... '" ... ... • •• ... ... ... ... ...... ... ... ... ... ... ... ...4499 15.7 
4500 ... ... ... ... ... ... ... ... ... ... ... ... ... 

16.4""'N
S.D. 0.9 ... 
N- 3 0 0 0 0 0 0 0 0 0 0 0 0 

=D==========~==DD=D==D=~========g=~=eD=D============g==~~D=====D==mg=g==D=D=========m=g=g=e=m=D=========g=Dmm=~=D====~===== 

@VALUES EXCLUDED FROM ANALYSIS . 

..* DElIO ANIMAL 

D~= NO DATA AVAILABLE FOR MEAN AND S.D. 
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ETHYLENE GLYCOL: 12·MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 11. Water Consumption (G/Day) - Main Group 
DAYS ON 

DOSE ANIMAL ------- ­
MKD NUMBER 368-369 

0 4401 
4402 5.1 
4403 17.0 
4404 ... 

g.g 
4406 7.' 
4407 10.1 
440B 10.5 
4409 11. 7 
4410 15.1 

w 

4405 

M'-'NI':; 	 10.9 
s. D. 3.'
"- • 

~~~~~~==~=========~=~~~=== 

50 	 4421 13.9 
4422 9.1 
4423 9.2 
4424 14.4 
4425 11.3 
4426 5.' 
4427 10.7 
4428 10.1 
4429 7.1 
4430 5.5 

MEAN 9.7 
S.D. J.O 
N- 10 

====~===============D=~=~== 

NO DATA 
*.. * DEAD ANIMAL 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE II. Water Consumption (G/Day) - Main Group (continued) 

DAYS ON 

DOSE ANIMAL ------- ­
MKD NUMBER 368-369 


150 	 4441 •. 6 

H42 13.8 

4443 
 ., 7.'.4444 
H45 10. B 
4446 16.4 
4447 ,.5 
H4B 7.0 
4449 5.' 
H50 6.1 

MEAN ,.,
w S.D . '.0 
w '" 

,.. 
ggm~~~~~~CC====ggg~D~~ 

300 	 4461 ....,.4462 .,.4463 
4464 22.8 
4465 15.6.,.4466 
4467 10.3 
446B 27.6 
4469 6.' 
4470 "'" 

16.5""'" '.7S. D. 
5'" 

*.* DEAD ANIMAL 



••• 
w...
... 
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ETHYLENE GLYCOL: I2·MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 12. Feed Efficiency (G/Day) - Main Group 
D~YS ON TEST 

ANIMAL 8,15 15,22 22,30 30,36 36,43 43,50 50,57 57,64 64,71 71,78 78,85 85,9200" 	 " B
"<0 	 NUMBER l-B 8-15 15-22 22-30 30-36 36-43 43-50 50-57 57-64 64-11 71-78 78-85 85-92 

=c===~=_===============~====c====~================================m===============C==========================~============ 

0 	 4401 ", '.6 5.B B.B B.3 15.8 10.3 43.4 24.4 11.7 17.9 H.O 28.1 
4402 3.6 5.2 '.0 B.' 9.6 9.' 16.1 23.0 13.4 17 .3 10.8 13.0 45.8 
4403 3.' 5.' 6.2 11. 9 B.5 20.6 13.3 27.0 34.5 18.0 14.4 9.9 175.81 
4404 3.6 '.6 5.1 -6.0! 3.6 5. , 5.6 10.3 44.0! 72.0 ! 10.7 
H05 '.0 5.5 '" 9.5 11. 6 11.5 15.2 665.01 13.3 41. 6! 19.4 16.1 38.3 
4406 3.' 5.3 6.' 11. 9 12.8 11.1 8.5 19.9 9.1 12.7 H.B 30.7 
4407 3.' .., 5.9 ,.. 9.0 15.5 
H08 3.' 5.6 6.B 12.4 10.4 11. 5 15.4 15.6 31. 0 36.3••• '" 4409 3.6 '.5 5.6 10.4 13.7 12.7 31.5 15.4 14.5 17 .5 21. 3 27.8
'" 4410 J.9 6.6 B.3 6.8 17.4 13.0 19.0 14.5 30.6 1B.3 26.8 

", '.8 6.2 9.' B.5 13.1 11.7 25.0 18.1 14.5 17 .6 16.6 33.4""'"S. D . 0.5 B.5 6.50.1 0.' '" 2.6 J.J 10.3 2.9 6.5 '.0 
N- 10 10 10 9 10 

•••
9 9 , , 8 , 9 , 


=================c====a=============================================_=~==mm================~=====m========================D 

50 	 4421 3.' '.0 '.9 6.9 B.5 9.2 18.6 11.2 13.5 18.9 14.9 129.2 

4422 '.2 6.0 '" 15.5 13.2 40.6
3.B 8.3 U 18.3 16. ? 18.4 10.2 

4423 '.3 5.J '.0 9.3 6.0 10.1 10.7 16.5 10.1 59.9 

4424 3.9 -18.8 ! ", 11. 4 '.8 10.0 16.5 20.2 12.2 14.8 16.4 -35.4! 22.2 

4425 .., .., 6.' '.9 6.0 28.2! -1.3 . 6 13.0 29.0· 18.6 12.0 16.1 41.6 

4426 3.' '.9 5.' B.8 9.5 1 . 1 10.7 42.4! 9.6 15.2 25.6 23.6 111.1
.., 	 0 

4421 J.B 6.0 8.' 10.7 9.5 10.5 17.4 16.6 14.6 21.4 37.9 194.5! 
4428 '.0 '.6 5.' 10.4 U 16.1 12.1 30.6 18.6 14.1 158.9! 20.1 137.5 
4429 3.' •. 0 6.J 10.8 9.2 9.9 13 .3 12.9 21. 9 13.8 11.4 36.1 4B.l 
4430 '-' 5.3 '.6 12.0 6.6 10.3 18.9 22.1 23.4 19.0 18.4 13.7 88.6 

MEAN '.0 '.6 5.9 9.6 '.5 11. 0 14 .2 18.1 17.8 14.7 19.3 22.7 76.1 
S.D. 	 0.' 0.5 1.1 1.. l.B 3.1 J.6 5.' 6. , 2.6 5.0 9.' 41. 8 


10 9 10 10 10 9 10 9 B 10 B 8 9
"­
=========================================================B=============c======g=gg==m=g======~=====~~~====g===00=========== 

--- NO DATA 
! STATISTICAL OUTLIERS EXCLUDED. 
DAYS ON TEST GIVEN AS BODY WEIGHT INTERVAL OVER rEED CONSUMPTION INTERVAL 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 12. Feed Efficiency (G/Day) - Main Group (continued) 

DAYS ON TEST 
OOSO ANIMAL 1,8 6,15 15,22 22,30 30,36 36,43 43,50 50,57 57,64 64,71 71,76 18,85 85,92 
M" NUMBER 1-8 8 -15 15-22 22-30 30-36 36-43 43-50 50-57 57-64 64-71 71-78 78-85 95-92 
~============DCD=D====D==========================gD=m======================D=====D=DDDD==========================DC==D==mmD 

150 4441 3.7 '.1 6.3 7.9 7.5 7.6 15.3 44.6 34.6! 12.6 5B.5! 19.9 -BB.1! 
4442 
4443 

'.0 
3.7 

•••
'.3 5.5 7.9 

6.8 
7.6 11. 9 10.3 19.2 9.7 12.1 20.3 23.4 90.6 

4444 3.6 6.2 6.> 10.4 9.8 15.9 12.1 23.6 16.6 10.6 23.6 10.0! 33.7 
4445 '.6 5.2 6.' 8.2 16.3 11. a 50.9 
~446 5.7 '.6 19.1! 24.1 8.7 16.5 12.2 10.0 13.5 20.3 62.5 
4447 3.' 4.5 5.7 7.3 11. 4 16.8 1B.5 10.7 21. 3 22.0 23.4 
4448 5.9 9.2 8.1 15.3 
4449 4.5 6.0 11.7 ! 21. 4 10.3 17 .2 15.7 26.7 13.8 15.0 17.0 23.1 23.7 
4450 '.7 6.2 7.3 12.6 11. 9 10.6 '.6 16.5 20.7 13.0 29.2 21.7 55.1 

MEAN '.2 5.5 6.3 13.4 '.6 13.0 13 .0 23.4 15.8 12.3 22.3 21. 7 48.6 
S.D. 
N­

0.7 
9 

1.. 
10 

0.7 
6 

6.7 
7 

1.6 
10 

3.6 
7 

3.0 
7 

11.9 
6 

3.5 
7 

1.5

• 
'.5 

5 
1.4 

6 
24.1 

7 
====D=====D==-==D=~=====================c=======m======================D=DCDD===m=============================u=====m==cc= 

300 	 4461 3.5 '.3 '.5 10.3 7.' 19.6 12.6 16.6 30.6 10.7 26.7 44.8! -142.5 
4462 3.8 •. 5 5.' 11. 9 9.' 22.1 11. 2 17.4 15.3 13.9 14.5 22.5 
4463 '.G '" 5.0 8.' 7.6 11.2 10.8 13.4 19.7 9.0 28.3 16.7 35.9 
4464 '.7 6.2 6.8 9.3 16.3 ! -919.0! 

4465 3.8 '.3 9.7 12.3 14.8 17.8 13.1 26B.O 
4466 '.2 6.6 '.2 13.2 '.5 22.3 11.5 41. 6 33.6 14.5 20.3 16.1 46.5 
H67 3.7 3.9 7.3 5.9 10.9 9.3 11.2 37.3 11. a 34.0 16.0 40.6 
446B '.3 '.7 6.0 '.7 14.4 11. 2 32.7! 40.3 
4469 •. 0 5.0 5.1 '.0 39.5 15.9 -60.4 ! 28.0! 20.8 26.0 
4470 ... '.2 '.9 13 .5 5.5 19.8 '.2 33.0 154.0! 21.0 15.0 -205.6 

MEAN '.1 '.9 5.7 10.6 7.7 20.0 11.2 22.2 24.8 12.3 25.0 16.0 14.6 
S. D. 0.' 0.9 1.2 2.' 1.3 9.1 2.2 12.2 10.4 2.4 6.3 2.' 132.5 
N- 10 30 9 7 8 9 6 6 6 6 7 9• 


============D====m=======================D====m==========================D===-=====================~=================C=DeD 

--- NO DATA 
! STATISTICAL OUTLIERS EXCLUDED. 
DAYS ON TEST GIVEN AS BODY WEIGHT INTERVAL OVER FEED CONSUMrTION INTERVAL 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 12. Feed Efficiency (GfDay)- Main Group (continued) 

DAYS ON TEST 
00'" lINIMII.L ',8 8,15 15,22 22,30 30,36 36,43 43,50 50,57 57,64 64,71 71,78 78,85 85,92
M" NUMBER H 8-15 15-22 22-30 30-36 36-43 43-50 50-57 57-64 64-71 71-78 78-85 85-92 
~~~~~==c=~g=gg==~B~~===C===~g=Cgmm=D~===~C===CgCC=====~~===c===~gCgC==============C=C=D~==============C~~~~=======c=cgcmc=c 

<00 	 4461 5.7 11.4 ! 8.9 9.7 7.6 14.4 10.5 25.2 19.7 12.3 30.4 16.9 -227.0 
4482 U 6.7 6.3 11.3 9.5 20.9 8.' 25.5 21.2 17.7 -223.0 13.4 -51.9 
4483 '.3 5.0 7.8 15.4 
4494 3.8 5.0 '-' 8.8 9.9 11. 9 17.0 
4485 5.0 5.9 12.5 8.9 21. 0 28.4 23.0 17.7 
4486 '.6 5.' 5.8 10.9 8.7 18. i 707.0! -3.2! 33.9 15.0 -214.0,.. 
4487 3.7 5.' 4 17.2 10.3 16.3 6.6 18.1 19.6 37.0 15.1 27.7! -111.1 
4488 '.9 8.3 8.' 8.' 9.5 16.1 9.5 62.0 16.9 18.9 31. 4 14.2 -58.3 
4489 .., 5.8 5.9 10.4 8.' 52.0! 8.0 U.4 21. 2 13 .1 11.8 12.7 -133.0 
4490 3.5 3.5 '.3 7.7 7.0 9.2 9.5 17.3 11.0 19.1 -283.5 18.5 48.0 

w... 	 HEl\N '.3 5.5 6.3 10.7 8.8 16.1 8.8 29.4 18.3 17.9 -54.8 15.5 -106.8 
~ S. D. 0.7 1.. 1.. 2.9 '-' •. 2 1.. 15.4 3.9 9.9 136.9 2.1 96.6 

N- 9 9 9 9 10 8 6 8 6 8 7 8 7 
===gg=g====~======C==C==CD=~=~=====C====Cg==D=~====C======c===~==============~===========c=c=================gB~==ec==== 

--- NO DATA 

! STATISTICAL OUTLIERS E:XCLUDED. 


DAYS ON TEST.GIVEN AS BODY WEIGHT INTERVAL OVER FEED CONSUMPTION INTERVAL 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 13. Urinalysis 

ANIMAL URINE VOL SPECIFIC PROTEIN GLUCOSE KETONES BILI­ UROBIL­
MW NUMBER (ML) GRAVITY COLOR APPEAR pM (MG/DL) (MG/DL) (MG/DL) RUBIN INOGEN""" 	 ''''''0 
0 	 4402 8.7 1.031 YELLOW SL. CL 8.5 H NEG TRe NEG NEG <=1 

4403 14.5 1.026 YELLOW SL. CL ,", , NEG TRe NEG NEG <-1 ,4405 7.1 1.033 YELLOOl SL. CL 8.0 NEG NEG NEG NEG <-1 
4406 5.1 1.045 YELLOW SL. CL 7.0 H NEG TRe NEG NEG <-1 
H01 13 .1 1.028 YELLOW SL. CL 8.5 H NEG NEG NEG NEG <-1 
4409 '.1 1.021 YELLOW SL. CL ,", , , NEG TRe NEG NEG <"1 
4409 14.2 1. 024 YELLOW SL. CL 8.0 NEG NEG NEG NEG <"1 
4HO 13.3 1. 024 YELLOW SL. CL 7.5 NEG NEG NEG "EG <=1, 

"'AN 10.6 1.031 
S.D. 3.6 0.007 
N" 8 8 

w , =====~m~~====m~~==========~=_mm=_===~==~=c=========~~m===========================~=============m=m~=====================_mm~ 

50 	 4421 15.2 1. 024 YELLOW SL. CL 7.S NEG NEG NEG NEG <"1:0 	 , ,4422 '.6 1. 041 YELLOW SL. CL 6.5 H NEG TRe 	 <"1 
4423 6.8 1. 036 YELLOW SL. CL ,", H NEG TRC NEG NEG <"1 
4424 12.4 1. 024 YELLOW SL. CL ,", H NEG NEG NEG NEG <"1 ,4425 13.0 1. 023 YELLOW SL. CL 8.5 NEG NEG NEG NEG <"1 
4426 8.6 1. 039 YELLOh' SL. CL 6.5 NEG TRe NEG NEG <"1 
4427 3.5 1.044 YELLOW SL. CL 8.0 " NEG TRe , <-1 
4429 8.1 1. 032 YELLOW SL. CL 8.5 ," NEG TRe NEG " NEG <-1 
4429 8.3 1.031 YELLOW SL. CL 8.0 NEG NEG NEG NEG <"1 
4430 7.1 1.041 YELLOW SL. CL 6.5 " NEG TRe , , <"1" 

MEAN 8.8 1. 034 
S. o. 3.7 0.009 
N" 10 10 

===========m===================_=m_============================c================================================================== 
NEG=NEGATIVE TRC=TRACE SL. CL=SLIGHTLY CLOUDY UROBILINOGEN IS MEASURED IN EU/DL=EHRLICH UNITS/DECILITER 
@SPECIFIC GRAVITY VALUES ARE MEAN AND S.D. FOR THE SPECIFIED NUMBER (N) OF ANIMALS. ALL OTHER DATA TABULATED AS NUMBER OF ANIMALS (N) 

WITH THE STATED VALUE. THE TOTAL NUMBER OF ANIMALS FOR SOME PARAMETERS MAY NOT EQUAL THE NUMBER OF ANIMALS IN THE DOSE GROUP 
N = NORMAL; + ~ SLIGHT; ++ ~ MODERATE; +++ = SEVERE ­
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN W1STARHAN RATS 

APPENDIX TABLE 13. Urinalysis (continued) 

"" 
00" ANIMAL URINE VOL SPECIFIC PROTEIN GLUCOSE KETONES BILI­ UROBIL­

NUMBER (ML) GRIIVITY COLOR APPEAR pH (MGfDL) (MGfDL) (l1GfDL) RUBIN ".(x)O INOGEN 
=_== __DDD~DD====D=======D=_=D===DD============_D=_=DD~mD==C=========D=D=D=DGDCmm==C========_====DDD===================D=D~======CD 
150 4441 6.6 1.047 YELLOW 6.0 H TRO H <01". OL , ." ." 

4442 12.5 1.025 YELLOW SL. CL 7.5 REG REG." ." <'"'1 
4443 7.3 1. 041 YELLOW 5L. OL 5.0 , H REG TRO ." ." <01 
4445 6.' 1.037 YELLOW 5L. OL 5.5 TRO <01." ." ." 
4446 11. 6 1. 023 YELLOW 5L. OL 7.5 <=1." ." ." ."
4447 11.3 1. 025 YELLOW SL. CL >=9 , , ." ." ." ." <-1 
4448 1. 035 'fELLOW SL. CL '09 H ." TRO ." ." <01'" ,4 4 4 9 5.2 1.047 YELLOW SL. CL 6.0 H ." TRO ." <01 
4450 3.2 1.062 YELLOW SL. CL 5.0 H , ,." ." <-1 

7.9 1.038."'.S.D. 3.2 0.013 

'0 9 9 


W ==D==mDm==========~,",==D==~=DD=======D========D=DDD====================================DDD====================D=D================== 

~ 300 4464 19.8 1.017 YELLOW SL. CL REG 'NEG <01,... 
'-9 ." ."

4465 13.9 1.026 YELLOW 5L. OL 8.5 ." HEG ." <01 
4467 7.8 1.029 YELLOW SL. CL ," ." TRO ." ."." <01 
446B 1. 012 YELLOW SL. CL 6.5 <0135.3 '" , ." ." .", ."
4469 '.5 1. 042 BROWN 5L. oe '09 HEG TRO ++++ <01'" 

MEAN 16.3 1. 025 
S. D. 12.2 0.012 


5 5
.­
==========D==D=a==m===========D==D============D=====__=D~Dm======D=======_D=DD====~===========D=D==D========D=======_D=DDDD===== 
NEGDNEGATIVE TRC=TRACE SL. CL=SLIGHTLY CLOUDY UROBILINOGEN IN MEASURED IN EU/DL=EHRLICH UNITS/DECILITER 
~SPECIFIC GRAVITY VALUES ARE HEAN AND S.D. FOR THE SPECIFIED NUMBER (N) OF ANIMALS. ALL OTHER DATA TABULATED AS NUMBER OF ANIMALS (N) 

WITH THE STATED VALUE. THE TOTAL NUMBER OF ANIMALS FOR SOME PARAMETERS MAY NOT EQUAL THE NUMBER OF ANIMALS IN THE DOSE GROUP 
N = NORMAL; + ~ SLIGHT; ++ ~ MODERATE; +++ = SEVERE 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WI STAR HAN RATS 

APPENDIX TABLE 14. Organ and OrganIBody Weights - Main Group 
FINIU. KIDNEYS LIVER 

ANIMAL OOOY 


"" NUMBER ". IGI IGI (G/I00) IGI (G/I00) 

00'" 	 -------------------------------­
~~~~~~========~==~=============~=======~==_m=~========== 

0 	 4402 492.7 2.556 0.519 12.709 2.579 
4403 51~.0 2.795 0.544 12.649 2.461 
4405 394.711- 2.388 0.605 9.901 2.509 
4406 487:2 2.596 0.533 11. 743 2.410 
4407 526.0 2.654 0.505 11.748 2.233 
4408 476.0 2.584 0.543 11.470 2.410 
4409 486.1 2.397 0.493 11. 302 2.325 
4410 491.6 2.436 0.496 12.215 2.485 

483.5 2.551 0.530 11.717 2.427 
S.D. 39.4 0.140 0.036 0.897 0.109 .. 	 """" 

B B B B Bw 	 "­
===~=~=============m=====================~================= 

'D so 	 4421 554.6 3.115 0.562 14.7B5 2.666 
4422 503.1 2.610 0.519 12.121 2.409 
4423 560.0 2. B41 0.507 13.093 2.338 
4424 495.3 2.490 0.503 12.114 2.446 
4425 467.3 2.749 0.564 12.063 2.475 
4426 525.2 3.038 0.579 12.965 2.469 
4427 455.1 2.566 0.564 10.332 2.270 
4428 441. 9 2.321 0.525 10.556 2'.389 
4429 457.5 2.241 0.490 10.096 2.207 
4430 507.1 2.945 0.581 11.B21 2.331 

49B.7 2.692 0.539 11.995 2.400"""" 40.3 0.297 0.034 1.431 0.127S.D. 
10 10 10 10 10"­

===================~====================~==========~====== 

~ STATISTICAL OUTLIERS INCLUDED. 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTARHAN RATS 

APPENDIX TABLE 14. Organ and OrganJBody Weights- Main Group (continued) 

FINAL KIDNEYS LIVER 
OOSE ANIHAL W" -------------------------------­
M" 	 NUMBER NT. fG) fG) (G/100) fG) (G/100) 
cc===~=g====c~=c=c=c======g====mB=c=c===========g=g=m=DC=== 

150 	 ~441 ~83.5 2.521 0.521 12.266 2.541 
4442 475.0 2.364 0.498 10.~30 2.196 
4443 487.1 2.387 0.490 11.366 2.338 
4445 503.2 2.646 0.526 11. 619 2.309 
4446 434.3 2.103 0.464 10.662 2.455 
4447 529.1 2.653 0.501 13.752 2.596 
4448 466.5 2.662 0.575 11.077 2.374 
4449 459.8 2.427 0.528 10.933 2.376 
4450 369.6 1.969 0.533 8.019 2.170 

w 
~ 	 MEAN 467.6 2.417 0.517 11.129 2.373 
0 S. D. 45.5 0.246 0.028 1. 539 0.143 

N- , 9 9 9 9 
=============m=g_=Dc=========~=g=gDDD==C============CDcmDC= 

300 	 H64 J89.S 2.330 0.598 9.632 2.524 
4465 625.6 3.029 0.484 14.823 2.369 
4467 442.0 2.233 0.505 9.764 2.209 
4466 458.7 3.451 0.754 12. 0'15 2.632 
4469 414.2 2.962 0.720 9.926 2.396 

M"," 466.0 2.806 0.612 11.284 2.426 
S.D. 93.1 0.515 0.122 2.203 0.161 
N- 5 5 5 5 5 

=~~==========g======~===========DDD==========mg=g=DDD==== 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTARHAN RATS 

APPENDIX TABLE 15. Organ and Organ/Body Weights- Metabolism Group 
E'INlIL KIDNEYS 

OOSE 	 ANIMAL ---------------­
MKD 	 NUMBER 'T."'''{GJ {GJ (G/IOO) 
~~g====~D====D===~=~~=~=~~====~====D=D===== 

0 	 4411 498.8 2.349 0.471 
4412 436.8 2.312 0.529 
4413 469.8 2.506 0.533 
4414 601. 6 2.900 0.482 
4415 435.0 2.210 0.508 

MEAN 488.4 2.455 0.505 
s. D. 68.5 0.270 0.029 ,. 5 5 5 

====D=D======================D==~DD======== 

50 4431 501. 0 2.456 0.491 
~ 	 4432 449.4 2.662 0.592 

4433 441.1 2.339 0.530 
4434 601. 6 3.040 0.505 
4435 427.5 2.467 0.577 

W 

494.1 2.593 0.539""" 71.3 0.044s. D. 0.275 ,. 5 5 5 
======================__m========c========= 
150 	 4451 548.9 2.699 0.490 

4452 492.2 2.846 0.578 
4453 455.7 2.779 0.610 
4454 454. 8 2.402 0.528 
4455 4H.4 2.530 0.533 

MeAN 485.2 2.649 0.549 
S.D. 39.9 0.192 0.047 ,. 5 5 5 

===C===========~======D=D_==~============= 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 15. Organ and Organ/Body Weights- Metabolism Group (continued) 

FIN....L KIDNEYS 
oose ....NIMAL 80" ---------------­
"" NUMBER IG) (G/IOO)"'. IG) 
~~~~~~~~~~===~~~=========================== 

300 	 4471 501.2 2.590 0.517 
4472 485.1 3.136 0.646 
4473 402.7 2.160 0.536 
4474 436.5 5.450 1.249~ 
4475 464.1 2.872 0.619 

457.9 3.242 0.713"EM 
S. D. 39.2 1. 286 0.304 
N' 5 5 5 

===============D=======~==~================ 

w 	 # ST....TISTICAL OUTLIERS INCLUDED. 
N 
~ 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 16. Organ and OrganJBody Weights - Early Termination 
FINAL KIDNEYS 

OOSE ANIMAL BOO> ---------------­,G,"" NUMBER 	 (G/l00)". 10' 
~======~==~~~m============================ 

.00 	 4491 375.6 2.991 0.794 
4483 400.5 4.342 1.084 
4484 334.3 ".546 1. 360 
4485 335.0 3.669 1. 095 
4486 327.0 3.150 0.963 
44B8 324.0 4.047 1. 249 
4499 301. 9 4.159 1. 378 
4490 338.0 4.027 1.191 
4492 482.9U 3.160 0.654 
4493 495.2U 3.026 0.611 
4494 362.7 3.347 0.923 
4495 399.6 4.002 1.002 

w 4496 336.9 4.916 1. 459 
~ 
w 	 4497 371.5 5.331 1. 435 

449B 358.5 4.870 1. 359 
4499 340.1 4.764 1. 401 

361.1 4.021 1.122"""" 54.5 0.279S.D. 0.746 
N' 16 16 16 

============~===========~================== 

H STATISTICAL OUTLIERS INCLUDED. 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 17. Municipal Water Analysis 

MONTHLY DISTRIBUTION WATER ANALYSIS REPORT* 
MIDLAND WATER TREATMENT PLANT 

MONTH; AUGUST 2003 

PARAMETER 	 RESULTS 
Averaqe Maximum Minimum 

TOTAL COLIFORMS ND ND ND 
HETEROTROPHIC PLATE COUNT 14 73 o 
TEMPERATURE - °C 2D 22 18 
pH 8.2 8.7 7.9 
CONDUCTIVITY, uS/Ct1 216 222 2D6 
TURBIDITY, NTU 0.11 0.19 0.08.. 

~ 	 OOOR# AT 60°C •• ••.. ~ 	

TOTAL HARDNESS, (mg/L) as CaCO l 97 101 93 
TOTAL ALKALINITY, (mg/L) as CaCOl 67 69 63 
CARBONATE ALKALINITY, (mg/L) as CaCO l 3 , D 
BICARBONATE ALKALINITY, (mg/L) as CaCOl 6D 
CALCIUM, as CaCO] "66 7D " 62 
CALCIUM, (mg/L) 27 26 25 
MAGNESIUM, (mg/L) 7.5 8.D 6.6 
FLUORIDE, (mg/L) 0.73 1.18 0.08 
Free Chlorine, (mg/L) 0.72 0.95 0.25.. .. 	 ..TOTAL IRON, (mg/L) 

LANGELIER SATURATION INDEX@ D.D D. , -0.3 


.. STANDARD METHODS fOR EXAMINATION OF WATER AND WASTE WATER, 16TH ED. (1985), AMERICAN PUBLIC 
HEALTH ASSOCIATION AND AMERICAN WATER WORKS; WASHINGTON, D.C. 

NTU - NEPHELOMETRIC TURBIDITY UNITS 
~ INTENSITY LEVEL RECORDED AS I THROUGH IV 
M - MUSTY.. NO DATA GIVEN 
@ INDICATES WATER CORROSIVITY (A POSITIVE VALUE INDICATES WATER WILL DEPOSIT MINERALS, A 

NEGATIVE VALUE INDICATES WATER WILL TAKE UP MINERALS) 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 17. Municipal Waler Anlllysis (continued) 

MONTHLY DISTRIBUTION WATER ANALYSIS REPORT* 
MIDLAND WATER TREATMENT PLANT 

MONTH: September 2003 

PARAMETER 

TOTAL COLImRMS ND ND ND 
HETEROTROPHIC PLATE COUNT 17 170 o 
TEMPERATURE - °c 2D 22 18 
pH 8.1 8.6 7.9 

w 
U, 
u, 

CONDUCTIVITY, uS/CM 
TURBIDITY, NTU 
OOOR~ AT 60°C 

218 
0.11
•• 

226 
0.20 

2D5 
0.08.. 

TOTAL HARDNESS, (mg!L) as CaCO J 99 103 " TOTAL ALKALINITY, (mg/L) as CaCOJ 68 72 63 
CARBONATE ALKALINITY, (mg!L) as CaCO J 2 6 o 
BICARBONATE ALKALINITY, (mg/L) as CaCO J 66 69 61 
CALCIUM, as CaCO J 68 72 62 
CALCIUM, (mg/L) 27 29 25 
MAGNESIUM, (mg/L) 7.6 8.0 7.3 
FLUORIDE, (mg/L) 0.98 1.13 0.77 
Free Chlorine, (mg/L) 
TOTAL IRON, (mg/L) 

0.78 
•• 

1.05 
•• 

0.45.. 
LANGELIER SATURATION INDEX@ -0.1 0.3 -0.4 

• STANDARD METHODS mR EXAMINATION OF WATER AND WASTE WATER, 16TH ED. (1985), AMERICAN PUBLIC 
HEALTH ASSOCIATION AND AMERICAN WATER WORKS; WASHINGTON, D.C. 

NTU NEPHELOMETRIC TURBIDITY UNITS 
# INTENSITY LEVEL RECORDED AS I THROUGH IV 
M ­ MUSTY 
~~ NO DATA GIVEN 
@ INDICATES WATER CORROSIVITY (A POSITIVE VALUE INDICATES WATER WILL DEPOSIT MINERALS, A 

NEGATIVE VALUE INDICATES WATER WILL TAKE UP MINERALS) 
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ETHYLENE GLYCOL: 12·MONTH DIETARY TOXICITY STUDY IN WISTARHAN RATS 

APPENDIX TABLE 17. Municipal Water Analysis (continued) 

MONTHLY DISTRIBUTION WATER ANALYSIS REPORT* 
MIDLAND WATER TREATMENT PLANT 

MONTH: October 2003 

PARAMETER 

TOTAL COLIfORMS NO NO NO 
HETEROTROPHIC PLATE COUNT 4 45 o 
TEMPERATURE - °C 16 20 13 

w 
~ 	

pH 8.1 8.6 7.9 
~ 	 CONDUCTIVITY, uS/CM 217 221 207 

TURBIDITY, NTU 0.10 0.18 0.07 
OOOR~ AT 60°C 	 .. •• •• 
TOTAL HARDNESS, (mg/L) as CaCOJ 	 100 102 93 
TOTAL ALKALINITY, (mg/L) as CaCOJ 	 69 72 63 
CARBONATE ALKALINITY, (mg/L) as CaOOl 1 8 	 o 
BICARBONATE ALKALINITY, (mg/L) as CaCO J 6B 71 	 61 
CALCIUM, as CaCO] 	 69 72 63 
CALCIUM, (mg/L) 28 29 25 
MAGNESIUM, (mg/L) 7.6 8.3 7.0 
FLUORIDE, (mg/L) 1. 06 1. 20 0.90 
Free Chlorine, (mg/L) 0.75 1.00 0.35 
TOTAL IRON, (mg/L) •• •• .. 
LANGELIER SATURATION INDEX@ -0.2 0.3 -0.4 

.. STANDARD METHODS fOR EXAMINATION OF WATER AND WASTE WATER, 16TH ED. (1985), AMERICAN PUBLIC 
HEALTH ASSOCIATION AND AMERICAN WATER WORKS; WASHINGTON, D.C. 

,NTU NEPHELOMETRIC TURBIDITY UNITS 
# INTENSITY LEVEL RECORDED AS I THROUGH IV 
M ­ MUSTY 
** NO DATA GIVEN 
@ INDICATES WATER OORROSIVITY (A POSITIVE VALUE INDICATES WATER WILL DEPOSIT MINERALS, A 

NEGATIVE VALUE INDICATES WATER WILL TAKE UP MINERALS) 
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ETHYLENE GLYCOL: I2-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 17. Municipal Water Analysis (continued) 

MONTHLY DISTRIBUTION WATER ANALYSIS REPORT· 
MIDLAND WATER TREATMENT PLANT 

MONTH: November 2003 

PARAMETER RESULTS 
Average Maximum Minimum 

TOTAL COLIE'ORMS ND ND ND 
HETEROTROPHIC PLATE COUNT 3 15 o 
TEMPERATURE - °C 13 15 11 

~ 
~ pH 8.2 8.6 8.0 
~ CONDUCTIVITY, uS/CM 219 227 212 

TURBIDITY, NTU 0.09 0.13 0.06 
OOOR# AT 60°C •• •• •• 
TOTAL HARDNESS, (mg/L) as CaCO, 100 103 97 
TOTAL· ALKALINITY, (mg/L) as CaCO, 7D 72 6B 
CARBONATE ALKALINITY, (mg/L) a5 CaCO, 2 4 o 
BICARBONA.TE ALKALINITY, (mg/L) as CaCO, 6B 7D 65 
CALCIUM, as CaCO J 7D 74 67 
CALCIUM, (mg/L) 2B 3D 27 
MAGNESIUM, (mg/L) 7.5 8.D 6.8 
FLUORIDE, (mg/L) 1.10 1.19 1.03 
Free Chlorine, (mg/L) 0.76 0.90 0.40 
TOTAL IRON, (mg/L) •• •• • • 
LANGELIER SATURATION INDEX@ -0.2 D.2 -0.4 

• STANDARD METHODS FOR EXAMINATION OF WATER AND WASTE WATER, 16TH ED. (1985), AMERICAN PUBLIC 
HEALTH ASSOCIATION AND AMERICAN WATER WORKS; WASHINGTON, D.C. 

NTU, NEPHELOMETRIC TURBIDITY UNITS 
INTENSITY LEVEL RECORDED AS I THROUGH IV 

M - MUSTY 
•• NO DATA GIVEN 
@ INDICATES WATER OORROSIVITY (A POSITIVE VALUE INDICATES WATER WILL DEPOSIT MINERALS, A 

NEGATIVE VALUE INDICATES WA.TER WILL TAKE UP MINERALS) 

http:BICARBONA.TE
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ETHYLENE GLYCOL: I2-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 17. Municipal Water Analysis (continued) 

MONTHLY DISTRIBUTION !~ATER ANALYSIS REPORT· 
MIDLAND WATER TREATMENT PLANT 

MONTH; December 2003 

PARAMETER 

TOTAL COLIFORMS ND ND ND 
w 
u, 
~ 

HETEROTROPHIC 
TEMPERATURE -

PLATE 
°C 

COUNT 3 
lD "15 

D, 
pH '.3 '.6 , .1 
CONDUCTIVITY, uS/CM 218 230 213 
TURBIDITY, NTU 
OOORij AT 60°C 

0.09 
•• 

0.22 
•• 

D.06 
•• 

TOTAL HARDNESS, (mg/L) as CaCOJ 101 107 9B 
TOTAL ALKALINITY, (mg/L) as CaCOl 71 77 69 
CARBONATE ALKALINITY, (mg/L) as CaCO J 3 6 2 
BICARBONATE ALKALINITY, (mg/L) as CaCO l 6B 71 66 
CALCIUM, as CaC03 70 77 67 
CALCIUM, (mg/L) 2B 31 27 
MAGNESIUM, (mg/L) 7.5 '.0 7.0 
FLUORIDE, (mg/L) 1.11 1. 28 0.95 
Free Chlorine, (mg/L) 
TOTAL IRON, (mg/L) 

0.81.. 1. 00
•• 

0.50.. 
LANGELIER SATURATION INDEX@ -0.2 0.3 -0.3 

* STANDARD METHODS FOR EXAMINATION Of WATER AND WASTE WATER, 16TH ED. (1985), AMERICAN PUBLIC 
HEALTH ASSOCIATION AND AMERICAN WATER WORKS; WASHINGTON, D.C. 

NTU NEPHELOMETRIC TURBIDITY UNITS 
~ INTENSITY LEVEL RECORDED AS I THROUGH IV 
M ­ MUSTY 
*~ NO DATA GIVEN 
@ INDICATES WATER CORROSIVITY (A POSITIVE VALUE INDICATES WATER WILL DEPOSIT MINERALS, A 

NEGATIVE VALUE INDICATES WATER WILL TAKE UP MINERALS) 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 17. Municipal Water Analysis (continued) 

MONTHLY DISTRIBUTION WATER ANALYSIS REPORT* 
MIDLAND WATER TREATMENT PLANT 

MONTH: JANUARY 2004 

.... ~"'.::age Minimum 
TOTAL COLIFORMS NO NO 
HETEROTROPHIC PLATE COUNT o o 
TEMPERATURE _ °c 9 	 6 

w pH 	 9.7 9.6 
~ 
'0 	 CONDUCTIVITY, uS/CM 220 215 

TURBIDITY, NTU 0.10 0.07.. 	 ..OOORH AT 60°C 	 •• 
TOTAL HARDNESS, (mg/L) as CaCO J 	 102 106 100 
TOTAL ALKALINITY, (mg/L) as CaCO, 72 	 70 
CARBONATE ALKALINITY, (mg/L) as CaCO J 6 10" 	 , 
BICARBONATE ALKALINITY, 	 (mg/Ll as CaCO, 66 69 63 
CALCIUM, as CaCO, 71 	 69 
CALCIPM, (mg/L) 29 "30 27 
MAGNESIUM, (mg/L) 7.6 9.3 7.3 
FLUORIDE, (mglL) 1. 06 1.16 0.91 
Free Chlorine, (mg/L) 0.62 0.95 0.55 
TOTAL IRON, (mg/L) 	 .. •• .. 
LANGELIER SATURATION INDEX@ 	 0.2 o. , 0.1 

* STANDARD METHODS FOR EXAMINATION-OF WATER AND WASTE WATER, 16TH ED. (1985), AMERICAN PUBLIC 
HEALTH ASSOCIATION AND AMERICAN WATER WORKS; WASHINGTON, D.C. 

NTU NEPHELOMETRIC TURBIDITY UNITS 
~ INTENSITY LEVEL RECORDED AS I THROUGH IV 
M ­ MUSTY 
** NO DATA GIVEN 
@ INDICATES WATER CORROSIVITY (A POSITIVE VALUE INDICATES WATER WILL DEPOSIT MINERALS, A 

NEGATIVE VALUE INDICATES WATER WILL TAKE UP MINERALS) 
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ETHYLENE GLYCOL: 12-MqNTH DIET AR Y TOXICITY STUDY IN WIST AR HAN RATS 

APPENDIX TABLE 17. Municipal Waler Analysis (continued) 

MONTHLY DISTRIBUTION WATER ANALYSIS REPORTk 
MIDLAND WATER TREATMENT PLANT 

MONTH: FEBRUARY 2004 

PARAM"ETER 

TOTAL COLHURMS NO 
HETEROTROPHIC PLATE COUNT o 2 o,

w TEMPERATURE - °C 6 9 

o 
~ pH 8.7 8.9 8.1 

CONDUCTIVITY, uS/CM 223 239 213 
TURBIDITY, NTU 0.09 0.12 0.07 

OOOR# AT 60°C •• •• •• 
TOTAL HARDNESS, (mg/L) as CaCO J 103 109 9B 
TOTAL ALKALINITY, (mg/LJ as CaCOJ 71 76 67,CARBONATE ALKALINITY, (mg/L) as CaDD J 6 8 
BICARBONATE ALKALINITY, (mg/L) as CaCO) 65 70 61 
CALCIUM, as CaCO) 71 75 65 
CALCIUM, (mg/L) 28 30 26 
MAGNESIUM, (mg/L) 7.9 8.7 7.3 
FLUORIDE, (mg/L) 1. 05 1.11 0.97 
Free Chlorine, (mg/L) 0.87 1.17 0.40 
TOTAL IRON, (mg/LJ •• •• .. 
LANGELIER SATURATION INDEX@ 0.1 O.• -0.5 

• STANDARD METHODS FOR EXN1INATION OF WATER AND WASTE WATER, 16TH ED. (1995), AMERICAN PUBLIC 
HEALTH ASSOCIATION AND AMERICAN WATER WORKS; WASHINGTON, D.C. 

NTU

•M ­

NEPHELOMETRIC TURBIDITY UNITS 
INTENSITY LEVEL ~ECORDED AS I 
MUSTY 

THROUGH IV 

•• NO DATA GIVEN 
@ INDICATES WATER CORROSIVITY (A POSITIVE VALUE INDICATES WATER .WILL DEPOSIT MINERALS, A 

NEGATIVE VALUE INDICATES WATER WILL TAKE UP MINERALS) 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 17. Municipal Water Analysis (continued) 

MONTHLY DISTRIBUTION WATER ANALYSIS REPORT* 
MIDLAND WATER TREATMENT PLANT 

MONTH: MARCH 2004 

PARAMETER 

TOTAL COLI FORMS 
HETEROTROPHIC PLATE COUNT o 2 o,TEMPERATURE _ cc 6 

w pH ,., •
'.6 '.5 

'" CONDUCTIVITY, uS/CM 237 268 220- TURBIDITY, NTU 0.09 0.30 0.06.. ..
OOOR~ AT 60·C •• 
TOTAL HARDNESS, (rng/L) as CaCO J 109 120 102 
TOTAL ALKALINITY, (mg/L) as CaCOJ 76 82 69,CARBONATE ALKALINITY, (mg/L) as CaCOJ 5 •'BICARBONATE ALKALINITY, (mg/L) as CaCO, 71 78 61 
CALCIUM, as CaCO J 76 70 
CALCIUM, (mg/L) 30 " 34 
MAGNESIUM, (mg/L) '.2 10.0 7.5 " 
FLUORIDE, (mg/L) 1.10 1.18 1. 02 
Free Chlorine, (mg/L) 0.85 1. 05 0.55 
TOTAL IRON, (mg/L) .. •• .. 
LANGELIER SATURATION INDEX@ 0.2 o.• 0.0 

* STANDARD METHODS FOR EXAMINATION OF WATER AND WASTE WATER, 16TH ED. (1985), AMERICAN PUBLIC 
HEALTH ASSOCIATION AND AMERICAN WATER WORKS; WASHINGTON, D.C. 

NTU NEPHELOMETRIC TURBIDITY UNITS 
H INTENSITY LEVEL RECORDED AS I THROUGH IV 
M ­ MUSTY 
** NO DATA GIVEN 
@ INDICATES WATER CORROSIVITY (A POSITIVE VALUE INDICATES WATER WILL DEPOSIT MINERALS, A 

NEGATIVE VALUE INDICATES WATER WILL TAKE UP MINERALS) 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 17. Municipal Water Analysis (continued) 

MONTHLY DISTRIBUTION !~ATER ANALYSIS REPORT"" 
MIDLAND WATER TREATMENT PLANT 

MONTH; APRIL 2004 

~- .. ­nv<a'age Minimum 
TOTAL COLI FORMS NO Nu NO 
HETEROTROPHIC PLATE COUNT o 1 o 
TEMPERATURE - °C 9 12 6 
pH 8.6 8.8 8. , 

w CONDUCTIVITY, uS/CM 244 280 222
Rl TURBIDITY, NTU 0.09 0.14 0.07.. .. ••OIXlR~ AT 60°C 

TOTAL HARDNESS, (mg/L) as CaCO J 112 125 lOJ 
TOTAL ALKALINITY, (mg/L) as CaCOl 77 71 
CARBONATE ALKALINITY, (mg/L) as CaCO J 5 "8 2 
BICARBONATE ALKALINITY, (mg/LJ as CaCO J 72 80 65 
CALCIUM, as CaCO] 78 72 
CALCIUM, (mg/L) 31 "3S 29 
MAGNESIUM, (mg/L) 8.2 9.2 6.8 
FLUORIDE, (mg/L) 1.06 1.14 0.99 
Free Chlorine, (mg/L) 0.82 1. 08 0.54 
TOTAL IRON, (mg/L) •• .. .. 
LANGELIER SATURATION INDEX@ 0.2 o. , 0.0 

STANDARD METHODS FOR EXAMINATION OF WATER AND WASTE WATER, 16TH ED. (1985), AMERICAN PUBLIC 
HEALTH ASSOCIATION AND AMERICAN WATER WORKS; WASHINGTON, D.C. 

NTU - NEPHELOMETRIC TURBIDITY UNITS 
~ INTENSITY LEVEL RECORDED AS I THROUGH IV 
M - MUSTY 
** NO DATA GIVEN 
@ INDICATES WATER CORROSIVITY (A POSITIVE VALUE INDICATES WATER WILL DEPOSIT MINERALS, A 

NEGATIVE VALUE INDICATES WATER WILL TAKE UP MINERALS) 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 17. Municipal Water Analysis (conlinued) 

MONTHLY DISTRIBUTION WATER ANALYSIS REPORT* 
MIDLAND WATER TREATMENT PLANT 

MONTH: MAY 2004 

"",v",.::aqe ~---- Minimum 
TOTAL COLIroRMS ND N_ NO 
HETEROTROPHIC PLATE COUNT o O o 
TEMPERATURE _ °c 12 15 9 
pH ,.,w '.6 '.2 
CONDUCTIVITY, uS/CM 23. 265 199eJ 
TURBIDITY, NTU 0.11 0.90 0.06 
OOOR~ AT 60°C •• •• •• 
TOTAL HARDNESS, (mg/L) as CaCOJ 105 117 91 
TOTAL ALKALINITY, (mg/L) as CaOOJ 69 83 60 
CARBONATE ALKALINITY, (mg/L) as CaCO J 5 10 2 
BICARBONATE ALKALINITY, (mg/L) as CaCO l 64 77 55 
CALCIUM, as CaCO, 71 85 60 
CALCIUM, (mg/L) 34 24 
MAGNESIUM, (mg/L) '.2" 9.2 7.3 
FLUORIDE, (mg/L) 1.10 1.14 1.04 
Free Chlorine, (mg/L) 0.79 1. 08 0.40 
TOTAL IRON, (mg/L) •• •• •• 
LANGELIER SATURATION INDEX@ 0.1 O•• -0.2 

• STANDARD METHODS FOR EXAMINATION OF WATER AND WASTE WATER, 16TH ED. (1985), AMERICAN PUBLIC 
HEALTH ASSOCIATION AND AMERICAN WATER WORKS; WASHINGTON, D.C. 

NTU NEPHELOMETRIC TURBIDITY UNITS 
H INTENSITY LEVEL RECORDED AS I THROUGH IV 
M ­ MUSTY 
** NO DATA GIVEN 
@ INDICATES WATER CQRROSIVITY (A POSITIVE VALUE INDICATES WATER WILL DEPOSIT MINERALS, A 

NEGATIVE VALUE INDICATES WATER WILL TAKE UP MINERALS) 
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ETHYLENE GLYCOL: I2-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 17. Municipal Wlltcr Analysis (conlinucd) 

MONTHLY DISTRIBUTION WATER ANALYSIS REPORT­
MIDLAND WATER TREATMENT PLANT 

MONTH: JUNE 2004 

..,.,",..age Maxi-'· ­ Minimum 
TOTAL COLIFORl'-IS NO Nu NO 
HETEROTROPHIC PLATE COUNT o 3 o 
TEMPERATURE - °C 16 18 11 

w pH 8.3 8.6 8.1 
~.. 	 CONDUCTIVITY, uS/CM 256 285 225 

TURBIDITY, NTU 0.10 0.18 0.07.. .. 	 ..OOORij AT 60°C 
TOTAL HARDNESS, (mg/L) as CaCO J 111 11' 100 
TOTAL ALKALINITY, {mg/Lj as CaCOJ 72 77 67 
CARBONATE ALKALINITY, (mg/L) as CaCO J 2 6 o 
BICARBONATE ALKALINITY, (mg/L) as CaCOl 7D 75 
CALCIUM, as CaCOl 75 79 " 68 
CALCIUM, (mg/L) 30 32 27 
MAGNESIUM, (mg/L) 8.7 10.0 7.8 
FLUORIDE, (mg/L) 1. 02 1.17 0.96 
Free Chlorine, (mg/L) 0.77 1.11 O. q6 
TOTAL IRON, (mg/L) 	 .. .. .. 
LANGELIER SATURATION INDEX@ 	 0.0 0.3 -0.2 

STANDARD METHODS FOR EXAMINATION OF WATER AND WASTE WATER, 16TH ED. (1985), AMERICAN PUBLIC 
HEALTH ASSOCIATION AND AMERICAN WATER WORKS; WASHINGTON, D.C. 

NTU NEPHELOMETRIC TURBIDITY UNITS 
~ INTENSITY LEVEL RECORDED AS I THROUGH IV 
M ­ MUSTY 
•• NO DATA GIVEN 
@ INDICATES WATER CORROSIVITY (A POSITIVE VALUE INDICATES WATER WILL DEPOSIT MINERALS, A 

NEGATIVE VALUE INDICATES WATER WILL TAKE UP MINERALS) 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 17. Municipal Water Analysis (continued) 

MONTHLY DISTRIBUTION WATER ANALYSIS REPOR~ 
MIDLAND WATER TREATMENT PLANT 

MONTH: JULY 2004 

,",v",.:-age Maxi-·· ­ Minimum 
TOTAL COLIFORM'S ND ND ND 
HETEROTROPHIC PLATE COUNT 1 5 o 
TEMPERATURE - °c 	 19 21 16 

w 	 pH 8.1 8. , 8.0 

'" ~ 	 CONDUCTIVITY, uS/CM '34 251 223 
TURBIDITY, NTU 0.11 0.19 0.07 
OOORH AT 60G C •• •• •• 
TOTAL HARDNESS, (mg/L) as CaCOJ 10< 110 96 
TOTAL ALKALINITY, (mg/L) as CaCOJ 70 66 
CARBONATE ALKALINITY, (mg/L) as CaCO l 

, " , o 
BICARBONATE ALKALINITY, (mg/L) as CaCOJ 73 
CALCIUM, as CaCO l 71 " 76 "67 
CALCIUM, (mg/L) 28 30 27 
MAGNESIUM, (mg/L) 8.0 8.7 7.0 
FLUORIDE, (mg/L) 0.98 1. 03 0.93 
Free Chlorine, (mg/L) 0.77 1. 08 0.42 
TOTAL IRON, (mg/L) 	 •• .. •• 
LANGELIER SATURATION INDEX@ 	 -0.1 D.1 -0.3 

• STANDARD METHODS FOR EXAMINATION OF WATER AND WASTE WATER, 16TH ED. (198S), AMERICAN PUBLIC 
HEALTH ASSOCIATION AND AMERICAN WATER WORKS; WASHI.NGTON, D.C. 

NTU NEPHELOMETRIC TURBIDITY UNITS 
H INTENSITY LEVEL RECORDED AS I THROUGH IV 
M ­ MUSTY 
rr NO DATA GIVEN 
@ INDICATES WATER CORROSIVITY (A POSITIVE VALUE INDICATES WATER WILL DEPOSIT MINERALS, A 

NEGATIVE VALUE INDICATES WATER WILL TAKE UP MINERALS) 
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APPENDIX TABLE 17. Municipal Water Analysis (continued) 

MONTHly DISTRIBUTION WATER ANALYSIS REPORT* 
MIDLAND WATER TREATMENT PLANT 

MONTH: August 2004 

PARAMETER RESULTS 
Average Maximum Minimum 

TOTAL COLIE'ORMS NO NO NO 
HETEROTROPHIC PLATE COUNT 2 10 o 
TEMPERATURE _ Cc 20 21 17 
pH 8.1 8. , 8.0 

W CONDUCTIVITY, uS/CM 222 244 2140­
0- TURBIDITY, NTU 0_13 O.H 0.08 

OOOR~ AT 60c C •• •• •• 
TOTAL HARDNESS, (mg/L) as CaCO) 98 107 68 
TOTAL ALKALINITY, (mg/L) as CaCO) 68 73 63 
CARBONATE ALKALINITY, (mg/L) as CaC03 2 , o 
BICARBONATE ALKALINITY, (mg/L) as CaCO) 66 70 61 
CALCIUM, as CaCO) 68 76 
CALCIUM, (mg/L) 27 30 26" 
MAGNESIUM, (mg/L) 7. , 8.7 0.2 
FLUORIDE, (mg/Lj 1.00 1.07 0.93 
Free Chlorine, (mg/L) 0.76 1.08 0.37 
TOTAL IRON, (mg/L) •• •• •• 
LANGELIER SATURATION INDEX@ -0.1 0.2 :"'0.3 

. * STANDARD METHODS FOR EXAMINATION OF WATER AND WASTE WATER, 16TH ED. (1995), AMERICAN PUBLIC 
HEALTH ASSOCIATION AND AMERICAN WATER WORKS; WASHINGTON, D.C. 

NTU NEPHELOMETRIC TURBIDITY UNITS 
H INTENSITY LEVEL RECORDED AS I THROUGH IV 
M ­ MUSTY 
** NO DATA GIVEN 
@ INDICATES WATER CORROSIVITY (A POSITIVE VALUE INDICATES WATER WILL DEPOSIT MINERALS, A 

NEGATIVE VALUE INDICATES WATER WILL TAKE UP' MINERALS) 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTARHAN RATS 

APPENDIX TABLE 17. Municipal Water Analysis (continued) 

MONTHLY DISTRIBUTION WATER ANALYSIS REPORT" 
MIDLAND WATER TREATMENT PLANT 

MONTH: September 2004 

PARAMETER 

TOTAL COLIFORMS 
HETEROTROPHIC PLATE COUNT 2 20 o 
TEMPERATURE - °C 20 22 17 

w pH 8.0 8.' 7.9 

~ 
CONDUCTIVITY, uS/CM 235 257 220'" TUR8IDITY, NTU 0.13 0.24 0.08 
OOORij AT 60°C .. •• •• 
TOTAL HARDNESS, (mg/L) as CaCO J 103 113 97 
TOTAL ALKALINITY, (mg/L) as CaCOl 69 76 65 
CARBONATE ALKALINITY, (mg/L) as CaCO J 1 , o 
8.ICARBONATE ALKALINITY, (mg/L) as CaCO J 69 76 61 
CALCIUM, as CaCOl 70 65 
CALCHlM, (mg/L) 28 " 31 26 
MAGNESIUM, (mg/L) 8.1 9.0 7.3 
FLUORIDE, (mg/L) 1. 01 1. 08 0.96 
Free Chlorine, (mg/L) 0.64 1. 01 0.22 
TOTAL IRON, (mg/L) •• •• •• 
LANGELIER SATURATION INDEX@ -0.2 0.1 -0.4 

• STANDARD METHODS FOR EXAMINATION OF WATER AND WASTE WATER, 16TH ED. (1985), AMERICAN PUBLIC 
HEALTH ASSOCIATION AND AMERICAN WATER WORKS; WASHINGTON, D.C. 

NTU NEPHELOMETRIC TUR8IDITY UNITS 
M INTENSITY LEVEL RECORDED AS I THROUGH IV 
M MUSTY 
~~ NO DATA GIVEN 
@ INDICATES WATER CORROSIVITY (A POSITIVE VALUE INDICATES WATER WILL DEPOSIT MINERALS, A 

NEGATIVE VALUE INDICATES WATER WILL TAKE UP MINERALS) 
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APPENDIX TABLE 18, Analytical Water Analysis 

Dale Col/aclad 04JD1103 

Parameter 
Seml·Volatile Compounds 

Pentachlorophenol 
Phenol 

Volatile Compounds 
Bromodichloromethane 
Bromoform 
Carbon Tetrachloride 
Chloroform 

Total Trihalomethanes 
Methyl Ethyl Kelone 
Toluene 
Tetrachloroethane 
Dibromochloromethane 
Trichloroethane 

Polychlorlnilted Biphenyls 
Aroctor 1016 
Aroctor 1221 
Aroctor 1232 
Aroctor 1242 
Aroctor 1246 
Aroctor 1254 
Aroctor 1260 

Organophosphate Insecticides 
Oiazinon 
Disulfoton (Di-5ystonj 
Ethyl Parathion 
Malathion 
Methyl Parathion 

Chlorophenoxy Herbicides 
Oicamba 
2,4-0 
2.4,5-T 
2,4,S-TP (Silvexj 

Dale Reported 

Level Detected 
(ng/mlO) 

8 
< 
<0l1 

< 
< 
< 

< 
< 

< 
< 

< 
< 
< 

< 
<OLS 

< 
< 

< 
<OLS 

< 

< 

104/22/03 

Mel (mg/l) 

0.001 

. 7 

: 0.05 ~~ 

<DL1 = Below detection timit of S uglLiter <OLS =Below detection limit of 0.5 uglLiter 
<OL2 = Below detection limit of 1 ug/Liter <OL6 = Below detection limit of 2.S ug/Liter 
<OL3 = Below detection limit of2 ug/Liter <OL7 = Below detection limit of 10 uglLiter 
<Ol4 - Below d~iection limit of 0.2S u !Liter 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 18. Analytical Water Analysis (continued) 

Dale Col/ected 04AJ1I1JJ 

Parameter 

Heavy Metals 
Aluminum 
Arsenic 
Barium 
Cadmium 
Chromium 
Copper 
lroo 
Lead 
Managanese 
Mercury 
Selenium 
Silver 
Zinc 

AnalVte 
Fluoride 
Nitrate measured 8S nitrogsn 

Sulfate 

<OL2 - Below detection limit of 1 ug/liter 
<OL8 '" Below detection limit of 0.005 mglLiler 
<DL9 = Below detection limit of 0.01 mgfLiter 
<DL10 - Below de~tion limit of 0.02 m ILiter 

Dale Reported 104/22(03 

Municipal Water 
Cage Drain Valve 

Room 290 
Mel (mgll) 

0.04 m flo 0.2* 
< 0.01 

2 
< 
< 0.1 
0.04 m flo 1.3 

0.3* 
< 1 
< .05 
< o. 2 
< 0.05 
< 0.010* 
0.02 m IL. 5· 

4 
10 

250*I I 
<DL11 - Below detection limit of 0.04 mg/Liter 
<DL12 :: Below detection limit of 0.1 m9'liler 
<DL13 = Below detection limit ofO.S mglliter 
<DL14 - Below del' ion limit of 1m ILiter 

A&L Greal Lakes Laboratories, Inc. 

Reported by: __--"K&eiwth~L~.LH~'nn!~'~y~Jr'__ 

Date: __--"0~4/~2~21~0~3____ 
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ETHYLENE GLYCOL: l2-MONTH DIETARY TOXICITY STUDY IN WISTARHAN RATS 

APPENDIX TABLE 18. Analytical Water Analysis (continued) 

Dete CfJlleCled 10/21/03 

Parameter 
Semi-Volatile Compounds 

Pentachlorophenol 
Phenol 

Volatile Compounds 
Bromodichloromethane 
Bromoform 
Carbon Tetrachloride 
Chloroform 

Total Trihalomethanes 
Methyl Ethyl Kelone 
Toluene 
Telrachloroelhene 
DIbromochloromethane 
Trichloroethene 

Polychlorlnilwd Biphenyls 
Arodor 1016 
Arodor 1221 
Aroclor 1232 
Aroclor 1242 
Aroclor 1248 
Aroclor 1254 
Aroclor 1260 

Organophosphate Insecticides 
Diazinon 
Oisulfoton (Oi-8yston) 
Ethyl Parathion 
Malathion 
Methyl Parathion 

Chlorophenoxy Herbicides 
Dicamba 
2,4·0 
2,4,S-T 
2,4,5-iP (Silvex) 

Date Reported 

Level Detected 
(nglml") 

I<DL2 
<Dl2 

6" L 
< 

<DL 1 


< 

<DL1 

< 


< 

<DL5 


< 
< 


<DU 
< 

<DL5 

< 

<DLS 


<DL5 

< 


<OL5 

< 


< 

2l-Nov·.Q31 

Mel (mgll) 

0001 

0.005 

0.08 

1 
D.005 

0.005 

0.07 

0.05 

<OL 1 Below detection limit of 5 ug/Uter <DLS - Below detection limit of O.S ugfLiter 
<0L2 = Below detection limit of 1 ug/Liter <OL6 = Below detection limit of 2.S ugfLiter 
<DL3 '" Below detection limit of 2 ug/Liter <DL7 = Below detection limit of 10 ugfUter 
<DL4 - Below detection limit of 0.2S uo/Liter 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 18. Analytical Water Analysis (continued) 

Dete Coifected 10121103 

Parameter 

Heavy Metals 
Aluminum 
Arsenic 
Barium 
Cadmium 
Chromium 
Copper 
lro" 
Lead 
Managanese 
Mercury 
Selenium 
Silver 
Zinc 

Analyte 
Fluoride 
Nitrate measured 8snilrogen 

Sulfate 

<Ob2 Below detection limit of 1 ug/Liter 
<OLB = Below detection limit of 0.005 mg/Liter 
<OLS = Below detection limit of 0.001 mg/Liter 
<OL10 = Below detection limit of 0.02 mgfLiter 

Date Reported 121.Nov.-2003 

Municipal Water 
Run LIxit Valve 

Room 163 
Mel (mgfl) 

<OLS 
<OLS 
0.01 m IL 
<OL9 
<OL9 
O.130m IL 
0.04 m Ib 
<OL9 , 
<ObS 
<ObS 
<OLS 
0.020m Ib 

0.2· 
0.01 

2 
0.005 

0.1 
1.3 

0.3· 
0.015 
0.05 

0.002 
0.05 

0.010· 
5" 

<Db11 Below detection limit of 0.04 mg/Liter 
<Db12 = Below detection limit of 0.1 mg/Liter 
<Db13 = Below detection limit of 0.5 mg/Liter 
<OL14 = BelOW detection limit of lmg/Liter 

A&b Great bakes Laboratories, Inc. 

Reported by: Keith b Henley Jr. 

Date: 21-Noyember 2003 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 18. Analytical Water Analysis (continued) 

511112004 

Parameter 
Semi-Volatile Compounds 

Pentachlorophenol 
Phenol 

Volatile Compounds 
Bromodichloromelhane 
BromofonTl 
Carbon Tetrachloride 
Chloroform 

Total Trihalomethanes 
Methyl Ethyl Ketone 
Toluene 
Tetrachloroethene 
Dibromochloromethane 
Trichloroethene 

Polychlorinated Biphenyls 
Arocior 1016 
Arocior 1221 
Aroclor 1232 
Aroclor 1242 
Aroclor 1248 
Aroclor 1254 
Aroc!or 1260 

Organophosphate Insecticides 
Diazinon 
Disulfoton (Di-Syston) 
Ethyl Parathion 
Malathion 
Methyl Parathion 

Chlorophenoxy Herbicides 
Oicamba 
2,4-0 
2,4.5-T 
2.4.5-TP (Silvex) 

Date Reported 

Level Detected 
(nglmL') 

<Dl2 
<OL2 

9 u IL 
<OL1 
<OL1 

44 u IL 
53 u IL 

<OL1 
<OL1 
<OL1 
<OL1 
<OL1 

<DL5 
<DL5 
<DL5 
<OL5 
<OL5 
<OL5 
<DL5 

<OL5 
<Dl2 

<OL5 
<OL5 

<DL5 

<OL4 
<OL2 
<OL4 
<DL4 

617120041 

MeL (mgIL) 

0.001 

0.005 

0.08 

1 
0.005 

0.005 

0.07 

0.05 

<DL 1 Below detection limit of 5 uglLiter <Ol5 - Below detection limit of 0.5 ugfLiter 
<OL2 = Below detection limit of 1 ug/Liter <Ol6 = Below detection limit of 2.5 ug/Liter 
<Ol3 = Below detection limit of 2 ugfLiter <Ol7 =Be!owdetection limit of 10 ug/Liter 
<Ol4 - Betow detection limit of 0.25 uafLiter 
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ETHYLENE GLYCOL: 12-MONTI-l DIETARY TOXICITY STUDY TN WISTAR HAN RATS 

APPENDIX TABLE 18. Analytical Water Analysis (continued) 

5/1112004 Dale Reporled 617120041 

Parameter 
Municipal Water 
Water Drain Valve 

Room 155 Chamber H 
MeL (mglL) 

Heavy Metals 
Aluminum 
Arsenic 
Barium 
Cadmium 
Chromium 
Copper 
Iron 
Lead 
Managanese 
Mercury 
Selenium 
Silver 
Zinc 

0.018m /L 
<DL9 

0.011 m IL 
<DL9 

0.002 m IL 
0.058 m IL 
0.545 m IL 
0.001 m IL 
0.002 m!=l/L 

<DL9 
<DL9 
<DL9 

0.037 m IL 

0.2" 
0.01 

2 
0.005 

0.1 
1.3 

0.3" 
0.015 
0.05 

0.002 
0.05 

0.010· 
so 

Aoaylie 
Fluoride 
Nitrale measured as nitrogen 

Sulfate 

<OL2 - Below detection limit of 1 ug/Liter 
<OL8 =Below detection limit of 0.005 mg/liter 
<OL9 =Betow detection limit of 0.01 mg/liter 
<OL10 = Below detection limit of 0.02 mQ/liter 

<OL11 - Below detection limit of 0.04 mg/liter 

1.2 m IL 
0.40 m IL 
18.6 mg/L I 4 

10 
25Q' I 

<OL12 =Below detection limit of 0.1 mgfliter 
<OL13 =Below detection limit of 0.5 mg/Liter 
<OL14 =Below detection limit of 1 mQ/liter 

A&l Great Lakes Laboratories, Inc. 

Reported by: Keith L Henley Jr 

Dam: 2004 Jyne 7 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WI STAR HAN RATS 

APPENDIX TABLE j 9. Individual Animal Pathology Report 

Ani~al No.: 4402 Group: 1 Sex: Male Species: Rat Strain: IGS Wistar Han 

Test ~ateriBI: Ethylene Glycol Dose: 0 m~d Route: Dietary Study Type: Mechanistic 
Date or Death 09{07/2004 Study Day No. (Week): 369 (53) Uode oT Death: Scheduled Necropsy 
Date of Necropsy: 09/07/2004 •• NECROPSV COUPLETE •• 

Terminal Body Weight: 492.7g 

Organ Weights: 

w KlONc,,, 2.556g LIVER 12.7090 

~ Oroes Pathology Observations: None 

Any re~ainino protocol required tissuDs, which have been e~amlned, have no visible lesions 

Codos Used:. 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 19. Indiv idual Animal Pathology Rcpon (continued) 

Animal No.: 440a GrOup: 1 Sex: Male Species: Rat Strain: IGS Wistar Han 

Test Uaterial: Ethylene Glycol Dose: 0 nkd Routo: Dietary Study Type: Mechanistic 
Date 01 Death 09/07/Z004 Study Day No. (Week): 369 (53) Modo 01 Death: Scheduled Necropsy 
Date 01 Necropsy: 09f07fZ004 ** NECROPSY COMPLETE •• 

Terminal Body Weight: 514g 

Organ weights: 

KIONeT;> 2.71l5g LIVEfI 12.649g 
w 
~ Cross Pathology Observations: None 
~ 

Any remaining protocol required tissuos, which have been Bxenined, havo no visible lesions 

Codes Used:. 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOX[ClTY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 19. Indiv idual Animal Pathology Report (continued) 

Ani~al No.: 4404 Group: 1 Sax: lAala Species: Rat Strain: IGS Wister Han 

Tost Material: Ethylene Glycol Oose: D mkd Route: Dietary Study Typo: lAechaniatic 
Date or Death 07/07/2004 Study Day No. (Waek): 307 (44) lAode of Death: Uoribund . Unscheduled 
Date of Necropsy: 07{07/2004 •• NECROPSY COMPLETE •• 

Last Clinical Observations: Palpable Uass Ootails: 

lAoriolmo None 

Ter~inal Body WoiG~t: Nona 

Gross Pathology Obsorvations: 

w 

" ~ 
SKIN AND SUBCUTIS; 

SoilinO; periocular; right 

SPLEENj
Increased Size; probable ly~phoid tUlor 

Any re~aining protocol requirod tissuos, which have b~n examined, have no visible lesions 

Probable causa of death: 

~~LttN; increosed Sizo; probable lymphoid tu~or 

Codes Used:. 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 19. lndiv idual Animal Pathology Report (conlinued) 

Animal No.: 4405 	 Group: I Sex: Male Species: Rat Strain: IGS Wistar Han 

Toat Material: Ethylene Glycol Dose: 0 ~kd Route: Oietary Study Type: Mechanistic 
Oate 01 Death 09/07/200~ Study Day No. (Week): 369 (53) Mode ot Qeath: Scheduled Nocropsy 
Date 01 Necropsy: 09/07/2004 *" NECROPSY COIIPLETE •• 

Terminal Body Weight: 384.7g 

Organ Weights: 

KIDNEY~ 2.388g LIVER 9.901 0 
w..,.., 	 Gross Pathology Observations: None 

Any remaining protocol required tissues, which havo been e~amined, have no visible lesions 

Codes Used:. 
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ETHYLENE GLYCOL: L2-MONTH DIETARY TOXIClTY STUDY IN WISTARHAN RATS 

APPENDIX TABLE 19. Individual Animal Pathology Report (continued) 

Animal ~o.; 4406 Group: 1 Sox: Male Specios: Rat Stroin: IGS Wistar Han 

Teat Yaterial: Ethylene Glycol Ooae: O ..kd Route: Dietary Study Type: Mechanistic 
Date 01 Death 09107/2004 Study Day No. (Week): 369 (53) Modo 01 Death: Scheduled Necropsy 
Date 01 Necropsy: 09/07f2004 •• NECROPSY COMPLETE ** 

Last Clinical Observations: Palpable ~asG Details; 

No AbnorDa1it~es Detected None 

Ter.inal Body Weight: 407.2g 
w 
~ 
~ 

Organ Weights: 

KIDN~T<> 2.596g LIVER 11.743g 

Gross Pathology Observations: 

EY~; 

Cloudy; corneo; left 

Any remaining protocol required tissues, which have bean eXDlinod, have nO visible los ions 

Codes Used:. 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WI STAR HAN RATS 

APPENDIX TABLE 19. Indiv idual Animal Pathology Report (continued) 

Animal No.; 4407 Croup: 1 Sex: Umle Species: Rat Str~in; IGS Wistar Han 

Test Material: Ethylene Glycol Dose: 0 mkd Route: Dietary Study Type: Mechanistic 
Date ot Death 0910712004 Study Day !-Io. (Week); 369 (53) Mode of Death: Scheduled Necropsy 
Date ot Necropsy: 09/0112004 ** NECROPSY COMPLETE ** 

Terftinal Body Weight; 526g 

Organ Weights: 

KIONn:; 2.654g LIVER 11.748g 
w 

" Gross Pathology Obsorvations; None

"" 
Any reftaining protocol roquired tissues, which have been exaftined, have no visible lesions 

Codas Used:. 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 19. Indiv idual Animal Pathology Report (conlinued) 

Ani~al No.: 4408 Group: 1 Sox: Malo Species: Rat Strain: lGS Wistar Han 

Tost Matorial: Ethylene Glycol Ooso: 0 mkd Route: Oietary Study Type: ~echanistic 
Date or Death 09/07/~004 Study Day No. (Woek): 369 (53) Mode 01 Doath: Scheduled Necropsy 
Oate of Necropsy: 09/07/~004 ,. NECROPSY COMPLETE •• 

Terminal Body Weight: 4760 

Organ Woights: 

w KIONEYS ~, 584g LIVER 11.470g 

Gross Pathology Observations: None '" 
~ 

Any remaining protocol roquired tissues, which have beon examined, have no visIble lesions 

codes Used:. 
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ETHYLENE GLYCOL: 12·MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 19. Individual Animal Pathology Report (continued) 

Animal No.: 4409 Group: 1 So~: Llole Species: Rot Strain: IGS Wistar Hen 

Test Llatorial: Ethylene Glycol Ooae: 0 mkd Routo: Dietary Study Type: Mechanistic 
Oate of Death 09{07/2004 Study Day No. (Week): 369 (53) Mode of Doath: Scheduled Necropsy 
Date of Necropsy: 09/07/2004 •• NECROPSY COLIPLETE •• 

Terminal Body Weight: 4BB.1g 

w Orgon Woights: 
~ 

KIDNe,,, 2.397g LIVER 11.302g -
Gross Pathology Observations: None 

Any remaining protocol required tissues, which have been examined, have no visible lesions 

Coaes used:. 
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ETHYLENE GLYCOL: I2-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 19. Indiv idual Animill Pathology Report (continued) 

Animal No.: 4410 Group: 1 SB~; Malo Species: Rat Strain; lGS Wistar Han 

Toat Material; Ethylene Glycol Dose: 0 mkd Route: Oietary Study Type; Mechanistic 
Oate of Death 09{07/2004 Study Day No. (Week): 369 (53) Uode of Death: Scheduled Necropsy 
Data of Necropsy: 09{07/2004 •• NECROPSY COMPLETE •• 

Terminal Body Weight: 491.6g 

Organ Weights; 

KIDI.~,., 2.438g LIVER 12.215g 

w Gross Pathology Observations: 
N 
~ 

TESlt~j 

Floccid; unilateral 

Any remaining protocol required tissuos, which have been exoninad, have no visible losions 

Codes Used;. 
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ETHYLENE GLYCOL: t2-MONTH DIETARY TOXICITY STUDY IN WrSTAR HAN RATS 

APPENDIX TABLE 19. Individual Animal Palho!ogy Report (continued) 

Animal No.: 4411 Group: 1 Sex: Malo Species: Rat Strain: IGS Wistar Han 

Teat Material: Ethylene Glycol 
Data of Death 09{00{2004 
Dato of Necropsy: 09{08{2004 

Dose: 0 mkd Royta: Dietary
Study Day No. (Week): 370 (53) 

•• NECROPSY COMPLETE •• 

Study Type: Mechanistic 
Mode of Death: Scheduled Necropsy _ Metabolism 

Terminal Body Weight: 488.8g 

w Organ WeighU: 

= w 	 KIDne,;> 2.349g 

Gross Pathology Observations: Nono 

Any remaining protocol roquired tissues, which have boon ~xamined, have no visible lesions 

Codes usoa:. 
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ETHYLENE GLYCOL: lz..MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 19. Indiv idual Animal Pathology Report (continued) 

Animal No.: 4412 Group: 1 Se~: Male Species: Rat Strain: IGS Wistar Han 

Test Matorial: Ethylene Glycol Dose: 0 nkd Route: Dietary Study Type: Mechanistic 
Date or Death 09{08/2004 Study Day No. (Weak): 370 (53) Uode or Death: Scheduled Necropsy· Motabolisn 
Date of Necropsy: 09{08{2004 •• NECROPSY COMPLETE •• 

Terminal Body Weight: 436.8g 


Organ Weights: 


KIDN~l" 2.312g
w 
~ 
A 	 Gross Pathology Observations: None 

Any remaining protocol required tissues, which have boen exanined, have no visible lesions 

Codas Used:. 
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ETHYLENE GLYCOL: I2-MONTH DIETARY TOXICITY STUDY IN WISTARHAN RATS 

APPENDiX TABLE 19. Indiv idual Animal Pathology Report (continued) 

Animal No.: 4413 Group: 1 Se.: Male Species: Rat Strain: rGS Wistar Han 

Teat Material: Ethylene Glycol Dose: 0 D~d Aoute: Dietary Study Type: Mechanistic 
Date of Death 09/09{2004 Study Day No. (Week): 370 (53) Uode 01 Death: Scheduled Necropsy - Uetaboliam 
Date 01 Necropsy: 09/00/2004 •• NECROPSY COMPLETE •• 

Terminal Body Weight: 489.8g 

Organ Weights: 

w KrON~Y:; 2.506g 
~ 
~ 

GrOBS Pathology ObGer~ations: None 

Any romaining protocol roquired tissues, which hD~e been e.amined, have no visible lesIons 

Codes used:. 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 19. Indiv idual Animal Pathology Repon (continued) 

Ani~al No.: 4414 Group: 1 Sex: Male Species: Rat Strain: lGS Wistar Han 

Test Material: Ethylene Glycol Dose: 0 IIkd Route: Dietary Study Type: Mechanistic 
Date of Death 09/08{2004 Study Day No. (Woek): 370 (53) Mode 01 Death: Scheduled Necrepsy . Metabolism 
Date 01 Necropsy: 09/09/2004 •• NECROPSY COMPLETE •• 

Terminal Body weight: 601.6g 


Organ Weights: 


KIDN~T" 2.900g
w 
~ 
", Gress Pathology Observations: None 

Any re~aining protocol required tissues, which have boen exallined, have no visible lesions 

Codes Used:. 
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ETHYLENE GLYCOL: 12·MONTH DIETARY TOXICITY STUDY IN WISTARHAN RATS 

APPENDIX TABLE 19. Individual Animal Pathology Report (conlinucd) 

Animal NO.: 4415 Group: 1 Sex: Mole Species: Rat Strain: IOS Wistar Han 

Test ~aterial: Ethylene Glycol Dose: 0 mkd Route: Dietary Study Type: Uechanistic 
Data ot Death 09{08{2004 Study Oay NO. (Week): 370 (53) Mode of Death: SCheduled Necropsy . Metaboliam 
Date oT Necropsy: 09/08/2004 •• NECROPSY COUPLETE •• 

Terminal Body Weight: 435g 

Organ Weights: 

w KIDNtn; 2.210g
~ 
-> 

Gross Pathology Observations: None 

Any remaining protocol required tissues, which have baen examined, havo no visiblo lesions 

Codes Used:. 



THE DOW CHEMICAL COMPANY 
STUDY ID: 03 1079 

PAGE 244 

ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WI STAR HAN RATS 

APPENDIX TABLE 19. Individual Animal Pathology Report (continued) 

Anilllal No.: 4421 Group: 2 Sex: Uale Species: Rat Strain; IGS Wistar Han 

Test Material: Ethylene Glycol Dose: 50 IIIkd Route; Dietary Study Type: Mochanistic 
Date at Death 09/07/2004 Study Day NO. (Week): 369 (53) Mode ot Death: Scheduled Necrop9Y
Dato 01 Necropsy: 09{07/2004 •• NECROPSY COMPLETE •• 

Terminal 90dy Weight: 554.6g 

Organ Weights; 

KIDNEYS 3.115g LIVER 14.785gw 
~ 
~ Gross Pathology Observations: None 

Any remaining protocol required tissues, which have been exa~ined, have no visible lesions 

Codes Used:. 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 19. Indiv idual Animal Pathology Report (continued) 

Animal No.: 4422 Group: 2 Sex: Umlc Species; Rat Strain: rGS Wistar Han 

Test Uaterial: Ethylene Glycol Doso: 50 rakd Route: Dietary Study Type: Mechanistic 
Date of Death 09/07/2004 Study Day No. (Weck): 369 (53) Modll of Doath: Scheduled Necropsy 
Date of Necropsy: 09107/2004 •• NECROPSY COMPLETE .­

Terminal oody Weight: 503.1g 


Organ Weighta: 

w 
~ KrDN~l:; 2.61 0 0 LIVER 12.121g

'" Gross Pathology Observations: None 

Any rena!ning protocol required tiGsues, whiCh have been examinod, have no visible lesions 

Codes Used:. 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 19. Indiv idual Animal Pathology Repon (continued) 

A~imal No.: 4423 Group: 2 Sell: Male Species: Rat Strain: IGS Wistar Han 

Tost Uaterial: Ethylene Glycol Oose: 50 mkd Route: Diotary Study Type: Mechanistic 
Dato 01 Death 09/07/2004 Study Day NO. (Week): 369 (53) UodO 01 DOath: Scheduled Nocropsy 
Dato 01 Necropsy: D9/07f2004 0- NECROPSY COUPLETE •• 

Terminal Body Welght: SeOg 

Organ Weights: 

KIoN~,,, 2.841g LIVER 13,.093g
o '" 
~ 

Gross Pathology Observations: None 

Any renaining protocol roquired tissues, which have been Dxaminod, have no visiblo lesions 

Codes Used:. 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 19. Indiv idual Animal Pathology Report (continued) 

Animal No.; 4424 Group: 2 Sex; Male Spocies; Rat Strain: IGS Wistar Han 

Teot Material: Ethylene Glycol Ooeo: 50 mkd Route: Dietary Study Typo: Uechanistic 
Date of Death DBfD7{2004 Study Day No. (Week): 369 (53) ~ede of Death: Scheduled Nocropsy 
Date or Necropsy: 09{07{2OD4 •• NECROPSY COMPLETE •• 

Terminal Body weight: 495.30 

Organ Weights:. 

w KIDNc'~ 2.4900 LIVER 12.1Hg

'" Gross Pathology Observations: None 

Any remainIng protocol roquired tissues, which have been examinod, have nO visible lesions 

Codes usoa:. 
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ETHYLENE GLYCOL: I2-MONTH DIETARY TOXICITY STUDY IN W[STAR HAN RATS 

APPENDIX TABLE 19. Individual Animil[ Palhology Report (continued) 

A~i~al No.: 4425 GrOup: 2 Sex: Male Species: Rat Strain: lOS Wistar Han 

Test Material: Ethylene Glycol Dose: 50 ~kd Route: Oietary Study Type: Uechanistic 
Date 01 Death 09/07/2004 Study Day NO. (Week): 369 (53) Mode 01 Death: Scheduled Necropsy 
Date of Necropsy: 09/07/2004 •• NECROPSY COMPLETE •• 

Ter~inal Body Weight: 487.3g 

Organ Weights: 

KIDNcl~ 2.749g LIVER 12.063g 

'" 
~ 

Gross Pmthology Observations: Nono'" 
Any re~aining protocol required tissues, which have been exa~ined, havo no visible lesions 

Codes Used:. 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 19. Indiv idual Animal Pathology Report (continued) 

Animal NO.: 4426 Group: 2 Sex: Male Species: Rat Strain: IGS Wistar Han 

Teat Yaterial: Ethylone Glycol Dose: SO Ikd Route: Dietary Study Typo: Mochanistic 
Date 01 Death 09/07/2004 Study Day No. (Week): 369 (53) Mode or Death: Scheduled Necropsy 
Date or Necropsy: 09/07/2004 ** NECROPSY COMPLETE ** 

TerQinal Body Weight: 525.2g 

Organ Weights: 

w KIDfltHi 3.D30g LIVER 12.965g 
~ 

Gross Pathology Observations: 

L YI.IPH flVUt; 

Dark; mesenteric 

Any re..aining protocol required tissues" which have been exallined, have no visible lesions 

Codes Used:. 



THE DOW CHEMICAL COMPANY 
STUDY 10: 031079 

PAGE 250 

ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN W1STARHAN RATS 

APPENDIX TABLE 19. Indiv idual Animal Palhoiogy Report (continued) 

Aninal No.: 4427 Group: 2 Sox: Malo Specles: Rat Strain: lOS Wlstar Han 

Test Mote rial: Ethylene Glycol 0050: 50 mkd Route: Dietary Study Type: Uechanistic 
Oate or Death 09/07/2004 Study Day No. (Week): 369 (53) Mode 01 Oaath: Scheduled Necropsy 
Data or Necropsy: 09/07/2004 o. NECROPSY COMPLETE •• 

Terminal Body Weight: 455.1g 

Organ Weights: 

'D KIDN~T" 2.566g LIVER 10.3320W.. 
GrOS8 PathO"logy Observations: Nono 

Any renaining protocol required tissues, ~hich havo bean examined, have no visible lesions 

Codes Used:. 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTARHAN RATS 

APPENDIX TABLE 19. Individual Animal Pathology Rcpon (continucd) 

Aoi~al ~o.: 4426 Group: 2 Sex: Male Spocies: Rat Strain: IGS Wister Han 

Test Matorial: Ethylene Glycol Dose: 50 mkd Route: Dietary Study Typo: Mechanistic 
Date or Death 09/07/2004 Study Oay No. (Week): 369 (53) Mode or Oeath: Scheduled Necropsy 
Date at Necropsy: 09/07/2004 •• NECROPSV CO~PLETE •• 

Terminal Body Weight: 441.9g 

Organ Weights: 

I(JON~,,, 2.321g LIVER 10.556g
w 

'" ~ Gross Pathology Ob~rvations: None 

Any re~aining proto,col required tissues, which have been examinad, have no visiblo leGions 

Codes used:. 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 19. Indiv idual Animal Pathology Reporl (continued) 

Ani~al No.: 4430 Group: 2 Sex: Male Species: Rat Strain: IGS Wistar Han 

Test Materiel: Ethylene Glycol Dose: SO IIlkd Routo: Oietary Study Type: Mechanistic 
Oate or Oe~th. : 09107{2004 Study Oay No. (Week): 309 (53) ModO 01 Oeath: Scheduled Necropsy 
Date 01 Nocropsy: 0910712004 ** NECROPSY COUPLETE *. 

Last Clinical Observations: Palpable Mass Details: 

No Abnormali~~es ue~ec~eo None 

Terminal Oody Weight: S07.1g 

w Organ Woights: 
-..> '" KIDNEYS 2.945g LIVER 11.02111 

Gross Pathology Observations: None 

Any remaining protocol requirod tissues, which have been examined, have no visible 10s10ns 

Codos used:. 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 19. Indiv idual Animal Pathology Report (continued) 

Ani~al No.: 4431 Group; 2 Se~; Male Species: Rat Strain: IGS wistar Han 

Test Material: Ethylene Glycol Dose: 50 ~kd Route: Dietary Study Type: Mechanistic 
Date of Death 09/0B{2004 Study Day No. (Woek): 370 (53) Mode of Death: Scheduled Nocropsy • Uetabolism 
Data of Necropsy: 09{OB{2004 •• NECROPSV COMPLETE •• 

Terminal Body Weight: 501g 

Organ Weights: 
W 
'C 
~ 	 KIDN~l:; 2.458g 

Gross Pathology Observations: None 

Any remaining protocol required tissues, which have been e~alinad, have no visible lesions 

Codes Used:. 
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'ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS, 

APPENDIX TABLE 19. Indiv idual Animal Pathology Report (continued) 

Anililol No.: 4432 Group: 2 Se>:: Uale Spocies: Rat Strain: IGS Wistar H3I1 

Tast Material: Ethylene Glycol Dose: 50lllkd Routo: Dietary Study Type: Uechanistic 
Date of Doath 09/0012004 Study Day No. (Week): 370 (53) Mode of Death: Scheduled Necropsy· UotabollBN 
Date of Necropsy: 09/00/2004 •• NECROPSY COMPLETE •• 

Last Clinical Observations: Palpablo Uass Dotails: 

No Abnorlllalit~es uetectOO Nono 

Torlilinal Body Weight: 449.4g 
w 

'D Organ Weights: 
'D 

KIDNEYS 2.662g 


Gross Pathology Observations: Nono 


Any remaining protocol required tissues, which have baen eKa~ined, have no visible lesions 

Codes Used:. 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 19. Individual Animal Pathology Rcpon (continued) 

Animal No.: 4433 Group: 2 Sox: loIale Species: Rat Strain: IGS Wistar Han 

Test Material: Ethylene Glycol Dose: 50 mkd Route: Dietary Study Type: Mechanistic 
Date 01 Death 09100/2004 Study Day No. (Week): 370 (53) Uade aT Death: Scheduled Nacrop~y - Metabolism 
Date 01 Necropsy: 09108/2004 •• NECROPSV COMPLETE •• 

Terminal Body Weight: 441.1g 


Organ Weights: 


KIDNEVS 2. 3390 


o Gross Pathology Obsorvations: NOM '" o 

Any remaining prOtocol roquired tissuos, which have baon examined, navo no visible losion~ 

Cades used:. 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 19. Individual Animal Pathology Report (continued) 

Animal No.: 4434 Group; 2 Sex; Male Species: Rn Strain: IOS Wistar Ho~ 

Test Material: Ethylene Glycol Dose: 50 lII~d Route: Dietary Study Type: Uochanistic 
Date of Dea~h 09{08{2004 Study Day No. (Weak): 370 (53) Mode of Death: Schoduled Necropsy - Uetaboliom 
Date 01 Necropsy: 09{08/2004 •• NECROPSY COMPLETE •• 

Last Clinical Observations: Palpable Mass Details: 

No Abnoflllalitios Dotec~ed None .. Terminal Body Woight: 6Dl.6g 
o 

Orgon weights: 


KIDNEYS 3.040g 


Gross Pathology Observations: None 


Any remai~lng protocol roquirod tissues, which have been e~anined, have no visible lesions 

Codes Used:. 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 19. Individual Animal Pathology Rcport (continued) 

Animal NO.: 44J5 Group: 2 Sex: Uole 'Species: Rat Strain: ICiS Wistar Hon 

Test ~aterial: Ethylone Glycol Dose: SO Jlkd Aoute: Dietary Study Type: ~ochaniatic 
Date ot Death 09/08/2004 Study Oay No. tWeek): 370 (53) Modo 01 Death: Scheduled Necropsy - Metebolism 
Date 01 Necropsy: 09{08/2004 NECROPSV COUPLETE •• 

Lost ClinIcal Observations: Palpable Mass Details: 

GI, MalocclUooo lnC~Sors None 
Sailing, Perioculor; Aed 

~ Ter..inal Body Weight: 427.5g 

S Organ Weights: 


KIDN~T:> 2.467g 


Gross Pathology Obsorvations: Nona 


Any ralaining protocol required tissues, which havo boen e~a~ined, havo no visible lesions 

Codes usoa:. 
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ETHYLENE GLYCOL: I2-MONTH DIETARY TOXICITY S11JDY IN WISTAR HAN RATS 

APPENDIX TABLE 19. Indiv idual Animal Pathology Report (continued) 

Animal No.: 4441 Group: :3 Sell: Male Species: Rat Suain: IGS WistDr Han 

TeG~ ~aterial: Ethylene Glycol Dose: 150 mkd Aoute: Dietary Study Type: Uechanistic 
Date ot Death 09/01{2004 Study Day No. (Week): 359 (53) Mode or Death: Scheduled Necropsy 
Date of Necropsy: 09{01/2004 •• NECROPSV COUPLETE •• 

Last Clinical Observations: Palpable Mass Details: 

NO Abnormalit~~~ ~~\e~,eo NOne 

Terminal Body Weight: 4B3.50 ... 
Organ Weights: 8 
KIDNEYS 2.521g UVER 12.286g 

Gross Pathology Observations: 

SKIN ANO "UUvV I "'j

Scab; muzzloj right 


Any remaIning protocol required tissues, which have been examinod, have no visiblo lesions 

Codes Used:. 
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APPENDIX TABLE 19. Individual Animal Pathology Rcport (continued) 

Anlftal NO.: 4442 Group: 3 Sox: LlDle Species: Rat Strain: lGS Wlstar Han 

Test Llaterial: Et~ylene Glycol Dose: 150 mkd Routo: Dle~ary Study Type: Mechanistic 
Date 01 Death 09/07/2004 Study Day No. (Week): 369 (53) Mode 01 Death: Scheduled Necropsy 
Date or Necropsy: 09/07{2004 •• NECROPSY CO~PLETE •• 

Terminal Body Weight: 475g 

... Organ Weights: 

\< KIDNEYS 2.364g LIVER 10. 430 11 

Gross Pathology Observations: None 

Any remaining protocol required tissues, which have been examined, have no Visible lesions 

Codes Used:. 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 19. Indiv idual Animal Pathology Report (continued) 

Ani~al No.: 4443 Group: 3 Sex: I-Iale Species: Rat StMlin: IGS Wistar Hen 

Test I-Iaterlal: Et~ylene Glycol Dose: 150 ~kd Route: Dietary Study Type: I-Iochanistic 
Oate or Death 09{07/2004 Study Day No. (Week): 360 (53) Modo of Death: Scheduled Necropsy 
Date of Necropsy: 09{07/2004 •• NECROPSY COI-IPLETE •• 

Terminel Dody Weight: 487.1g 

Organ Weiohts: 

o 
~ 

KlDN!:.." 2.387g LIVER 11.306g 
~ 

Gross Pathology Observations: None 

Any re~aining protocol requirod tissues, which hove been eKamined, have no visible losions 

Codos Used:. 
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APPENDIX TABLE 19. Indiv idual Animal Pathology Report (continued) 

Animal No.: 4444 GrOup: :I Se~: Male Spocios: Rat Strain: IGS Wistar Han 

Teat Ynterial: Ethylene Glycol 
Dato 01 Death OS/20/2004 
Date 01 Necropsy: OS/20{2004 

Doso: 150 mkd Routo: Dietary
Study Day No. (Week); 267 (3D) 

-. NECROPSY COMPLETE •• 

Study Typo: Mechanistic 
MOdO 01 Death: Moribund - Unscheduled 

Last Clinical Observations: Palpable Uass Details: 

Feces, Abnormal Quantity; Decreased 
Skin/~ucous Membranes Pale 
SOiling, Perinosalj Red 

None 

13 
'" 

TermInal Body Weight: None 

Gross Pathology Observations: 

LI1J~Hj 

Pale 

LUNG; 
Focus; dark; multi10cel 

LYMPH NODE; 
Increasod Size; genoralized 

SPLEEN; 
Increased Size; probable lymphoid tumor 

THYMUS j 
Increased Size 

Any romoining protocol required tissues, which have been e~amined, havo no visible lesions 

Probable cauac 01 death; 

SPLEEN; Increa~ed Size; probable lymphoId tumor 

Codos used:_ 
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APPENDIX TABLE 19. Indiv idual Animal Pathology Report (continued) 

Ani~al No.: 4445 Group: :I Se~; Male Spechs: Rat Strain; lGS Wistar HD~ 

Test Material; E hylone Glycol 0050: 150 mkd Route: Dietary Study Type: Mochanistic 
Dato of Death 09f07f2004 Study Cay No. (Week): 369 (53) Uode of Death; Scheduled Necropsy 
Data of Necropsy 09f07f2004 •• NECROPSY COMPLETE •• 

Torminal Body Weight: 50a.2g 


Organ Weights; 
... 
o KIDN"." 2.64ag LIVER 1 I .61911 ~ 

Gross Pathology Observations: None 

Any remaining protocol required tissues, which have boon examined, have no visible lesions 

Codos Used:. 
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APPENDIX TABLE 19. 1ndiv idual Animal Plllhoiogy Report (cOnlinucd) 

Anl~al No.: 4446 Group: :3 Sex: 101010 Species: Rat Strain: lGS Wlstar Han 

Test loIatorlal: Ethylene Glycol Doso: 150 mkd Aoute: Dietary Study Typo: loIochaniatic 
Date 01 Death 09/07/2004 Study Day No. (Week): 369 (53) ModO of Death: Scheduled Nocropsy 
Date of Nocropsy: 09/07/2004 ** NECROPSY COIolPLETE •• 

.. Ter~inal Body Weight: 434.3g 


Drgon Weights: 

a 

KIDN~r" 2.103g LIVER 10.662g00 

Gross Pathology Observations: None 

Any re~ainlng protocol required tissues, whicn havo bean exanined, havo no visible lesions 

Codes Uscd:. 
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APPENDIX TABLE 19. Individual Animal Pathology Repon (continued) 

Animal NO.: 4447 Group: 3 Sex: Malo Species: Rat Strain: TOS Wistar Han 

Test Material: Ethylone Glycol Dose: 150 nkd Route: Dietary Study Type: Uechanistic 
Dato 01 Death : 09/07{2004 Study Day No. (Wack): ~6S (53) UodO 01 Death: Scheduled Nocropsy 
Dato or Necropsy: 09/07/2004 •• NECROPSV COMPLETE _. 

Last Clinical Observations: Palpable Mass Oatails: 


NO Abnornalit~os uote~Ceo None 


Terninal Body Weight: 529.70 


Organ weights:
13 
'<> KIDNtYS 2.65~g LIVER 13.752g 

GraBS Pathology Observations: None 

Any remaIning protocol required tissues, which have beon eXBllned, have no visible 109ions 

Codes Used:. 
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APPENDIX TABLE 19. Indiv iduaI Animal Pathology Report (continued) 

Anl~al No.: 4448 	 Group: 3 Sex: Llale Species: Rat Strain: IGS Wlstar Hen 

Test Llaterial: Ethylene Glycol Dose: 150 ~kd Route: Dietary Study Type: Wechaniatlc 
Date of Death D9{07f2004 Study Day No. (Weak): 369 (53) Mode of Doath: Scheduled Necropsy 
Date of Necropsy: 09f07f2004 •• NECROPSY COMPLETE ~. 

.. 

Last Clinical Observations: Palpable Wass Details: 


No Abnormalit~es uoteC~eo None 


Terminal Body Weight: 466.50 


a 	 oroan Woights: 

KIOt-lEYS 2.602g LIVER ".077g 

Gross Pathology Obsorvations: Nono 

Any remaininO protocol required tissues, which have beon examined, have no vi9ible lesions 

Codes Used:. 
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APPENDIX TABLE 19. Indiv idual Animal Palhology Report (conlinued) 

Animal No.: 4449 Group: 3 Se~: Male Spe~1as: Rat Strain: las Wistar Han 

Ten loIaterial: Ethylene Gly~ol Dose: 1S0 mkd Route: Dietary Study Type: Mechanistic 
Oate or Death 09/07/200~ Study Day No. (Weck): 369 (53) Mode 01 Death: Scheduled Necropsy 
Date of Ne~ropsy: 09/07/2004 •• NECROPSY COMPLETE •• 

Terminal Body Weight: 459.6g 

Organ Weights: 

"" KION~l:; 2.427g LIVER 10.933g -- Gross Pathology Observations: None 

Any reloining protocol required tissues, which hove been e~amined, have no visible lesions 

Codes Used:. 
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APPENDIX TABLE 19. Individual Animal Pathology Report (continued) 

Animal No.: 4450 Group: 3 Sex: Male Species: Rat Strain: lGS Wistar Han 

TeSl ~aterial: Ethylene Glycol Dose: 150 mkd Route: Dietary Study Type: Mechanistic 
Date 01 Death 09/07/2004 Study Day No. (Weok): 369 (53) Modo 01 Death: Scheduled Necropsy 
Date 01 Necropsy: 09/07/2004 •• NECROPSV COMPLETE •• 

Terminal Body Weight: 369.6g 


Organ Weights: 


'" 
KlON",,, 1 .969g LIVER 0.019g 

Gross Pathology Observations: Nona 

... 

Any rOlainlng protocol required tissues, which have been oxamined, have nD visiblo lesions 

Codes Used:. 
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APPENDIX TABLE 19. Indiv idual Animal Pathology Report (continued) 

Animol NO.: 4451 Group: 3 Sex: Male Species: Rat Strain: IGS Wister Han 

Test Uaterial: Ethylene Glycol Doae: 150 ..kd Route; Dietary Study Type: Mechanlotlc 
Date ot Death 09/09/2004 Stud V Day NO. (Week): 310 (53) Mode 01 Death: Scheduled NeCTOpsy - Motabol1n 
Date 01 Necropsy: 09/09/2004 •• NECROPSV COUPLETE •• 

Ter~inal Body Weight: 540.9g 

... Organ Weights: 

w KIDI.~,., 2.609g 

GrOBS Pathology Observations; None 

Any re~aining protocol required tissues, which hayo been e.amined, hove no viSible los ions 

Codes Used:. 
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ETHYLENE GLYCOL: 12·MONTH DIETARY TOXICITY STUDY IN WI STAR HAN RATS 

APPENDIX TABLE 19. Indiv idual Animal Pathology Report (continued) 

Aninol No.: 4452 Group: 3 Sex: Mole Species: Rot Strain: IGS Wistar Han 

Tost Material; Ethylene Glycol Dose: 150 mkd Route: Oietary Study Type; MeChanistic 
Data of Death 09{08{2004 Study Oay No. (Week); 370 (53) I.toda of Do.ath: Scheduled Necropsy' Metaboliu 
Data of Necropsy: 09/08/2004 .* NECROPSY COMPLETE •• 

Terminal Body Woight: 492.2g 


Organ Weights; 

A 

KIONe,,,, 2.B46gA 

Gross pathology Obsorvations: None 

Any remaining protocol requirod tissues, which hovo boen examined, have no visible lesions 

Codas Used;. 
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ETHYLENE GLYCOL: I2-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 19. Indiv idual Animal Pathology Reron (continued) 

Animal No.: 4453 Group: 3 SilK: loIale Species: Rn Strain: IGS Wistar Han 

Toat Materlal: Etnyleno Glycol Ooao: 15C mkd Route: Dietary Study Type: Mochanistic 
Date of Death 09/08/2004 Study Oay No. (Week): 370 (53) Modo of Oeath: Scheduled Necropsy _ Metabolism 
Data of Necropsy: 08/08/2004 oW NECROPSY COMPLETE 0* 

Terminal Body Weight: 455.7g .. Organ Weights: 
~ 

KION~,,, 2.779g 

Gross Pathology Observations: Nona 

Any remaining protocol roquirod tissues, which havo been a_amined, havo no visible los ions 

Codes used:. 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 19. Indiv idual Animal Pathology Report (continued) 

Animal No.: 4454 Group: 3 Sox: Male Spechs: Rot Strain: IGS Wistar Han 

Teot Matorial: Ethyleno Glycol Oose: 150 Dkd Route: Oietary Study Type: Mechanistic 
Date of Death 09{08{2004 Study Oay No. (Woek): 370 (53) Uode of Death: Scheduled Necropsy· UetabolisD 
Oate ot Necropsy: 09{08{2004 NECROPSV COUPLETE ••0­

Terninal Body Weight: 454.8g 


Organ Weights: 
.,. KIDNEYS 2. 4020 
", 

Dross Pathology Observations: None 

Any ronalning protocol required tissues, which hove been examinod, have no visible lesions 

Codes used:. 
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APPENDIX TABLE 19. fndiv idual Animal Pathology Report (continued) 

Anlnal No.: 4455 	 Group: 3 Se~: Male Species: Rat Strain: IGS Wistar Han 

Test Material: Ethylene Glycol Dose: 150 llled Route: Diotary Study Type: Yochanistic 
Date of Death 09/08/2004 Study Day No. (Week): 370 (53) ~ode of Death: Scheduled Nocropsy . ~etabotlsm 
oate 01 Necropsy: 09/08/2004 ** NECROPSY COYPLETE •• 

Terminal BOdy Weight: 474.4g .. 
 Organ Weights: 


~ 	 KlOO"T<' 2.530g 

Gross Pathology Observations: None 

Any re~aining protocol required tissues, WhIch have been eKanined, have no visible lesions 

Codes Usod:. 
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ETHYLENE GLYCOL; 12·MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 19. Indiv idual Animal Pathology Report (continued) 

Animal No.; 4~62 Group; 4 Sex: Male Species: Rat Strain: IGS Wistar Han 

Teet Uaterial: Ethylene Glycol Doso: 300 mkd Route: Dietary Study Type: Mechanistic 
Date or Death 01{20/2004 Study Day No. (Week): 139 (20) Mode at Death; Uoribund • Unscheduled 
Date of Nocropsy: 01/20{2004 •• NECROPSY COMPLETE •• 

Last Clinical Observations: Palpable Mass Dotails: 

loIoribund None ... Terminal Body Weight: None 

Gross Pathology Observations: 

KIDNtT~; 
Dilatation; pelvis; right; Comments: Both kidnoys appear slightly swoll· 

on, slightly pale and moist on cut surtace. 

GENERAL; 
Ascitos: COlments; The abdominal cavity is distended with clear tluid. 

Thero is also a moderato perironal edema or the fat surrounding the 
kidnoys,

Hemolyzed Blood; gastrointestinal tract 

Hydrothorax; serosangUineous 


URnlARY BLADDER; 
Calculus; Comments: Small amounts at fine ton.white calculi are so en in 

the bladder. 
Dilatation: Comments: The bladder is distended with about 2··3 ml ot a 

dark red urine. 
Hemorrhage; wall 

Any remaining protocol required tissues, which have been e~amined, hovo no Visible lesions 

Kidnoy diooase, and probablo obstruction of urinary outtlow are suspected to be the cause ot doath. 


Codes Used:. 
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APPENDIX TABLE 19. Indiv idual Animal Pathology Report (continucd) 

Animal No.: 4463 Group: 4 SOK: Male Species: Rat Strain: IGS Wistar Han 

Test Matorial: Ethylene Glycol Dese: 300 mkd Aoute: Dietary Study Typo: Mochanistic 
Date of Death 12/24/2003 Study Day No. (Week): I' I (16) Uode Of Death: spontaneous - unscheduled 
Date 01 Necropsy: 12/24/2003 •• NECROPSY COUPLETE •• 

Last Clinical Observations: Palpable Mass Details: 

Spontonoous Oeoth None 

Ter~inol Body Weight: Nene 

Gross Pathology Observations: 

GENERAL: 
Ascites: Comments: The abdomon was filled with approKi~ately 20 mls of 

clear fluid ... LIVER: 
'<> Hernia: hiatal 

URINARY 8LADDER: 
Calculus 
Dilatation: Co~ments: The bladdor is markedly distended with cloudy

urine. The bladder wall is he~orrhagic. Small alounts of 1ine to 
slightly coarse (about 1-21~) size calculi are seen in the bladder. 

Heftorrhage: wall 

Any remaining pretocol required tissuos, which have been exa~ined, have no visiblo losions 
OBSTRUCTION OF THE URINARY TRACT 

Codes Used:. 
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APPENDIX TABLE 19. Individual Animal Pathology Report (continued) 

Aninal No.: 4464 Group: 4 SeK: Mole Specios: Rat Strain: lOS wistar Han 

Test Material: Ethylene Glycol 0050: 300 IIkd Routo: Dietary Study Type: Mechanistic 
Date 01 Death 09/07/2004 Study Day No. (Week): 369 (53) Mode 01 Doath: Scheduled Necropsy 
Dato 01 Necropsy: 00/07/2004 •• NECROPSY COMPLETE •• 

Terminal Oody Weight: 3a9.5g 

Orgon Weights: 

KIDNEYS 2.330g LIVER 9.832g 

13 Oross Pathology Observations: None o 

Any re~aining protocol requirod tissues, which have boon eKamined, have no visible lesions 

Codas Used:. 
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APPENDIX TABLE 19. Indiv iduaI Animal Pathology Report (continued) 

Animal Uo.: 4465 Group: 4 Sex: Male Species: Rat Strain: IGS Wistar Han 

Tcst Uaterial: Ethylene olycol Doso: 300 mkd Route: Dietary Study Typo: Mechanistic 
Date 01 Death 09/07/2004 Study Day No. (Week): :169 (53) Mode 01 Death: Scheduled Necropsy 
Date or Ne~ropsy: 09/07/2004 •• NECROPSY COMPLETE •• 

Terminal Body Waight: 625.6g 

Organ Weights: 
t; 

KIDNEYS 3.029g LIVER 14.823g 

Gross Pathology Observations: None 

Any remaining protocol required tissues, whiCh havo boen oxamined, havo no visiblo lesions 

Codes Used:. 
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APPENDIX TABLE 19. Indiv idual Animal Pathology Report (continued) 

Animal No.: 4467 Group: 4 Sex: loIole Species: Aat Strain: IGS Wistar Han 

Test Material: Ethylene Glycol Doae: 300 mkd AOllte: Dietary Study Type: uechanistic 
Date of Death 09/07/Z004 Study Day NO. (Week): 369 (53) loIode of Doath: Scheduled Necropay 
Date of Nocropsy: 09/07/Z004 NECROPSY COIolPLETE ••0­

Torminal Body weight: 44Zg 


Organ Weights: 


KIONcT~ Z.Z3Jg LIVEA 9.764g 


Gross Pathology Observatiens:
~ 
TESTES; 


Flaccid; unilateral 


Any re~aining protocol required tissues, which have been exa~inod, hove no Visible lesions 

Codes Used:. 
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APPENDIX TABLE (9. Tndiv idua( Animal Pathology Report (continued) 

Anl~Dl No.: 4460 Group: 4 Sex: loIale Species: Rat Strain: lGS Wistar Han 

Test Material: Ethylene Glycol Dose: 300 ~kd Route: Diotary Study Type: Mechanistic 
D3tO of Death 0910712004 Study Day No. (Week): 369 (53) Uodo ot Death: SCheduled Necropsy 
Oato ot Necropsy: 0910712004 •• NECROPSY COMPLETE •• 

Terminal Body Weight: 458.7g 

Organ weights: 

KIONe,;:, 3.457g LIVER 12.075g 
t; 
w GroGG pathology Observations: 

KIDNEYS; 
Calculus; pelvis; unilateral 
Dilatation; polvisj bilateral 
Roughened Surface; bilateral 

URINARY BLADDER; 
Calculus 
Oilatation 

Any re~aining protocol required tissues, which have been examined, have no visible losions 

Codes Used:. 
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APPENDIX TABLE 19. Indiv idual Animal Palho!ogy Report (conlinued) 

Ani~al No.! 4469 Group: 4 Se~: Male Species: Rat Strain: IGS Wistar Han 

Test Material: Ethylene Glycol Oose: 300 mkd Route: Dietary Study Type: Mechanistic 
Date 01 Oeath 09/07/2004 Study Oay No. (Week): 369 (53) Mode ot Death: SCheduled Nocropsy 
Date €It Necropsy: 09/07/2004 •• NECROPSY COMPLETE •• 

Terminal 80dy Weight: 414.2g 


Organ Weights: 


KIDNEYS 2.982g LIVER 9.926g 


Gross Pathology Observotions: 
~ 
KIONEYSj 


Dilatation; pelvisj right 


Any remaining protocol required tissues, which hove been e~a~inod, hove nC visible lesions 

Codes Usea:. 
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APPENDIX TABLE 19. Indiv idual Animal Pathology Report (continued) 

AniQ~l No.: 4470 Group: 4 Se~: Male Species: Rat Strain: IGS Wistar Han 

Test Material: Ethylene Glycol Dose: 300 mkd Route: Dietary Study Typo: Mechanistic 
Date 01 Death 03/29/2004 Study Day No. (Wook): 207 (3D) Uode or Death: Spontaneous· Unscheduled 
Date 01 Necrepsy: 0~/29/20D4 •• NECROPSY COMPLETE •• 

Last Clinieal Observations: Palpable Mass Details: 

Spontaneous Death None 

Torminal Body Weight: None 

13 
~ 

Gross Pathology Dbsorvations: 

COAGULATING GLAND;
Darkj Dilatoral 

KIDNEYS: 
Calculus: pelvis: unilateral 
Dilatation: pelvis: bilatoral 
Palo: bilateral 

LUNG: 
Congestionj generalized
Edella 

SEMINAL VESICLES: 
Dark: bilateral 

STOMACH: 
Erosion· Ulcorj glandular mucosaj Qulti10eal 

URINARY BLACDERj
Caleulus: multi10cal 
Dilatation 
Hemorrhage: wall 

Any rOlaining protocol required tissuos, whieh have boon exanined, have no visible lesions 

Codes Used:. 
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APPENDIX TABLE 19. Indiv iduill Animal Pathology Report (continued) 

Animal No.: 4470 Group: 4 Sox: Male (con~inued) 

Probable cauec Of death: 


URINARY BLADDER; HOlorrhage; wall 


~ 

Codes used:. 
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APPENDIX TABLE 19. Individual Animal Pathology Report (continued) 

Anillal NO.: 4471 Group: 4 Sex: Uale Spocies: Rat Strain: lGS WistBr Han 

Test Uateria1: Ethylene Glycol Dooo: 300 IIkd Route: Dietary Study Type: Uachaniatic 
Date 01 Death 09/08/2004 Study Day No. (Week): 370 (53) Uodo 01 Death: Scheduled Necropsy _ Metabo11s11 
Date 01 NecrOpsy: 09/09/2004 .- NECROPSY CO~PLETE •• 

Last Clin1ca1 Observations: Palpable Mass Details: 


No Abnormalities Detected NOI1~ 


Terll1na1 Body Weight: 501.2g 


Organ weights: 


KlDNtY~ 2.590g
~ 
Grose Pathology Obsorvations: None 

Any renining protocol required tissul!S, which have been examined, have no visible lesions 

Codes Used:. 
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APPENDIX TABLE 19. Indiv idual Animal Pathology Report (continued) 

Animol No.: 4472 Group: 4 Se,,: Uale Species: Rat Strain: IGS Wistar Han 

Teat Material: Ethylene Glycol Dose: 300lllkd Route: Dietary Study Typo: Uechonistic 
Date of Death 09/06/2004 Study Day No. (Week): 370 (53) Mode of Death: Scheduled Nocropey • Metabolisill 
Onto of Necropsy: 09{08{2004 ** NECROPSY COMPLETE •• 

Last Clinical Observations: Palpable Mass Cotails: 


injury, Apparent Mechanical; Other None 


Terillinal 80dy Weight: 465.1g 


Organ weights:

;es 
~ 	 KIONn'> 3.136g 

GroGs Pathology Observations: None 

Any relaining protocol required tissues, which have been examined, have no visiblo lesions 

Codes Used:. 



THE DOW CHEMICAL COMPANY 
STUDY 10: 031079 

PAGE 285 

ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 19. Indiv idual Animal Pathology Report (conlinued) 

Animal No.: 4473 Group: 4 Sox: Malo Species: Rot Strain: IGS Wiatar Han 

Teot Material: Ethylene Glycol 
Date of Death 0010912004 
Dato of Necropsy: 09{0912004 

Doao: 300 mkd Route: Dietary
Study Day No. (Week): 370 (53) 

•• NECROPSY COMPLETE •• 

Study Type: Mechanistic 
Mode of Death: Scheduled Necropsy· Metabolism 

Terminal Body Weight: 402.7g 


Organ Weights: 


KIDN",~ 2.150g 


Gross Pathology Observations: None
13 
'" 

Any romaining protocol required tissues, whiCh have boon eXBlined, have no visible lesions 

Codes Usod:. 
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APPENDIX TABLE 19. Indiv idual Animal Pathology Rcport (continued) 

Animal No,; 4474 Group: 4 Sox: Male Specios: Rot Strain: IGS Wistar Han 

Test MaterIal; Ethylono Glycol Dose: 300 mkd Routo: Dietary Study Type: Mechanistic 
Date of Death 09{09{2004 Study Day No. (Week): 370 (53) Mode 01 Death: Scheduled Necropsy . Motabolism 
Dato 01 Necropsy: 09/08/2004 -. NECROPSV CO~PLETE -­

Terminal Body Weight: 436.5g 

Organ weights: 

KIDN~T;> 5.450g> 

e Cross Pathology Obsorvations: 
o 

KIDNEYS; 
Calculus; pelvis;
Palo; bilateral 

bilateral 

Roughened Surface; bilatoral 

URINARY BLAODER; 
Calculus 
Dilatation 

Any reNaining protocol requirod tissues, which have boon examIned, have no visible lesions 

Codos Used:. 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 19. Indiv idual Animal Pathology Report (continued) 

Animal NO.; 4475 Group; 4 Se~: Male Species; Rmt Strain: IGS Wistar Han 

Test M~terial: Ethylone Glycol Dose; 300 ~kd Route: Dietary Study Type: Mechanistic 
Date 01 Death 09/09/2004 Study Day NO. (Week); 370 (53) Mode 01 Death: Scheduled Necropsy. Motabolisl 
Date or Necropsy: 09/09/2004 •• NECROPSY COMPLETE •• 

Last Clinical Observations: Palpable M~ss Details: 

.. 
No Abnormalities Detected None 

Terlllinal Body Weight: 464.1g 

Organ Weights: 

w KIONEYS 2.972g 

Gross Pathology Observations: 

URINARY ~LAUU~Kj 


calculus 

DilatDtion 

Thickenedj wall 


Any relllaining protocol required tissues, which have boon oxamined, have nO viSible lesions 

codes Used:. 
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ETHYLENE GLYCOL: l2-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 19. Indiv idual Animal Pathology Report (continued) 

Ani~al No.: 4478 Group: 4 Sox: 1.1010 Species: Rat Strain: IGS Wistar Han 

Test Uaterial: Ethylene Glycol Dose: 300 IIIkd Route: Dietary Study Type: Mechanistic 
Date or Death 04{04{2004 Study Cay No. (Woek): 213 (31) Mode 01 Death: Spontaneouo _ unGcheduled 
Date of Necropsy: 04{05{2004 ** NECROPSV COU~LETE *. 

Last Clinical Observations: Palpable Mass Details: 

Spontanaous Deotn None 

Torminal 80dy Weight: None 

Gross Pathology Observations: 
t; 

KICN~H'jN Dilatation; pelvis; right: Com~ents: There is moderate perirenal edeno, 
particularly on the le1t side. 

GENERAL; 

Ascites 


URINARY 8LAODER; 
CalculuB 
Dilatation: Co~nents; The bladder is distended with about 3 ~l 01 a 

cloudy urine containing groen.grey flaky material. A small yellow-tan 
calculus (about 2m~ in dia~eter) was seen at the neck 01 the bladder. 

Hemorrhage; wall 

Any re~alning protocol required tissues, which have been examined, have no visible lesions 
08STRUCTION OF THE URINARY TRACT 

Codes used:. 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 19. Individual Animal Pathology Report (continued) 

Animal No.: 4479 Group: 4 Sex: Male Speoies: Rat Strain: IGS Wistar Han 

Test Material: Ethylene Glyool Dose: 300 mkd Route: Dietary Study Type: Mechanistic 
Oate 01 Death 04{12{2004 Study Oay No, (Week): 221 (32) Mode et Death: Spontanoous • Unscheduled 
Date 01 Necropsy: 04/12{20D4 •• NECROPSY COMPLETE •• 

Last Clinioal Obsorvations: 

Spontaneous UCatn 

Terminal Body Weight: None 

Gross Pathology Observations: ... 
~ KIONEY5; 
~ 	 Oilatation; pelvis; bilateral 

Pale; bllatoral 

HEART; 

Mottled; vontricle; bilateral 


SEUINAL VESICLES; 

Intla~nation; bilateral 


SKIN ANO SUBCUTIS; 

PerIneal Soiling 


STOYACH; 
Erosion - Ulcer; glandular mucosa; nultitocal 

URINARY BLADDER; 
Caloulus: COMMENT: Several irregularly shaped calculi, 1 to 2 nm in 

diameter, were preoent in the urinary bladder. 
OUatatlon 
Hemorrhage; wall 

Any remaining protocol roqulred tissues, which have been examined, havo 

Codes Used:. 

Palpable Mass Details: 

None 

no visible lesions 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 19. Individual Animal Pathology Repon (continued) 

Animal No.: 4479 Group: 4 Se~: t.iale (con~inued) 

Obstruction 01 the urinnry tract contributed to the death 01 this rat. 

~.. 

Codes Used:. 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTARHAN RATS 

APPENDIX TABLE 19. Individual Animal Pathology Report (continued) 

Animal NO.: 4481 Group: 5 Sex: Llale Species: Rat Strain: IGS Wistar Han 

Test Material; Ethylene Glycol Dose: 400 mkd Route; Dietary Study Type: Llechani6tiC 
Dato ot Death 03{25/2004 Study Day No, (Week): 203 (29) Llode ot Death: Scheduled Necropsy _ Early Ternination 
Date 01 Necropsy: 03/25/2004 •• NEcROPSY COLIPLETE •• 

Terminal Body Weight: 375.6g 


Organ Weights; 


KIONtY:i 2.IlOlg 


~ Gross Pathology observations: ~ 

KTDNtT::;; 

Mottled 


Any remaining protocol required tissues, which havo boon examined, have no visible lesions 

Codes Usod:. 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY TN WISTAR HAN RATS 

APPENDIX TABLE 19. Indiv idual Animal Pathology Report (continued) 

Animal No.: 4482 Group: 5 Se~: Male Species: Rat Strain: IGS Wistar Han 

Test Material: Ethylene Glycol 
Date of Death 03f09/2004 
Data of Necropsy: o3f09f20D4 

Dose: 400 Jlkd Routo: Dietary
Study Day NO. (Week): 187 (27) 

•• NECROPSY COMPLETE •• 

Study Type: Mechaniatic 
Modo of Death: Moribund _ Unscheduled 

Lest Clinical Observatiens: Palpable Mass Details: 

Moribund None 

Torminal Body Weight: None 

t; 
." 

Gross Pathology Observations: 

KIDNEVSj
Dilatationj palvis; bilatoral: Comments: Both pelves are ~arkedly dilat­

ed with urine and contain small a~ounts of fine, yellow sand-like 
~Bterial particularly, in the le1t kidney. 

URINARV BLADDER; 
Dilatation: Comments: The bladder was distended with about 3 ml ot 

cloudy urino with flecks of green material. 

Any remaining protocol required tissues, which have 
OBSTRUCTION OF THE URINARV TRACT 

been e~amined, have no visible losions 

Codes Used:. 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WI STAR HAN RATS 

APPENDIX TABLE 19. Indiv idual Animal Pathology Report (continued) 

Ani~al No.: 4483 Group: 5 SOK: 1.1010 Species: Rat Strain: IGS Wistar Han 

Test Matorial: Ethylene Glycol 0050: 400 mkd Route: Dietary Study Type: Mechanistic 
Date of Death 03/25/2004 Study Day No. (Week): 203 (29) Modo of Death: Scheduled Nocropsy . Early Ter~ination 
Date of Necropsy: 03/25/2004 •• NECROPSY COUPLETE •• 

Last Clinical Observations: Palpable Mass Details: 

No AbnormalitIes ueteCtOO None 

Terminel Body waight: 400.5g 

Organ Weights: 

t KIDNEYS 4.342g 

~ Gross Pethology Observations: 

KIDN~H'j 

Oilatation; pelvis; bilateral 
Pole; bilateral 
Rouohonod Surface; bilateral 

URINARY BLADDER; 
Calculus 
Thickened; wall 

Any re~aining protocol required tissues, which heve been eKaminec, have no visible lesions 

Coces Usod:. 
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ETHYLENE GLYCOL: I2-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 19. Individual Animal Pathology Report (continued) 

Animal No.: 4484 Group: 5 Sex: !lmle Species: Rat Strain: IGS Wistar Han 

Test Material: Ethylene Glycol Dose: 400 mkd AlIJte: Dietary Study Type: Mecha~iatlc 
Date 01 Death 03/25/2004 Study Day No. (Weak): 203 (29) Uoda or Death: Scheduled Necropsy - Early Termination 
Date or Necropsy: 03/25/2004 •• NECROPSY COI!PLETE •• 

Terminal Body Weight: 334.3g 

Organ Weights: 

KIDNtY::; 4. 5400 

~ 
~ Gross Pathology Observations: 

KIDNEYS, 
Palo, bilateral 
Roughenad Surface; bilatoral 

GENERAL;
Decreased Amount or Fat 

LUNG, 
Mottled 

Any remaining protocol requirod tissuos, which havo boon oxamined, have no visible lesions 

Codos Used:. 
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APPENDIX TABLE 19. Indiv idual Animal Pathology Report (continued) 

Ani~al No.: 4485 Oroup: 5 Se.: Male Species: Rat Strain: lOS Wistar Han 

Test Material: Ethylene Glycol Dose: 400 ~kd Route: Dietary Study Type: ldechaniGtic 
Date of Death 03/:1.5{2004 Study Day No. (Week): 203 (29) Mode of Death: Schoduled Necropoy • Early TermInation 
Oate of Necropsy: 03/25/2004 _. NECROPSY COMPLETE •• 

Terminal Body Weight: 335g 

Orgon Weights: 

KIDNEYS 3.668g 

Gross Pathology Observations: 
,. 
w 
'D 

KIDNtH;; 
Dilatation; polvisj
pale; bilateral 

loft 

Roughened Surfaco; bilBteral 

LYMPH NOOE; 
Increased Sizo; renal 

URINARY BLADDER; 
Calculus 
Dllaution 
Thickenedj wall 

Any remaining protocol required tissues, which have been examined, have no visible lesions 

Codes Used:. 
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APPENDIX TABLE 19. Indiv idual Animal Pathology Repon (continued) 

Ani~al No.: 4486 Group: 5 Se~: IoIde Species: Rat Strain: IGS Wistar Han 

Test loIaterial: Ethylene Glycel Dose: 400 ~kd Aoute: Oiotary Study Type: Uechanistic 
Date of Death 03/25/2004 Study Oay NO.. {Week}: 203 {20} Mode 01 Death: Scheduled Necropsy _ Early Ter~inat1on 
Date D1 Necropsy: 03/25{2004 •• NECROPSY COMPLETE •• 

Terminal Body Weight: 3270 


Organ Weights: 


KIDNtl~ 3.150g 

.. 
 Gross Pathology Obsorvations: 


KlDNcH,;13 Pale; bilneral 

Roughened Sur1ace; bilateral 


Any romaining protocol required tissues, which have beon Dxamined, have no. visible lesions 

Codes Used:. 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 19. Individual Animal Pathology Report (continued) 

Animal No.: 4487 Group: 5 Sex: Male Species: Rat Strain: lGS Wistar Han 

TeBt Material: Ethylene Glycol 
Date of Death 03/15/2004 
Date of Necropsy: 03/15/2004 

Oose: 400 mkd Route: Dietary
Study oay No. (Week): 193 (28) 

** NECROPSY COMPLETE ** 

Study Type: Nechanistic 
Mode of Death: Moribund - UnSCheduled 

Last Clinical Obsorvations: Palpable Mass Details: 

Spontaneous Death Nono 

Terminal Body Weight: None 

Gross Pathology ObservatIons: 

CECu"j... Hemorrhagoj wallj multifocal... 
KIDNEYS; 


Calculus; pelvisj bilateral 

oilatationj pelvis; bilateral 

Pale; bIlateral 

Roughoned Surfacej bilateral 


GENERALj
Decreased Amount or Fat 

STOUACHj

Hemolyzed Blood 

Mineralization; glandular mucosa 


URINARY BLAODER; 

Dilatation 

Homorrhagej wall 

Urine - Bloody 


Any remaining protocol requIred tissues, which have boon oxaminod, have no viaible los ions 

Tho causo of the moribund condition waG ChronIc renal disease and obstruction of the urinary bladder. 


Codes Used:. 
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APPENDIX TABLE 19. Indiv idual Animal Pathology Report (continued) 

Animal No.: 4488 Group: 5 Sex: Male Species: Rat Strain: IGS WiatDr Han 

Tost Motorial: Ethy1eno Glyeol Dose; 400 mkd Routo: Dietary Study Type: Uechanistie 
Dato of Death 0312512004 Study Day No. (Week): 203 (29) Uode of Oeath: Seheduled Necropsy • Early Termination 
Date of Necropsy: 03f2S12004 •• NECROPSY COMPLETE *. 

Torninal Body Weight: 324g 

Organ Weights: 

h 
KIONEYS 4.047g 

13 Gross Pathology Observations; 

KIDNtY:i: 
Caleulus: pelvis; bilateral 
Dilatation; pe1vi~; bilatoral 
Pale; bilateral 
Roughened Surfaee; bilateral 

LYMPH NODE; 
Increased Sizo; ronal 

URETER; 
Calculus 
Dilatation: left 

Any remaining protoeol required tissues, whiCh have boen oxanined, havo no visib10 losions 

Codes Used:. 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 19. Individual Animal Pathology RepOr1 (continued) 

AniQ~1 No.: 4488 Group: 5 Sex: Uale Species: Rat Strain: IGS Wist~r Han 

Test Matorial: Ethylone Glycol Dose: 400 Qkd Route: Dietary Study Typo: Mechenistic 
Date or Death 03f25f2004 Study Day No. (Week): 203 (29) Mode of Death: Scheduled Necrepsy • Early Termination 
Date of Necropsy: 03f25f2004 •• NECROPSY COMPLETE •• 

Terminal Body Weight: 301.90 


Organ Weights: 


KIDNEYS 4.159g 


~ Gross Pathology Observations: 
I: 

KIDNtY::ij 

Pelej bilaterel 

Roughened Surfacej bilateral 

GENERALj
Decreased AIIount Of Fat 

Any reQaining protocol requirod tissues, which have been e~amined. have no visible lesions 

Codes Used;. 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 19. Indiv idual Animal Pathology Report (continued) 

Animal No.: 4490 Group: 5 Se,,: Male Species: Rat Strain: IGS Wi star Han 

Test ~aterial: Ethyleno Glycol Dose: 400lkd Route: Dietary Study Type: Mechanistic 
Date ot Death 03/25{2004 Study Day No. (Week): 203 (29) Mode ot Death: Scheduled Necropsy _ Early Ternination 
Date ot Necropsy: 03/25/2004 •• NECROPSY COMPLETE •• 

Torninal Body Weight: 33Bg 

Organ Weights: 

A KIDNtr:; 4.027g 

t Gross Pathology Observations: 

KlDN~"'i 
Pale; bilateral 
Roughened SUrtace; bilateral 

GENERAL;
Decreased Alount Ot fat 

LUNG;
Mottled 

LYMPH NODE; 
Increased Si~e; renal 

Any rOlaining protocol required tissues, which have been examined, have no visible lesions 

Codes Used:. 
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ETHYLENE GLYCOL: I2--MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 19. Individual Animal Pathology Report (continued) 

Animal No.: 4491 Group: S Sel(: Male Species: Rat Suain: lGS Wlstar Han 

Test Material: Ethylene Glycol Dose: 400 IIIkd Route: Oietary Study Type: Mechanistic 
Date at Death 10/17/2003 Study Day NO. (Week): 43 (7) Mode ot Oeath: Spontaneous. Unscheduled 
Date at Necropsy: 10/17/2003 •• NECROPSY COMPLETE •• 

last Clinical Observations: Palpable Mass Details: 

Spontaneous Death None 

Terminal eody Weight: None 

Gross Pathology ObservatIons: 

LUN,"':t Congestion; generalized 
~ 

URINARY 8LADDER;
Hemorrhage; wall 
Thickened; wall 

Any remainIng protocol required tissues, which hove been el(amined, have no visible lesions 
probable cystitis contributed to the death 01 this rat. 

Codes Used:. 
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APPENDIX TABLE 19. Indiv idual Animal Palhology Report (conlinucd) 

Animal No.: 4492 Group: 5 SeK: Male Species: Rot Strain: lGS Wlstmr Han 

Test t.laterial: Ethylene Glycol Dose: 400 mkd Route: Dietary Study Type: Uechanistic 
Date of Doath 03/25/2004 Study Day No. (Week): 203 (29) Uodo of Doath: SCheduled Necropay - Early Termination 
Data 01 Nocropsy: 03f25f2004 •• NECROPSY COMPLETE •• 

Ter~inal Body Weight: 482.9g 


Organ welgl'lts: 


KIONer>; 3.160g 


~ Gross Pathology Observations: Nona.. 
~ 

Any re~alning protocol required tissues, which have been examined, have no visible lesions 

Codes Used:. 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 19. Indiv idual Animal Pathology Report (continued) 

Animel NO.: 4493 Group: 5 SO.: ~ale Species: Rat Strain: IGS Wistar Han 

Test Material: Ethylene Glycol Oose: 400 ~kd Route: Dietary Study Type: Mechanistic 
Oate 01' Death 03{25{2004 Study Day NO. (Week): 203 (29) ~ode 01' Death: Scheduled Necropsy . Early TermInatIon 
Date 01' Necropsy: 03{25{2004 •• NECROPSY COMPLETE •• 

Terminal Body Weight: 495.2g 


Organ Weights: 


KID"~l" :J.026g 


Gross Pathology Observations: None
f:... 
Any remaining protocol required tissues, which hove been eXBmined, have no visiblo lesions 

Codes Used:. 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 19. Indiv idual Animal Pathology Report (continued) 

Animal No.: 4494 Group: 5 Sex: Idale Species: Aat Strain: IGS Wistar Han 

Test Material: Ethylene Glycol Doso: 400 mkd Route: Dietary Study Typo: Uochonistic 
Date of Death D3{~5{2004 Study Day No. (Week): 203 (~9) Mode 01 Death: Scheduled Nocropsy . Early Termination 
Dato 01 Necropsy: 03{25{2004 •• NECROPSY COMPLETE •• 

Terminal 80dy Weight: 362.7g 

Organ weights: 

KIDNtY~ 3.347g 

t Gross Pathology Obsor~ations: 

~ KIDNty~; 

Dilatation; pel~is; le1t 
Pale; bilateral 
Roughened Sur1ace; bilateral 

URINARY 8LADDER; 
Thickoned; wall 

Any re~aining protocol roquired tlssues, whiCh have been exa~ined, have no vislble lesions 

Codes Used,:. 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 19. Indiv idual Animal Pathology Report (continued) 

Animal No.: 4495 Group: 5 Sex: Male Species: Rat Strain: IGS Wistar Han 

Test ~aterial: Ethylene Glycol Oose: 400 ~kd Route: Dietary ,Study Type: lIochanistic 
Date of Death 03{25{2004 Study Day No. (Week): 203 (29) ~ode of Death: Scheduled Necropsy. Early Terlination 
Date or Necropsy: 03{25{2004 •• NECROPSY COIIPLETE •• 

.. 
Terminal Body weight; 399.6g 


Organ Weights: 


KIDNEYS 4.D02g 


Gross Pathology Observations; 
.. KIDNEYS;

'" Pale; bilateral 
Roughened Surface; bilateral 


LYIdPH NODE;

Increased Size; renal 

Any remaining protocol roquired tiseues, which have been examined, have no visiblo losions 

Codes Usod:. 



• • • 

•• 

••• 

•
• 
••~ 
o••• 

,• 
• 

• 
•, 
o 
•• 

~ •• 

,
• 
• ~ o 

o. 
•• 

~" 

".0' 
~o 
00 

2:;l·.. o 

o 
'0... 
, 0 

0> , 
• . .••'" ,•o 

"• 
>00 
"000' 
•••-­ , 0",.-­

>00 "" " '5 .. 
w 

.0. 
•> 

<ci;5 ~ 
-< ".u 
• 0 • 

o 
>0 • 

0 ••... '" 
,!~~ 

•­
•
• 

~ 
w 
z 
8• 

• 
~••> 
o 

o• 
,-
• 
o 
o " 
~ 
•••

" 


~ 

• 
o 
~ 

•o 

• 
•o 


•
•
•> 
o• 
o 
o 
~ 
o• 
••
•• 
> 

~ 
o 

• 
~, 
•• 

," 
••• 

•o 

• 

, o 

•
, 
• o 

••; • 
o 
< 

, 
u 
~ • 

450 




THE DOW CHEMICAL COMPANY 
STUDY 10: 031079 

PAGE 307 

ETHYLENE GL YeOL: I2-MONTH DIET ARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 19. Indiv idual Animal Pathology Report (cominued) 

Animal NO.: 4497 Group: 5 Se~: Male Species: Rat Strain: IGS Wister Hen 

Test Material: Ethylene Glycol Dose: 400 ..kd Route: Dietary Study Type: Mechanistic 
Date 01 Death 03/25/2004 Study Day No. (Week): 203 (29) ~ode 01 Death: Scheduled Necropsy • Early Tormination 
Date or Necropsy: 03/25/2004 NECROPSY COUPLETE o.00 

Terminal Body Woight: 371.5g 

Organ Weights: 

KION~H> 5.3310~ .. Gross Pathology Observations: 
~ 

KIONEYS; 
Calculus: pelvis; bilateral 
DilBtation; pelvis: bilateral 
Pale: bilateral 
Roughened Surface: bilateral 

LYLIPH NODE: 
Increased Size: renal 

URETER; 
Calculus 
Dilatation; right 

URINARY BLADDER: 
Thiokened; .,all 

Any remaining protocol requirod tissues, which havo been o~aminod, have no visible lesions 

Codes Used:. 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 19. Indiv idual Animal Pathology Report (continued) 

Ani~al No.: ~499 Group: 5 Sex: Male Species: Rat Strain: IGS Wistar Han 

Tost Material: Ethyleno Glycol 
Date of Death 03/25/2004 
Dato of Necropsy: 03/25/2004 

Dose: 400 mkd Route: Dietary
Study Day No. (Week): 203 (29) 

.* NECROPSY COMPLETE -­

Study Type: Mechanistic 
Mode of Death: Scheduled Necropsy - Early Ter~inBtlon 

Torminal Body weight: 359.5g 


Organ Weights: 


KIDN!:..", 4.670g
.. 
~ 

Gross Pathology Observations: 
N 

KIDNEYS: 

Pale: bilateral 

Roughened Surface; bllateral 


GENERAL: 

Decreased Amount Of Fat 


LUNG: 
MonIed 


LYMPH NODE: 

Increased Size: renal 


URINARY BLADDER;

Calculus 

Thickoned: wall 


Any remaining protocol required tissues, which have been e~amined, have no visible lesions 

Codes used:. 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTARHAN RATS 

APPENDIX TABLE 19. Indiv idual Anim'al Pathology Report (continued) 

Animal ~o.: 4499 Group: 5 Sex: Male Species: Rat S~rain: IGS Wistar Wan 

Test Material: Ethylene Glycol Oose: 400 mkd Route: Oietary Study Type: Mechanistic 
Date of Death 03{25/2004 Study Oay No. (Week): 203 (29) Mode 01 Oeath: Scheduled Necropsy. Early Termination 
Date 01 Nocropsy: 03/25{2004 •• NECROPSY COMPLETE •• 

.. 
Terminal 80dy Weight: 340.1g 


Organ Weights: 


KIDNEYS 4.764g 


Gross pathology Observations: 


~ KIDNtYS;w 	 Oilatation; pelvis; right
Pale; bilateral 
Roughened Sur1ace; bil~terol 

LUNG; 

"'''ttled 


LYIIPH NODE; 

Increased Size; renal 


Any remaining protocol required tissues, which have been examined, have no visible lesions 

Codes Used:. 
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ETHYLENE GLYCOL: I2-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX TABLE 19. Indiv idual Anim<li Pathology Report (continued) 

Animal NO.: 4500 Group: 5 So~: Mala Species: Rat Strain: IGS Wistar Han 

Tost Material: Ethylene Glycol Oose: 400 mkd Route: Dietary Study Type: Mechanistic 
Date of Doath 02/05/2004 Study Oay NO. (Woek): 154 (22) Mode 01 Oeath: Spontaneous. Unscheduled 
Date of Necropsy: 02/05/2004 •• NECROPSV COMPLETE •• 

Last Clinical Observations: Palpable Mass Details: 

Spontaneous Death None 

Terminal Body Weight: None 

Gross Pathology Observations: 

KIONtY~;.. Dilatatlon: polvis; bilateral 
~.. 

GENERAL;
Congestion: Viscera 
HydrothoraK; clear 

LACRlIlAL/HARDERIAN GLAND; 

Increased Site: bilateral 


LUNG; 

Congestion: generalized 

Edema 


SEMINAL VESICLES: 

Dork: biloteral 


TRACHEA: 

Froth 


URINARY BLADDER; 

Calculus: multirocal 

Homorrhage: wall 

Urine. Bloody 


Any remaining protocol required tissues, which have been examined, have no visible lesions 
Codes Used:. ­
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APPENDIX TABLE 19. Indiv idual Animal Pathology Report (continued) 

Animal No.: 4500 Group: 5 Sex; Male (continYed) 

PrObable cause of death; 

URINARY BLADDER; Hemorrhagej wall 

... 
~ 
~ 

Codes Used:. 
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AUTHOR SfAUrotfNT CONCERNING AUTHENTICATION 

rI, Ulc undc:'5i;::Jned, he.'i!:~)' cedar~ t at:l1e f ....c-!'1jS Cf tills p~:I1HJv' 
,»"~ eua·~·J:;GI1. conducted by r:l:, c:. £'a:;:~ hlstolc.;y sl'des or ;r.ld~c~· ~n;:l 
~1'lna'~ b',/IGl::er from i!I ll'ITOo,th tJ;.xICI"W stl,l::ly with \'iLSlt~ !Hm ;~ts 
rec.:l·,·ing ~:i'len!! gl'f'CQI In the';lel are b((:~-'a~I'( reflected l;; thii! bed,/ ~ 
thiS: rep:lr':,. '/Ihll:" was CO:l1pl1etl ':I)' ~, ;!-c: ·...hith a:mj:-r,::;;::s: 20 page5, 
Ir:c 1}::Iln;l !;e~-en P; tal)les an::! o~e (l) tlpl'cnji~. 

/~:,. / r.;.-//~· .... 
; / ..'/-;'~-{(/.f-"".~··//r':: . ii'· ~,-.,,!~ ., . 

~....--.---.---.~..-----... ,. 
, , 

.--.-~.------------

Gordc;n C H::;rd 
~V5=, P:;D, DSc 

:=RCP.=:!':,. FRo/S, FATcl&:i 


2 
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APPENDIX A, Pathology ReporL- Gordon Hard (continued) 

SUMMARY 

GrCIJps Gf 10 to 15 rr.ale 'NJs:ar Han rats were =c~h-,'~tf:~ elh~'It~llc 
g.)'ccl :~ NiP 20CO aje! al (:c::.cs cr 0, 5'11, l.~O, 3DO, and 40D rr.;lkg:c1 c','e: 
:2 rTY.)rt~s duratlcn I~r hi~mpi)thoiOlJical e"aluirti~n of the k·~-r:C':'s.. Tilree 
r<!~ in ~,e grcup rec:ehllng ~<! ~all(~ld were :;-:,,'Schcdule:d c'€-aths: caused 
17~ tl'l; tes: compound, while all rat5 reI1al..i:~9 In the o;rnup ~rninlste~ed 
100 m3:kgid ·.\-ere t~In3'':.~ before Ihe ~chedUied diltl! r.t:tause of th~ 
ad'~'i2 efto;o.:; (If treatrrn:~~tt, None a' the: r.rt:;; In 7€ twu I~we:' dD.se 
gru';~, SO ~:-.c. ] SO:· Ir~/kgrd, ~!m~'Cd ~-.'( cvidenc:-:- of the hl~tcpathClcg'r' 
i3s~dated ·~llll ~tnt'-?ne 91yrol OO'll'Ilnl~trel':r~, ;-ane~I',., jil5:;l:J~;IIC fed of 
c,.-stall\lrla-reJaled nl.·:)'~rcpathy, renal tlJbul!l' (;: 1~':CItror" blre!:-:r.gc:t: 
~'Y5VJI5 mr.r:>":OI"~lu~lI'( -I.!pmse:rtatlve of calc~:n o~?tJ~t~, I; 1~~th:1n or Lhe 
renal ~1""1&.. cr trano.::i!icn~ ;:l!1 hvpe."Pll!s·,a (:he Id.".<:r In el:"~r ·e"'tal pel'"s 
or ti<lC:C:cr~. A-:;;or':::,~ .~, t:o·s .c,.7:,.C'l (o':"..'1rrr:ed 150 ngl:';gid to be 3 NOAEL 
ror the :::h:-·:r-'-:: adlT_ r:;:;tratlc:n of ~th)'lene gl'((.':': j~ thl: '.I,oistar. H:- !at. 

IKTRODUCTION 

The nair cb:oectve of tt.e- IlISlctdlhology J;hase ('oIVJL-Hs&:o2?) n1 tllis. 
:o~·.:il) stucly (1)0.0.. Study '·Jurrbe" 03t:l7Q; "'iilS to e'o'aluale lh! re-;al 
.a~.('".rt'y r:u~telltlal or clhyic-:-: glvrol wher, 20Tlln15W~d in the dlel L.) mLl'e 
Wistal HC!~. !~~s ever i:l :2-month period, an::! to C'~€rmln~ :' yosslb'c a no­
obsen.l03t: [C!':!(::'~erSE·Etfe::t-IENe! (NCAeL). 

MATERIALS AND METHODS 

A t,:ml cf 7f. glass .~·~tO:09V Slides c::c:o~,taining kidney Ser::tIOI'l.<;: !rcm 
67 rnl:5 '~e:re: shipped fmm WJl Research llI:c-ratorili!~, Ast-and, O,'1io, lJSi\ 
b:":(l CO:'CCte;l 'VI ;ne "",:-rr, the F~Ex rl!j:<lsitClJ)' OIL Auckland ~Jrport on 
D:ember~, '0:>'1. The sedions of right =nd let: klrlnevs .Nt'''e ,ruJuntcd on 
~in-;:!I'2 slides fo: 6-l ,/Its, tut 0"1 5:!1E!i!!tE sDde!i fOr 3 rats. Tile ~rouJJS" an::! 
~nillal numbe:rs received ~i(: c'J~IUi!:"tEd are 1Is:ed ;:: Aj:~endi~ :. 3~h 
kIClnP.:'iS ~rum (l!c:h Jilt hao ~en -=.:!(.':aOr'leC ~M ~t"dinoc wilh hem3t·;)~f:~ 
:.nd e~si'" ,:I-tI!cE), o:-.e kIdney :r, t~~ sal'J.lUal plan!:!, anj tr.e m:~o?' 
tranS'o'erst;'[',-. 

o~ J.:lTluar~ 2'9. 2.005, 5$ glass :"IiSlologv ~lid~ C:Qntalnln~ H&E­
stainM \,:rl:"ar~' :::i ad::fe:" ,=ssue from 56 !cts, ·,Ihkh :"lad ~~50 b::o;n sh:;mecI 
from W!"... ile5:ar[h _GtxlralO,lI:s. Asnian':. Ot,:,:), \,,,,r<, colleCl~:J tYf lTe 
lrom :I~ fcdE. ,epolltory "Au:kttcd Airp;;rt. 

3 
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APPENDIX A. Pathology Report- Gordon Hard (continued) 

Th.c glOIJPS and anlrral numl>etS fo!" whlcii Ici:lnevs an:l un,lary 
bl1:CC;:1'S were rec;:I\'E": ~nd evaluatetl ore Es:€d I., M;lendlx 1. For grQUp!' 
1 lhn:;u~~ '! (G lO J\:IJ ;1·9l~,1:i), iei(jneys rrom all ct the al"JmarS In me 
I'o-'..;I!.,\ St\ldy de~ifll1ate(l for Mtopall'r.:lJo.;y an::! r!"()sp. fer mfltQiY.llis.ll were 
hjstQI()gJ;aI~y exallli:":;;:O, In~lu()Jnlji tno5~ 1Iat "fIet~ 5j;Cr>~~ m;lrlbund, 
th:rT- that dlej, anc! those sarrificed at sch-2duled t:::-r:1inat:-:l~. {12 
ncnfu). Tr:e EXCEptlons were a~·_Tlal nl:i!:o. o!I(.O: :0 rrs-/<glc), 4o!1Ei: ami 
w"e. rmo ;"f"Jgr~g/d), ,~t1kh ·'\;t!ri' tr.:msferred t,:, tJ·,: cle<lrnnc:e gI'C{JP tr.­
e"S_~!:! rl'at "&-.e.t"e was Il~ a:lec.:.f.iIte ~',,:~~r 0' ailill"al~. Tile bl~p.rS ~r(rl'. 
~he ~aln ;;tucty i!r'-'iTlals de.~lgn(lted fo· hlstojlathology flOlr grC(lp5 1 
~hrough o!I {C tQ ~(JQ rrsf!<g/d; WEll'!;! ~,lCPmln~, 95 Wef 95 UUy~p. n;1I;:'~t; 
tlece;."'Sot :~~~' had nross C:\Jnge:s. i!l1 l1ec=-ops~" Th~ cxct!ptt[Jn~ ,','CO·CO ttl~ 
:hlee c~hns!.~ (nos, 4'101, "1"161, and "1"165) thi!ll ·m:rt: lrll··~r1.!r.-ctl to ttlt! 
c1e=I'i'.rf.:2 grt'Up ;;l5 d25O'iOeo abc·~e-. li'\ nniUt s: {.lli0D nlgf-"yiC), k.dl\C'"I'~ 
e:',d :'"dd:je-s fro:n;. illl !oolilin stud'/' anlrm:'S (de5lgratEd for hl!il:Opattlclcg\,,! 
....-ere e:'.!ir..i:·'!d, L~c. (!JICCptiiln beillg th: bl<>C'':er in ~;l7Ial ,-C·, l,(.Sg as this 
organ 0',31. ··,ad'/t:r'"J.:ntly not mice"! i!t necrtlpsy. 

;"\1 Ii31: kl:lne\" an:;! hl~cc'.er s':c~ we."e examIned ilt 203 ?aku Dr"''C, 
Tuiruu, fI.!.;:'I} Zealand, b~· crrI'o':ft:lon,,· 1l11£:~:4P.ICI rlIC·O~"P'; "1X1 pclarfled 
!Ight U5in<1 an O:ymPU5 eX 41 :T11~05(Ope ""._'" OIT.dl~"CS Til:":';:",;: from 1I to 
~Dx milgnlflcaUoo., For e-"~'..:JlI::m rf ;:;:JiI~cl.:·o::·jn:::luccd les:oo;s try 
:'r1gh~leld mICf05roP'f, tt,~ entIre ~'SIS~e ef t:ach H&E·5tain~::I l:.i:1n2'I' or 
Jla::l::lef ViliS e~amlne:::l 5"~'ste.ilaticall't in a Ilrle~I!iE;' ":".1i"r~ r.Clttern '/lith the 

" ,;ud ot a mee.'1dni:;,1 Sti:!91!, TI:o: samE! 3'jsl::!man: :I'Oo..-.ec..JIf': W?"> fo;lor.f<>(; 
for e-f(j}mlll~t·o., un:jc: poli!":ized ::gt,t t-o dete.m\lne ~ne r-rer~.~~ or 
abs~~c~ ,ll:lreringent O)'Sta:s, A represe::-;aO'o'E" sample trOIT 1t~ ki~rl~· 
of CC1C- :<!: .....as .c!'SO ~rr~r..;d wlth ultriMolel 1I1'~_:nlrl"tic;n ~flu;Jl"C$cenre 
~n:ro~ttJo~; a~ a wa~'ele:':ph at 420-49:) fcm ,r, o-aer !J:: ClSS'.!!::!: tllc 
;lrt:sl.!n:'L! -:r.. I~~-somes r~laun5I:Jach, 196&) cr tnueased hral,--:t drq::lct'i 
(Hare am: S-'c'flcoi:n.. ~ 990; tv aut(o:'l~~5:'(,n.::~. 

Wh-er-e aFpn~ble, ,the :llstr.!)..t O~ of hlSIOp.l!J1olog:o:: ch~n;;Je in I;he 
~I(!~""p' \Ya~ cat'egCf..a'd :'y ro-.e ac·:·::.rdlng :c. :"e de.sc:npI1o-, '" Ycul1~ and 
\Mssig (196~) lor- rat Io:ldnc,,;, In l:hi~ sc.1er:la, ttE 2on!!:S of k'c'~~f (O:1lpr15ot' 
:he co.1.:!x -or ZOtIe 1 (ctlrr,.t.-.!:.;':t!d 5e~r:1erts of ;1·Qkl'Tl,,1 arod (li$":(Il tucules 
till;;! gtcmel1(;l), {)lItf"t Slripr of oul('~ rredu12 (OS;)tf..) :)~ ?one 2 
(~redcml;",.anll'r' 5b11ili~,t se-~..,ents c.f jlI"CXltrl2l :;.;:it.lle), IIlller 50Ldpc c:r outer 
rT'.edulia (:50M) cr lone 3 (HenlE lirr'z, c.:. 'oCC"·~g <Jv::ts aM \<asCl r~ct;,). 
inner m~ull[l Cr lCl'le "I, ~~c p,,::.illa or:ro~ !) (H2!":·" limbs and C011eding 
ducts). 
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Crilt_"i!: L"!.wblishe-j I~, t':.; :Jre~loo.IS 16-wedt s!Udy o~ c:thyle.,e glYC!l1 
fer c . .agn::Jsin~ r;!nd qJad'I""-'i :i:e se·.'f':rt)' o' tlle ~r;:hrcpilft;y CCI\,iSli:(I t',. 
~:np[lunc ad:mn Q--atl::l'"l Clss:xlfltud I\--~h ayst2:lIur:.a we.'e us.::d as the 
b.1lsis fer ~rac·;.,; :r;v:"ite~lS in this SI..C}' (Hard, 2002). Acmrdrngly, O"p'Stll 
nephrcpa:hy .'.(15 graae~ On o!I ~<lle of::O to ~ ~~ :'c1lC:W5: 0, ~o basophlllc 
fOtl of Ihe type s-gnlfo(in-:r O"'fstal np.])hIOpaUly; L. n·~--rr1i:r1 {;:me: to no rr.cre 
lilCln " fod cf nej:;:~opathy In bQ't" ~i(lr"~~· ~Iurrs l::rgc:the:r/; 2. IT';:':', 
~S!)1lrSel'~ sca11r:!rec :'cd of nephrO)lathV)j J, 11'0(1e-jHe (frc:quent fod or 
C!o1711" roalEE:c::ence of feci o!\:o bletlS if n~phnJpath'f, but ·...'rth at rea~t ':(lif 
of the: CD:Wi: re-nalnlng IJnil'fe:\edi; .:., m;!"kc:d ~diffuse drs.7"butl~n cf 
~e:phropath·( b in\'oJ~'e ~ majOrity of the: parE!nC:~·ITa).: ~: en"""":ita~~ 
(nephrcp~tr1' inV'O:Vlng all d' the kidney Indlcat\le: ct 1n1;:.el'ldln;J fY'..J1.31 
:'"a -r.::re~. 

Urltle:r pol:u:=.ed li~:':, ItJftn~s Ylere or.:rd~d roo :he: j:reseo:-:e of 
o.alatf-lilte Cr~·sr.;[I~ ~'5 f:::lb...;: 0, n:l (r"y">:'al~ o~est"nt in .1In', ICI2-::o.~ In 
e!tr..;t k1dn~~'; 1, r:ll::';n~1 :solits")', ;r.lall c,,"s:(IlS evident, U~U.::rIl'f cnl'r' In 
the fomb( c! the renal pEI',·j~ o' in the: .!Idjim:~nt :Jrcthelial c"~:..o;); 7. mild 
(u51J::rlly n;) 0)''Eta5 in the «d~1!" buL ~.:rtt~_"ec i~ the :Japilla ar',:; rel\al 
Pth'ls); J, m:Jo::P.i"ate (o::c<lsicnal oysl~,S in ~-'c: ;:o:t~, I::;ut :nore frequent 
In Ul!:! m~:!lI6); 4, marked (:'"reql.J2o,!~ crysln in 0;'111 70"es Of the kijn~', 
ir;dudlng CC).'t:;:I/}. 

Chrori.:; progressIve nep.":;-cpathy (CPN} ~ a s~\lnt!::ecu', ~ 
related e!lsease cr I.!bcrato'y ra:s. It 15 dJa~Bctert(etlln the!' .:an}' ~tages bV 
.ilm;;:.:; tl.lo::'e Ilror~ 0':' foral 1e:s\!)fI5 of ccrtlcal tubule: ba;';)1)':;;:i; 

;l5soClated )'.11h pro:nincmt basement memb!'~e Ihl[i<enlng, and \,iti1
"'pen}!" W!s:: formation in·.~'lng the medullary se;ments erf ihe san-.e 
tutul£!- \o'yj:h "r;:rc'9re:ssllln of rJ':e disease!', the ioel d. h,.>b'Jle altEta~len 
<e-nl~r9t' !:nd ct;i1lesce ~;l':Q ar~s cr" a~'e;j.l!d tut:ules, urumarely IIl'IOMng all 
of the: kranE!'~ ~d(ltoerall'~ (~~rd ct ai, lCl99i Hard ..ne! K:'1an, 20(l~}. CFN can 
~'C ;Jraded l::as~ en re~iD' !),llhoge:nesis en a sC?/e of 0 :0 8 {Ii;![td and 
:<ho1lfl, 20C4): C .. ~c le51r:lII~j 1 .'I'Iln:~m:r1 (~....er tr.an 6 ;..;s50P~ill: :'.:rJule fo::i 
i1r..:!:cr hy;:;""n~ cas-.s In ,_i;;,: iI.-C left .<ldnE·,' 5e~tID"":'5 to;;lcthl!r), :Z, mild {6 
to 15 CP~.; :f"i,OIl~:j 1 10 8, '·:l\\,"ITode.'~:.;o to end-'S"..!Igc :prc.g,ress:\le 
de"~E.loPM~,t '10111 10Cc31 to c=uSoE"~r:;tn:;t..fO"l tc :.:"'ll[!I~I'"_i·~ i-::~i\'e: all 
klljn~( ~re:-r;:hy.TIil), 

Other [5'o)nS, Inc.lu:lrn:r thc5e of ;:111 lnC'(!cnl.ll~ r.ature, thnt Wf!·e 
e:nct;um:era: In the 'o;ldncys or 1::Iar:::cer 'IIer~ (II$(: qra::kc ;)'1 <I scale·':1' I 10 
4, rc:prc:~en::J::~ m:r1Cf!1;;1I, mil::!, lI'Icx:ierate, a~d m,n:-;ej glildl:s of -=even~'. 

5 
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::!Iadder lesions 'A'e'"-:! categorized aa.:orrllrg t.'l1\!1en and F-nth tl9S-1:, an': 
:icud ~al (1999), 

RESU1.TS 

1, Survival, 
Consl:::Ienn,!;; all rats on ;;r'Jd,(, Indoo;r-.g :hose to be set c:s':e for 

:Tctaboli:sn ;,n.j ::Ie;!.r;!-ce assays (a bJ~] of 14, lS or 20 r:':S in ei'tl­
group}, nne l(;It (Cilln·lrral no, -4-404) w(!.s 5a::rm~d j" a l\"IotlbunLl SI8.e <:It 
day 3;), ,'"If the study In grC\I~~ I {O mgr<g/d}. In group 3 (150 rr:~/k.9/0), 
one rat (anrmC! nco .q.q.q£) .....a" saCf.fi(".<:(lln '" ~Oritl\JmI sm~ {It ~tvcl'( !)~y 
267, Ir. gloup -4 {300 iTl'=llkql~), lhe-rt: were ~ uns;:hoc'u'i!d ceilths, one i! 

moribund Sa::rlflCe (~~·~al no. 44~1;' .!It :::I:=~ 138, <md ~ M:UICII deaths 
(animal rIO'S. 4463, -4~i'O, JI'178, 4479) i!lt :11. 2·:-7, 1:.3, and 213 ca'(s or: 
studv, re5p@cti\·el'(. ,,_!:! ot!':er rats In t"!e!iE "- gl'';:';.P!i ·,Iele Si;lCllficec at the 
~chedul(!d tcnTIin.1tion d;!te df 369 or 373 day!:_ 

BeCC1.Se cf exce.o:;slve bo~y weight loss (1,,;:1 '1 !H'.scheduled ceath!: tit 
4j, 1S~. :97 ane 193 davs ({lnimal n~s... 4491, 450:;'" 44E2, :!.,d 4487, 
rcspe.."1i .... ely). ;:"e remaining r:!ts In group 5 (4:iO n:q/k,g/d) w-erc subject to 
ea~1y il!lT"'1in;;ltion at 203 d3·...~ (29 YlC!~""s}. 

2.. Necropsy findIngs, 
The l1ecn::.pS''t rilldi~g:;. ".eI<I~ tD =th';~ne gl·.:::>1 t"lC;;<:'!ur-e o::·:cur~d 

only In the 300 o!Ind 400 mil/,.;gld ':':lse grnl.:JS. The nest rele ....ant 
Ob5e:"~tIO" \'OcIS the p:eseno:~ cf Co1:cl.':':i in the bladder (!:I..t alsn s~·net.f"les 
in renal pei\'IS or urel~) In S of the to~l IS rats on 'Stud'" at the ]OC' 
'l·9lkg,,'d dcse, aOid i:1 8 cf 20 00 at ll1~ 4:;:; l':lg,ikgld dOJ5t'. Ctlkulus 
'O-n:dticn in the bladder wa; uSl.lall,( accorr-panltC ':I~' ~. a':aticl"' c·: the 
bl~j::- an.~ in tr,e 5 Q!se5 of unsche::lul~d ceath in gnlu;:, <1 ~,mi:n~1 -:C'5. 
4452, 44$1, .:J'l7C, oIiIoIiI7S, 1179), hcmcrrhage :rf the b..ad~e~ \\,illI, ;,,:"~J'y 
......-t". "S.:IE Cl' otf1er "'YStemlC ederr..atous cha~~...~nim;!: .1C-S. .I!"-€A.. oIiI.:J'Il": 
~-c 4474 Toll t;1ro;,;~ 'I had (aIOJIi !n ~"'e retial pU:'/i!i, 

:n gr¢o;,;:) S eXj::cl.t!d to me highe..::i1 d~s.:: of -K-<: rr.g(.<gfcl, ehl:¢')':. bll 
rat:; showed 5jgn~ or kidney lind/or .,;;-intlr)' bla:::lder t!-.\ILX"\,ement, :.$~(lII·t' 
.n~rll(lhl~ rCUght:'7'cd ~iC:--='l-' sUlfaCE.. rB.'>.3] pe:v:c dilataUon. t~'du:me::l 
bli;!<t'~ ~·,all, and sorretines calculi i."': the ~er(ll :lelof.Sl ~ett::r, cr :~adder, 
Of ~ 4 '.::'!.S(I'leliulcd ce;!-::o-s oc·:urring t:.2fore e<!lly l'ermlnilticr. of thi; 
group, 3 we~e ·:.bserw:d ,,";, ~.:(.'Or)S'( :.0 h!:\'C hcn:o:Tha;e of thE! bl<l:idet 
1I1a11. 
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APPENDIX A, Pllthology Rcport- Gordon Hard (continued) 

3. Kidney histJDJ:latholagy 
a. Conventlcnat brlgtltflcld mloos.c:0lJV. 

l!;o",,~und-f'Ii!Ilatrad (av~l) rHlpl\J'OPlithy. l'ioet'\lOlli?llhy 
;ndllCeci b~ ~~h'rdelle glycol expcsure \..<15 obse.....ed a5 rOCI, rac'al tri'lCts, Or 
diffuse af~a5 cr t1~~.J-lIIC. tut;.;:[es III ..he cortex, cr.d CI,I~ iln~ Inner 
:TIE.'Ct;~-'CI, The =="topli!lsn Df bl!scphilic prclim.:.1 to.Jbules was Im;my. fine:y 
vac~o·ate:·. or rl!refia::::. I'lith an accaslonall!:Cj:to&.: CEIl I:!r rr":fu:ic f£o;:r=:. 
C:lntl mUd t:aseio\e~.: rn::l7ltrane thldcenfn-~, There \va!: minllT.a[ tc mild 
morq".x;Iear I:'l!IGmmat(l,..,· Infiltfalicil G~~ I';:;.:csls a((orr.::.an~ojnn the 
basophilic altelat/Qn. Jn~rea~ulg severit',' of th!;! np.~hfO:oi'lttlj' \'a5 mildest 
!:I'r' OJ~~n!;Ji! qr flXllnt9 i!~S It .:Ilffl,l~fi! ~h"n9fi! {tnl;! fin {t~~ori{tt::9,': "IIl~h 
t~ll~llle ~lratatJon, InC~ClSln\'l nbrosls, tn..'"I'ei:Islng ~t.rdrcllul~t !7I,!Itrill, Tllnor 
fLIr,u1i:-:<; ;~·.a~ed with rnttalumen~: ne\,;t.-o~~, c::a2t~. ur an:~ ."e'"ldt 
pel... ::;, alio- ?OME- ~'~~s~lolla! cell h',perpI1l91l cI If.e rena: ~·.'ls :~' 119. 
FI't.'XilTlIl tut:ule miner.aliza:·~ voas 5'?en In a few advanced ca!2S, but this 
",aoS not j) CC.nstill1l: f6c1ture. ln ma~~' Iddne~s with comp:)'..!!".G·!no:.:CKI 
nephtc;~~~"":'t·. ':.he outlines of ay--s:al:;; i:culd tP- otsel\'E!d within ')Jt:-Qle 
lumen;, c:r in the '!!nal ~bIS, I:ut the.~ ....-ere belle-; vls:.;~l1lcd !lr.d SCXT.CCI 
for se......:rlt"( IJrdel p()larI7~ r9h~ Qpt<:;. A re.'; ~J':S!jt tAe hr;th~'" doso r.ad 
aither minim~ d~nera:c.., of tne r.ar'-·<I tIp, 01 so~~ p\-'trtls. boXh 
as,'ior.iared ',',lIth m'StCIl depOSItIOn. 

The group 1::(i\Se~-Ce- 02,:1(/ ~t."'.·crity of O:'Tlpo;Jnd·j~duce::l rE:ohrepathl' 
15 pl'e...."er;.etl In Tal:::l~ 1,£0, ant! lB, rl::!~re!iP.nling all Itlt5 i:l5"",eS5~ fer 
hrs~~ (IA). cr cflly those su,...r~Flg t~ sc.."e~l.Ilac1 tp.HTin~:ion;;t 12 
months {t3l, Consideriilg all ms e'.'a2::at=C, ~r, tt.e glf)!;;') lecei~'rnq ]CO 
mglkgfd, enrr.:i=OJn:;l're!ilred neph:-o:1athy 'lias ob~r.·ed Ifl 12 1:/1) ra~ 11 
grades af se"\'.erlty ri!J1g;:r.g trem 1 {ml.l"'.2nal) III .~ (IT)!I~kl!d). '\'_:~ the m .. ::Is! 
;:;cr.!ning at 1 (1OlInlrnal), !n ti:e ";1)0 rng/kgid tjrO;;p, (ill 1'; rd~ h<rd 
:.:o:rrpounc"-rell!ted nephrQp.e.IW rallging -from J {moc.erate) ~o 5 (end­
So.\lge), ·,rvlth the mode .at -4 (rnali<cd), Four r:!1s ;:"1 thl~ grcuj: had end­
;;:age -aystal n~lu"c~Ul'l. 

A;::ldi~:cr<ll change.!: 'fIe~e j:re5-l!l'l: In the kidnp'ys of t/".::: I,Inscheduled 
:1eolhs :., ;lIOUP .::. ~30D ;:'1g/kg/':). !n anirral na:;. 4462 ~11C1 "'I<l7Q, Il\IIj ~ 
mo~e:~le lubull.: G_·.a:atio~, :e',"On::l that asstdared with tt~ c:egree of 
Cl'II~t.!IlIuria·related nephro:lath'r' pl?_~e'!r,t, was t::ron'.'r:e'I'. througho"ut ti":e 
Io:;ldnC)'S, O!r:d there was als::l some pe/I~'aJ;~lIIGir Or ::".~els:lnrlJl (!(iC:n;l, Ion 
lnC"e3se In rr.ito",ic figureS" In prox'~'Tlal :_i:lllr2~ .;:f tile OSOM. I'lllS ""l.'o!IlO1t 
!n a~ thr~, til'S being minimal In <l"'l63 ~1d .0111'0. but TT<lrkec· h-; ~462. 
""llnim~; tut:ul@ m1nerallzaticn In~'OI'li~S prOxlm!: tubules '/I~~ ~~'cEnt In 

? 
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b. PoIe-rIzed light microscopy, 
TM group j".:ident:e 2~d $0o-eri:y 0.1 cr't.tal CeOCS,ti:)", In the K:dnc'i 

IS j:;ge:-,t-2C in Tacles 3A an::! 38, r.:prese~r.g a~[ rlIl:5 assessed rc9.,r~'~~~ 
[!f tm:e m(lei!~ (lA.),.y ,:nlv,:"cse rats survi"~ing to 5Cha!":::ed ~nirJ<I~o·: 
at 1.2 r.lcntt,s {3B~ Under XlaflZ~ ~ght. bir.;frjr~ent. poll"="'(l>":.l:,lIn~ 
PdrtJd~5 imalllled i': rc'5e';';.;>, r"'H.tI"p.;d (')~ 5t.caf-llke patt2m5, or 
i!'\(f,,·ICI.l1'::)' 035 ne~-re-::IG"II)lJ!GiJ Ol,,\e$, \\'"'''' 'Jh~er'i'Ed In Ii d 13 ;CiS 
~v~ 30G rr/lJkgtc, em::! ~~ 10 of Ie lats re;:el'/ln9 4CO mgikg'''. 
Deper.di.--..g: on the: SL'\~'ity, clYst1!i dcpo~~:(;r1 O(('Jr~t'(i ": the ~;,rr.'ler!' of 
b.;:"~"'-es FrOtT. the c~'X tI) the PII~illo. I~' OI:I;:QJ(lllng5 o· :I"!~ I)<:~~a lining. 
clnd in Ihe. r-eM! pe!\'is. pflr~'O::IJI~·I.,. in L-II! furn',~es, :n se'~e cases the 
.:r.n1'e·M: ~how!!d f!~uent cry'5".a1 ~p~;rtl~n. lr, I!!ss 51!'~!!re ~M~~ o:.":oEl\! 11'12'$ 
O";,·~ a,:1 OC:·:=51cnai1:ptS::a1In thi!: .;::::rtex.. cut ncre of a ccn~ntra~kn i:-J the 
pal=~a, In 1"Ie leaS': affern: .:;;~S'. ~1'1ii11' '7'i'S'-~I~ ""illi' ~1~\Ii'I:y QI;I,;'i'rv~~ 
(r:'y In the rorniv of the rerlal "eM~, Q' in the aCl)~Cf('\t t,II/:::U·6.'<III'nlng. 
1111': ,olvaystalilne ~tte5" em;! plates hr..: ":he :yplcal m:Jrp::c~c-q)' and 
mur.-:"rocrerl bYefrlngence ~f ~Xnl;;te. ~ilIl~ (J<tI.e."' et ai, ~ 982; Rushbn et 
IIi, 1981}, In ~:-oop J, the mode: or sL.....~r;lY Jil rals '''Jit~ Cf)'~tal depo--JIUcn 
,~·as 1 (ml."1!maI), and mgr::::up 4, the rn:>-jl! "'i!JS '1 (.Tlo!lrked), 

No tl~efringent cxala1::·gke. Cl)'!::tals were obse.r\'e::J ~": rut:: of the 
~ontroI9r:Jup. or In gro:::-s re:ltvlr;Q 50 or 150 mglk·~d, 

Co F[uOretc:encoe microscopy, 
..:~t<:f lllb(l~·iclet 1IIt1~. ~atilir.• 1~!i.:I"oClrrg Ct'IlJld he ...Isuall~d in ~me 

l1Jts as a sc1'lnkling 0= smilill aut:Jflueresc =-f (;'~p!e:t5 In TIE .:'(to:J'.asrr, c~ 
prc)(jrne-~ :::orr,·:.:rlull"J ~t:ule~ SC!:~tcroo s~"r!:l!lv lhrcUlJt: lhe <:c~~x. en J 
St;:,lc ur 0 to 4, lhi.' gr&:-..ic ,-" rrl-.::ucn~y if l)L"lclluon!S~·~.; drOp[~LS '.'drled 
(rem 0 to 1 w:Ulill Loadl ,;:-cuP. Wittl t,i-.!Id~ : tll.:1rl9 .... I")lln tho.: ua:rpc-- ra-:goc 
of nomalii:'(. ElI.oosure t:J ethyler.c g!'(!:cl 'flai theref(l~ net a~ci=t:d 
with 3n Incre.!Se.ln, or acwmulatlo:: of, r1'y-aline ~~~ets. 

4. Urinary bladder tlistopatholDgy 
a, Conventional brlghtfleld mkroscapy 

A1-:erat·:I--s relale=iIO ethi~!1e. -glycol exPDSl•.'fe !J-, the blaader an:::l/cr 
I,H1;!terS w~n~ ct~er~e;;l on;·~' In qroups r';;~I\'ln9 JOO ar,d 400 tT,.~.fl(9fd 
d05e.~. 1~,*,e 1p.~rcn5" l'lcluCle;! ':rCIn5itli)n~: cell hWerr.la93:, acutE­
In·lamm=,:c,'l Involll.p 

,;; inflltlGi!lcn o~ the bl;;td<ier \'oiGll \·.It:": 
p:::I'r'r.lOrphen~:':leaf nelJtICP~:' !eI.lCC(~'tE'S. 5ulle::rthellal and /.....traml!Scular 
helrorr:-al"J~, and Vteroltlcn o~ dCl'ludi!ltio~ 0': tt:'!:! cpithcJioiJl i!r~ng. Jr, scm:­
CCl5e!:, denll::iCJtiCll'l I'l'''f M..~ r.a~tll~~d a~ Jl:~: dultl.,.Ut ~h;jl'lgl!, Trim~iti;r.ld 

, 
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0:>:1 nyperp'il5Ia was i"le i=....im~r"~ and C,)-,s-SEnt '.,;s[on r.-:':oUJti'...._· of 
~Iene giyCCI expcsure. !t was mC5t1v c;" ttoe :j'iffuse, 5ifTIpie :ype, tut m 
more sc..'tf"C Ci1SCS thc-;c O):r:.c alSG be ~t;t,,1 p(lilillar'( .and:'o: 1l:J:::h•.r~r 
h'ypc:~lasill, A:~ 1:I1XOI'J'IopGIrrylr.l), Sll~J-e 'h3:':~~ '.vas an illC~f-a5e ;" mast 
cells in t.'lc submu~sZI, 

ih~ seventy of th::! Cha..'lges aS5:>:Ii:1:ec:I with ethy:ene glycol 
exposure ....as gra!Et ':'j a s.,~m dellise-:l by thi! C1Utl'i:U 03cco:;:fing to 
le:;iOI\ :m~oI.lresSlen. ThuS, gra::l~ 1 (1'I')'~'mC!l) W(l5 re:lf~nt.:d ~f mini[Tlall;D 
"'1""(1, ...t'.,.ICilh' rJtt"\,."<iE',. 5l1nj;!le h.,~:-plijrS·a, with nn o-~er r~on.:;; €:xcept ar. 
Increase !", f"las: ce]:i. GrCide .2 {Mild) i;o.\I~l~ mll~: dl~, $',rnpl~ 

"lperJoasi& wilh dlht=r IO::f: J;.:1Pi' .!II)' ~ -:~~"!Jr ;',"Io'Ot'l"plaSla O~ 'Io'ilil rocal 
OClllt ":rl~I:I'I"1l1ll::n Gra::t~:3 ;n·ooe'a:.e; $h;:, ...ed di~use si:'nSlle ~\)operp~5ia 
a::on'~I'leo 0... jrl1'J'5e aCJ:.e irflal"["lr"la':.'o". Grace .q (n'(lI'i<eo) sl\O'oIJed 
simpl2 hYl=erj:la!ii2 together \~1":~ aOJ:l! mflarr..llc.tlcn ;!:-c ~:;-er mulo""cca' 
to diffuse sub-mucosal rernorri':ag2:. cr urcer;rtl~n. The group In:lde"~ ant 
rt!5Ults of \:his gradi:"g ior r:l!Its In the r'1aln n~ de.slgnate:::l for 
hl5topalhclcg'f are presen:ed In TablE "lA. ,!i.'J o~ the un5(.~~dul~d ceaths 
ex<Irrenoo 10 group." 4 (ilnlmal rlOs. .q~67., 4'I~J, 4470, ~.q7S, 4479) ~~c' 3 
(4482, 4487, .11491, 4S00), e)I~pt animal no. .lI'Itl2, s;."c'fIM t;iilrlr;lflr 
manges r.:f se~rity gl'Qde 4, which were <:~l\si::J~red b be rcle~cd toO ~,.c 
cause cf death, The ccmtlnallon 01 lhe kidney i:md :)'adde- r;-iln~~ in 
anlrr.al flO. ~';132 was con$'C::-er~O corlSiSte-nl wilh ll't.: rnorib.;-',; ~orldi,;O" of 
this rat if:02-111S::Olo;JY' ol1servae01~ in Lh:=! Ill~-c'e-s ar i'a':!. Lh=t :-ad :J'.adder 
nccroosy findings from ttl2 satellite groups not" de.;;ign3te:::l fur 
~11~~tt'.o:cm' art:!: summ:lm:eci in Tab:-e <lB. These animals 'II.er-e. n~5, 

4..i o1, 01475, 4478, ancl +*79 from grtJup 4 (JOO m~'k~'tf), and fl05. 4491, 
<l"l91., 4496, <llf97, ",,,,98, a:-:-d .lI5CO from gl'(lup5 {.IICO rna/kg/a). 

~~one of :Ole above lesi::mJ were oosel\'ed ~n ani!lliils. in groups 1 (0 
mgr!<gf(J}, 2 (SC Il'.~,"~ld:', Cl" 3 USO ITIgiio;g,'d~, indudin;:! ~; <!:'ser.:e: of 
an.,. Increase 10 SI,.IOM!JCOSiI' 11'.aSl cell I'IUI:It;crS", :n t~c one unS'O:he-::Iu\ed 
death :T.t'l,;:<'"llng at tile 150 mg,"kg,,'O {j~sel t,.~ blZl;Jclcr w:=:1 shm\'il;l n~rked 
1rti:'tIat~n with lymphcITICl ...li'l;. 

b, ~IDrind lig,ht mic:roswpy 
The grO'...'O In(,!Cen:e i)rod :iC'.Itr.t', g'rOC{"lg fer th~ r::res~,c~ 'JF 

Lrealme.""1l'"-'iatcd t:irclringe:-,t crystals In !:~adder and{Cr' urete~ ~r rat:; .., 
th~ r-1alll S!:.;C)' d"(!SjgNltcd ~or histo"",thobJ'f are ~resen:ed In r1'lbl!! 5A. 
BIIP-'I hlg~n! ~I)'s~]"" ct':TIpatit:lc with cilld1..'iTl Dlralate Well! ohsef\led oniv ~., 
gro.!p5 4 {S~\~, Mg.lk9."O; an::! 5 (4:;0 ng,lks,ld) .. Thc~ we:~e intrah;:neoal 
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anti 'J!>'..:.t)lIv st:":CltEd d:l5e to the ellittleli(li 11:'11:"19. In a ~el'l" e.,scs, thl! 
ciy$'ti::Ils w:(~rc or!;;anired ,~7lj oonce:::=-Ic ~rcfiles or p!:;"ipherall'l dispo~ed 
Ir;c"jdual r.I~~1 p.~ate'.i Me .!an empty ,or spi!lrs~y Cl)'!itallir;e int2!"iQ(. \\'ith 
the !:ugges:'o:-: of ;; -..el)- thin rroembrane en'ICJcp:~ ttl;' strucrure_ ...'k~ 
seen, t:-e?- ~....,rur'~ ap~are:l to be rc.·8wd to the ca~culi dlal$,"~ed ·;it 
neCropsv _Til:! P:Jlilri~d light CCSErvnt'Q'",') i~ tt.e tl(l(lders or rats that l-,ad 
bladder m~rops'( finding:;: brn the :!;;::!o:!lIite grO'.;~ n~t Cl't:~lgTl/:I':cd fer 
~15tCr.atl1O·OCJ·~ odrt: s";Tlmmizej :n Ta-~-e .;i6 .: 5~ ~to'..e fo: :hoe anllT'iijl 
nos.). 

This :;tu::ly f.cr,ieved Its gOOI or ccf,::-~o; a ':ose r6;A")'"s.;: for '!"'~\": 
-listoptlthclcglcal manifestation cf rcn~1 loX-City 10.- eth.,..:ne .;·)'C"cl 
adMr.'::_~7oered In It':~ (!'cl to Wisl::!! ra~ o·.'2r Q I:hrcni::. perlOC If 12 ncnths_ 
A. Co,1r1r.C\,.lrlO-lllduced lX.'Phrop:tty a~ata:i with ('rr'sre::Ur':.l arrL'ltcd the 
:l'apnty cf the (lni'rI~ls 3t 300 Ill-;Jf!ocgfd, a!'.d ali r.l those r~i'J::-" the highest 
d~:s:! r:/ 4CO mg/kgld with (I lie-verity "that I~::I to car.y termination cf thiS 
grOup III ::'cntro:'lst, none of >tie renal 31~at,,=,r,s: i!ls.sc6o:'lted with athylene 
gl~(o. ~lI:p:,)sur~ (1:::<l50phlli-: fel:i :;If cl'{5·.3l1l1ri~-t.;:Ii1tc:d r:ephropathy, tubule 
dil2ltatCo":, bil"ffrin';.;ofIt (':"lI'stz's ~rticularly in :'''':e p::.\Oic fornix 3$ 3 1~lnii1l!)1 
fj"dng. rem:! ~I ....:('; ,I(ltali~·-. 0- tri:l,sitiona: cell h.... pelpla5I(1) •...Jere 
o-:>SerVC!d In the grCIJP cf Tels. lIdlliris:ered 50 :;Ir l~1J n);)/II.<Jld. 
es:.aclishing th~ latter dose-~...~ ~5 J ~~L :n tt-;-s ~~ard. the 12·rn:.t_th 
5t.:Cy ~~allitJ.llated U1e rtiS'J";;s fro.'Tl the 16-werek study e:::mtluad in b-J1;!", 
W··sta~ ar.C f'$;her 3'14 m!l!.c r;'i:s, whi;ro;! the c1oSoe o~ LSD mg...<I; ...d \,'as 
al~ il'fI Llne(lUIVOC-=-; ,'j~~ ro~ both st."(Iins {Hare, 20::-;;t C-IJ13n ~-: al. 
JIJOq;_ (on~;''.!Ir;5Cln of t"es-= two studies "Iso c-:lnfinns that th31e i!;; roO 
pm;'!,:,»..~ O~ (umul.1ti'P- effew: of er~.ylel~~ ql'fi:ol o\oit- in;:-'="<l::e::! c,.:r:::',")'1 
;;Jf ~)i_:xJS-.lte al Lilis I~el of el'iposure.. T:1e !6-wet:~ ~1!JCI'( t1encn~reteC 
tIlat ':.'-c ''''Jis'".,ar r2!: was more sensitl .... ~ tv th=- effe..."t.::; r.f ~tl)'ll;"ne "JlvtYj 
<ld..r:'\I~lrdticn t~.;]n i1e RliChel" by approximatel-!" a 7<iC1:o' rof ., ("arc. 
2011:.?; Cr.I.:~n l~.1;, 200~)_ 

o.,e dl'feler:ce btL .....L~'Il the ;;uochr("...,;c: (l6-week) i:lnd chroni::: {!l­
;r..o:;':h) st!.."(:--es. •...·as the ~nc.lil1g a: nel:rop~ of 1:;(I1r.IJI!... up rn 2 nb"Tl In 
di3meter, in the Ill&'ic/!r, <In::! somet,..,es in the rc:'l<J1 pelv:-s, ::'" me ;'110 

highe..::.; d~ In lh:! 12-rro~_:" stun),-_ Bla:;I:ler tissue f.-..:o171 .c:1"!~!JlQI~ 
tlt'S'I;:"ated fer patho:or,y h c');:h grc-up: frc:ll thp. -a tte- :SLlYj.,- ..... tlS therefore 
eX=.'1lined, becal:"SC tIE C2~se ~ ~th ¢I Li>e 3 anirrals dying in !)rCUp "1 
\30::; m;l/k,g(Q) W"S 1J~J:.:"icly ttl ~ n~li;lte[;l to lht: Cl.tl::nt (if the cv":oJnd~ 
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2S9ldated kidney cr.anges.. w_~'.::1'1 \"'UE! less t~an end-s:ag= In eao:h c.!SIE!. 

HISbJloglcal flndlfl:;:l5 In tl1e bl~c:c:er and/or ureter (o~reJ~ted '''''ell i'fi';h the 
n~p!;'1 cbserJaUon~.y, cal'ull. The casic Chall)le ·/laS 5irn~le [,allsltlcilal 
cell h~rplasla, ~rO!J~sSil\9 l~ acute h,,:Jlan\r.lalo":: and hel'lcrrhage h~ 
se'I.'ere cases. 10 al1l:nal~ (ly:~.~ :::Jetcre sch~;;'~d termlna:o"'. ':-, groups '1 
i!:'C 5, ttl!!: aa.::e infl~"T1mat1~n 2m=::! tE'Turh=.o;;c :yf :fadd:!:· \..-a'l wa~ i! 

consistent finding In all but O!'c l:a5e, and co-:s cered to he relatEd t~ the 
CilIU:ie' of death. Such severe ~ad~r p:!-:!'l:lID::n' was. clten c.cc:lnp=-·ed ':I~' 

F.. necl"O!JSV reC1.lrd o! a;cires o~ othe: edemato;;'$ <;h~l'Igf;", ~llgge~:-,~~ tllat 
Inf:!:Ct.:)n via the dam;~ bl~<er \yo!1 i!nd Se;f:jcerr'.'-a :1Ia·", ha~e bt'ell tilE­
~rrT1"·-<l1 evt;n:- in thes<; ~5e.;. ~1t1'lQ'.,;S-!! .;.;t\IR 9f I;Jp.em nw,)' r~'l~ ~~I~ 
reljHec to the W~:ioe(lIJer:Ct'"ii v~ c-"tuli In t":o:! bl.!&i~, tho mrr-t sl!;;-s::frvc 
rnar)(er5 cr Ule aclyer~ err:!CLs r:/ ctlwk":"'c g:-"tol were mthe kidnt""~. 

Cal..:ulus fmma:lDn a~ a c·:)psequ;.-ce ci eth(.-=,,:e glyc[ll 
admh'lIs.'!7i.'1L1on :'5 oil prooiC"..<Jble rn;::;: r,;; g.-o'er. ~.c ~hron.:-: duratlOn of 
exposure. De:Pas~ cl 1:11 ~l~{iJ _~. the:r l. -vea" :I·);3S~y of ethylene gl)'l:ol if' 
~sc.her 344 rats, repor.e:.::i t:le preoeflr"e cf ol[(liatp. ::r~·Sl.al~ ill the ur'··ary 
bla-j.j~ bl( 12 manth.:;, alle: sn~~tiMe.s -calw1i III ~e pei ".< s:>a,~, ureh::rs 
C!:-:d bladeer, cf.te.'l In ass:.cJat'or. 'fIlth ~'lIc."Q:-e~llr05i5r by W .~cnt~,s, "I1e 
gl1!eotif:" .~ensitioJlty of the \'liStar l~t ITa', explain the m:lr-: rapic 
d2'...elnpment of cal(-.:.! bY' ~2 months in It.c prt!,!;cr.i:: 'St.x:'v. In a 5u:c:-r:lnl::: 
stlJ::1V of cal(h,m oxal~le oySl!:lluri.! i..,du::tri by ethyler.e ~:"fCO' In the 
Sprague-Ja"lll@\, s.o:r,n'" i("Ian (1995) ~rr;Oed the fonnatlon cf 
"~lnIS(CI"IeS- un l:'c ~ur.aC': of the reni!! papilla a.-"'t;r S .....eelG, and referred 
;0 tile r.ot~"-:.al rur -:""5 tc k'ad :0 stene t"E'R!C1=·ment_ O;i the basi;; of thE­
ayst2:lin~ strU[tUt~!t o.:~".red :n ');;Jmp. of me bladders In tha current 12­
rr.c:-,'G"I s:ud.,· ·.~I:tl ethylenE! gl·,":'::)I, it seems ~:(ely '!.hat t.":e c;,lcull di.!lq.-'..G5Cd 
t!1 ~CO"::I~~V ar~ n:l'l: t~ue mncret"o".s.. "'hll:.n, are usuallv SOlid, but rro~e:y 
19O5l: c;rgi:mi,~tl;;Jn af cJ)-stal.::r!JMps [pm l!i~ge~ agg'e;a':fS. 

t.lcen C:. anti Frith CH (lggl). Urtn3!y s'r'Ster.'l. :n: Hart(JI)OOk or"TQ~.~().0(}i(: 
P~ltl().'CQI;, wr·, ! Ii!lsthck and CG Rcusseaux (.cdS), AradelTII~ ?:~55, S·cll' 
;)18:;10, CA, CC 3: 5~J8.7. 

Cr-..a..!In G, ('Yley Il,!" H2r .:! (.';C, r'ffioffl5 J~, r.':(MMln KJ::, ~ncllin9s W"M, 
Gingell R. and SIeve JA (20~). $;.:X:::t"·"OI1Ic. toxiCity of elhvl<.':1C 91'/"00: if' 
WIS'tar ar.d F-:~44 rats ~2-at!=i;': to me-:abolis"'l'\ Md clOZIrance Df rr.etab::IO!!i. 
TOrtr:~'5.-181: 502·\, l. 

!2 
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De.Pass '-~, Cia.man ~H, \','·XCSIde fo"10, G'ccen~ WE, ~./:~oniXf. RR, iI::d 
'Nell C5 ~lSe6:', Chro-:·c t{)){I(-.y ~n~ {)::cogenici1:'( stu:fh!S or e':.."'Iylene glvml 
ir. ra~ .:In: rniu::!, 1=l....~i',·ttAt'l-"· TOI,,(('J,'7: 5"17-565. 

I-!arc GC (l.~':;'l). Rept.'f! ~ /?f/Ja.1 JiiSlC"palrIGl'ogi(; o-~,;s ,~, =J6·W'ee.lc 
D.~rl i"OklC','rl 5~::dy aF Et,'l;le,'"/e C.fycoll:fI 1'1.m.' ~t):m-r ,'jfnJ Rs(he.- J# 
R.~.~ (Srl~ 1\'(:'. ~YI:.-l!M{)21). ::teport "D 'l~':L Re39arc.-: L1Ibcrdtorle.-s a~d 
the Eth'~lene GlYCOl P;!:-:el, AnenC<!"': CreT7s:j- CCUl'\Cil, June 2002, 

t-'..a':"d Ge, Alde."1 a, al1.lll.f( ~H, Frith (:r., Le~".5 !W'" O~jen ::v... K'I=9 K.. a:-d 
DI,I1'(I1,p.lc-r&~e; ~ (\99';). N!;:Il-prl)lIfe~tl~'=' leslcns of th: kdne,( and 
1~1:!r ..rinary tl1lct 'L~ r'lts. Jr,: GIfl~S fl.'l'r roxil.:%fjir Pa!.'l(w!g.v. 
STP/AR?/AFIP, WlIshlngl'Ctl DC, p:> 1-3'2. 

H=r:::l GC and Kh::.n Kf'J (2004). A cor.-:emp:l~f)' ollt!rview of cI',:-:,oni;: 
pragre.s~i·~e neJlt--·o~~"',)' in t~e I"borator( rot, and its ~ignifiC!l::C'I! for 
hurran risk "ssessrnent. To:rirol PJthG./3Z: :71-180. 

"inrd Gf. .,nj $no...aen P.I ~::'iI:;n~. I"":)'tliine ~roplet acc...rnu\3:·:l-, 1:-; rcdent 
i<;d;-e'; pro~1TI31 L=:L '~; an assoc'a~cn .....'Ith hl~t':l-:ybc sart::.:::ma. !on..'"!J.'· 
P.ll1oI19: BH7. 

!<hQn, SR (1595). calCium o:rala1.e 0')'S1:a1 InteraeC<>:,\ vllth reti~1 tubular 
eplthel1unl, me.:hartlsm of crystal ~e!i.IOI'I and Its Impa~t on ~tooe 
fon'l1;!fon. IJroI Res 23: 71· 79. 

1G':.:m S~, !"Inl"'(hlln B, i!:-:C 1-!3:k.ett RL (19fJ1). EXJlf!r:r:1E!nt~1 c!!fcilJr.i 
cxalate nep~'QII~'asis in tl'P- rat. ~n'le c~ ti-c ~ennl papill3. ~1m ) Pactio! 
101: ~9"69. 

NalIll5l::a(" ABo 09661. OlJ~erVaUo" Qrl ~Ilt.' '!oeyr'll.::nl2lli:)'1 cr the :x-oxin·ill 
tll~.IE! I~ 'i!':' kltlne~·. COITZO('Iri50n Of .f'S .. '3 hOlY' ",t'il"Soe (O'rt-C!st, 
f1uol"e~Ge::';e, im:: ele~l'cr. ~11(rc5:::;IPY.) £,~tiiJ5tIVCl Reslti: .l39-lSO. 

~ GN, r.':(I;IIS RW, .Jnj Scc"V JC ~20j1). 6cncfic-al tHI:!ru: cf r-n;;> '-:;::00 
Ofet en growth, Sl.rJival, aM k-(l:ley and re,:,rl tli~!:~s or Flsttu.!r 3<1<1 "!l-:-S 

In d".ronlc 5.'\ldie..,. r"x,m' S,.'(;3: 2~'5-1J5. 

Rushton HG, 5.x'ttOr M, Ro:o;-ers AL. )ol,J,;ghson M._ !~c r'lagura CE (1"981). 
oe-..e{O:lofl>e;1t,l1 llsped.s of caldtirr. Dxalam kb..lar cI:J:-oslts and calc"li 
I"C;.:.::d in Hill r.:ldoe'~5. 1"~tgWve £,.1"'19; ,5'2-57, 

13 
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Y'C"";-:-I!j !) t1nd ',visstg SL ~196'~. A hlstolog!c ~'Iptlcn Cr ~-:te:1'l epllhe:~~J 
aniJ VdH:IJI~r 'itructurp,r; in the :,;IG~E'I o~ t""€ nOlmal lat. Am"" finat 115: 
43-7CJ. 

14 
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Table lB. Group In<'l::!e-<e and Sl!ye=J~ of Col1pound-lndur,r.c 
Nelllln.:j)/I';..:'·t' in t-lale \"i-;tar Har. Rats S\lryi...j.,~ to Stheduled -:-ermlnatlon 

at 1~ l.o.o~lh~

:1;:=':J:- =-~-~=~~i~~~~!j::~-[~·~-..-.. ;=:i 
I 0 113 
~o L 15 

.. -'.59 1.:. 
~.~~Q___ . ....]0'­

13 1:1__ I._.O. ___ .L 
IS Q ····i ~_.._L 
14. _.;5:'.---" o. 
J s: 2­

.Q 
0 
0 

" 

0 
0, 
2 

1__ ..0 
0 
0 
0 

.:IlIO ;:;. 

S~'''~""r.~ !;j.·~ces: 0 !'o le~ior-
I r.'Ilnln\ll1 
2 mild 
3
• 

t1'Iodera!e 
m~lU!d 

5 end-5!:G1ge 

15 
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Table 2, Grwp :ncdeo-...::e and Seltemy af 5p:I11:an2O'.:5 Nt":.-~""ath'{ 
(CPN) ~~, ~la'e Wi5tar;-!an Rat!; 

C<~ Number 

I;"1)UpS or :<ItS 

m Ik 1(1) (l5~e~d 
 Z J 4·a,, :< 4 9 

, 
7 B .',~---- .L._, , , ,~!i:' 11'" " 

300 __ .___ ~ "__ . .. ---~---- 7 I C t'- __ 
__ ~Iq____ .:. _____ t 

S!'!.'erlty grades: 0 
! 

2 

J 

<-8 

9 Betau;e af severe tarrpQun~lnC::.:caI n~.oro;.att;y, CPN c;;;1'.;l ":;II ~ 
~5Slmed In ~ ra:s ~~:he 300 1I'.g/kg1d :I:>5e-le~'EI, cr an it grcup basis at 
;Ile ¥.'ilI'll9,ikq[::I 

ro leo.lOIl'l 
minimal 
mild 
km'm:xIem!e 
mld-m:ldl!r.Jre to I!nd-s':i:lge 

16 
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Table JA, Gr"'Jp ;ncidcnct' .:md 5e:verty (If Blrefrmg,:nt C~~·5~!;' i~ Kh.1ne'iS 
t)t A'~ ~ah!W~.,)1 H~' ;{at'.i AS!.iessed for HIs-:ooat~o'o;)' 

Do::e NUMbe:­ RSLs_-~~fti ·*.'Cri7i Qra_d~; -:I~~~~=~=-l 
gro.!~ :If r!Jts j

C L ! 2 1 3 ~.m d· ~::.5eSSL"C 

Table lB. G'~IJP J.~ci::l'i:'Xe and S.!¥C:ity 0: Brr~:r,:"Igent C:rys~aI5 ill ~<'!.··<!!s 
(Jr fo'Ji~ 'l.'lst:' H3n Ra:!i- S:':",1'J1nll to S=hcduled Ter.nlnatl~n at Il t"O"l':S 

~e Nurrbcr R~ts~~~~StfY~_ grnc:e~_._-.-·· -_.... 

,
I Of rills 

SC~'Er,tf !;;.'.;;ce.~: ([, 
2 
3, 

no c:-vsta~ 
mlnl:n~: 
mild 
moderr..t? 
m.uked 

17 
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APPENDIX A. Pathology Report- Gordon Hard (continued) 

nlbla 4A. b::ldence ~ncI Se-..el'l~ d. C(lf11;:cund-R.ctatel:l C~anIj6· in 
BI.!Jdder TIssue of f'ale 'lM;~r H2!", R!!cs from the !-lilin GrQlJ~ Cl;!s'-i;l:-:e:-e-d 

fy ~i~tDPilthclo9'{ 

1:)!)5-e. No_ of 
. {Jrcu~ . rilts 
! {il1( f~( ld~ , as'5Ii!ssed 0 1 l J 

o ...~. ..____0 C :) .~._ _0. 
. ~ 0 I55 loDe 0 --,: ---"---,. --,,- ._. --" 

150 10 Cl 0 '0' I 0 0: 

100 8 ... ._.. L.. 1, 0 o J, .,.."l~9_.__ .._.__ ~_____.-1.__:-1.___ I .. _.. _. ___ ."?_ 

Tllrl'liil 4B. In:;;Qe:,oe ;:r.d SIi:.,-e-ILy cr ~-n)l~loIlld-:::;~l~';e(l 'll~I~~~~'" In 

B'adde Tissue of I>:ale Wstar Hli~ Rats from Sa::elll':e GI":).:!l5, th2: had 


Necrc-t:s'r' Fln-::Im-~ In Illadder 


Do~1.: ~~c. c·~ 


o; ..~..-;:o ritt!; 
 ,err_elk /cj : arre~d c l 3 4 

o D'--"-50---'- '-b"-'­
.~>C-- 0 
:!-Oo:' 4 

j4:;':- ~ 

~ tntludes. :;r.:rnslflonal (ell h~rpl~Ja'r herro:rl\~{Ie 0' t:IClCC~r '....~1I .. t(uLe 
inflammation, aildtcr ulcer.rtiO'1 

:-rene or u~ o!Ibovl!' IcsjlJn~ 


1111l1l1'al Lo .-nUt!, rXi:: ~ c-~u~, ~Imllh! 


ft.ype'pl[l.sla 0....)·
, rnild. cirffus~. slmj::le ~"~pEI?':asia with fo~l 
~J'illal1-' Dr nodular h'(::erplas.l.;!. and/o~ with feal 
am',c inflarr,,'1latlcn 

3 s~"Ilple hv~rp:asi~ with diffu5e acute 
;..."Iamrna:lcn, 

s;"Ilple h'(pEr)iiasL;; with a~ute :rlflarr.11~tion ano 

multifD::nI!c.r,..ISE! herrO:"Tra~e :Jr ula:.-atior. 


18 
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APPENDIX A. Pathology Report- Gordon Hard (continued) 

Table 5A, Inclden::tl an;:! Sev:::rit';« IJlreftingent C'"J)'St'aIS In S!a:l:lc: 
Tig;ue- of M~Je V.'i5tG::- Hi!ln RalS frem the Main Group De5I;1n~e~ fo~ 

H'.stopet:hQlcgy 

~__ __~ 9.: D .. \:.. O 
SC_" _Xc_ c I~ 

:50 '" ,C 
JOO 8' ': 1 
toOD ~ 2 Z 

..L 
__ J} __ 

0 
0 
II 

T8ble 5D. Ino.:Je:o:cf ar:d Se'ierty of Ik€'fr:i'f!oent (;riSti51J5 in F.ilildd~:r 

7i~uC!· o'f r'1ala lfr,'lstar !Ian P.2J15 fr"-'ll tile Sa~enlte G~OIlPS, th=t h"d 


Ne:::rGf1SV Br.d;~gs In Blt!I:Y.1er 


-oo!'e ·--No.. d- ==~~~___ ~~_~,~~~-~"~~Lt'zg:~~~L___ ;:~~~~_"~~--"' 
I groq rats 
, (rr. -/ ...~): affect:ed 

a .. Q 
50 0 
l~C 0 
~l!G 4 
4CC 6 

• Could inC:-..;c"~ ur~: 

Se\,t!rlLy yralles: 	 0 
! 
2 
3 
< 

a 1 


C 
1 

1 

... 
2 
2 

0 1 
1 

no crysti":lls 
mrnlmal 
mild 
mo;:!e-'-:l:e 
'llarkecl 

19 
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/!,pplI!fldix ii, Do?- GTO'.Jps =!":d /.nlmal Numt;ers fer will(h K1:::1ru:rvs '.';Icre 
P.ecei'i~d and Eu:nlne:l 

G":JU.D 1 omg/kg.'(I(I'1 	 +102,4403, :'4:04. 44<:5, +106, 440'/, <iI"l[1~. 
4109, 141C.. "411, 441:2, 4413. 4'114, 4,(;15. 

;::;1"'-',,';:0 1 SO r.lglJo;lday 	 +11!, 4"1/.2, +l2J.. "I"IZ.q, '1425, 4426, "~27, 
4418, 4~.29.. 4430.. '1431,4432, "1133, '~~34, 
"1"1)5, 

Group) IS.:- :'T.S,"kg(!ja~· 	 4'14!, i'!'f2, "I'1"'Ji 4~'i4, ~44S, "114f/ <;'i'i7) 
-1-148, t;449, 445"0, -'l'lSl, 44Sl, tloIIS3, 44510, 
-1-155, 

l~rClip ~ 3CI) r:'1g/kgfcay 	 tI'162, .;463. "I1~, ~465, 1467, q~G8. 445g, 
tI'l7IJ, .;!411, 4472, ..,':;73, "'47"1, ';475. 

Group 5 400 r.lgrr(gf~ 	 4t131, 4482........83, ""84, 44S!:, ~,(;86, +lSI', 
tI"lSS.. ~9, "1"190, 

b. Dc!:€: Gtt:.uj:-5 ?"C Ar,lm~: ~~'J'l"ltcrS f:)r which Ur:roar,.- BI?(:·Cif Tissues 
'Ner~ Receivt!d <Jlld Exarrllfled 

Gr::mp j o"'W..:g/C.3'; 	 ~O:;(]2, 4403-, Ilt;O"" 4405, 4QC6. 44'07, 4408, 
440g, 4410. 

G~up2 30 rr:gjkg/da~' 	 442], 4422, ~23. 4424. '0;25. 4426. 4427, 
..... 2A. 4'l29, o;';'}:), 

Gro:,;~ J 150 ill9."ko;;/d;.J·( 	 ~:, '1.'1.t.2, ~l, 11-14, 44<!S. 44'16. '1<:":/. 
"'14'-:'6. tI.qt.9, 44SC, 

Grc......::.'1 ~:;.:;. Tlilkl;;/da.,. 	 4462.. '1.';63,"1"164.. 0114(;5, 4467, '1"166. 0:;';69, 
4470. <:!47-l. ~75, 4~7B. "1479. 

Grcop5 4{!.(J mg/kg/cay 	 "1'181. ;:'482:, 4483 • .q484, "1"165• .q"i66, 4487, 
i;68, "1~. ~491; ~~9~, Q4g,S. ot;"i97, +198, 
4.5Ca. 
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ETHYLENE GLYCOL: 12-MONTl-t DIETARY TOXICITY sruDY IN MALE WISTAR HAN 

RATS 


Histopathological Observations - Summary Table 
MALES 

Kidney Dose 0 50 150 300 400 
Submitted ................................................... 14 15 15 13 10 
No recordable lesions ..................................... 4 5 3 0 0 
Crystal nephropathy...................................... 0 o 0 12 10 

Minima!. ............... 0 o 0 5 0 
Mild ..................... 0 o 0 2 0 
Moderate.............. 0 002 1 
Marked................. 0 003 5 
End-stage............. 0 o 0 0 4 

Birefringent crystals ....................................... 0 o 0 8 10 
Minimal................ 0 o 0 4 0 
Mild ..................... 0 001 1 
Moderate.............. 0 o 024 
Marked................. 0 o 0 1 5 

Spontaneous nephropathy .............................. 10 8 12 8 1 
Not assessable....... 0 o 0 5 9 
Minimal................ 9 8 12 7 1 
Mild ..................... 1 o 0 1 0 

Moderate to end-stage......... 0 o 0 a 0 
Tubule dilatation........................................... 0 o 0 8 10 

Minimal ................ 0 o 0 2 0 
Mild ..................... 0 003 1 
Moderate.............. 0 o 0 3 5 
Marked................. 0 o 0 0 4 

Edema, interstitium/perivascular, mild ............... 0 o 0 2 0 
Mitoses increased, tubules ....................~......... 0 o 040 
Papillary degeneration, minimal-mild ................. 0 001 2 
Transitional cell hype~lasia ............................. 0 o 0 5 9 

MinimaL .............. 0 o 0 3 3 
Mild ..................... 0 o 0 1 4 
Moderate.............. 0 o 0 0 2 
Marked................. 0 o 0 1 0 
Marked................. 0 o 0 0 1 

Pelvic dilatation ............ :............................... 0 o 0 6 9 
MinimaL .............. · 0 o 0 0 4 
Mild ..................... 0 o 0 3 2 
Moderate.............. 0 003 2 
Marked................. 0 000 1 

Pyelitis ....................................................... 0 o 0 0 2 
Mononuclear cells, perivascular, minimal... ..... .... 1 o 0 0 0 
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Mineralization ..•.......•..•..........•........•....•........ 1 1 0 2 1 
Cortical scar, minimal .................................... 0 0 1 0 0 
Pigment, tubular, minimal ........•...................... 0 1 0 0 0 
Lymphoma, secondary infiltration ....•.....•.•........ 0 0 1 0 0 

Bladder 
Submitted ................................................... 9 10 10 12 15 
No recordable lesions •..•.......•..•..•..•..•....•.....•.. 7 8 8 2 2 
Compound-related lesions (exduding crystals) ..... 0 0 0 10 12 

MinimaL....•.......... 0 0 0 4 3 
Mild ..................... 0 0 0 0 4 
Moderate.............. 0 0 0 1 1 
Marked................. 0 0 0 5 4 

Transitional.cell hyperplasia ............................. 0 0 0 10 11 
Mnimal ....•..•........ 0 0 0 1 3 
Mild ..................... 0 0 0 5 4 
Moderate.............. 0 0 0 2 3 
Marked................. 0 0 0 2 1 

Hemorrhage, focal to diffuse ........................... 0 0 0 5 3 
Inflammation, acute or mixed, focal to diffuse ..... 0 0 0 6 7 

MinimaL............... 0 0 0 3 2 
Mild ..................... 0 0 0 2 0 
Moderate..........•... 0 0 0 1 3 
Marked..•..•........... 0 0 0 0 2 

chronic, focal to multifocal ....•.......•... 2 2 1 1 1 
MinimaL............... 2 2 1 1 1 
Mild-marked .......... 0 0 0 0 0 

Ulceration, focal to multifocal.. ......................... 0 0 0 2 5 
Birefringent crystals ....................................... 0 0 0 6 9* 

MinimaL............... 0 0 0 1 1 
Mild ..................... 0 0 0 2 4 
Moderate...........•.. 0 0 0 2 3 
Marked..•..•....•..•..• 0 0 0 1 1 

Lymphoma, secondary infiltration ..................... 0 0 1 0 0 

* One animal had crystals in the bladder but no bladder: wall lesions, and is not induded 
under Compound-related lesions above 

Pathologist: Dr Gordon CHard 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN 
WISTAR HAN RATS 

Study Numbers: Dow 031079 
WIL-186027K 

INDIVIDUAL ANIMAL DATA PAGES FOR KIDNEY AND BLADDER 
HISTOPATHOLOGY 

Kidney 
Grades of severity: 
Compound (crystalluria) related nephropathy 
1, minimal (one to no more than 4 basophilic tubule foci or radial 

tracts in both kidney sections together) 
2, mild (sparsely scattered basophilic tubule foci or tracts) 
3, moderate (frequent fOCi, or coalescence into areas of 

nephropathy, but with at least half of the cortex 
remaining unaffected) 

4, marked (diffuse distribution of nephropathy to involve the 
greater proportion of parenchyma) 

5, end-stage (nephropathy involving all of the parenchyma) 

Spontaneous nephropathy (chronic progressive nephropathy, CPN) 
1, minimal (fewer than 6 ilasophilic tubule foci and/or hyaline casts 

in both kidney sections together) 
2, mild (6 to 15 CPN lesions in both kidney sections together) 
3, low moderate to 8, end-stage 

(progressive development from focal to diffuse 
distribution of nephropathy to ultimately involve the 
entire kidney parenchyma) 

Crystal deposition (under polarized light) 
1, minimal (solitary, small crystals, usually only in the fornix of the 

renal pelvis or in the adjacent urothelial liring) 
2, mild (usually no crystals in the cortex but scattered in the 

papilla and renal pelvis) 
3, moderate (occasional crystals in the cortex, but more frequent in 

the medulla) 
4, marked (frequent crystals in all zones of the kidney, including 

cortex) 
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IncidentaI lesions 
1, minimal 
2, mild 
3, moderate 
4, marked 

Bladder 
Grades of severity: 

Compound-related and incidental lesions 

11 minimal 
2, mild 
3, moderate 
4, marked 

Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no. 4402, Group 1, Dose 0 mg/kg/d, sex male 
Scheduled sacrifice, days on study 369 
Kidneys Brightfield: 

Within normal limits 
Polarized light: 

Negative 
Fluorescence: 

Normal 
Bladder Brightfield: 

Within normal limits 
Polarized light: 

Negat"lve 

Pathologist: Dr Gordon CHard 
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Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no. 4403, Group 1, Dose 0 mg/kg/d, sex male 
Scheduled sacrifice, days on study 369 
Kidneys Brightfield: 

CPN, minimal 
Polarized light: 

Negative 
Fluorescence: 

Normal 
Bladder Brightfield: 

Within normal limits 
Polarized light: 

Negative 

Pathologist: Dr Gordon CHard 

Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no. 4404, Group 1, Dose 0 mg/kg/d, sex male 
Moribund (unscheduled) sacrifice, Days on study 307 
Kidneys Brightfield: 

CPN, minimal 
Mononuclear cell infiltration, perivascular, minimal 
Mineralization, minimal, medulla 

Polarized light: 
Negative 

Fluorescence: 
Normal 

Bladder Brightfield: 
Infiammation, chronic, focal, minimal 
Polarized light: 

Negative 

Pathologist: Dr Gordon CHard 
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Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no. 4405, Group 1, Dose 0 mg/kg/d, sex male 
Scheduled sacrifice, days on study 369 
Kidneys Brightfield: 

CPN, minimal 
Polarized light: 

Negative 
Fluorescence: 

Normal 
Bladder Brightfield: 

Within normal limits 
Polarized light: 

Negative 

Pathologist: Dr Gordon CHard 

Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no. 4406, Group 1, Dose 0 mg/kg/d, sex male 
Scheduled sacrifice, days on study 369 
Kidneys Brightfield: 

CPN, minimal 
Polarized light: 

Negative 
Fluorescence: 

Normal 
Bladder Brightfield: 

Within normal limits 
Polarized light: 

Negative 

Pathologist: Dr Gordon CHard 
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Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no. 4407, Group 1, Dose 0 mg/kg/d, sex male 
Scheduled sacrifice, days on study 369 
Kidneys Brightfield: 

CPN, minimal 
Polarized light: 

Negative 
Fluorescence: 

Normal 
Bladder Brightfield: 

Within normal limits 
Polarized light: 

Negative 

Pathologist: Dr Gordon CHard 

Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no. 4408, Group 1, Dose 0 mg/kg/d, sex male 
Scheduled sacrifice, days on study 369 
Kidneys Brightfield: 

Within normal limits 
Polarized light: 

Negative 
Fluorescence: 

Normal 
Bladder Brightfield: 

Within normal limits 
Polarized light: 

Negative 

Pathologist: Dr Gordon CHard 
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Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no. 4409, Group 1, Dose 0 mg/kg/d, sex male 
Scheduled sacrifice, days on study 369 
Kidneys Brightfield: 

CPN, minimal 
Polarized light: 

Negative 
Fluorescence: 

Normal 
Bladder Brightfield: 

Infiammation, chronic, focal, minimal 
Polarized light: 

Negative 

Pathologist: Dr Gordon CHard 

Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no. 4410, Group 1, Dose 0 mg/kg/d, sex male 
Scheduled sacrifice, days on study 369 
Kidneys Brightfield: 

Within normal limits 
Polarized light: 

Negative 
Fluorescence: 

Normal 
Bladder Brightfield: 

Within normal limits 
Polarized light: 

Negative 

Pathologist: Dr Gordon CHard 
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Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no. 4411, Group 1, Dose 0 mg/kg/d, sex male 
Scheduled sacrifice, days on study 370 
Kidneys Brightfield: 

Within normal limits 
Polarized light: 

Negative 
Fluorescence: 

Normal 
Pathologist: Dr Gordon CHard 

Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no. 4412, Group 1, Dose 0 mg/kg/d, sex male 
Scheduled sacrifice, days on study 370 
Kidneys Brightfield: 

CPN, minimal 
Polarized light: 

Negative 
Fluorescence: 

Normal 
Pathologist: Dr Gordon CHard 
Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no. 4413, Group 1, Dose 0 mg/kg/d, sex male 
Scheduled sacrifice, days on study 370 
Kidneys Brightfield: 

CPN, minimal 
Polarized light: 

Negative 
Fluorescence: 

Normal 
Pathologist: Dr Gordon CHard 
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Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no. 4414, Group 1, Dose 0 mg/kg/d, sex male 
Scheduled sacrifice, days on study 370 
Kidneys Brightfield: 

CPN, mild 

Polarized light: 


Negative 

Fluorescence: 


Normal 


Pathologist: Dr Gordon CHard 

Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no. 4415, Group 1, Dose 0 mg/kg/d, sex male 
Scheduled sacrifice, days on study 370 
Kidneys Brightfield: 

CPN, minimal 

Polarized light: 


Negative 

Fluorescence: 


Normal 


Pathologist: Dr Gordon CHard 
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Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no. 4421, Group 2, Dose 50 mg/kg/d, sex male 
Scheduled sacrifice, days on study 369 
Kidneys Brightfield: 

Pigment, proximal tubules, minimal increase 
Polarized light: 

Negative 
Fluorescence: 

Normal 
Bladder Brightfield: 

Within normal limits 
Polarized light: 

Negative 

Pathologist: Dr Gordon CHard 

Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no. 4422, Group 2, Dose 50 mg/kg/d, sex male 
Scheduled sacrifice, days on study 369 
Kidneys Brightfield: 

CPN, minimal 
Polarized light: 

Negative 
Fluorescence: 

Normal 
Bladder Brightfield: 

Within normal limits 
Polarized light: 

Negative 

Pathologist: Dr Gordon CHard 
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Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no. 4423, Group 2, Dose 50 mg/kg/d, sex male 
Scheduled sacrifice, days on study 369 
Kidneys Brightfield: 

Mineralization, pelvis, mild 
Polarized light: 

Negative 
Fluorescence: 

Normal 
Bladder Brightfield: 

Within normal limits 
Polarized light: 

Negative 

Pathologist: Dr Gordon CHard 

Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no. 4424, Group 2, Dose 50 mg/kg/d, sex male 
Scheduled sacrifice, days on study 369 
Kidneys Brightfield: 

CPN, minimal 
Polarized light: 

Negative 
Fluorescence: 

Normal 
Bladder Brightfield: 

Within normal limits 
Polarized light: 

Negative 

Pathologist: Dr Gordon CHard 
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Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no. 4425, Group 2, Dose 50 mg/kg/d, sex male 
Scheduled sacrifice, days on study 369 
Kidneys Brightfield: 

Within normal limits 
Polarized light: 

Negative 
Fluorescence: 

Normal 
Bladder Brightfield: 

Within normal limits 
Polarized light: 

Negative 

Pathologist: Dr Gordon CHard 

Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no. 4426, Group 2, Dose 50 mg/kg/d, sex male 
Scheduled sacrifice, days on study 369 
Kidneys Brightfield: 

Within normal limits 
Polarized light: 

Negative 
Fluorescence: 

Normal 
Bladder Brightfield: 

Within normal limits 
Polarized light: 

Negative 

Pathologist: Dr Gordon CHard 
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Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no. 4427, Group 2, Dose 50 mg/kg/d, sex male 
Scheduled sacrifice, days on study 369 
Kidneys Brightfield: 

Within normal limits 
Polarized light: 

Negative 
Fluorescence: 

Normal 
Bladder Brightfield: 

Inflammation, ·chronic, focal, minimal 
Polarized light: 

Negative 

Pathologist: Dr Gordon CHard 

Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no. 4428, Group 2, Dose 50 mg/kg/d, sex male 
Scheduled sacrifice, days on study 369 
Kidneys Brightfield: 

Within normal limits 
Polarized light: 

Negative 
Fluorescence: 

Normal 
Bladder Brightfield: 

Inflammation, chronic, focal, minimal 
Polarized light: 

Negative 

Pathologist: Dr Gordon CHard 
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Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no. 4429, Group 2, Dose 50 mg/kg/d, sex male 
Scheduled sacrifice, days on study 369 
Kidneys Brightfield: 

CPN, minimal 
Polarized light: 

Negative 
Fluorescence: 

Normal 
Bladder Brightfield: 

Within normal limits 
Polarized light: 

Negative 

Pathologist: Dr Gordon CHard 

Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats. 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no. 4430, Group 2, Dose 50 mg/kg/d, sex male 
Scheduled sacrifice, days on study 369 
Kidneys Brightfield: 

CPN, minimal 
Polarized light: 

Negative 
Fluorescence: 

Normal 
Bladder Brightfield: 

Within normal limits 
Polarized light: 

Negative 

Pathologist: Dr Gordon CHard 

489 




THE DOW CHEMICAL COMPANY 
STUDY ID: 031079 

PAGE 346 

ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX A. Pathology Report- Gordon Hard (continued) 

Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no. 4431, Group 2, Dose 50 mg/kg/d, sex male 
Scheduled sacrifice, days on study 370 
Kidneys Brightfield: 

CPN, minimal 
Polarized light: 

Negative 
Fluorescence: 

Normal 
Pathologist: Dr Gordon CHard 

Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no. 4432, Group 2, Dose 50 mg/kg/d, sex male 
Scheduled sacrifice, days on study 370 
Kidneys Brightfield: 

Within normal limits 
Polarized light: 

Negative 
Fluorescence: 

Normal 
Pathologist: Dr Gordon CHard 
Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no. 4433, Group 2, Dose 50 mg/kg/d, sex male 
Scheduled sacrifice, days on study 370 
Kidneys Brightfield: 

CPN, minimal 
Polarized light: 

Negative 
Fluorescence: 

Normal 
Pathologist: Dr Gordon CHard 
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Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no. 4434, Group 2, Dose 50 mg/kg/d, sex male 
Scheduled sacrifice, days on study 370 
Kidneys Brightfield: 

CPN, minimal 

Polarized light: 


Negative 

Fluorescence: 


Normal 


Pathologist: Dr Gordon CHard 

Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no. 4435, Group 2, Dose 50 mg/kg/d, sex male 
Scheduled sacrifice, days on study 370 
Kidneys Brightfield: 

CPN, minimal 

Polarized light: 


Negative 

Fluorescence: 


Normal 


Pathologist: Dr Gordon CHard 
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APPENDIX A. Pathology Rcpon- Gordon Hard (continued) 

Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats' 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no. 4441, Group 3, Dose 150 mg/kg/d, sex male 
Scheduled sacrifice, days on study 369 
Kidneys Brightfield: 

CPN, minimal 
Polarized light: 

Negative 
Fluorescence: 

Normal 
Bladder Brightfield: 

Within normal limits 
Polarized light: 

Negative 

Pathologist: Dr Gordon CHard 

Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no. 4442, Group 3, Dose 150 mg/kg/d, sex male 
Scheduled sacrifice, days on study 369 
Kidneys Brightfield: 

CPN, minimal 
Polarized light: 

Negative 
Fluorescence: 

Normal 
Bladder Brightfield: 

Within normal limits 
Polarized light: 

Negative 

Pathologist: Dr Gordon CHard 
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Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no_ 4443, Group 3, Dose 150 mgjkgjd, sex male 
Scheduled sacrifice, days on study 369 
Kidneys Brightfield: 

CPN, minimal 
Polarized light: 

Negative 
Fluorescence: 

Normal 
Bladder Brightfield: 

Inflammation, chronic, focal, minimal 
Polarized light: 

Negative 

Pathologist: Dr Gordon CHard 

Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no. 4444, Group 3, Dose 150 mgjkgjd, sex male 
Moribund (unscheduled) sacrifice, days on study 267 
Kidneys Brightfield: 

CPN, minimal 
Lymphoma, secondary infiltration, marked 

Polarized light: 
Negative 

Fluorescence: 
Normal 

Bladder Brightfield: 
Lymphoma, secondary infiltration, marked 

Polarized light: 
Negative 

Pathologist: Dr Gordon CHard 
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Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no. 4445, Group 3, Dose 150 mg/kg/d, sex male 
Scheduled sacrifice, days on study 369 
Kidneys Brightfield: 

CPN, minimal 
Polarized light: 

Negative 
Fluorescence: 

Normal 
Bladder Brightfield: 

Within normal limits 
Polarized light: 

Negative 

Pathologist: Dr Gordon CHard 

Ethylene glycol: 12-month dietary toxicity study in Wrstar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no. 4446, Group 3, Dose 150 mg/kg/d, sex male 
Scheduled sacrifice, days on study 369 
Kidneys Brightfield: 

CPN, minimal 
Polarized light: 

Negative 
Fluorescence: 

Normal 
Bladder Brightfield: 

Within normal limits 
Polarized light: 

Negative 

Pathologist: Dr Gordon CHard 
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Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no. 4447, Group 3, Dose 1S0 mg/kg/d, sex male 
Scheduled sacrifice, days on study 369 
Kidneys Brightfield: 

Within normal limits 
Polarized light: 

Negative 
Fluorescence: 

Normal 
Bladder Brightfield: 

Within normal limits 
Polarized light: 

Negative 

Pathologist: Dr Gordon CHard 

Ethylene glycol: 12-month dietary toxicity s.tudy in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no. 4448, Group 3, Dose 150 mg/kg/d, sex male 
Scheduled sacrifice, days on study 369 
Kidneys Brightfield: 

CPN, minimal 
Polarized light: 

Negative 
Fluorescence: 

Normal 
Bladder Brightfield: 

Within normal limits 
Polarized light: 

Negative 

Pathologist: Dr Gordon CHard 
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Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no. 4449, Group 3, Dose 150 mg/kg/d, sex male 
Scheduled sacrifice, days on study 369 
Kidneys Brightfield: 

CPN, minimal 
Polarized light: 

Negative 
Fluorescence: 

Normal 
Bladder Brightfield: 

Within normal limits 
Polarized light: 

Negative 

Pathologist: Dr Gordon CHard 

Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no. 4450, Group 3, Dose 150 mg/kg/d, sex male 
Scheduled sacrifice, days on study 369 
Kidneys Brightfield: 

CPN, minimal 
Polarized light: 

Negative 
Fluorescence: 

Normal 
Bladder Brlghtfield: 

Within normal limits 
Polarized light: 

Negative 

Pathologist: Dr Gordon CHard 
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APPENDIX A. Pathology Repon- Gordon Hard (continued) 

Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no_ 4451, Group 3, Dose 150 mg/kg/d, sex male 
Scheduled sacrifice, days on study 370 
Kidneys Brightfield: 

Cortical scar, minimal 

CPN, minimal 


Polarized light: 

Negative 


Fluorescence: 

Normal 


PathOlogist: Dr Gordon CHard 

Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no_ 4452, Group 3, Dose 150 mg/kg/d, sex male 
Scheduled sacrifice, days on study 370 
Kidneys Brightfield: 

CPN, minimal 

Polarized light: 


Negative 

Fluorescence: 


Normal 


Pathologist: Dr Gordon CHard 
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APPENDIX A. Pathology Report- Gordon Hard (continued) 

Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no. 4453, Group 3, Dose 150 mg/kg/d, sex male 
Scheduled sacrifice, days on study 370 
Kidneys Brightfleld: 

Within normal limits 

Polarized light: 


Negative 

Fluorescence: 


Normal 


Pathologist: Dr Gordon CHard 

Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no. 4454, Group 3, Dose 150 mg/kg/d, sex male 
Scheduled sacrifice, days on study 370 
Kidneys Brightfleld: 

Within normal limits 

'Polarized light: 


Negative 

Fluorescence: 


Normal 


Pathologist: Dr Gordon CHard 
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APPENDIX A. Pathology Rcport~ Gordon Hard (continued) 

Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no. 4455, Group 3, Dose 150 mg/kg/d, sex male 
Scheduled sacrifice, days on study 370 
Kidneys Brightfield: 

CPN, minimal 

Polarized light: 


Negative 

Fluorescence: 


Normal 


Pathologist: Dr Gordon CHard 

499 




THE DOW CHEMICAL COMPANY 
STUDY 10: 031079 

PAGE 356 

ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX A. Pathology Report- Gordon Hard (continued) 

Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no. 4462, Group 4, Dose 300 mg/kg/d, sex male 
Moribund (unscheduled) sacrifice, days on study 138 
Kidneys Brightfield: 

Compound-related nephropathy, moderate 
CPN, not assessable 
Edema, perivascular, mild 
Mineralization, tubular, minimal 
Mitotic figures, proximal tubules, marked increase 
Tubule dilatation, diffuse, mild 
Degeneration, papilla tip, minimal 
Pelvic dilatation, bilateral, mild 

Polarized light: 
Negative 

Fluorescence: 
Normal for cytoplasmic droplets 

Bladder Brightfield: 
Transitional cell hyperplasia, diffuse, marked 
Hemorrhage, diffuse 
Infiammation, acute, focal, minimal 

Polarized light: 

Negative 


Pathologist: Dr Gordon CHard 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX A. Pathology Rcport- Gordon Hard (continued) 

Ethylene glycol: 12-month dietary toxicity study in Wistar Han tats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no_ 4463, Group 4, Dose 300 mg/kg/d, sex male 
Spontaneous (unscheduled) death, days on study 111 
Kidneys Brightfield: 

Compound-related nephropathy, moderate 
CPN, not assessable 
Mineralization, tubular, cortex, minimal 
Mitotic figures, proximal tubules, minimal increase 
Pelvic dilatation, unilateral, mild 
Transitional cell hyperplasia, unilateral, mild 

Polarized light: 
Crystals, fornix, minimal 

Fluorescence: 
Normal for cytoplasmic droplets 

Bladder Brightfield: 
Transitional cell hyperplasia, diffuse, moderate 
Hemorrhage, diffuse 
Inflammation, acute, diffuse, minimal 
Ulceration, focal 

Polarized light: 

Negative 


Pathologist: Dr Gordon CHard 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX A. Pathology Report- Gordon Hard (continued) 

Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no. 4464, Group 4, Dose 300 mg/kg/d, sex male 
Scheduled sacrifice, days on study 369 
Kidneys Brightfield: 

Compound-related nephropathy, mild 
CPN, minimal 
Tubule dilatation, inner medulla, minimal 
Transitional cell hyperplasia, unilateral, minimal 

Polarized light: 
Crystals, mainly medulla, mild 

Fluorescence: 
Normal for cytoplasmic droplets 

Bladder Brightfield: 
Within normal limits 

Polarized light: 
Negative 

Pathologist: Dr Gordon CHard 

Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no. 4465, Group 4, Dose 300 mg/kg/d, sex male 
Scheduled sacrifice, days on study 369 
Kidneys Brightfield: 

Compound-related nephropathy, minimal 
CPN, mild 
Transitional cell hyperplasia, unilateral, minimal 

Polarized light: 
Crystals, fornix, minimal 

Fluorescence: 
Normal for cytoplasmic droplets 

Bladder Brightfield: 
Transitional cell hyperplasia, focal, mild 

Polarized light: 
Negative 

Pathologist: Dr Gordon CHard 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX A. Pathology Report- Gordon Hard (continued) 

Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no. 4467, Group 4, Dose 300 mg/kg/d, sex male 
Scheduled sacrifice, days on study 369 
Kidneys Brightfield: 

Compound-related nephropathy, minimal 
CPN, minimal 
Tubule dilatation, cortex medulla, minimal 

Polarized light: 
Negative 

Fluorescence: 
Normal for cytoplasmic droplets 

Bladder. Brightfield: 
Within normal limits 

Polarized light: 
Negative 

Pathologist: Dr Gordon CHard 
Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no. 4468, Group 4, Dose 300 mg/kg/d, sex male 
Scheduled sacrifice, days on study 369 
Kidneys Brightfield: 

Compound-related nephropathy, marked 
CPN, not assessable 
Tubule dilatation, diffuse, moderate 
Pelvic dilatation, unilateral, moderate 
Transitional cell hyperplasia, unilateral, minimal 

Polarized light: 
Crystals, cortex to papilla and pelvis, moderate 

Fluorescence: 
Normal for cytoplasmic droplets 

Bladder Brightfield: 
Transitional cell hyperplasia, diffuse, mild 

Polarized light: 
Crystals, moderate 

Pathologist: Dr Gordon CHard 
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APPENDIX A. Pathology Rcpon- Gordon Hard (continued) 

Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no. 4469, Group 4, Dose 300 mg/kg/d, sex male 
Scheduled sacrifice; days on study 369 
Kidneys Brightfield: 

Compound-related nephropathy, mild 
CPN, m",nimal 
Tubule dilatation, diffuse, mild 
Pelvic dilatation, unilateral, moderate 

Polarized light: 
Crystals, urotheliallining of pelvis, minimal 

Fluorescence: 
Normal for cytoplasmic droplets 

Bladder Brightfield: 
Transitional cell hyperplasia, diffuse, mild 
Infiammation, chronic, multifocal, minimal 

Polarized light: 

Negative 


Pathologist: Dr Gordon CHard 
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ETHYLENE GLYCOL: 12·MONTH DlETAR Y TOXICITY STUDY IN WI STAR HAN RATS 

APPENDIX A. Pathology Rcpon- Gordon Hard (con(mued) 

Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no. 4470, Group 4, Dose 300 mg/kg/d, sex male 
Spontaneous (unscheduled) death, days on study 207 
Kidneys Brightfield: 

Compound-related nephropathy, marked 
CPN, not assessable 
Edema, interstitium, mild 
Mitotic figures, proximal tubules, minimal increase 
Tubule dilatation, diffuse, moderate 
Pelvic dilatation, bilateral, moderate 
Transitional cell hyperplasia, unilateral, marked 

Polarized light: 
Crystals, cortex, medulla, pelvis, moderate 

FI uorescence: 
Normal for cytoplasmic droplets 

Bladder Brightfield: 
Transitional cell hyperplasia, diffuse, minimal 
Hemorrhage, diffuse 
Inftammation, acute, multifocal, mild 
Ulceration, multifocal 

Polarized light: 

Crystals, moderate 


Pathologist: Dr Gordon CHard 

505 




THE DOW CHEMICAL COMPANY 
STUDY ID: 031079 

PAGE 362 

ETHYLENE GLYCOL: I2·MQNTH DIETARY TOXICITY STUDY IN WISTA R HAN RATS 

APPENDIX A. Pathology Rcport- Gordon Hard (continued) 

Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no. 4471, Group 4, Dose 300 mgjkgjd, sex male 
Scheduled sacrifice, days on study 370 
Kidneys Brightfield: 

Compound-related nephropathy, minimal 
CPN, minimal 
Tubule dilatation, inner medulla, mild 

Polarized light: 
Negative 

Fluorescence: 
Normal for cytoplasmic droplets 

Pathologist: Dr Gordon CHard 

Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no. 4472, Group 4, Dose 300 mgjkgjd, sex male 
Scheduled sacrifice, days on study 370 
Kidneys Brightfield: 

CPN, minimal 
Polarized light: 

Negative 
Fluorescence: 

Normal for cytoplasmic droplets 

Pathologist: Dr Gordon CHard 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX A. Pathology Rcport- Gordon Hard (continued) 

Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no. 4473, Group 4, Dose 300 mg/kg/d, sex male 
Scheduled sacrifice, days on study 370 
Kidneys Brightfield: 

Compound-related nephropathy, minimal 
CPN, minimal 

Polarized light: 
Negative 

Fluorescence: 
Normal for cytoplasmic droplets 

Pathologist: Dr Gordon CHard 

Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no. 4474, Group 4, Dose 300 mg/kg/d, sex male 
Scheduled sacrifice, days on study 370 
Kidneys Brightfield: 

Compound-related nephropathy, marked 
CPN, not assessable 
Mitotic figures, proximal tubules, minimal increase 
Tubule dilatation, diffuse, moderate 
Pelvic dilatation, bilateral, mild 

Polarized light: 
Crystals, cortex, medulla, pelvis, marked 

Fluorescence: 
Normal for cytoplasmic droplets 

Bladder Brightfield: 
Transitional cell hyperplasia, diffuse, mild 

Polarized light: 
Crystals, mild 

PathologiSt: Dr Gordon CHard 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX A. Pathology Report- Gordon Hard (continued) 

Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no. 4475, Group 4, Dose 300 mg/kg/d, sex male 
Scheduled sacrifice, days on study 370 
Kidneys Brightfield: 

Compound-related nephropathy, minimal 
CPN, minimal 

Polarized light: 
Crystals, fornix, minimal 

Fluorescence: 
Normal for cytoplasmic droplets 

Bladder Brightfield: 
Transitional cell hyperplasia, diffuse, marked 
Inflammation, acute, multifocal, mild 

Polarized light: 

Crystals, marked 


PathologiSt: Dr Gordon CHard 

Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no. 4478, Group 4, Dose 300 mg/kg/d, sex male 
Spontaneous (unscheduled) death, days on study 213 
Bladder Brightfield: 

Transitional cell hyperplasia, diffuse, mild 
Hemorrhage, multifocal 
Inflammation, acute, diffuse, moderate 

Polarized light: 

Crystals, minimal 


Pathologist: Dr Gordon CHard 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX A. Pathology Repon- Gordon 1·lard (continued) 

Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no. 4479, Group 4, Dose 300 mg/kg/d, sex male 
Spontaneous (unscheduled) death, days on study 221 
Bladder Brightfield: 

Transitional cell hyperplasia, diffuse, moderate 
Hemorrhage, diffuse 
Infiammation, acute, multifocal, minimal 

Polarized light: 

Crystals, mild 


Pathologist: Dr Gordon CHard 
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ETHYLENE GLYCOL: 12·MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX A. Pathology Repon- Gordon Hard (continued) 

Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no. 4481, Group 5, Dose 400 mg/kg/d, sex male 
Early termination sacrifice, days on study 203 
Kidneys Brightfield: 

Compound-related nephropathy, moderate 
CPN, minimal 
Tubule dilatation, diffuse, mild 
Pelvic dilatation, unilateral minimal 
Transitional cell hyperplasia, bilateral, mild 

Polarized light: 
Crystals, medulla, urotheliallining, fornix, mild 

Fluorescence: 
Normal for cytoplasmic droplets 

Bladder Brightfield: 
Within normal limits 

Polarized light: 
Negat"lve 

Pathologist: Dr Gordon CHard 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX A. Pathology Report- Gordon Hard (continued) 

Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no. 4482, Group 5, Dose 400 mg/kg/d, sex male 
Moribund (unscheduled) sacrifice, days on study 187 
Kidneys Brightfield: 

Compound-related nephropathy, marked 
CPN, not assessable 
Tubule dilatation, diffuse, moderate 
Pelvic dilatation, bilateral, moderate 
Transitional cell hyperplasia, unilateral, mild 

Polarized light: 
Crystals, cortex to papilla, moderate 

Fluorescence: 
Normal for cytoplasmic droplets 

Bladder Brightfield: 
Transitional cell hyperplasia, diffuse, mild 
Inflammation, acute/chroniC, focal, moderate 

Polarized light: 

Negative 


Pathologist: Dr Gordon CHard 
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ETHYLENE GLYCOL: 12·MONTH DIETARY TOXICITY STUDY IN WISTARHAN RATS 

APPENDIX A. Pathology Rcpon- Gordon Hard (continued) 

Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no. 4483, Group 5, Dose 400 mg/kg/d, sex male 
Early termination sacrifice, days on study 203 
Kidneys Brightfield: 

Compound-related nephropathy, marked 
CPN, not assessable 
Mineralization, proximal tubules, unilateral, moderate 
Tubule dilatation, diffuse, moderate 
Pelvic dilatation, bilateral, moderate 

Polarized light: 
Crystals, cortex to papilla and pelvis, moderate 

Fluorescence: 
Normal for cytoplasmic droplets 

Bladder Brightfield: 
Transitional cell hyperplasia, diffuse, mild 

Polarized light: 
Crystals, moderate 

Pathologist: Dr Gordon CHard 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX A. Pathology Repon- Gordon Hard (continued) 

Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Anim;ll no. 4484, Group 5, Dose 400 mg/kg/d, sex male 
Early termination sacrifice, days on study 203 
Kidneys Brightfield: 

Compound·related nephropathy, end-stage 
CPN, not assessable 
Tubule dilatation, diffuse, marked 
Transitional cell hyperplasia, bilateral, mild 

Polarized light: 
Crystals, cortex, medulla, pelViS, marked 

Fluorescence: 
Normal for cytoplasmic droplets 

Bladder Brightfield: 
Transitional cell hyperplasia, focal, minimal 

Polarized light: 
Crystals, mild 

Pathologist: Dr Gordon CHard 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX A. Pathology Report- Gordon Hard (continued) 

Ethylene glycol: 12-month dietary toxicity study. in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no. 4485, Group 5, Dose 400 mg/kg/d, sex male 
Early termination sacrifice, days on study 203 
Kidneys Brightfield: 

Compound-related nephropathy, marked 
CPN, not assessable 
Tubule dilatation, diffuse, moderate 
Pelvic dilatation, bilateral, mild 
Pyelitis, bilateral, marked 
Transitional cell hyperplasia, bilateral, moderate 

Polarized light: 
Crystals, cortex to papilla, moderate 

Fluorescence: 
Normal for cytoplasmic droplets 

Bladder Brightfield: 
Transitional cell hyperplasia, diffuse, marked 
Infiammation, acute/chronic, multifocal, moderate 
Ulceration, focal 

Polarized light: 

Crystals, moderate 


Pathologist: Dr Gordon CHard 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX A. Pathology Rcport- Gordon Hard (continued) 

Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no. 4486, Group 5, Dose 400 mg/kg/d, sex male 
Early termination sacrifice, days on study 203 
Kidneys Brightfield: 

Compound-related nephropathy, marked 
CPN, not assessable 
Tubule dilatation, diffuse, moderate 
Pelvic dilatation, unilateral, minimal 
Transitional cell hyperplasia, bilateral, minimal 

Polarized light: 
Crystals, cortex to papilla, fornix, moderate 

Fluorescence: 
Normal for cytoplasmic droplets 

Bladder Brightfleld: 
Within normal limits 

Polarized light: 
Negative 

Pathologist: Dr Gordon CHard 
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ETHYLENE- GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX A. Pathology Rcpon- Gordon Hard (continued) 

Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no_ 4487, Group 5, Dose 400 mg/kg/d, sex male 
Moribund (unscheduled) sacrifice, days on study 193 
Kidneys Brightfield: 

Compound-related nephropathy, end-stage 
CPN, not assessable 
Tubule dilatation, diffuse, marked 
Pelvic dilatation, bilateral, marked 
Degeneration, papilla tip, mild 
Transitional cell hyperplasia, unilateral, mild 

Polarized light: 
Crystals, cortex, medulla, pelvis, marked 

Fluorescence: 
Normal for cytoplasmic droplets 

Bladder Brightfield: 
Hemorrhage, multifocal 
Inflammation, acute, diffuse, marked 
Ulceration, focal 

Polarized light: 

Negative 


Pathologist: Dr Gordon CHard 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY TN WISTAR HAN RATS 

APPENDIX A. Palhology Report- Gordon Hllrd (conlinucd) 

Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no. 4488, Group 5, Dose 400 mg/kg/d, sex male 
Early termination sacrifice, days on study 203 
Kidneys Brightfield: 

Compound-related nephropathy, marked 
. CPN, not assessable 
Tubule dilatation, diffuse, moderate 
Pelvic dilatation, bilateral, mild, 
Pyelitis, unilateral, mild 
Transitional cell hyperplasia, unilateral, moderate 

Polarized light: 
Crystals, cortex, medulla, pelViS, marked 

Fluorescence: 
Normal for cytoplasmic droplets 

Bladder Brightfield: 
Transitional cell hyperplasia, multifocal, mild 

Polarized light: 
Negative 

Pathologist: Dr Gordon CHard 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX A. Pathology ReporL- Gordon Hard (continued) 

Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no. 4489, Group 5, Dose 400 mgjkgjd, sex male 
Early termination sacrifice, days on study 203 
Kidneys Brightfield: 

Compound-related nephropathy, end-stage 
CPN, not assessable 
Tubule dilatation, diffuse, marked 
Pelvic dilatation, unilateral, minimal 
Degeneration, papilla tip, minimal 
Transitional cell hyperplasia, bilateral, minimal 

Polarized light: 
Crystals, cortex, medulla, pelViS, marked 

Fluorescence: 
Normal for cytoplasmic droplets 

Pathologist: Dr Gordon CHard 
Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no. 4490, Group 5, Dose 400 mgjkgjd, sex male 
Early termination sacrifice, days on study 203 
Kidneys Brightfield: 

Compound-related nephropathy, end-stage 
CPN, not assessable 
Tubule dilatation, diffuse, marked 
Pelvic dilatation, unilateral, minimal 
Transitional cell hyperplasia, bilateral, minimal 

Polarized light: 
Crystals, cortex, medulla, pelvis, marked 

Fluorescence: 
Normal for cytoplasmic droplets 

Bladder Brightfield: 
Transitional cell hyperplasia, focal, minimal 

Polarized light: 
Crystals, mild 

Pathologist: Dr Gordon CHard 
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ETHYLENE GLYCOL: 12-MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX A. Pathology Repon- Gordon Hard (continued) 

Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no. 4491, Group 5, Dose 400 mg/kg/d, sex male 
Spontaneous (unscheduled) death, days on study 43 
Bladder Brightfield: 

Transitional cell hyperplasia, multifocal, minimal 
Hemorrhage, diffuse 
Infiammation, acute, diffuse, minimal 
Ulceration, focal 

Polarized light: 

Crystals, minimal 


PathologiSt: Dr Gordon CHard 

Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no. 4494, Group 5, Dose 400 mg/kg/d, sex male 
Early termination sacrifice, days on study 203 
Bladder Brightfield: 

Transitional cell hyperplasia, diffuse, moderate 
Infiammation, acute, multifocal, minimal 

Polarized light: 
Crystals, moderate 

Pathologist: Dr Gordon CHard 

Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no. 4496, Group 5, Dose 400 mg/kg/d, sex male 
Early termination sacrifice, days on study 203 
Bladder Brightfield: 

Within normal limits (tissue sampling limited) 
Polarized light: 

Crystals, mild 
Pathologist: Dr Gordon CHard 
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ETHYLENE GLYCOL: 12·MONTH DIETARY TOXICITY STUDY TN WISTAR HAN RATS 

APPENDlX A. Pathology Repol1- Gordon Hard (continued) 

Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no. 4497, Group 5, Dose 400 mg/kg/d, sex male 
Early termination sacrifice, days on study 203 
Bladder Brightfield: 

Transitional cell hyperplasia, multifocal, mild 
Infiammation, acute/chronic, focal, marked 
Ulceration, focal 

Polarized light: 
Crystals, marked 

Pathologist: Dr Gordon CHard 

Ethylene glycol: 12-month dietary toxicity study in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no. 4498, Group 5, Dose 400 mg/kg/d, sex male 
Early termination sacrifice, days on study 203 
Bladder Brightfield: 

Transitional cell hyperplasia, diffuse, moderate 
Infiammation, chroniC, focal, minimal 

Polarized light: 
Crystals, mild 

PathologiSt: Dr Gordon CHard 
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Ethylene glycol: 12-month dietary toxic·,ty study in Wistar Han rats 
Study numbers: Dow 031079, WIL-186027K 
Histopathology individual animal data record 
Animal no. 4500, Group 5, Dose 400 mg/kg/d, sex male 
Spontaneous (unscheduled) death, days on study 154 
Bladder Brightfield: 

Transitional cell hyperplasia, diffuse, moderate 
Hemorrhage, diffuse 
Inflammation, acute, multifocal, moderate 
Ulceration, multifocal 

Polarized light: 

Negative 


Pathologist: Dr Gordon CHard 
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APPENDIX B. Metabolism Report- Rick Corley (continued) 

Toxicokinetics of EG in Male Wistar Rats Page 2 of 32 
Project No. 29812 

PURPOSE OF AMENDMENT 


This amendment clarifies a ~atement made in the abstract of the original final 
report that previously stated: 

"The clearance of EG into urine followed a linear dose-response relationship 
between 50 and 150 mg/kg/d..." 

with the following statement: 

"The clearance of EG into urine followed a linear dose-response relationship across 
all dose levels,..." 

which more completely reflects the data and the discussion of the results. This 
amended report replaces the previous final report dated January 28, 2005. 

The amended report was further revised on May 20, 2005 to reference the 
pathology report of Hard (2005) as a final, rather than a draft report. 

Richard A. Corley, Ph.D. 
Principal Investigator 
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ABSTRACT 

This report summarizes the results from the analysis of blood! urine and kidney 
samples collected from a toxicokinetic satellite group of male Wistar rats exposed for 

up to 12 months to 0, 50, 150, 300 or 400 mg/kg/day ethylene glycol via the diet at 

The Dow Chemical Company (Dow Study ID 031079). The animals from the 400 

mg/kg/d group were sacrificed early due to excessive toxicity. Each sample was 

analyzed at Battelle Northwest (BNW) for ethylene glycol (EG), glycolic acid (GA), 

and oxalic acid (OX). In addition to the samples from the toxicokinetic satellite 

group, a section of kidney from each animal from the 400 mg/kg/d group that was 

sacrificed early (day 203) and all main study animals necropsied after 12 months 

were also submitted for analysis of EG! GA and OX. The presence of a contaminant 
in the derivatization agent used for the analysis of EG in all samples except urine! 
which was analyzed directly, prevented the accurate quantitation of EG. Thus, for 

EG, only the urine data are reported. The clearance of EG into urine foHowed a 

linear dose-response relationship across all dose levels! while non-linearities were 
observed in the clearance of glycolic acid between 150 and 300 mg/kg/d. In the 

kidneys! there were also clear non-linear increases in the concentrations of GA and 
OX at dose levels above 150 mg/kg/d. In fact, OX concentrations, when expressed 

as calcium oxalate, accounted for an average of 2.9% of the total kidney weight 
(with one animal approaching 11.2%) in the animals exposed to 400 mg/kg/d and 

sacrificed early in the study. The dose'response relationships for EG, GA and OX in 

blood, urine and kidneys of animals exposed for up to 12 months to EG in the diets 

and the resulting NOEL for renal toxicity were consistent with the previous data and 

the NOEL for renal toxicity observed in the subchronic toxicity study of Cruzan et al. 

(2004) and the accepted mode of action that renal toxicity is due to a buildup in 
calcium oxalate crystals. 
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Purpose. The objectives of the ethylene glycol (EG) chronic toxicity study conducted 

at The Dow Chemical Company (Dow Study ID 031079; Midland, MI) were to: (1) 

evaluate the renal toxicity potential of EG when administered to male Wistar Han 

rats for 12 months via the diet; (2) investigate the toxicokinetics and disposition of 

EG in male Wistar Han rats by determining the levels of EG and its metabolites, 

glycolic acid (GA) and oxalic acid (OA), in the blood, kidneys and urine from a 

satellite group of rats exposed to EG for 12 months via the diet; (3) compare the 

strain and age-dependence of OA clearance in male F-344 versus male Wistar Han 
rats; and (4) investigate the impact of chronic (12-months) dietary administration of 

EG on the clearance kinetics of OA in male Wistar Han rats. This report presents the 

results from the analyses of EG, GA and OX in blood, urine and kidneys from the 

toxicokinetic satellite group of rats (Objective 2). In addition, sections of kidneys 

from all main study animals (Objective 1) were also analyzed for the metabolites, GA 

and OX. 

Study Design. Groups of 20 male Wistar Han rats were fed diets supplying 0, 50, 

150, 300, or 400 mg ethylene glycol/kg body weight/day for up to 12 months. Ten 

animals per group were considered as main group animals and were used to 
evaluate the potential for renal toxicity (Objective 1). Five animals per group were 

pre-selected as a satellite group for analysis of EG, GA and OX in blood, kidneys and 

urine, with samples shipped to Battelle, Pacific Northwest Division (BNW), Richland, 

Washington (Objective 2). The remaining five animals per group were pre-selected 

as a satellite group for determination of oxalate clearance following 12 months of 

dietary administration of EG (Objective 4). 
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For the satellite pharmacokinetic group of animals, urine was collected from each 
animal for 24 hr prior to sacrifice after 12 months of dietary administration of EG. 

Following the collection of urine, each metabolism cage was rinsed with a minimal 
amount of water for analysis of EG, GA and OX with the results to be included with 

urine as total amounts excreted by this route. In addition to the samples collected 

from the pharmacokinetic satellite group (Objective 2), sections of kidneys from all 

main study animals that survived until the 12-month necropsy (Objective 1) and all 

animals from the top dose group, 400 mg/kg/day, that were sacrificed early (day 

203) were collected for analysis of EG, GA, and OX. All samples were flash-frozen in 

liquid nitrogen and shipped on dry ice from The Dow Chemical Company to BNW. 

Samples were received at BNW on September 21, 2004 and stored frozen (-80'C) 

until analyzed. Previous studies have shown that samples prepared and stored in 
this manner remain viable for analysis of EG, GA and OX for up to 542 days (Corley 

et aI., 2002). The samples submitted to BNW are summarized in Appendix Table A­

1. 

MATERIALS AND METHODS 

Test Materials and Chemicals. Ethylene glycol (Lot No. JR00244CR) and glycolic acid 

(Lot No. 16802LR) were obtained from the Aldrich Chemical Company (Milwaukee, 

WI). Oxalic acid (Lot No. 123H1122) was obtained from Sigma (St. LouiS, MO). 

Deuterated internal standards D2-glycolic acid (Lot No. 11-5086), D4-ethylene glycol 

(Lot No. P-6136) were obtained from Cambridge Isotope Laboratories, Inc. 

(Andover, MA) while the internal standard, 2-butoxyethanol (Lot No. 07847HN) was 

obtained from the Aldrich Chemical Company. Derivatizing reagents, 

pentafluorobenzoyl chloride (PFBCI) and N-(tert-butyldimethylsilyl)-N­

methyltrifluoroacetamaide 
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(MTBSTFA) were also obtained from the Aldrich Chemical Company. All other 

compo·unds and solvents were reagent grade or better. 

Specimen Analysis. Samples of heparinized whole blood/ kidneys/ urine and cage 
wash were analyzed for EG, GA and OX by gas chromatography/mass spectrometry 

(GC/MS) following the general extraction and derivatization methods of Pottenger et 

al. (2001). 2-Butoxyethanol and deuterated ethylene glycol and glycolic acid were 

utilized as internal standards. Kidneys were first homogenized directly (no diluent) 

then analyzed by the method used for analysis of blood. For urine samples 

containing very high concentrations of ethylene glycol, a direct analysis of urine by 
GC/FlD was also conducted using 2-butoxyethanol as an internal standard (Corley et 

aI., 2002). Each of these methods is described briefty below. 

GC/MS analyses of ethylene glycol, glycolic acid and oxalic acid were performed on a 

Hewlett Packard 7683 Mass Selective Detector equipped with a Hewlett Packard 

6890 Plus gas chromatograph and 7673 autosampler (Hewlett Packard, Avondale, 

PAl. Separations were achieved with a Restek RTX-5MS fused silica capillary column 

(30 m x 0.25 mmid, 0.25 ~m film thickness; Restek, Bellefonte, PAl. Injections 

were splitless using an unpacked Restek 4 mmid cyclo double gooseneck liner. 

Representative chromatography conditions for glycolic acid and oxalic acid were as 
follows: injector temperature was 210°C/ the initial oven temperature was 110°C/ 
which was increased at 15°C/min to 20il"C, with a final ramp of 25"C/min to 30il"C; 

initial head pressure was a constant 25 psi with helium as the carrier gas. For 
ethylene glycol/ the injection temperature was 210°C/ the initial oven temperature 
was 130°C, which was increased at 15°Cjmin to 200"C/ with a final ramp of 
25°Cjmin to 300°C. Head pressure was constant at 25 psi with helium as a carrier 
gas. The masses used for quantitation of the pentafluorobenzoyl ester derivatives 
of ethylene glycol were 238 or 450 
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(depending upon column conditions); 241 or 454 for D4-ethylene glycol. The 

masses used for the quantitation of the t;butyldimethylsilyl derivatives of glycolic 

acid, D2-glycolic acid and oxalic acid were 247, 249 and 261, respectively. 

GC/F1D analyses of ethylene glycol were performed on a Hewlett Packard 6890 gas 

chromatograph equipped with an F1D detector and 7673 autosampler. Separations 

were achieved with a J&W DB-Wax fused silica column (30 m x 0.53 mmid x 1.0 df; 

J&W SCientific, Folsom, CA). For direct injection of urine, injections of 1.0 J.l.1 
(splitless) of urine spiked with 2-butoxyethanol internal standard (9090 ~g/g) were 

injected at 275'C with a head pressure of 10 psi (helium). The initial oven 

temperature was 100'C, increasing to 230'C at 20'C/min. A Restek 4 mmid cyclo­

double gooseneck injection liner was also used. 

Statistics and data analysis. Descriptive statistics (i.e. means ± SD) were used 

where applicable to present the data. In some instances, only one or two samples 
within a group had levels of an"lyles above the limits of reliable quantitation (LOQ). 

In these cases, the LOQ/2 was arbitrarily used as a surrogate to calculate the mean 
± SD for plotting. Individual data are presented in the Appendix tables. 

RESULTS AND DISCUSSION 

Kidneys. Terminal body weights, kidney weights and the samples submitted to BNW 

for analysis of EG, GA and OX are summarized in Appendix Table A-1. In Figure 1, 

the absolute and relative (%body weight) kidney weights from all animals from the 

main study and the PK satellite group submitted to BNW show a clear relationship of 

increasing kidney weight with dose, especially relative to body weight, at dose levels 

above 150 mg/kg/d. No statistical analyses were conducted on these data as the 

chronic toxicity study (Dow 
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Study ID 031079), provides more definitive conclusions regarding treatment-related 

target tissue effects .. 

The levels of GA (Figure 2a; Table 1) and OX (Figure 3a; Table 1) in the kidneys of 

these animals also demonstrated similar dose-response relationships. At dose levels 
up to 150 mg/kg/d, there were no differences in the concentrations of GA and OX, 

compared with controls. Concentrations generally averaged <2 ~g/g and <20 ~g/g 

for GA and OX, respectively at these lower dose levels. However, at dose levels of 
300 and 400 mg/kg/d, both GA and OX were increased in a dose-related manner. 

Concentrations at 400 mg/kg/d reached an average of 14 ~g/g and 18,800 ~g/g for 

GA and OX, respectively! with some animals having considerably higher 
concentrations of each metabolite than average. These results were consistent with 
previous dose-response relationships observed in male Wistar rats administered EG 
in the diets for 1 or 16 weeks (Cruzan et aI., 2004) which are presented in Figures 

2b and 3b. In those studies! there were also no differences from control in GA and 
OX levels in the kidneys of male Wistar rats at 150 mg/kg/d following 1 or 16 weeks 

of exposure to EG. The individual animal results from the analysis of GA and OX in 

kidney samples are presented in Appendix Table A-2. 

Interference in EG Analysis. Due to the presence of a contaminant in the 
derivatization reagent, PFBCI, BNW was unable to complete the analysis of EG in 

kidneys! blood and cage wash samples. Analysis of EG in urine was successful 
because this method did not involve derivatization. Alternative sources for PFBCI 
were obtained and evaluated. Unfortunately! the contaminant! which could not be 
differentiated by either electron-impact or negative chemical ionization mass 
spectrometry from the authentic pentafluorobenzoyl-derivative of EG, was also 
present in the alternative sources at high enough levels to interfere with the analysis 

of EG at the 
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concentrations expected in this study (Le. concentrations were expected to be <50 
~g/g in blood and kidneys based upon results from the subchronic study of Cruzan 

et al., 2004) . 

.Il/QQl!. As with the results from the kidneys, the concentrations of GA in blood were 

not significantly different from controls up to 150 mg/kg/d (Figure 4a; Table 2). At 

300 mg/kg/d, the concentrations in blood were approximately 3.3-fold higher than 

controls although the concentrations were all <10 ~g/g regardless of dose level. 

Again, these results were consistent with those from the subchronic study of Cruzan 
et al. (2004) which are presented in Figure 4b for comparison. 

The concentrations of oxalic acid in blood (Figure Sa; Table 2) were also similar 
across all dose levels, averaging 3.7-5.1 ~g/g. These results were expected from the 

low solubility of oxalic acid at physiological pH's in aqueous media (~4.2-7.4 ~g/g in 

deionized water or neutral urine; Burgess and Drasdo, 1993; Hodgkinson, 1981) and 
data from the subchronic study of Cruzan et al. (2004) which are presented in 

Figure 5b for comparison. Individual animal results from the analysis of GA and OX 

in blood of rats from the chronic study are presented in Appendix Table A-3. 

llr!n.e.. The elimination of EG in urine followed a linear, dose-related relationship 

(Figure 6a; Table 3). These results represent a slight under-es~mate of the total 

amounts of EG cleared in urine because of the inability to quantitate EG in cage 

wash samples due to a contaminant in the d:!rivatization reagent, PFBCI. A linear 

increase in urinary clearance of GA was observed at 50 and 150 mg/kg/d while a 

disproportionate (non-linear) increase was observed at the 300 mg/kg/d dose level 

(Figure 6b; Table 3). Oxalic acid clearances were similar to controls across all dose 

levels (Figure 6c; Table 3). As with blood and kidney data, these results were 

consistent 
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with those observed in the subchronic study of Cruzan et ~. (2004). Individual 

animal results are presented in Appendix Table A-4. 

CONCLUSIONS 

All of the results reported in this study are consistent with the generally accepted 

mode of action of EG-induced renal toxicity (deposition of calcium oxalate crystals in 

the kidneys) and the determination by Hard (2005) that 150 mg/kg/d represents a 

NOEL for chronic toxicity of EG administered orally via the diet to male Wistar rats. 

In the kidneys! there were clear non-linearities in the concentrations of GA and! 

more importantly! OX! as concentrations of these metabolites Significantly increased 

over control levels at 300 and 400 mg/kg/d. In fact, OX concentrations, when 

expressed as calcium oxalate, accounted for an average of 2.9% of the total kidney 

weight (with one animal approaching 11.2%) in the animals exposed to 400 

mg/kg/d and sacrificed early (day 203) in the study. The dose-response 

relationships for EG, GA and OX in blood, urine and kidneys of animals exposed for 

up to 12 months to EG in the diets and the resulting NOEL for renal toxicity were 

consistent with the previous data and the NOEL for renal toxicity observed in the 

subchronic toxicity study of Cruzan et al. (2004). 
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Figure 1. Absolute and relative kidney weights (%body weight) of all main study 
and PK satellite group animals where. kidneys were submitted to BNW for analysis of 
EG, GA and OX (data presented in Appendix Table A-i), 
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Figure 2. Concentrations of glycolic acid in the kidneys of (a) male Wistar rats 
administered ethylene glycol at 0, 50, 150 or 300 mg/kg/day for up to 12 months 
(this study) and (b) male Wistar rats administered 0, 150, 500 or 1000 mg/kg/day 
for 1 or 16 weeks (from Cruzan et aI., 2004). Data are expressed as the means ± 

standard deviations of up to 5 rats/group. 
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Figure 3. Concentrations of oxalic acid in the kidneys of (a) male Wstar rats 
administered ethylene glycol at 0, 50, 150 or 300 mg/kg/day for up to 12 months 
(this study) and (b) male Wistar rats administered 0, 150, 500 or 1000 mg/kg/day 
for 1 or 16 weeks (from Cruzan et aI., 2004). Data are expressed as the means ± 
standard deviations of up to 5 rats/group. 
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Figure 4. Concentrations of glycolic acid in the blood of (a) male Wistar rats 
administered ethylene glycol at 0, 50, 150 or 300 mg/kg/day for up to 12 months 
(this study) and (b) male Wistar rats administered 0, 150, 500 or 1000 mg/kg/day 
for 1 or 16 weeks (from Cruzan et ai., 2004). Data are expressed as the means ± 
standard deviations of up to 5 rats/group. 
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Figure 5. Concentrations of oxalic acid in the blood of Ca) male Wlstar rats 
administered ethylene glycol at 0, 50, 150 or 300 mg/kg/day for up to 12 months 
Cthis study) and Cb) male Wistar rats administered 0, 150, 500 or 1000 mg/kg/day 
for 1 or 16 weeks Cfrom Cruzan et aI., 2004). Data are expressed as the means ± 
standard deviations of up to 5 rats/group. 
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Figure 6. Total amounts of (a) ethylene glycol, (b) glycolic acid, and (c) oxalic acid 
excreted in the urine and cage wash samples from male Wistar rats collected for 24 
hr prior to necropsy following 12 months of dietary exposure to ethylene glycol at 0, 
50, 150 or 300 mg/kg/d, Data are expressed as the means ± standard deviations of 
5 rats/group. Note that due to a contaminant in the derivatization reagent, the 
concentrations of ethylene glycol were not determined in the cage wash samples, 
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Figure 6 (continued). 
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Table 1. Concentrations (mean ± s.d.) of GA and OX in the kidneys of male 
Wistar Han rats administered ethylene glycol in the diets for up to 12 months. 

Dose Group GA OX 
(mgfkgfday) (~gfg) (~gfg) 

Control (n-13) 1.72 ± 0.85 5.31 ± 4.22 

50 (n=15) 1.79 ± 0.97 16.07 ± 35.03 

150 (n=14) 1.67 ± 0.95 8.72 ± 7.33 

300 (n=10) 8.64 ± 14.11 6,561 ± 18,644 

400 (n=15)") 13.97 ± 9".54 18,789 ± 23,446 

(I) Early sacrifice (day 203). 

Table 2. Concentrations (mean ± s.d., n=5) of GA and OX in the blood of 
male Wistar Han rats administered ethylene glycol in the dets for up to 12 
months. 

Dose Group 
(mgfkgfday) 

Control 

GA 
(~gfg) 

2.06 ± 1.38 

OX 
(~gfg) 

3.87 ± 2.35 

50 3.42 ± 0.87 3.74 ± 2.80 

150 2.67 ± 1.89 3.83 ± 0.65 

300 6.78 ± 1.75 5.10 ± 2.18 

Table 3. Total amounts (mean ± s.d.) of EG, GA and OX eliminated in the 
urine + cage wash collected 24 hr prior to sacrifice of male Wistar Han rats 
administered ethylene glycol in the diets for up to 12 months. 

Dose Group EG GA OX 
(mgfkgfday) 

Control 
(~g) 
ndtl) 

(~g) 
52.0 ±40.9 

(~g) 
3,015 ±1486 

50 2,576 ±1,375 231.5 ±112.0 1,519 ± 989 

150 6,469 ± 1892 358;9 ± 105.9 4,211 ± 2,964 

300 13,945 ± 8,021 2,100 ± 1,160 4,274 ± 3,111 
(1) One control urine had detectable amounts of EG, while no EG was detected in all other samples. 
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Table A-I. Terminal body ,,(eights, kidney weights, and samples submitted to Battelle Northwest (BNW) from male 
Wistar Han rats administered ethylene glycol in the diets for up to 12 months for analysis of EG, GA and OX. 

Dose Group Study Dow Terminal Kidney Samples Submitted to BNW 

(mgjkgjday) Group AnimallD BW (g) Wt. (g) Blood Kidney Urine + cage Wash 


Control Main Study 4402 492.7 2.556 X 

Contrel Main Study 4403 514.0 2.795 X 

Contrel Main Study 4405 394.7 2.388 X 

Control Main Study 4406 487.2 2.596 X 


~ Control Main Study 4407 526.0 2.654 X
;!'; 
Contrel Main Study 4408 476.0 2.584 X 

Control Main Study 4409 486.1 2.397 X 

Contrel Main Study 4410 491.6 2.438 X 

Control PK 4411 498.8 2.349 X X X 

Control PK 4412 436.8 2.312 X X X 

Control PK 4413 469.8 2.506 X X X 

Control PK 4414 601.6 2.900 X X X 


,trol PK 4415 435.0 2.210 X X X 

An .. A .... r~ A 

SD 49.8 0.195 

50 Main Study 4421 554.6 3.115 X 

50 Main Study 4422 503.1 2.610 X 

50 Main Study 4423 560.0 2.841 X 

50 Main Study 4424 495.3 2.490 X 

50 Main Study 4425 487.3 2.749 X 

50 Main Study 4426 525.2 3.038 X 

50 Main Study 4427 455.1 2.566 X 
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TableA-l {continued}. Terminal body weights, kidney weights, and samples submitted to Battelle Northwest (BNW) 
from male Wistar Han rats administered ethylene glycol in the diets for up to 12 months for analysis of EG, GA and OX. 

Dose Group Study Dow Terminal Kidney ~tDl2les Sybmi!;!;ed to BNW 
(mg/kg/day) Group An'lmallD BW (g) Wt. (g) Blood Kidney Urine + cage Wash 

SO Main Study 4428 441.9 2.321 X 
~ 50 Main Study 4429 457.5 2.241 X.. 
w 	 50 Main Study 4430 507.1 2.945 X 

SO PK 4431 501.0 2.458 X X X 
SO PK 4432 449.4 2.662 X X X 
SO PK 4433 441.1 2.339 X X X 
SO PK 4434 601.6 3.040 X X X 
SO PK 4435 427.5 2.467 X X X 

Mean 493.8 2.659 
SD 50.5 0.284 

150 Main Study 4441 483.5 2.521 X 
150 Main Study 4442 475.0 2.364 X 
150 Main Study 4443 487.1 2.387 X 
150 Main Study 4445 503.2 2.648 X 
150 Main Study 4446 434.3 2.103 X 
150 Main Study 4447 529.7 2.653 X 
150 Main Study 4448 466.5 2.682 X 
150 Main Study 4449 459.8 2.427 X 
150 Main Study 4450 369.6 1.969 X 
150 PK 4451 548.9 2.689 X X X 
150 PK 4452 492.2 2.846 X X X 
150 PK 4453 455.7 2.779 X X X 
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Table A -1 (continued). Terminal body weights, kidney weights, and samples submitted to Battelle Northwest (BNW) 
from male Wistar Han rats administered ethylene glycol in the diets for up to 12 months for analysis of EG, GA and OX. 

Dose Group Study Dow Terminal Kidney Samples Submitted to BNW 
(mg/kgLday) Group AnimallD BW (g) wt. -<g) Blood Kidney Urine + cage Wash 


150 PK 4454 454.8 2.402 X X X 

~... 150 PK 4455 474.4 2.530 X X X 
... 


Mean 473.9 2.500 

SD 42.6 0.248 


300 Main Study 4464 389.5 2.330 X 

300 Main Study 4465 625.6 3.029 X 

300 Main Study 4467 442.0 2.233 X 

300 Main Study 4468 458.7 3.457 X 

300 Main Study 4469 414.2 2.982 X 

300 PK 4471 501.2 2.590 X X X 

300 PK 4472 485.1 3.136 X X X 

300 PK 4473 402.7 2.160 X X X 

300 PK 4474 436.5 5.450 X X X 

300 PK 4475 464,1 2.872 X X X 


Mean 462.0 3.024 

SD 67.5 0.952 


400 Early Sad!) 4481 375.6 2.981 X 

400 Early Sac 4483 400.5 4.342 X 

400 Early Sac 4484 334.3 4.546 X 


(l'EarJy sacrifice (day 203). 
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Table A-l (continued). Terminal body weights, kidney weights, and samples submitted to Battelle Northwest (BNW) 
from male Wistar Han rats administered ethylene glycol in the diets for up to 12 months for analysis of EG, GA and OX. 

Dose Group Study Dow Terminal Kidney Samples Submitted to BNW 
(mg/kg/day) Group Animal ID BW (g) WI. (g) Blood Kidney Urine + Cage Wash 

400 Early Sac 4485 335.0 3.668 X 

~.. 400 Early Sac 4486 327.0 3.150 X 

~ 
 400 Early Sac 4488 324.0 4.047 X 


400 Early Sac 4489 301.9 4.159 X 

400 Early Sac 4490 338.0 4.027 X 

400 Early Sac 4492 482.9 3.160 X 

400 Early Sac 4493 495.2 3.026 X 

400 Early Sac 4494 362.7 3.347 X 

400 Early Sac 4495 399.6 4.002 X 

400 Early Sac 4496 336.9 4.916 X 

400 Early Sac 4497 371.5 5.331 X 

400 Early Sac 4498 358.5 4.870 X 

400 Early Sac 4499 340.1 4.764 X 


Mean 367.7 4.021 
SD 54.5 0.746 

lIJE'arly sacrifice (day 203). 



THE DOW CHEMICAL COMPANY 
STUDY 10: 031079 

PAGE 402 

ETHYLENE GLYCOL: 12·MONTH DIETARY TOXICITY STUDY IN WISTAR HAN RATS 

APPENDIX B. Melabolism Report- Rick Corley (continued) 

Toxicokinetics of EG in Male Wistar Rats Page 25 of 32 
Project No. 29812 

Table A -2. Concentrations of EG, GA and OX in the kidneys of male Wistar Han rats administered ethylene glycol in 
the diets for up to 12 months. 

EG(l}Dose Group Study Dow BNW GA OX 
(mgjkgjday) Group Animal1D Sample ID (~gjg) (~gjg) (~gjg) 

~ Control.. 
~ Control 

Control 
Control 
Control 
Control 
COntrol 
Control 
Control 
Control 
Control 
Control 
~oDtrol 

Main Study 
Main Study 
Main Study 
Main Study 
Main Study 
Main Study 
Main Study 
Main Study 

PK 
PK 
PK 
PK 
PK 

4402 
4403 
4405 
4406 
4407 
4408 
4409 
4410 
4411 
4412 
4413 
4414 
4415 

1457()'11-01 
1457()'11-02 
1457()'11-Q4 
1457()'11-05 
1457()'11-06 
1457()'11-07 
1457()'11-08 
1457().11-09 
1457().11-10 
1457()'11-1l 
1457()'11-12 
1457()'11-13 
1457()'11-11 

2.46 
2.11 
2.62 
2.38 
3.71 

1.13(2) 
1.13(2} 

1.13(2) 
1.13(2) 
1.13(2) 
1.13(2) 
1.13(2) 

1.13(2) 

17.72 
6.84 
5.87 
6.10 
4.61 
5.71 
5.53 
3.23 
3.37 
0.94 
1.69 
1.47 
6.01 

Mean 1.72 5.31 

SD 0.85 4.22 


50 Main Study 4421 1457()'11-15 2.96 5.88 
50 Main Study 4422 1457()'1l-l6 2.54 5.24 
50 Main Study 4423 1457()'1l-17 4.33 4.71 
50 Main Study 4424 1457()'11-18 2.33 6.10 

NA contaminant in the derivatization agent, PFBCI, prevented accurate quantitation of EG. 
(2)For samples containing analytes at concentrations below the limits of quantitation (LOQ)/2 (LOQ for GA = 2.26 IJgfg; LOQ for OX = 2.21 

IJgfg), the LOQ/2 was used in the calculation of group statistics (Mean ± SD). 
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Table A-2 (continued). Concentrations of EG, GA and OX in the kidneys of male Wistar Han ral5 administered 
ethylene glycol in the diel5 for u~ to 12 months. 

EG(l)Dose Group Study Dow BNW GA OX 
(mg/kg/day) Group Animal ID Sample ID (~g/g) (~g/g) (~g/g) 

50 Main Study 4425 1457().11-19 1.28 28.46 
50 Main Study 4426 14S7()'11·20 1.73 12.74 
50 Main Study 4427 1457().11-21 2.69 7.82 

~.. 
~ 

50 
50 

Main Study 
Main Study 

4428 
4429 

1457()'11-22 
1457()'11-23 

1.15 
1.13(2) 

7.84 
2.22 

50 Main Study 4430 1457().11-24 1.13(2) 2.40 
50 PK 4431 1457().11-25 1.13(2) 2.33 
50 PK 4432 1457()'11-26 1.13~) 2.64 
50 PK 4433 1457().11-27 1.13(') 3.16 
50 PK 4434 1457().11-28 1.13(') 140.43 
50 PK 443~ 1457()'11-29 1,13(') 9.14 

Mean 1.79 16.07 
SO 0.97 35.03 

150 Main Study 4441 1457()'11-30 1.38 9.64 
150 Main Study 4442 1457()'11-31 4.40 19.35 
150 Main Study 4443 1457()'11-32 2.86 8.04 
150 Main Study 4445 1457()'11-34 1.81 8.44 
150 Main Study 4446 1457().11-35 2.27 6.39 
150 Main Study 4447 1457()'11-36 1.57 2.77 
150 Main Study 4448 1457()'11-37 1.13(') 3.62 
150 Main Study 4449 1457()'11-38 1.13(') 4.75 

NA contaminant in the derivati2ation agent, PFBCI, prevented accurate quantitation of EG. 
(21for samples containing analytes at concentrations below the limits of quantitation (LOQ)/2 (LOQ for GA = 2.26 ].Jg/g; LOQ for OX = 2.21 

].Jg/g), the LOQ/2 was used in the calculation of group statistics (Mean ± SD). 
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Table A-2 (continued). Concentrations of EG, GA and OX in the kidneys of male Wistar Han rats administered 
ethylene glycol in the diets for up to 12 months. 

Dose Group 
(mg/kg/day) 

150 
150 

~.. 	 150 
~ 	 150 

150 
150 

Mean 
SD 

300 
300 
300 
300 
300 
300 
300 
300 
300 
300 

Mean 
SD 

Study 

Group 


Main Study 

PK 
PK 
PK 
PK 
PK 

Main Study 
Main Study 
Main Study 
Main Study 
Main Study 

PK 
PK 
PK 
PK 
PK 

Dow 

Animal lD 


4450 
4451 
4452 
4453 
4454 
4455 

4464 
4465 
4467 
4468 
4469 
4471 
4472 
4473 
4474 
4475 

BNW 

Sample lD 


14570-11-39 
14570-1140 
14570-1141 
14570-1142 
14570-1143 
14570=1144 

14570-1145 
14570-1146 
14570-1147 

. 14570-1148 
14570-1149 
14570-11-51 
14570-11-52 
14570-11-53 
14570-11-54 
14570-11·55 

EGW 
(~g/g) 

GA OX 
(~g/g) (~g/g) 

1.13]2) 
1.13(2) 
U3(2) 
1.13(2) 
1.13(2) 
1.l3~) 
1.67 
0.95 

2.42 
1.62 
1.81 
8.95 
5.54 
2.70 
2.26 
12.04 
47.49 
1.58 
8.64 
14.11 

3.94 
5.66 
3.17 
6.84 
9.97 
29.55 
8.72 
7.33 

48.07 
16.68 
29.88 

3,377.08 
1,525.35 

74.05 
21.64 
47.32 

59,532.20 
937.23 

6,560.95 
18,643.57 

niA contaminant in the derivatization agent, PFBCI, prevented accurate quantitation of EG. 
(2'r=ar samples containing analytes at concentrations below the limits of quantitation (LOQ)/2 (LOQ for GA = 2.26 I-Ig/g; LOQ for OX = 2.21 

I-Ig/g), the LOQl2 was used in the calculation of group statistics (Mean ± SD). 
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Table A-2 (continued). Concentrations of EG, GA and OX in the kidneys of male Wistar Han rats administered 
ethylen"-glycal in the diets for up to 12 months. 

Dose Group Study Dow BNW EG(l) GA ox 
(mg/kg/day) Group Animal ID Sample ID (~g/g) (~g/g) (~g/g) 

~ 
Mean (excluding Animal 4474) 4.32 675.26 

iii SO (excluding Animal 4474) 3.78 1146.61 

400 Early Sac 4483 14570-11-58 12.09 2,436.28 
400 Early Sac 4484 14570-11-59 14.89 11,369.28 
400 Early Sac 4485 14570-11-60 7.65 2,532.01 
400 Early Sac 4486 14570-11-61 6.71 3,777.47 
400 Early Sac 4488 14570-11-63 36.14 5,407.48 
400 Early Sac 4489 14570-11-64 16.95 9,365.73 
400 Early Sac 4490 14570-11-65 28.16 16,585.72 
400 Early Sac 4492 14570-11-66 1.13 1,064.50 
400 Early Sac 4493 14570-11-67 1.13 234.98 
400 Early Sac 4494 14570-11-68 9.75 5,661.70 
400 Early Sac 4495 14570-11-69 11.46 11,770.30 
400 Early Sac 4496 14570-11-70 8.52 27,400.78 
400 Early Sac 4497 14570-11-71 21.81 73,168.23 
400 Early Sac 4498 14570-11-72 13.70 55,192.84 
4Q0 Early Sac 4499 14570-11-73 19.44 55.863,Q4 

Mean 13.97 18,788.69 
SD 9.54 23,445.69 

nJA contaminant in the derivatization agent, PFBCI, prevented accurate quantitation of EG. 
(2lfor samples containing analytes at concentrations below the limits of quantitation (LOQ)/2 (LOQ for GA = 2.26 f,Jg/g; LOQ for OX = 2.21 

J,Jg/g), the LOQl2 was used in the calculation of group statistics (Mean ± SO). 
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Table A-3. Concentrations of EG, GA and OX in the blood of male Wistar Han rats administered ethylene glycol in 
the diets for up to 12 months. 

Dose Group Study Dow BNW EG(l) GA OX 
img/kg/day) Group Animal ID Sample ID ~g/g) __(pg/g) (p3l!ll 

~ 	 Control 
a 
~ 

Control 

Control 

Control 

Control 

Mean 


SD 


50 

50 

50 

50 

50 


Mean 

SD 


PK 
PK 
PK 
PK 
PK 

PK 
PK 
PK 
PK 
PK 

4411 
4412 
4413 
4414 
4415 

4431 
4432 
4433 
4434 
4435 

14570-10-1 
14570-10-2 
14570-10-3 
14570-10-4 
14570-10-5 

14570-10-6 
14570-10-7 
14570-10-8 
14570-10-9 
14570-10-10 

1.29(2) 
1.96 

1.29(2) 
1.29(2) 
4.48 
2.06 
1.38 

2.08 
3.01 
4.08 
3.80 
4.12 
3.42 
0.87 

7.80 
3.99 
1.70 
2.64 
3.23 
3.87 
2.35 

3.24 
1.04 
8.48 
3.16 
2.78 
3.74 
2.80 

lIlA contaminant in the derivatization agent, PFBCI, prevented accurate quantitation of EG. 
(2)For 	samples containing analyles at concentrations below the limits of quantitation (LOQ)/2 (LOQ for GA = 2.57 

pg/g; LOQ for OX = 2.21 pg/g), the LOQ/2 was used in the calculation of group statistics (Mean ± SD). 
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Table A-3 (continued). Concentrations of EG, GA and OX in the blood of male Wistar Han rats administered 
ethylene glycol in the diets for up to 12 months. 

Dose Group Study Dow BNW EG(l) GA OX 

~ (mg/kg/day) Group Animal ID Sample ID (~g/g) (pg/g) (pg/g) 
~ 

150 PK 4451 14570-10-11 4.83 3.18 
150 PK 4452 14570-10-12 1.29(2) 4.59 
150 PK 4453 14570-10-13 1.31 4.46 
150 PK 4454 14570-10-14 4.64 3.46 
150 PK 4455 14570-10-15 1.29(2) 3.45 

Mean 2.67 3.83 
SD 1.89 0.65 

300 PK 4471 14570-10-16 6.69 4.20 
300 PK 4472 14570-10·17 7.54 3.80 
300 PK 4473 14570-10-18 8.71 4.05 
300 PK 4474 14570-10-19 3.96 8.97 
300 PK 4475 14570-10-20 7.00 4.18 

Mean 6.78 5.10 
SD 1.75 2.18 

\IJA contaminant in the derivatization agent, PFBCI, prevented accurate quantitation of EG. 
(2)For 	samples containing analytes at concentrations below the limits of quantitation (LOQ)/2 (LOQ for GA = 2.57 

~g/g; LOQ for OX = 2.21 ~g/g), the LOQf2 was used in the calculation of group statistics (Mean ± SD). 
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Table A-4. Total amounts of EG, GA, and OX eliminated in the urine + cage wash collected 24 hr prior to sacrifice of 
male Wistar Han rats administered ethylene glycol in the diets for up to 12 months. 

Dose Group Study Dow BNW Am!. Urine EG(l) GA OX %Target Dose 
(mg/kg/day) Group Animal ID Sample ID (9) {~g) (~g) (1Jill Accounted For 

Control PK 4411 14570-10-1 12.569 39.84 34.99 4,870.93 
~ 

Control PK 4412 14570-10-2 11.500 nd 3.07 2,535.27 
~ 

'" Control PK 4413 14570-10-3 10.372 nd 46.31 3,081.99 
Control PK 4414 14570-10-4 9.524 nd 114.20 3,727.99 
Control PK 4415 14570-10-5_ 6.743 nd 61.6~3_ 85~9.25 
Mean 10.142 52.04 3,015.08 
50 2.221 40.86 1,486.16 

50 PK 4431 14570-10-6 9.320 1,261.7 104.32 791.81 7.56 
50 PK 4432 14570-10-7 27.933 2,858.9 276.41 361.15 14.84 
50 PK 4433 14570-10-8 12.936 3,797.0 390.04 2,808.09 27.44 
50 PK 4434 14570-10-9 16.476 3,938.6 237.72 2,137.89 18.64 
50 PK 4435 14570-10-10 11.367 1.025.4 149.06 1.494.13 10.19 

Mean 15.606 2,576.3 231.51 1,518.61 15.73 
SD 7.371 1,374.7 111.98 989.30 7.81 

TIJA contaminant in the derivatization agent, PFBCI, prevented accurate quantitation of EG in cage wash samples; total amounts thus reflect 
only the analysis of EG in urine. 

{2)For samples containing analytes at concentrations below the limits of quantitation (LOQ)/2 (LOQ for EG= 1.54 I-lg/g; GA = 0.61 I-lg/g; LOQ 
for OX = 3.89 I-lg/g), the LOQl2 was used in the calculation of group statistics (Mean ± SO). 
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Table A-4 (continued). Total amounts of EG, GA, and OX eliminated in the urine + cage wash collected 24 hr prior 
to sacrifice of male Wistar Han rats administered ethylene glycol in the diets for up to 12 months. 

Dose Group Study Dow BNW Am!. Urine EG(l) GA OX %Target Dose 
(mg/kg/day) Group Animal ID Sample ID (g) (1'9) (~g) (jJg} Accounted For 

150 PK 4451 14570-10-11 19.024 7,534.1 387.86 2,125.03 11.31 
~ 
~ 

150 PK 4452 14570-10-12 14.466 6,709.8 286.25 6,665.49 15.63 
w 150 PK 4453 14570-10-13 11.946 7,917.1 509.06 3,467.30 15.69 

150 PK 4454 14570-10-14 22.612 6,995.7 376.88 7,872.28 18.66 
150 PK 4455 14570-10-15 11.764 3.190.0 234.26 923.84 5.65 

Mean 15.962 6,469.3 358.86 4,210.79 13.39 
SD 4.733 1,892.0 105.86 2,963.92 5.06 

300 PK 4471 14570-10-16 11.535 16,871.7 2,082.86 8,760.22 16.37 
300 PK 4472 14570-10-17 10.802 8,140.6 424.11 2,822.85 7.17 
300 PK .4473 14570-10-18 12.655 26,302.3 2,307.30 5,229.05 26.31 
300 PK 4474 14570-10-19 50.360 6,253.2 3,686.35 328.56 7.25 
300 PK 4475 14570-10-20 14.440 12.155.3 1.997.05 4.229.62 12.00 

Mean 19.958 13,944.6 2,099.54 4,274.06 13.82 
SD 17.050 8,020.7..bJ59.63 3,110.97 7.96 

lilA contaminant in the derivatization agent, PFBCI, prevented accurate quantitation of EG in cage wash samples; total amounts 
thus reflect only the analysis of EG in urine. 

"'For samples containing analyles at concentrations below the limits of quantitation (LOQ)/2 (LOQ for EG= 1.54 ~g/g; GA = 
. 0.61 ~g/g; LOQ for OX = 3.89 ~g/g), the LOQ/2 was used in the calculation of group statistics (Mean ± SD). 
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22 February 2005 

Via email: William_Gulledge@AmericanChemistry.com 
William Gulledge 
American ChemistTy Council 
1300 Wilson Boulevard 
Arlington, VA 22209 

RE: 	 Benchmark Dose Analyses of the Chronic Study for Ethylene Glycol (EG) in Wistar 
Rats in Terms of External Dose 

Dear Mr. Gulledge: 

The Sapphire Group, Inc. is pleased to present the Ethylene Glycols Panel with a report for 
our benchmark dose (BMD) analyses using the results of the chronic study fOf EG in 
Wistar rats (Hard, 2005). As described in our proposal, this work was performed according 
to the following tasks: (1) 8MD analysis of compound-induced nephropathy; and (2) BMD 
analysis of birefringent crystals. Consideration was also given to conducting BMD 
analysis for spontaneous nephropathy data from Hard (2005}. However, these data are not 
considered useful for use in human health risk assessment for the following reasons: (1) the 
study authors concluded that there was no effect of EG on the severity of spontaneous 
nephropathy; (2) the incidence for this endpoint in control animals is very high (71%) and 
variable; (3) the dose-response data are nonmonotonic (i.e., decreasing at the lowest dose), 
which is often difficult for simple dose-response models 10 provide an acceptable fit; (4) 
measurement of this endpoint is confounded by compound-induced nephropathy, in that 
data from the 400 mglkg-day dose group could not be used, and it is likely that the data 
from the 300 mglkg-day dose group were impacted as well (data for only 8 animals); and 
(5) spontaneous nephropathy is specific to rodents (Hard and Khan, 2004), and therefore 
this endpoint is not relevant to renal toxicity or to human health. For these reasons, BMO 
analyses were not conducted on the data for spontaneous nephropathy. 

BMD modeling was performed using the data for compound-induced nephropathy an 
birefringent crystals in Wistar rats exposed to EG for one year as described in Hard (2005) 
(Table 1). Incidence data and combined incidencexseverity data were used for the purposes 
of defining a dose corresponding to an extra risk of 5% (BMD05) and its lower confidence 
limit (BMDL05). Statistical tests were done to assess the significance of any treatment 
related effect, and the goodness-of- fit for the dose-response model. Consistent with our 
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previous analyses for EG (The Sapphire Group, 2003), the multistage model was selected 
for fitting to the dose-response data. All BMD modeling and statistical tests were 
perfonned using USEPA's Benchmark Dose Software (BMDS, version 1.3.2). The 
methods and results for both tasks are summarized below. 

Task 1: BMD Values for Compound-Induced Nephropathy 

BMD05 and BMDL05 values were derived from the dose-response data for compound­
induced nephropathy assessed in tenns of incidence and incidencexseverity (Table 2), as 
summarized below: 

• 	 Incidence - The effect of EO exposure on the incidence of compound-induced 
nephropathy was highly significant (p<O.OOOI). The multistage model provided an 
acceptable fit to the incidence data for compound-induced nephropathy (p==0.66). 
Based upon these data, the BMD05 and BMDL05 for this endpoint were calculated 
to be 120 and 82 mg/kg-day, respectively. 

• 	 IncidencexSeverity - The effect of EG exposure on the incidencexseverity of 
compound-induced nephropathy was highly significant (p<O.OOOI). The multistage 
model provided an acceptable fit to the incidencexseverity data for compound­
induced nephropathy (p=0.38). Based upon these data, the BMD05 and BMDL05 
for this endpoint were calculated to be 170 and 150 mglkg-day, respectively. 

Visual inspection of the dose-response plots indicate that the multistage model provides a 
reasonable fit to these data. The fact that BMD values for incidence are lower than those 
calculated for incidencexseverity is not surprising given that the relationship for dose­
incidence appears to be relatively steep (rising from 0%-100% across a narrow dose range) 
compared to the relationship for dose-severity, which increases more gradually with dose. 

Task2: BMD Values for Birefringent Crystals 

SMD05 and SMDL05 values were derived from the dose-response data for birefringent 
crystals assessed in tenns of incidence and incidencexseverity (Table 2), as summarized 
below: 

• 	 Incidence - The effect of EO exposure on the incidence of birefringent crystals was 
highly significant (p<O.OOOI). The multistage model provided an acceptable fit to 
the incidence data for birefringent crystals (p=O.84). Based upon these data, the 
BMD05 and BMDL05 for this endpoint were calculated to be 140 and 94 mglkg­
day, respectively. 
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• 	 Incidence xSeverity - The effect of EG exposure on the incidencexseverity of 
birefringent crystals was highly significant (p<O.OOOI). The multistage model 
provided an acceptable fit to the incidencexseverity data for birefringent crystals 
(p=0.386), Based upon these data, the BMD05 and BMDL05 for this endpoint were 
calculated to be 170 and 160 mg/kg-day, respectively. 

Visual inspection of the dose-response plots indicate that the multistage model provides a 
reasonable fit to these data (Figure 1). Again, the fact that BMD values for incidence are 
lower than those calculated for incidencexseverity is not surprising given that the 
relationship for dose-incidence appears to be relatively steep (rising from 0%-100% across 
a narrow dose range) compared to the relationship for dose-severity, which increases more 
gradually with dose. 

Discussion 

The BMD05 value calculated for the incidence of compound-induced nephropathy (120 
mglkg-day) is in general agreerrent with the values predicted based upon the results of 16­
week and 52-week studies in F344 and Wistar rats (99-10 I mglkg-day; The Sapphire 
Group, 2003). However, the BMDL05 value calculated for the incidence of compound­
induced nephropathy (82 mglkg-day) is considerably higher that the values predicted 
previously (38 - 45 mg/kg-day) (The Sapphire Group, 2003). This difference reflects the 
application of the multistage model to data covering a smaller range of doses in the chronic 
study (50 - 400 mglkg-day) compared to the broader range of doses (40-1,000 mglkg-day) 
tested in the studies used to predict the Bl\!IDL05, which resulted in a better fit and tighter 
confidence limits. 

The chronic study of Hard (2005) may be considered an improved basis for human realth 
risk assessment of EG over previously available data sets (Cruzan et ai., 2004; DePass et 
ai., 1986) based upon a consideration of: (1) use of the more sensitive test strain (Wistar vs. 
F344); (2) use of a chronic exposure duration (I year vs 16 weeks); (3) use of a larger 
number of animals/group (IS vs. 10 rats); and (4) use of four dose groups over a narrow 
dose range (50-400 mg/kg-day) to provide a complete characterization of the response 
range with respect to incidence (0-100%). 
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Please feel free to call Cluis Kilmall (216/514-8430) or me (937i4n-4293) with any 
questions regarding this report. 

Sincerely. 

Michael L. Gargas, Ph.D. 
Mnnnging Principal 

cc: Chris Kinnan 
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Table 1. Incidence oflGdney Effects in Wistar Rats Exposed to EG for 12 Months 

Compound-Induced NephropllthYI Birefringent C~slalsl 

Dose (mglkg- Incidence Incidence x Severity Incidence Incidence x Severity 
"Of) 

0 0/14 0170 0114 0/56 
50 0/15 0175 0115 0/60 
ISO 0/15 0175 0115 0/60 
300 12113 27/65 8113 16/52 
400 10110 43/50 101i0 34/40 

Incidence calculated from the number of animals with a severity grade of I or higher from Table 1 of I·lard 
(2005). Incidencexseverity scores calculated as the sum of the products of severity score and incidence for 
each dose group from Table I of Hard (2005). , 
Incidence calculated from the number of animals with a severity grade of 1 or higher from Table 2 of Hard 

(2005). Incidencexseverity scores calculated as the sum of the products of severity score and incidence for 
each dose group from Table 2 of Hard (2005). 

Table 2. Summary ofBMD Values Calculated for Kidney Effects in Rats 
Exposed to EG for 12 Months 

Endpoint Response Dose-
Responsel 

Goodness 
of Fib 

BMD05 
(mg/kg-doy) 

BMDL05 
(mg/kg-doy) 

BMD05: 
BMDL05 

Compound-
induced 

Incidence <0.0001 0.66 120 82 1.5 

nephropathy Incidence 
x Severity 

<0.0001 0.38 170 150 1.1 

Birefringent 
crystals 

Incidence <0.0001 0.84 140 94 1.5 

Incidence 
x Severity 

<0.0001 0.39 170 160 1.1 

p-value for likelihood ratio test for a dose-response effect using SMDS (version 1.3.2). A value of less 
than 0.05 indicates a significant, treatment-related response. 

2p-valuc for goodness of fit test for multistage model using BMDS (version 1.3.2). A value of greater Ihan 

0.05 indicates that Ihe fit of the model is acceptable. 
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Figure 1. Dose-Response Plots for the Kidney Effects of EG: (A) Incidence of 
Compound-Induced Nephropathy; (B) IncidencexSeverity of Compound­
Induced Nephropathy; (C) Incidence of Birefringent Crystals; (D) 
IncidencexSeverity of Birefringent Crystals 

--

­

­
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ETHYLENE GLYCOL 	 4 

1. PUBLIC HEALTH STATEMENT 

2 How can ethylene glycol affect children? 

3 


4 This section discusses potential health effects in humans from exposures during the period from 

5 conception to maturity at 18 years of age. 

6 

Children are likely Clinical findings in children who were poisoned by accidentally or 
to have similar intentionally drinking ethylene glycol indicate that it is likely that children 
effects as adults would show the same health effects as adults. We do not know whether 

children differ in their susceptibility to the effects of ethylene glycol. 

Birth defects 	 We do not know whether ethylene glycol causes birth defects in people. 
Skeletal defects and low birth weights have occurred in newborn animals 
whose-mothers ingestedlethylene glycol during pregn?cy. 

A l ..r,1!. ....~~.s 0 

Lactation We do not know whether elhyl'"ene glycol can accumulate in breast milk. 
exposure 

7 

8 How can families reduce the risk of exposure to ethylene glycol? 

9 


10 If your doctor finds that you have been exposed to substantial amounts of ethylene glycol, ask 

II whether your children might also have been exposed. Your doctor might need to ask your state 

12 health department to investigate. 

13 

Avoid ingestion of Antifreeze products should be used with caution and kept out of the reach of 
antifreeze by children. Open bollies of antifreeze should not be left on or near the ground 
careful handling where children can reach them. 
and storage 

Antifreeze should not be stored in anything other than the original container, 
such as in a cup or soft drink bottle, to avoid someone mistaking it for a 
beverage. Antifreeze containers should have a child-proof cap, be stored 
away from food, and be properly marked. 

Get medical Ethylene glycol poisoning can be effectively treated, but early diagnosis is 
advice if needed to prevent serious injury. Medical attention should be sought as 
antifreeze is soon as possible in cases of known or suspected antifreeze ingestion. 
ingested 

Limit dermal Minimize skin contact when using antifreeze and other consumer products 
exposure to containing ethylene glycol. Avoid spilling or draining antifreeze on the 
products ground to prevent children from playing in a puddle of ethylene glycol. 
containing 
ethylene glycol 

14 
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8 ETHYLENE GLYCOL 

2. RELEVANCE TO PUBLIC HEALTH 
2 

3 2.1 BACKGROUND AND ENVIRONMENTAL EXPOSURES TO ETHYLENE GLYCOL IN 
4 THE UNITED STATES 

5 mlxu ClilllpkkJj 
6 Ethylene glycol is a colorless, odorless liquid that is..B'.tiscible with water (HSDB 2007). It is released into 

7 the environment primarily through industrial emissions and through the use and disposal of ethylene 

8 glycol-based automobile antifreeze and airport de-icing formulations (CoFsi et al. 2001; EPA 2000; Sills 

9 and Blakeslee 1992; Ware 1988). Ethylene glycol that is released into the environment does not persist 

10 since it is degraded within days to a few weeks in air, water, and soil (Atkinson 1989; Battersby and 

II Wilson 1989; Conway et a1. 1983; Kameya et al. 1995; McGahey and Bouwer 1992; Revitt'and Worrall 

12 2003; Schoenberg et al. 2001; Staples et al. 2001). Available monitoring data indicate that ethylene 

13 glycol is only found near areas of release. Ethylene glycol vapor concentrations measured in the air at 

14 airports during de-icing spray operations ranged from 0.05 to 22 mglm3 (Gerin et a1. 1997; LA DOTD 

15 1990). Ethylene glycol concentrations as high as 19,000 mgIL have been measured in airport stormwater 

16 (Sills and Blakeslee 1992). Background concentrations of ethylene glycol in the environment are not 

17 available. 

18 

19 Since ethylene glycol is not expected to be present away from areas where it is released, background 

20 exposure of the general population to this substance is not expected to be important. The most common 

21 route of exposure to ethylene glycol for the general population is through dermal contact with ethylene 

22 glycol-containing automobile antifreeze. However, accidental or intentional ingestion of antifreeze is the 

23 most serious route of exposure, resulting in thousands ofpoisonings reported each year in the United 

24 States (Fraser 2002; Leth and Gregersen 2005). Ethylene glycol concentrations in blood, urine, tissue, or 

25 breast milk are not available for the general population. 

26 

27 Individuals who live near hazardous waste sites, industrial facilities where ethylene glycol is produced or 

28 used, or areas where ethylene glycol-based de-icing formulations are used may be exposed to ethylene 

29 glycol through dermal contact with contaminated soil or water, inhalation of ethylene glycol vapor or 

30 mist, or ingestion of contaminated groundwater. Occupational exposure through dermal contact and 

31 inhalation of ethylene glycol vapor or mist is expected for individuals involved in aiIport de-icing spray 

32 operations. Ethylene glycol has been detected in urine samples collected from airport de-icing workers 

33 (Gerin et al. 1997). 

34 
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2. RELEVANCETOPUBUCHEALTH 

Ingestion of ethylene glycol containing antifreeze is a potential route of exposure for children since they 

2 are attracted to the bright colors of antifreeze formulations and the sweet taste of ethylene glycol (Leth 

3 and Gregersen 2005). Exposure through ingestion is more likely to occur when adults leave opened 

4 antifreeze containers within reach or store antifreeze in other types of containers such as beverage bottles. 

5 A bittering agent has been added to some ethylene glycol antifreeze formulations in order (0 deter 

6 ingestion; however, caution should still be used since ingestion poisoning has occurred even when a 

7 bittering agent was present (Harry et a1. 1998; Hogue 2006). 

8 

9 2.2 SUMMARY OF HEALTH EFFECTS 
to 

11 Ethylene glycol is quickly and extensively absorbed through the gastrointestinal tract of many species, but 

12 de~al absorption is slow in rodents and is expected to be slow in humans. Limited information is 

13 available on absorption of inhaled ethylene glycol, but the existing toxicity studies suggest absorption via 

14 the respiratory tract by both humans and rodents. Followingabsorption, elhylene glycol is distributed in 

15 aqueous compartments throughout the body. Ethylene glycol is initially metabolized to glycoaldehyde by 

16 alcohol dehydrogenase (with possible contribution from cytochrome P-4S0 enzymes). Glycolaldehyde is 

17 rapidly converted to glycolate and glyoxal by aldehyde oxidase and aldehyde dehydrogenase. 

18 Metabolism of glycolate by glycolate oxidase or lactate dehydrogenase results in the formation of 

19 glyoxylate, which may be further metabolized to fonnate, oxalate, glycine, and carbon dioxide. 

20 Elimination of ethylene glycol occurs via exhaled carbon dioxide and urinary elimination of both ethylene 

21 glycol and glycolic acid. The half~life for elimination in hwnans has been estimated to be in the range of 

22 2.5-8.4 hours (NTP·CERHR 2004). 

23 

24 The vast majority of information relating to the toxicity of ethylene glycol is from studies of oral 

25 exposure. Information on the health effects oforal exposure in humans is largely limited to case reports 

26 of acute accidental or intentional ingestion of ethylene glycol. These case reports have identified three 

27 stages ofacute oral ethylene glycol toxicity in humans. These stages are well documented and occur 

28 within 72 hours after ingestion (NfP~CERHR 2004; Robinson and McCoy 1989; Vale 1979). The first 

29 stage involves cenlral nervous system depression, metabolic changes (hyperosmolalitYfatt ftcidosl!>"), and 

30 gastrointestinal upset, and spans the period from 30 minutes to 12 hours. During the second stage (12­

31 24 hours after ingestion), cardiopulmonary symptoms (tachypnea, hyperpnea, tachycardia, cyanosis, 

32 pulmonary edema, and/or diac failure) due to mera5011c actdosis become evident. During stage three, 

33 which covers the period 2 72 hours after ethylene glycol ingestion, renal involvement becomes evident. 

34 The third stage is characte zed by flank pain and oliguria/anuria. Histopathological findings show renal 

rw-:}..b'/'L-..<.JldosIS tIA.../ A..s${)4"-~ 'i ~2'.f\ 
(~~ .......... j h " ..J 

567 
_AAFT - DO NOT CITE OR QUOTE - June 28. 2007"~' Version 1.0 



5 

10 

15 

20 

25 

30 

ETHYLENE GLYCOL 10 

2. RELEVANCE TO PUBLIC HEALTH 

1 tubular necrosis and deposition ofcalcium oxalate crystals rvale 1979). Often, the cardiopulmonary 

2 effects in the second stage are not evident, so the distinguishing symptoms of ethylene glycol intoxication 

3 are central nervous system-depression, acidosis, and nephrotoxicity (Jacobsen and McMartin 1986; 

4 Karlson-Stiber and Persson 1992). Limited information suggests that a fourth stage involving cranial 

nerves may occur 6 or more days after exposure (NTP-CERHR. 2004). This stage is characterized by 

6 neurological symptoms including deafness, facial paralysis, and other sequelae. 

7 

8 Reports of fatalities following ingestion of ethylene glycol indicate that a volume of 150-1,500 mL 

9 consumed at one time may be ftCCC88ary tEl cause death (Walton 1978). In humans, the lethal dose of 

11 

ethylene glycol is estimated to be in the range of 1,400-1,600 mglkg. Based on th~y estimates, it appears
111.... ~ S/Ge.les. 

that humans may be more susceptible to the acute lethality of ingested ethylene gIYC11ii laboratory 

12 animals (rats, mice, monkeys), oral doses of~4,OOO mglkg were needed to cause death (Clark et al. 1979; 

13 Richardson 1973). However, difficulties in quantifying the amounts consumed by persons who have 

14 succumbed to the toxic effects lead to uncertainty in the human lethal dose estimates. 

16 A study with human subjects found that inhalation exposure to ethylene glycol vapor at an average 

17 concentration of30 mg/m) for 20-22 hours/day for 30 days was well tolerated, with effects that were 

18 essentially limited to occasional complaints of mild upper respiratory tract irritation (Wills et al. 1974). 

19 'There were no indications of renal or other systemic effects as shown by urinalysis, hematology and 

clinical chemistry evaluations, and neurobehavioral tests throughout the exposure period. Short-term, 

21 high-exposure sessions found that respiratory tract irritation became common at approximately 

22 140 mg/mJ 
, and was tolerated for only 15 minutes at 188 mg/m), 2 minutes at 244 mg/m), and one or two 

23 breaths at 308 mg/m3 
. TIlls study was used as the basis for an acute-duration inhalation"MR.L for ethylene 

24 glycol (see Section 2.3). 

26 Animal studies indicate that oral exposure to ethylene glycol can cause effects in a number of different 

27. organ systems, although the developing fetus and kidneys are particularly sensitive and well-documented 

28 targets of toxicity. Oral effects have also been observed in the central and peripheral nervous systems, 

29 heart, liver, hematopoietic system, and immunological and lyrnphoreticular systems. Available 

infonnation suggests that the neurological and cardiopulmonary effects stem from metabolic acidosis 

31 associated with acute, high-dose exposures. Reported effects on the immunological and lymphoreticular 

32 systems are e:ct£Zbtlty limited to suppressed immune responses in mice given a single near-lethal oral 

33 dose (Zabrodskii and Germanchuk 2000; Zabrodskii et al. 2003), ~utroPhilia and lymph node 

34 hemosiderosis in rats orally exposed for 2 years (DePass et a1. 1986a)!Effects on hematological 

~:"W'W"~~~ ,4'''~~i''''~'.0 
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parameters have largely been observed at high doses in longer-tenn studies, and are not consistently 

2 reported across studies or across speci~ 

4 Oral studies in animals have identified the developing fetus as the most sensitive target for acute-duration 

exposure to ethylene glycol. Gavage exposure of laboratory rodents to ethylene glycol during gestation 

6 results in a consistent pattern of developmental effects including reduced fetal body weight and increases 

7 in malformations, particularly axial skeletal malformations (Neeper-Bradley 1990; Neeper-Bradley et al. 

8 1995; Price et al. 1985). Developmental toxicity has also been assessed by the inhalation and dermal 

9 roules. Results of the inhalation developmental studies are generally consistent with the oral [mdings, but 

are confounded by concurrent oral exposure via ingeslion of aerosolized elhylene glycol on the :fur of 

11 exposed animals (Tyl 1985, 1988a; Tyl et al. 1995a, 1995b). A single study of dermal exposure to 

12 ethylene glycol in pregnant mice did not indicate developmental effects (TyI1988b; Tyl et a1. 1995c). 

13 

14 The kidney is clearly identified as the most sensilive target organ in rats and mice after intennediate­

duration oral exposure. Typical renal effects included oxalate crystal deposition and renal tubular 

16 dilation, vacuolation, and degeneration. Oxalate, a metabolite of glycolic acid, forms a precipitate in the 

17 presence of calciwn, and the deposition of these crystals in the renal tubules are hallmarks of ethylene 

18 glycol renal toxicity. Additionally, the buildup of glycolic acid in the body can result in metabolic 

19 acidosis, leading ultimately to renal failure (LaKind et al. 1999). Males were more sensitive than females, 

and rats were more sensitive than mice. Chronic oral studies confinn that the kidney is a main target 

21 organ in male rats, although liver lesions occurred in female rats (slight fatty metamorphosis) and male 

22 mice (hepatocellular hyaline degeneratio.n) at doses lower than those inducing kidney effects (Blood 

23 1965;' DePass et al. 1986a; NTP 1993). No hepatic effects were observed in intermediate-duration 

24 studies. 

26 There is no indication that ethylene glycol is carcinogenic based on results of a limited renal cancer 

27 mortality study in chemical plant workers (Bond et al. 1985) and well-designed chronic oral bioassays in 

28 rats (one study) and mice (two studies) (DePass et al. 1986a; NTP 1993). 

29 

A more detailed discussion of the developmental and renal effects associated with ethylene glycol 

31 exposure follows. The reader is referred to Section 3.2, Discussion of Health Effects by Route of 

32 Exposure, for addilional information on these and other health effects. 

33 
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2 humans. The developmental toxicity of ethylene glycol in animals has been assessed by inhalation, oral, 

3 and dermal exposure in acute-duration studies and by oral exposure in intermediate-duration studies. The 

4 acute oral studies indicate that developmental effects (a skeletal variation and total malformations) occur 

at doses 0[:::500 mglkglday when administered by gavage during gestation days (Gd) 6-15 to CD-! mice 

6 (Neeper-Bradley et ai. 1995; Tyl1989). Dose-response data for these developmental effects in micewere 

7 used to derive an acute-duration oral MRL for ethylene glycol (see Section 2.3). Reduced fetal body 

8 weight occurred in mice given gavage doses 0[;:::750 mglkglday (price et aI. 1985). In rats, doses of 

9 2":1,000 mglkglday by gavage on Gd 6-15 have resulted in increased incidences of skeletal malformations 

(Neeper-Bradley 1990; Neeper-Bradley et al. 1995). No teratogenic effects were observed in rabbits 

11 exposed to maternally lethal oral doses 0[2,000 mglkg/day during gestation (TyJ et al. 1993). In the only 

12 dermal exposure study, no developmental toxicity occurred in pregnant CD-l mice that were treated with 

13 6-hour daily exposures to ethylene glycol (estimated doses up to 3,549 mglkg/day) by occluded cutaneous 

14 application on Gd 6-15 (Tyl e1 aL 1993). 

16 Developmental toxicity studies of inhaled ethylene glycol in mice and rats found effects consistent with 

17 the oral findings, but all of the studies are confounded by concurrent ingestion ofethylene glycol 

18 deposited on the fur. In inhalation studies using whole-body exposure, significant effects on implant 

19 viability, weight of live fetuses, and incidence of external, visceral, and skeletal malforma1ions were 

observed in mice exposed 102:1,000 mg/m) for 6 hours/day on Gd 6-15 (TyI1988a; Tyl e1 aL 1995a). In 

21 rats exposed similarly, reduced ossification at some sites in the axial skeleton occurred at 

22 2:1,000 mg/m) (Tyl 1985; Tyl et al. 1995a); however, in an Expert P~eI Review, the National Toxicology 

23 Program-Center for the Evaluation of Risks to Human Reproduction (NTP-CERHR 2004) concluded that 

24 the rela1ionship of this effect to treatment was uncertain due to the lack of a dose-response relationship. 

In a follow-up study aimed at reducing the confounding oral exposure, pregnant CD-I mice were exposed 

26 nose-only to 500-2,500 mg/m) aerosolized ethylene glycol (TyI1988a; Tyl et al. 1995b). At 

27 2,500 mg/ml, live fetal body weight was significantly reduced, and there was a significant increase in the 

28 one type of skeletal malformation (fused ribs). Increases in some skeletal variations were also observed 

29 at 2,500 mg/m), and one type (extra ossification sites in the sagittal suture) was significantly increased at 

2:500 mg/ml. The authors observed that the animals in the nose-only experiment were also exposed by 

31 ingestion of ethylene glycol deposited on the face (fyI1988a; Tyl et at. 1995a). Furthermore, NTP­

32 CERHR (2004) noted that stress from restraint in the nose-only exposure study may have contributed to 

33 the developmental effects observed with ethylene glycol, which were similar in nature to effects observed 

34 in a study of restrained nose-only exposure to water vapor (Tyl et al. 1994). Because of the confounding 
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oral exposure in both the whole-body and nose-only experiments, NTP-CERHR (2004) concluded that 


2 the data from these 'studies were not suitable for evaluation of effect levels from inhalation exposure to 


3 ethylene glycol. 


4 


Developmental effects of intermediate-duration oral exposure to ethylene glycol include kidney effects in 

6 offspring and decreased pup body weights. In mice tested in a continuous breeding assay, pup body 

7 weights were reduced in both F I and F2 generations at drinking water doses 0[:;:::897 mg/lcg/day 
~_<Ii-d X-xl 

8 (Morrissey et a1. 1989; NTP 1986). In a I5-day gestational exposure stu~ postnatal effects in kidney 


9 weights were observed in pups of CD rats exposed to gavage doses of~I,250 mg/kg/day in utero (NTP 


1988). In a three-generation study of rats, no effects on gestation survival or pup body weight through 

11 postpartum day (Ppd) 21 were observed in F I or F2 pups after parental exposure to dietary doses up to 

12 1,000 mg/kg/day (DePass et al. 1986b). 

13 

14 Recent reviews ofmechanistic studies on ethylene glycol developmental toxicity (NTP-CERHR 2004; 

Slilcker et al. 2004) have concluded that glycolic acid, alone or in combination with its downstream 

16 metabolites and resultant metabolic acidosis, was likely the prox:imate toxicant responsible for the 

17 developmental effects of ethylene glycol. Using a physiologically based pharrnacokinetic (PBPK) model 

18 developed for humans, Corley et al. (2005a) estimated that the glycolic acid blood threshold concentration 

19 for developmental effects in rodents would only be reached in human females ingesting doses of 

350 mglkg (assuming a 58-kg female). 'While the model has been validated against data from acute 

21 human oral and inhalation exposures to ethylene glycol (Corley and McMartin 2005; Corley et al. 2005a), 

22 it has not been calibrated to the physiological changes associated with pregnancy, which require a 

23 different model structure (EPA 2006a); thus, the usefulness of this model in predicting developmental 

24 toxicity in humans is limited. Further, NTP-CERHR (2004) noted that additional data were needed to 

fully delineate the rate of glycolic acid metabolism in humans; such additional data may alter the model 

26 predictions ofpeak glycolic acid concentrations in humans exposed to ethylene glycol. 

27 

28 Renal Effects. The renal toxicity of ethylene glycol in humans is well documented in numerous case 

29 reports ofaccidental or intentional ingestion. Adverse renal effects occur in the third stage of human 

ethylene glycol poisoning, which occurs 24-72 hours after acute exposure. The hallmark of renal toxicity 

31 is the presence of calcium oxalate monohydrate crystals in the renal tubules and urine following ingestion 

32 of large amounts of ethylene glycol (Blakeley et a1. 1993; Chung and Tuso 1989; Factor and Lava 1987; 

33 Godolpbin et al. 1980). Characteristic histopathological changes include renal tubular focal degeneration, 

34 atrophy, and interstitial inflammation (Factor and Lava 1987). Renal damage, if untreated, can lead to 
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renal failure (Chung and Tuso 1989; Gordon and Hunter 1982; Jacobsen et al. 1984; Mallya et a1.1986). 

2 With therapy, normal or near-normal renal function can be restored. 

3 

4 Humans who inhaled ethylene glycol showed no indications of impaired renal function. No significant 

alterations in renal end points were found in volunteers exposed to ethylene glycol aerosol at an average 

6 concentration of 30 mg/rn3 for 20-22 hours/day for 30 days (Wills et a1. 1974). Evaluations were 

7 performed throughout the study and included examination ofurine for presence of oxalate crystals and 

8 erythrocytes; determinations ofurine volwne, specific gravity, color, clarity, pH, amino acid nitrogen, and 

9 creatinine; and detennination ofblood urea nitrogen. ere also was no indication of renal impairment in 

aviation workers who were intermittently exposed to thylene glycol during airplane de-icing operations 

11 over a 2-month winter period (Germ et a1. 1997). Eth lene glycol concentrations as high as 22 mg/m) for 

12 vapor and 190 rng/rn] for mist were measured, althou the vast majority of samples were below the limit 

13 of quantification (2.5 mg/rn3 for vapor and 17 mg/m3 Ii r mist); the frequency and average levels and 

14 durations of exposure were not reported.fFjeasurem ts of urinary albumin, p-N-acetyl-glucosaminidase, 

p-2-microglobulin, and retinol-binding protein were used to assess kidney functio;} 

16 

17 Renal effects in orally exposed animals are consistent with those observed in humans. In acute-duration 

18 studies, effects occurred in the kidneys ofrats exposed to 1,250-2,500 mglkglday by gavage or 2,615­

19 5,270 mglkglday in drinking water for 9-29 days, and rabbits exposed to 2,000 mglkglday by gavage for 

13 days (Khan et a1. 1993; Neeper-Bradley 1990; Neeper-Bradley et a1. 1995; NTP 1988; Robinson et a1. 

21 1990; Tyl et a1. 1993). Evaluation of these animals showed effects that generally included increased 

22 kidney weight and renal tubular calcium oxalate deposits, dilation, degeneration, and/or necrosis. 

23 

24 The renal effects of intermediate-duration oral exposure to ethylene glycol are well characterized in a 

number of studies in rats and mice (Cruzan et at. 2004; Gaunt et al. 1974; Melnick 1984; NTP 1993; 

26 Robinson et a1. 1990). These studies indicate that renal toxicity varies with sex, species, and strain, with 

27 males more sensitive than females, rats more sensitive than mice, and Wistar rats more sensitive than 

28 other strains ofrats. Renal effects in Sprague-Dawley rats that were exposed to ethylene glycol in 

29 drinking water for 90 days included renal tubular oxalate crystal deposition, dilation, and degeneration in 

males at ;::947 mglkg/day and females at 3,087 mglkg/day (Robinson et a1. 1990). Findings in F344 rats 

31 exposed for 13 weeks via diet included renal tubular dilalion, necrosis, fibrosis, and oxalate crystal 

32 deposition in males at :::2,500 mglkg/day, and mild renal lesions (e.g., inflammation and vacuolation) with 

33 nO crystal deposition in females at 10,000 mglkglday (Melnick 1984). Results of 16-week dietary studies 

34 showed that male Wistar rats are approximately twice as sensitive as male F344 rats to ethylene glycol 
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higher than controls) and microscopic examination of kidneys showed no histopathological changes. At 


2 2,500 mg/mJ, live fetal body weight was significantly reduced, and there was a significant increase in the 


3 one type of skeletal malformation (fused ribs). Increases in some skeletal variations w'ere observed at 


4 2,500 mg/mJ, and one type (extra ossification sites in the sagittal suture) was significantly increased at 


concentrations of2::500 mg/mJ. The authors observed that the animals in the nose-only experiment were 


6 also exposed by ingestion of ethylene glycol deposited on the face (TyI1988a; Tyl et a1.1995a). 


7 Furthermore, slress from restraint in the nose-only exposure study may have contributed to the 


8 developmental effects observed with ethylene glycol (NTP-CERHR 2004; Tyl et al. 1995a), which were 


9 ::~~i[~~/Z~;:res~m~~o;:!explosure~:::?;ru.-
11 ,..., ~~ --.( cf--< u...S-~. 
12 Because of the confounding oral exposures in both the whole-body and nose-only developmental toxicity 

13 studies, NrP-CERHR (2004) concluded that the data from these studies were not suitable for evaluation 

14 of effect levels from inhalation exposure to ethylene glycoL The available data do, however, provide a 

conservative eSlimate of the inhalation no-observed-adverse-effect level (NOAEL), with the caveat that 

16 total exposure to ethylene glycol in these studies included intake via ingestion. Collectively, these studies 

17 suggest that inhalation exposure to ethylene glycol at a nominal concentration of about 150 mg/mJ is not 

18 associated with developmental toxicity in mice or rats, or renal toxicity in mice (kidney histopathology 

19 not assessed in rats). The next highest concentration (500 mg/m3 in the nose-only study) was associated 

with developmental effects (increased incidence of skeletal variations), but it is not possible to 

21 conclusively relate these effects to inhalation of ethylene glycol. 

22 

23 As indicated above, the developmental studies (TyI1988a; Tyl et al. 1995a, 1995b) collectively suggest 

24 that 150 mg/m) is a conservative NOAEL for developmental toxicity in rats and kidney toxicity in mice. 

This concentration is similar to the 140 mg/m) lowest-observed-adverse-effect level (LOAEL) for 

26 respiratory tract irritation in humans (Wills et al. 1974). The human NOAEL of23 mg/m) is a suitable 

27 basis for MRL derivation because it is based on evaluations for renal and other systemic effects as well as 

28 local irritation, and is well within the NOAEL range for developmental toxicity in animals. 

29 

In the human study, health effects were assessed in 19 male prisoners who voluntarily were exposed to 

31 ethylene glycol aerosol for 20--22 hours/day for 30 days (Wills et al. 1974). The diameter of the aerosol 

32 droplets ranged from 1 to 5 Jlffi. Mean daily and mean weekly concentrations during the first 14 days of 

33 the study were 0.8--44.8 and 17-29 mg/mJ, respectively. Mean daily and mean weekly concenlrations 

34 during the entire 30-day exposure period were 0.8-67 and 17-49 mglm3
, respectively. The average mean 
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weekly exposure was 23 mg/mJ for days 1-14 and 30 mg/mJ for days 1-30.jrhe average exposure levels 

2 did not include brief periods in which the concentration was intentionaHy raised. to higher levels to assess 

3 acute responses. A control group consisted of 14 male prisoners; 10 of these men were never exposed. to 

4 ethylene glycol, whereas the remaining 4 men had been exposed to a mean concentration of37 mglmJ for 

5 20-22 hours/day for 7 days dwing the week that preceded. the start of the study. Subjective responses 

6 (symptoms) were monitored. throughout the study. During the last 10 days of the study, the concentration 

7 of ethylene glycol was occasionally intentionally increased. to various high levels (up to 308 mg/m3 
) when 

8 the volunteers left the exposure chamber during meals; subjective responses to short exposures to the high 

9 concentrations were assessed. when they reentered the chamber. Complete physical examinations that 

to included. slit-lamp, electrocardiographic, and electroencephalographic studies, and a battery of 

II psychological tests designed to reveal effects on simple reaction time, reaction time with discrimination, 

12 visual-motor coordination, depth perception, and mental ability (encoding and subtraction accuracy), were 

13 conducted on all subjects pre-exposure and after 14 and 30 days of exposure. Blood samples were 

14 collected on days 0, I, 3, 5, 8, 12, 19, 22, 26, and 29 for evaluation ofhematology, clinical chemistry 

15 (including blood urea rritrogen, serum creatinine, and liver enzymes), and ethylene glycol concentration. 

16 Urine was evaluated. daily for oxalate crystals, erythrocytes, and ethylene glycol, and twice weekly for 

17 volume, specific gravity, color, clarity, pH, amino acid nitrogen, and creatinine. Concentrations of 

18 ethylene glycol in the blood and urine were similar in the exposed and control groups. The near­

19 continuous exposure levels (average 23 mg/mJ for days 1-14 and 30 mg/ml for days 1-30) were tolerated 

20 with effects that were limited to occasional complaints ofupper respiratory tract irritation, slight 

21 headache, and low backache (incidences and other information not reported). The short-term, high­

22 exposure sessions showed. that the irritation became common at approximately 140 rng/rnl 
, and tolerated 

23 for only 15 minutes at 188 mg/mJ, 2 minutes at 244 mg/mJ 
, and one or two breaths at 308 mglm3 

• Based 

24 on these results and those of other trials, the investigators concluded that concentrations of about 

25 2:200 mg/mJ were intolerable due to strong irritation of the upper respiratory tract that included a burning 

26 sensation in the trachea and a burning cough. Because the near-continuous exposures were tolerated with 

27 respiratory irritation that was infrequent and not serious, and not accompanied. by neurological, 

28 hematology, clinical chemistry, or urinalysis findings indicative of renal or other systemic effects, the 

29 interim (12-14-day) fmdings in this study identified a NOAEL of23 mg/m3 for acute-duration exposure 

30 in humans. The LOAEL in humans was 140 rng/m3 because brief exposures to this concentration 

31 commonly caused respiratory irritation. 

32 

33 The NOAEL of23 mg/ml for respiratory tract irritation and systemic toxicity in hwnans (Wills et a1. 

34 1974) was divided by an uncertainty factor of 10 (for human variability) to derive an MRL of2 mg/ml for 
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risk to humans (Minimal Risk Levels or MRLs) may be of interest to health professionals and 

2 citizens alike. 

3 

4 A User's Guide has been provided at the end of this profile (see Appendix B). This guide should aid 

in the interpretation of the tables and figures for Levels of Significant Exposure and the MRLs. 

6 

7 3.2.1 Inhalation Exposure 
8 

9 Information regarding health effects of ethylene glycol following inhalation exposure is limited. Health 

effects in humans were fOWld in only a few studies (Bond et a1. 1985; Triosi 1950; Wills et al. 1974). 

11 Animal studies were described by Tyl (1985, 1988a). 

12 

13 3.2.1.1 Death 
14 

Mortality occurred in 1115 rats, 3/15 guinea pigs, 1/3 rabbits, 0/3 dogs, and 0/3 monkeys that were 

16 continuously whole·body exposed to 12 mglmJof ethylene glycol aerosol for 90 days, although none of 

17 the affected animals showed "any specific signs of toxicity" (Coon et a1. 1970). This concentration is not 

18 a reliable LOAEL for mortality because intake of ethylene glycol from ingestion of aerosol deposited on 

19 the fur likely significanlly contributed to total dose (Tyl et a1. 1995a, 1995b). Exposure to 10 or 

57 mglm3 ethylene glycol aerosol for 8 hours/day, 5 days/week for 6 weeks caused no mortality in rats 

21 (IS/concentration), guinea pigs (15/concentration), rabbits (3/concentration), dogs (21concentration), or 

22 monkeys (2/concenlration) (Coon et al. 1970). 

23 

24 3.2.1.2 Systemic Effects 

26 No studies were located regarding gastrointestinal, musculoskeletal, endocrine, dermal, ocular, body 

27 weight, or metabolic effects in humans or respiratory, gastrointestinal, musculoskeletal, dennal, or body 

28 weight effects in animals after inhalation exposure to ethylene glycol. The highest NOAEL values and all 

29 reliable LOAEL values for systemic effects in each species and duration category for ethylene glycol after 

inhalation exposure are reported in Table 3-1 and plotted in Figure 3-1. 

31 

32 Respiratory Effects. Tolerable nose and throat irritation were occasional complaints in 19 volunteers 

33 (incidence and frequency not reported) who were exposed to ethylene glycol aerosol for 20-22 hours/day 

34 for 30 days in a controlled study (Wills et at. 1974). The average mean weekly exposure concentration 

was 23 mg/mJ for days 1-14 and 30 mg/m3 for days 1-30. Sessions in which the concentration was 
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regimen (Ty11985, 1988a; Tyl et al. 1995a). Both the mouse and rat studies were confounded by 

2 ingestion of ethylene glycol deposited on the fur of exposed animals and consumed during grooming; the 

3 authors estimated that ingestion comprised the majority of exposure. In a companion study, nose-only 

4 exposure of eD-1 mice to 500-2,500 mg/m] aerosolized ethylene glycol using the same study design 

5 resulted in no effects on pre- or postimplantation loss (TyI1988a; Tyl et al. 1995a). Although this study 

6 was aimed at reducing confounding from concurrent ingestion exposure, the authors noted that the 

7 animals in the nose-only experiment were also exposed by ingestion of ethylene glycol deposited on the 

g face during nose-only exposure. 

9 

1O As a result of confounding from exposure via ingestion, NTP-CERHR (2004) characterized the 

II developmental toxicity studies as inadequate for the pwpose of identifying effect levels for inhalation 

12 exposure; thus, there are no reliable NOAEL or LOAEL values. 

13 

14 3.2.1.6 DeveloP!11ental Effects 
15 

16 No studies were located regarding developmental effects in humans after inhalation exposure to ethylene 

17 glycol. 

18 

19 Acute-duration developmental toxicity studies of inhaled ethylene glycol in mice and rats are available, 

20 but all of the studies are confounded by concurrent ingestion exposure to ethylene glycol deposited on the 

21 fur. Groups of25 pregnant CD-J mice and CD rats were exposed (whole-body) to target concentrations 

22 of 0, 150, 1,000, or 2,500 mg/m] aerosolized ethylene glycol (mass median aerodynamic diameter 

23 [MMAD] of2.31illl) for 6 hours/day on Od 6-15 (TyI1985. 1988a; Tyl et a1. 1995a). Fetal evaluations 

24 included litter size, felal weight, and external, visceral, and skeletal malfonnations. In mice, significant 

25 decreases in the number oflive fetuses per litter and in the weight oflive fetuses, as well as increases in 

26 the number of live fetuses per litter and the incidence of external, visceral, and skeletal malformations 

27 were observed at target concentrations of;::-:l,OOO mg/m]. In rats, reduced ossification at some sites in the 

28 axial skeleton was observed with exposure to 1,000 and 2,500 mg/m3 (TyI1985; Tyl et al. 1995a); 

29 however, in an Expert Panel Review, NTP-CERHR (2004) concluded that the relationship of this effect to 

30 treatment was uncertain due to the lack ofa dose-response relationship. This study was confounded by 

31 significant ingestion of ethylene glycol deposited on the fur and consumed during grooming; the authors 

32 estima~n~estion dose comprised the majority of exposure. ~ .~ 
33 
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2 3.2.2.1 Death 
3 

4 The American Association ofPoison Control Centers reported nine fatalities for 1989 and five for 1990 

due to ethylene glycol ingestion (Litovitz et a1. 1990, 1991). Several other fatal ethylene glycol 

6 poisonings have been reported in earlier studies, including seven case reports of deaths resulting from 

7 accidental or intentional ingestion of ethylene glycol or antifreeze containing 99% ethylene glycol 

8 (Godolphin et a1. 1980; Gordon and Hunter 1982; Hewlett et a1. 1986; Jacobsen et aL 1984; Siew et a1. 

9 1975a; Zeiss et a1. 1989). A 22-year-old male who ingested 300 mL of antifreeze (approximately 

4,071 mg/kg ethylene glycol) lapsed into a coma 24 hours after hospital admission and died 24 hours later 

11 (Siew et a1. 1975a). A dose of 7,850 mglkg can be estimated in the case of a 73-year-old male who 

12 consumed 500 mL of 95% ethylene glycol and died ofmyocardial failure after 68 hours (Gordon and 

13 Hunter 1982). In five other fatal cases of accidental or intentional poisoning, the amount of ingested 

14 ethylene glycol ranged from 150 to 1,500 rnL (2,379-23,786 mglkg) (Karlson-Stiber and Persson 1992; 

Walton 1978). Thus, oral dose of ethylene glycol required to cause death in humans is not well defined in 

16 the literature. The minimum lethal dose for adults is thought to be 1.4 mIlkg of95% ethylene glycol, or 

17 about 1,330 mg ethylene glycollkg body weight (Parry and Wallach 1974; Robinson and McCoy 1989; 

18 Siew et a1. 1975a). 

19 

A single dose oral LDso of 4,000 mglkg was determined in Female F344 rats (Clark et a1. 1979). Male 

21 Wistar rats administered 12,900 mglkg ethylene glycol in a single oral dose had 55% mortality within 

22 48 hours (Richardson 1973). Pregnant CD-l mice given 11,090 mglkglday ethylene glycol orally on 

23 Gd 7-14 showed 10% mortality (Schuler et a1. 1984) and pregnant rabbits exhibited 42% mortality after 

24 receiving 2,000 mglkglday ethylene glycol orally on Gd 6-19 (Tyl et a1. 1993). Cats administered a 

single 4,440-8,880 mglkg dose by gavage had 100% mortality within 20-36 hours (penumarthyand 

26 Oelune 1975). A single gavage dose of 4,180-12,540 mglkglday caused 17-100% mortality in dogs 

27 within 72 hours (Kersti.ng and Nielsen 1965). Dogs administered a single oral dose of 4,880 mglkg in 

28 food had 100% mortality within 6 days (Beckett and Shields 1971). 

29 

Intennediate-duration dietary exposure to 1,000 mglkglday for 16 weeks caused 20% mortality in male­

31 Wistar rats, with no deaths occurring in similarly treated male F344 rats; females were not tested (Cruzan 

32 et a1. 2004). Male F344/N rats fed 5,000 mglkglday ethylene glycol had 40% mortality after 13 weeks, 

33 whereas similarly treated females did not die (Melnick 1984). A chronic dietary study of ethylene glycol 

34 in sprague-DawleAfound 100% mortality after 12-24 months in males at 750 mglkglday and females at 

rll..i-< 
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1 toxicity is the presence of birefringent calcium oxalate monohydrate crystals deposited in renal t\lbules 

2 and their presence in urine after ingestion of relatively high amounts ofethylene glycol (CDC 1987; 

3 Blakeley et al. 1993; Chung and Tuso 1989; Factor and Lava 1987; Godolphin et al. 1980; Heckerling 

4 1987; Parry and Wallach 1974; Rothman et al. 1986; Siew et al. 1975a; Underwood and Bennett 1973). 

In addition to birefringent oxalate crystals in the tubular lumens, other signs ofnephrotoxicity can include 

6 focal tubular cell degeneration, atrophy, and tubular interstitial inflammation (Factor and Lava 1987). In 

7 a case study of a 38-year-old female who consumed 240 mL of antifreeze (3,454 mg ethylene 

8 glycoVkglday), crystalluria was not present upon hospital admission (about 12 hours after ingestion). 

9 Within 5 hours, excretion of calciwn oxalate dihydrate crystals was evident, although monohydrate 

crystals became the primary form in the urine thereafter (2-3 hours) (Jacobsen et al. 1988). In the course 

11 of ethylene glycol intoxication, serum creatinine (Factor and Lava 1987; Spillane et al. 1991) and serum 

12 blood urea nitrogen (BUN) (Chung and Tuso 1989; Factor and Lava 1987) levels may be increased. If 

13 untreated, the degree of renal damage caused by high doses of ethylene glycol progresses and leads to 

14 hematuria (CDC 1987; Rothman et al. 1986; Underwood and Bennett 1973), proteinuria (Rothman et al. 

1986), decreased renal function, oliguria, anuria (Mallya et aL 1986; Parry and Wallach 1974; Spillane et 

16 al. 1991; Woolf et al. 1992; Zeiss et al. 1989), and ultimately renal failure (Chung and Tuso 1989; 

17 Gordon and Hunter 1982; Jacobsen et aL 1984; Mallya et al. 1986). These changes in the kidney are 

18 linked to acute tubular necrosis (Factor and Lava 1987), but normal or near nonna! renal function can 

19 return with adequate supportive therapy (see Section 3.11, Methods for Reducing Toxic Effects). 

21 

22 

In acute-duration studies in rats, kidney effects OCCWTed at doses as ,i.,a:1,250 mglkglday by gavage 

and 1,400 mglkglday in drinking water. Renal tubular dilation an~~neration were increased in female 

23 Sprague-Dawley rats that were exposed to 1,250 or 2,250 mglkglday ethylene glycol by gavage on Od 6­

24 20 and examined on postnatal day (pnd) 1 (NTP 1988). Increased relative and absolute kidney weights, 

but no renal histopathology, occurred in female CD rats exposed to 2,500 mglkglday by gavage on Gd 6­

26 15 and examined on Gd 21 (Neeper-Bradley 1990; Neeper-Bradley et al. 1995). In a 1 ~-day drinking 

27 water systemic toxicity study, the incidence and severity of renal lesions were significantly increased in 

28 male Sprague-Dawley rats exposed to 2,615 and 5,270 mglkglday, but not at doses :$:1,343 mglkglday; 

29 lesions included tubular dilation, degeneration., necrosis, and intratubular calcium oxalate crystals 

(Robinson et al. 1990). Exposure to 1,400 mglkglday in the drinking water for 15-29 days caused renal 

31 tubular oxalate deposits, but apparently no nephrosis, in male Sprague-Dawley rats (Khan et al. 1993). 

32 Mice that were administered doses :$:1,000 mglkg by gavage for 4 days had no histopathological changes 

33 the in kidneys (Hong et al. 1988). Renal toxicity occurred in female New Zealand white rabbits that were 

34 exposed to 2,000 mglkglday by gavage on Gd 6-19 and examined on Gd 30; lesions that included tubule 
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2 Studies in laboratory animals indicate that acute-duration exposure to high doses of ethylene glycol 


3 during gestation can affect fetal viability and postimplantation loss. Of 37 pregnancies in CD-I mice 


4 receiving gavage doses of 11,090 mglkglday on Gd 7-14, only 15 litters had at least 1 live-born pup, 


compared with 29/29 control pregnancies (Schuler et a1. 1984). In the treated group, there was a 


6 significant decrease in the number oftive pups per litter and a significant increase in the number of dead 


7 pups per litter at birth. Ethylene glycol treatment (up to 2,500 mglkglday) of mated female Swiss 


8 CD-I mice during Gd 8-14 did not affect the number of females littering, number of implantation sites, or 


9 number of live pups at birth (Harris et al. 1992). The percentage of post implantation loss per litter was 


significantly increased in CD rats treated by gavage on Gd 6-15 with 5.000 mglkglday and the number of 

11 live fetuses per litter was reduced at both 2,500 and 5,000 mglkglday (price et a1. 1985). There were no 

12 significant effects of treatment on total implantations. preimplantation loss, or litter size when pregnant 

13 F344 rats were given ethylene glycol in the diet at target doses of up to 1.000 mglkg/day on Gd 6-15 

14 (Maronpot et a1. 1983). In New Zealand white rabbits given gavage doses of up to 2.000 mg/kg/day 

ethylene glycol on Gd 6-19, the numbers of pre- or post-implantation losses were not increased in any 

16 treatment group, although 42% of the high-dose dams died prior to sacrifice (Txl et aL 1993). crf 
~ '-<Jftc;:?4...... d.kl!sA, ~-.,~~j1 ~ 17 
~~ ~ ill ~~.1Z.OM~~' 

18 The most sensitive indicator of'the developmental toxicity of acute oraCexp8aure to ethylene glycol 

19 appears to be an increased incidence of malformations, primarily skeletal malformations, in both mice and 

rats. Available data suggest that malformations appear in mice at lower doses than those that cause 

21 malformations in rats. The incidence of skeletal and other malformations was increased at all doses when 

22 groups of at least 20 timed-pregnant CD-l mice were treated by gavage with doses of0, 750,1,500, or 

23 3,000 mglkglday ethylene glycol on Gd 6-15 (price et a1. 1985). The percentages ofmalfonned fetuses 

24 per litter and of litters with one or more malformed fetuses were significantly increased at all doses. The 

malfonnations primarily consisted of neural tube, craniofacial. and axial skeletal defects, with skeletal 

26 defects comprising the majority. In a later study aimed at identifying a NOAEL for developmental effects 

27 in CD-l mice, an increased incidence of malformations was observed at doses of;::500 mglkglday by 

28 gavage on Gd 6-15 (Neeper-Bradley et a1. 1995; TylI989). The incidence of total malformations per 

29 litter (external, visceral, and skeletal) was significantly increased at both 500 and 1,500 mglkglday. There 

was a significant increase in the incidence of two skeletal malformations (fused ribs or thoracic arches) in 

31 the 1,500 mglkglday group. and the incidences of23 skeletal variations were also increased in this group. 

32 One oflhese variations (bilateral extra rib 14) was also significantly increased at 500 mglkg/day. The 

33 incidence of individual external or visceral malformations was not significantly increased in any 

34 treatment group relative to the vehicle control; however, exencephaly (a malformation observed by Price 

579 

"'DRAFT - DO NOT CITE OR QUOTE - June 28, 2007"" Version 2.0 



5 

10 

15 

20 

25 

30 

63 ETHYLENE GlyeOl 

3. HEALTH EFFECTS 

3.2.2.7 Cancer 
2 

3 No studies were located regarding carcinogenicity in humans after oral exposure to ethylene glycol. 

4 

Comprehensive histopathological evaluations showed no evidence of carcinogenicity in Sprague-Dawley 

6 rats exposed to :::3,000 mglkglday in the diet for 2 years (Blood 1965), F344 rats exposed to 

7 1,000 mg/kglday in the diet for I year (DePass et a1. 1986a; Woodside et al. 1982), B6C3FI mice 

B exposed to :::12,000 mglkglday in the diet for 2 years (Melnick 1984; NTP 1993), or CD-l mice exposed 

9 to :51,000 mglkglday in the diet for 2 years (DePass et a1. 1986a; Woodside et a1. 1982). 

II 3.2.3 Dermal Exposure 
12 

13 Dermal exposure, through activities such as changing antifreeze, is the most likely route of exposure to 

14 ethylene glycol, but dennal exposure is not likely to lead to toxic effects. 

16 3.2.3.1 Death 
17 

18 No studies were located regarding death in humans or animals after dermal exposure to ethylene glycoL 

19 

3.2.3.2 Systemic Effects 
21 

22 GO studi~ere located regarding respiratory, cardiovascular, gastrointestinal, hematological, 

23 musculoskeletal, hepatic, renal, endocrine, dermal, ocular, body weight, or metabolic effects in humans or 

24 respiratory, cardiovascular, gastrointestinal, hematological, musculoskeletal, endocrine, or metabolic 

effects in animals after dermal exposure to ethylene glycol. 

26 

27 The highest NOAEL values for systemic effects in each species and duration category for ethylene glycol 

28 after dermal exposure are reported in Table 3-3. 

29 

Hepatic Effects. Matemalliver weight was not affected in female CD-I mice exposed to 

31 3,549 mglkglday ethylene glycol for 6 hours/day on Gd 6-15 by occluded dermal application; liver 

32 histopathology was not evaluated (TyI1988b; Tyl et al. 1995c). 

33 
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14C-ethylene glycol to both rats and mice, the areas Wlder the ethylene glycol plasma concentration versus 

2 time curves were comparable to those observed with equivalent intravenous doses (Frantz et aI. 1989, 

3 1991,1996.). 

4 

Results of one study suggest that pregnancy does not alter absorption kinetics ii::J. rats dosed once on 

6 Gd 10. The time course and peak plasma levels of ethylene glycol did not differ between pregnant and 

7 nonpregnant rats given 10 or 2,500 mglkg by gavage (pottenger et aL 2001). , 
9 3.4.1.3 Dermal Exposure \ 

4.tf(f't)' 

II There are no data quantifying ~bsorption of ethylene glycol after in vivo human exposure. 

12 

13 In vivo studies with rats and mice suggest incomplete dermal absorption of ethylene glycol. In rats 

l4 exposed to occluded dermal doses of 10 or 1,000 mglkg 14C_etbylene glycol or 1,000 mglkg of a 50% 

solution of 14C_ethylene glycol, measurement of radioactivity recovered in body tissues, excreta, and 

l6 exhaled air suggested apparent absorption of26-32% of the administered dose (Frantz et al. 1989, 

17 1996b). In the same study, similar treatment of mice with 100 or 1,000 mglkg 14C-ethylene glycol or 

18 1,000 mglkg 0[50% 14C-ethylene glycol lead to apparent absorption estimates ranging from 60 to 84% 

19 (Fcantzet.1.199t,1996b). 

21 3.4.2 Distribution 
22 

23 3.4.2.1 Inhalation Exposure 
24 

Data on the tissue distribution of ethylene glycol in hwnans exposed via inhalation are not available. 

26 Based on plasma concentrations of ethylene glycol in two volunteers who inhaled doses of 0.96 arid 

27 1.51 mg/kg, Carstens et al. (2003) estimated the volumes of distribution (Vd) to be 0.78 and 0.91 Ukg. 

2' 
29 In rats inhaling 14C_ethylene glycol vapor (32 mg/m3 for 30 minutes) or aerosol (184 mg/mg) for 

17 minutes), radioactivity was distributed quickly (Marshall and Cheng 1983). The authors estimated that 

31 60% of ethylene glycol (in either form) was deposited in the respiratory tract, primarily in the nasal 

32 cavity, and 75-80% of the initial body burden was distributed throughout the body upon sacrifice 

33 immediately after exposure (Marshall and Cheng 1983). 

34 
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I 3.4.2.2 Oral Exposure 
2 

3 After oral exposure, ethylene glycol is distributed throughout the body according to total body water. The 

4 apparent volume of distribution of ethylene glycol in humans exposed orally has been estimated to be 

5 0.54 - 0.56 Ukg based on clearance data in two patients poisoned with ethylene glycol (Jacobsen et al. 

6 1988). The urine to plasma ethylene glycol concentration ratios in one patient ~similar to those of 

7 ethanol, indicating distribution with total body water. WOe.. 

8 

9 In rats, 6-22% of the radioactivity derived from single oral doses of 10 and 1,000 mglkg of 14C-ethylene 

to glycol were recovered from body tissues and carcass (combined) 96 hours after exposure (Frantz et al. 

11 1989, 1996b, 1996c); mice retained similar percentages (3-11 %) in their tissues following single oral 

12 doses across the same range (Frantz et al. 1991, 1996b). Among the few tissues examined individually 

13 (liver, kidney, brain, fat, and lung), the highest radioactivity was found in the liver of both species (see 

14 Table 3-5). In two rhesus monkeys given single oral doses of about 1,100 mglkg unlabeled ethylene 

15 glycol, the parent compound was evenly distributed throughout the tissues 4 hours after exposure; tissue 

16 to plasma concentration ratios ranged from 0.85 to 1.91 for the brain, heart, kidney, gastrointestinal tract, 

17 liver, lung, muscle, pancreas, and spleen (McChesney et al. 1971). 

18 

19 3.4.2.3 Dermal Exposure 
20 

21 Frantz et al. (1989, 1996b, 1996c) evaluated the distribution of a 10 or 1,000 mglkg dose ofundiluted 

22 14C-ethylene glycol or a 1,000 mglkg dose of 50% aqueous 14C_ethylene glycol applied dermally to rats 

23 under an occlusive bandage. Table 3-6 shows the disposition of radioactivity. The pelt contained the 

24 highest radioactivity (5-6% of applied dose) among the tissues examined (liver, kidney, brain, lung, pelt, 

25 and remaining carcass) (Frantz et al. 1989, 1996b). Similar experiments in mice at doses of 100 or 

26 1,000 mg/kg undiluted 14C_ethylene glycol or 1,000 mglkg 50% aqueous solution of 14C_ethylene glycol 

27 showed the highest radioactivity in the carcass and pelt combined (-8-15%) (Frantz et al. 1991, 1996b). 

28 

29 3.4.3 Metabolism 
30 

31 The metabolic pathway for ethylene glycol is shown in Figure 3-3. The metabolism of ethylene glycol 

32 was reviewed by NTP-CERHR (2004). Ethylene glycol is first converted to glycolaldehyde by 

33 nicotinamide adenine dinucleotide (NAD)-dependent alcohol dehydrogenase. Glycolaldehyde has a brief 

34 half~life and is rapidly converted to glycolic acid (and to a lesser extent glyoxal) by aldehyde 

3S dehydrogenase and aldehyde oxidase. Glycolic acid is oxidized to glyoxylic acid by glycolic acid oxidase 

it~~C;\WI.i't 
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2 In vitro data provide conflicting comparisons between the rat and human rates of glycolic acid 


3 metabolism. Although a comparison ofKm values obtained using liver homogenates from female 


4 humans and Sprague-Dawley rats (0.19 and 0.79 mM for humans and rats, respectively) (unpublished 


data ofBartels cited in N1Jl-CERRR 2004) suggested that humans may metabolize glycolic acid more 

6 efficiently than rats, a more recent study suggested the opposite. Booth et a1. (2004) reported KID values 

7 of 0.43 and 0.28 mM (humans and rats, respectively) from a study using human and rat liver slices; these 

8 data suggest less efficient metabolism in humans. 

9 

3.4.4 Elimination and Excretion 
II 

12 Little information is available on the elimination of ethylene glycol in humans; most of the elimination 

13 data are from humans accidentally poisoned and given therapeutic treatments to reduce the metabolism of 

14 ethylene glycol or extract it from the blood. In laboratory animals treated with 14C_ethylene glycol, the 

primary routes of excretion are exhaled air and urine, regardless of the route of exposure. After oral 

16 exposure, saturation of metabolic pathways at higher doses leads to a shift in excretory pattern, with 

17 greater urinary excretion (and corresponding decreases in elimination via expired air) at higher doses. 

18 

19 3.4.4.1 Inhalation Exposure 

21 Carstens et al. (2003) evaluated the urinary excretion of ethylene glycol and its two primary metabolites 

22 (glycolic and oxalic acids) in two volunteers who inhaled 14C_ethylene glycol at doses estimated by the 

23 authors to be 0.96 and l.51 mglkg. Urinary excretion of 14C_ethylene glycol up to 30 hours after exposure 

24 constituted 6.4--9.3% of the inhaled dose, while BC-glycolic acid and 13C_oxalic acid together comprised 

1-2% of the inhaled dose. However, the dose estimates are highly uncertain, as they were calculated by 

26 estimating the loss of 14C_ethylene glycol from an inhalation vessel in which the compound was 

27 "warmed". Air concentrations to which the volunteers were exposed were not measured, and the 

28 wanning temperature was not reported. The authors reported that 14C_et~ylene glycol was not detectable 

29 in exhaled air, but did not assess expiration of 14C0 2• 

31 In rats, the major route ofelimination for inhaled ethylene glycol is expiration of CO2_ Rats exposed for 

32 30 minutes lo 14C_ethylene glycol vapor (32 mglm3
) or for 17 minutes to 14C-ethylene glycol aerosol 

33 (184 mglm3
) excreted 63% (over 4 days) and 75% (over 6 days), respectively, of the initial body burden 

34 as 14C02 (Marshall and Cheng 1971). Urinary excretion constituted 20 and 12% of the initial body 

"f{. 
583 

·-·DRAFT - DO NOT CITE OR QUOTE - June 28, 2007·" Version 2.0 



5 

10 

15 

20 

25 

30 

ETHYLENE GLYCOL 79 

3. HEALTH EFFECTS 

toxicant associated with ethylene glycol exposure, while a downslream metabolite (oxalate) is associated 

2 with renal toxicity. There are no data on the tissues most responsible for metabolism of ethylene glycol. 

3 Two of the primary enzymes involved in ethylene glycol metabolism (alcohol dehydrogenase and 

4 aldehyde dehydrogenase) are also responsible for ethanol metabolism., and ethanol metabolism largely 

takes place in the liver. Thus, it is likely that the liver is also the primary site of ethylene glycol 

6 metabolism; however, other tissues, including the placenta, also produce these enzymes. Pharmacoklnetic 

7 parameters (e.g., plasma half-life, area under the curve, and peak ethylene glycol concentration) are 

8 similar after both oral and intravenous exposure (Frantz et al. 1989, 1991, 1996a, 1996b, 1996c), 

9 indicating that a fIrst-pass effect, if any, has a negligible effect on the toxicokinetics. 

11 Excretion. As discussed in more detail in Section 3.4.4, studies in mice and rats of ethylene glycol 

12 excretion after oral, dermal, and intravenous exposure indicate that ethylene glycol is principally excreted 

13 as expired COl and as both parent compound and glycolic acid in the urine (Frantz el al. 1989, 1991, 

14 1996b, 1996c). At higher doses, oxalate was also excreted at measurable levels. Few data are available 

with which to evaluate the major excretory pathways for inhaled ethylene glycol. 

16 

17 3.5.2 Mechanisms of Toxicity 
18 

19 The mechanism of action of ethylene glycol can be best explained by describing the main effects that 

follow its ingestion: increased osmolal gap, metabolic acidosis, and formalion ofcalciwn oxalate 

21 crystals. The elucidation of ethylene glycol metabolism (Figure 3-3) has helped in the understanding of 

22 its mechanism of toxic action. 

23 


24 In the initial stages after ingestion~hYlene glycoJ....itS' concentration in extracellular fluids increases, 


leading to increased osmolality. This increased osmolality (hyperosmolarity) ~~d~ an increased 

26 osmolal gap, one of the hallmarks of ethylene glycol intoxication. Osmolal gap is defmed as a difference 

27 between the measured and calculated osmolality. Osmolality (calculated) can be estimated from the 

28 formula that takes into account normal serum concentrations of sodium, glucose, and BUN. This 

29 calculated osmolality is then compared to the serum osmolality measured following ethylene glycol 

ingestion; a difference> I 0 indicates an increased osmolal gap (Fligner et al. 1985). The increased 
5pe.cif't... to 

31 osmolal gap is not selely eh81"8steristl. ef ethylene glycol intoxication and can occur when any 

32 osmotically active, non-measured solute (e.g., mannitol) is present in the serum. In dogs given oral doses 

33 of 10,743 mg/kg ethylene glycol, serum osmolality peaked (460 milliosmoleslkg) at 3--6 hows, and the 

34 osmolal gap peaked (134 milliosmoleslkg) at 3 hours, coinciding with peak serum ethylene glycol levels 
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Clinical signs ofneurotoxicity similar to those in humans summarized above occurred in rats, dogs, and 

2 cats foll~wing administration of large oral bolus doses of ethylene glycol (Beckett and Shields 1971; 

3 Clark et aL 1979; Dial et aI. 1994; Grauer et al. 1987; Penumarthy and Oehme 1975). No clinical signs of 

4 neurotoxicity or histopathological changes in brain, spinal cord, or peripheral nerve tissue were observed 

in rats or mice exposed to ethylene glycol in the diet or drinking water.in acute-, intermediate-, or 

6 chronic-duration studies (Blood 1965; DePass et aL 1986a; Gaunt et aL 1974; Melnick 1984; NIP 1993; 

7 Robinson et al. 1990; Schladt et al. 1998). Tests ofneurobehavioral function have not been conducted in 

g orally-exposed animals. Although there were no effects on neurobehavioral function in humans exposed 

9 by inhalation (Wills et aL 1974), neurobehavioral testing in orally-exposed animals is needed to 

adequately assess the neurotoxic potential of lower doses ofethylene glycol. 

II 

12 Epidemiological and Human Dosimetry Studies. A limited amount ofepidemiological data on 

13 ethylene glycol is available from two studies of workers mainly exposed by inhalation with possible 

14 secondary exposure by the dermal route. One of these occupational studies evaluated kidney function in a 

small number of aviation workers who were intermittently exposed to ethylene glycol during airplane de­

16 icing operations over a 2-month winter period (Gerin et al. 1997). Personal exposures to ethylene glycol 

17 vapor and aerosol were measured, but most samples were below the detection limit and average levels 

18 were not reported. This study found no indication of renal impairment based on a limited number of 

19 urinary end points (albumin, ~-N-acetyl-glucosaminldase, p-2-microglobulin, and retinol-binding 

protein). The other study assessed renal cancer mortality in 1;666 chemical plant employees and fOWld no 

21 increase in a small number ofworkers exposed to unmeasured levels of ethylene glycol (Bond et al. 

22 1985). Epidemiological studies of orally-exposed humans are not available, although numerous clinical 

23 case reports of intentional or accidental ingestion have documented neurological, renal, and other effects 

24 of high acute doses of ethylene glycol. The available information suggests that ethylene glycol is likely to 

cause effects in humans similar to those found in animals. Additional epidemiological studies 

26 investigating dose-response relationships between ethylene glycol exposure and likely target organ 

27 toxicity would be useful. Background exposure of the general population is not expected to be important 

28 because ethylene glycol s rapidly degraded in air, water, and soil, and available monitoring data indicate 

29 that it is only found n areas of release (Atkinson 1989; Battersby and Wilson 1989; Conway et al. 

1983; Kameya et al. 1 95; McGahey and Bouwer 1992; Re~dWorrall 2003; Schoenberg etal. 2001; 

31 Staples et al. 2001). oJlI:lifltlflftS li~i) to s'~i'-tr~tky.J,~~;','1(:cPu~~ividuals exposed 

32 through dermal conta t with ethylene glycol-containing automobile antifreeze and individuals who live 

33 near hazardous waste s es, industrial facilities where ethylene glycol is produced or used, or areas where 

34 ethylene glycol-based de-'cing formulations are used and may be exposed through dermal contact with 

~ --If..;.. ~ -# ~ M-.<f ~ 
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1 contaminated oil OT water, inhalation of ethylene glycol vapor or mist, or ingestion of contaminated 

2 groundwater. Additionally, occupational exposure through inhalation of ethylene glycol vapor or mist 

3 and dermal contact is expected for individuals involved in airport de-icing spray operations. 

4 

Biomarkers of Exposure and Effect. 

6 

7 Exposure. The only biomarker of exposure that is specific to ethylene glycol is parent compound in the 

8 blood and urine. Based on the relatively short half-life of ethylene glycol in the blood and urine (Eder et 

9 al. 1998; Jacobsen et a1. 1988; Peterson et al. 1981), parent compoWld would likely be detectable only 

within a few hours to 1 day following acute ingestion. Rapid methods for detennining ethylene glycol in 

11 serum and urine are available for use in the clinical setting (Aarstad et al. [993; Blandford and Desjardins 

12 1994), but may not be readily available in emergency situations. 

l3 

14 Other identified biomarkers of exposure are not specific to ethylene glycol. They include ethylene glycol 

metabolites such as glycoli~, lactic, and oxalic acids in blood andlor urine; and calcium oxalate 

16 monohydrate crystals in renal tubules andlor urine. 

17 

18 Based on available information regarding the toxicokinetics of ethylene glycol and its metabolites, and 

19 available methods for identifying parent compound and metabolites in body fluids, it appears that 

ethylene glycol poisorting can be adequately diagnosed in most cases. Additional studies to assess 

21 additional potential biomarkers of exposure for ethylene glycol do not appear necessary at this time. 

22 

23 Effect. Biomarkers of effects exist for ethylene glycol poisoning, but none are specific to ethylene glycol. 

24 These include clinical manifestations of central nervous system, cardiopulmonary, and renal toxicity, and 

laboratory findings of metabolic acidosis and calcium oxalate crystalluria. Clinical manifestations 

26 progress in three main stages. Signs of central nervous system toxicity appear within 0.5-12 hours 

27 following acute ingestion, although manifestations suggestive of cranial nerve damage may appear as late 

28 as 1-2 weeks after exposure (CDC 1987; Cheng et al. 1987; Chung and Tuso 1989; Factor and Lava 

29 1987; Hess et a1. 2004; Leth and Gregersen 2005; Lewis et al. 1997; Mallya et al. 1986; Parry and 

WaUach 1974; Rotlunan et al. 1986; Spillane et al. 1991; Underwood and Bennett 1973; Zeiss et a!. 

31 1989). Cardiopulmonary manifestations generally develop after 12-24 hours and renal failure occurs 

32 after 24--72 hours (Godolpbin et al. 1980; Hess el al. 2004; Lelh and Gregersen 2005; Parry and Wallach 

33 1974; Siew et a1. 1975a; Vale 1979; Zeiss et al. 1989). Ethylene glycol-induced metabolic acidosis 

34 occurs approximately 12-24 hours following ingestion and is characterized by pronounced serum osmolal 
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responsible for metabolizing ethylene glycol and glycolic acid, inter-individual variability in metabolic 

2 parameters (e.g., polymorphisms in genes encoding these isozymes), and developmental ontogeny of 

3 these isozymes are needed to better characterize species differences and identify sensitive subpopulations. 

4 In addition, further information is needed on species differences in metabolic rates and saturation points, 

as available data provide conflicting information on the relative sensitivity ofhumans and laboratory 

6 rodents. 

7 

8 Because most human exposure has been associated with acute accidental or intentional poisoning 

9 incidenl~, there are few data on the elimination kinetics of ethylene glycol after oral exposure in humans. 

Most of the available estimates of plasma elimination half-lives have been confounded by concurrent 

11 therapeutic treatments such as ethanol administration or hemodialysis that modify elimination kinetics. 

12 Elimination of orally-administered ethylene glycol across a broad dose range has been thoroughly studied 

13 in rats and mice (Frantz et al. 1989, 1991, 1996b, 1996c), and to a more limited extent in monkeys 

14 (McChesney et al. 1971). 

16 No data describing the kinetics of in vivo human dermal exposure were found in the literature. The 

17 in vitro permeability ofhuman skin to ethylene glycol has been studied, with widely varying results. 

18 Using full-thickness cadaver skin, Loden (1986) estimated a percutanous absorption rate of 

19 118 J.1g1cm2/hour with a steady-state concentration of 0.97 mglcm2 
, while Driver et al. (1993) estimated 

absorption rates of 0.09-0.25 Jlglcm1/hour for three different skin samples. The absorption, distribution, 

21 metabolism, and elimination of ethylene glycol administered dermally has been thoroughly studied in rats 

22 and mice (Feantz et 01. 1989, 1991, 1996b, 1996c). 

23 

24 All of the toxicokinetic data in humans and animals were collected after acute exposures to ethylene 

glycol; there are no data on toxicokinetics after intermediate- or chronic-duration exposures. 

26 Intermediate- and chronic-duration data are needed in order to adequately assess absorption, metabolism, 

27 

28 

and elimination with prolonged exposure. At:,.~-I-~ ~A.~ SW/~$ Id//n..u/~ ~t!/"/YltS/ 
exeoS"..,.r " Au""""", e<.rc /1--..,1<4 '" ~<.*-rt~ ;;~..fIU .{.t/h.Jl'j
~,.,.,...A:. 4'.<..xpt1S~. 

29 Comparative Toxicokinetics. Species differences in in vivo toxicokinetics are not well 

characterized. While there are high quality toxicokinetic data comparing absorption, distribution, 

31 metabolism., and excretion in mice and rats (Frantz et al. 1989, 1991, 1996a, 1996b, I 996c), available data 

32 in other species (Hewlett et al. 1989; McChesney et al. 1971) are more limited; in many cases, only single 

33 dose levels were used, the numbers of animals per dose were small, and mass balance information was 
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2 Ethylene glycol has been identified in soil and sediment samples collected at 2 and 1 of the 37 NFL 

3 hazardous waste sites, respectively, where it was detected in some environmental media (HazDat 2007). 

4 

6.3 ENVIRONMENTAL FATE 
6 

7 6.3.1 Transport and Partitioning 
8 

9 Ethylene glycol has a low vapor pressure (0.089 nun Hg at 25 DC) and is miscible with water (see 

Table 4-2). If released to the atmosphere (e.g., as vapors generated at elevated temperatures), ethylene 

11 glycol should exist almost entirely in the vapor phase (Eisenreich et al. 1981). The high solubility of 

12 ethylene glycol in water ensures that at least partial removal of the compound will occur by wet 

13 deposition. The low Henry's law constant value for this compound (6.00xIO-B atm-mJ/mole, see 

14 Table 4-2) suggests that ethylene glycol released to surface water will not partition to the atmosphere via 

volatilization (Simmons et al. 1976; Thomas 1990). Ethylene glycol is not expected to adsorb to 

16 sediment or soil particulates based on an estimated Koc value of 1 (see Table 4-2). Based on the low Koc 

17 value (see Table 4-2), ethylene glycol is expected to have a very high mobility in soil and could leach into 

18 groundwater (Swann et al. 1983). 

19 r--_. 5", ,.ests 
The low octanoVwater partition coefficient ~w) value of-1.36 (see Table 4-2) -SU8~6~that 

21 bioconcentration and biomagnification of ethylene glycol are not likely to occur. Laboratory testing with 

22 this compoWld confums insignificant bioconcentration in fish (Freitag et al. 1985). The bioconcentration 

23 factor (BeF) for ethylene glycol in fish (Golden ide) was 10 after 3 days of exposure. 

24 

Ethylene glycol is expected to be highly mobile, particularly in moist soils, and it may leach into 

26 groundwater upon release to surface soils. In laboratory studies, ethylene glycol was fOWld to percolate 

27 rapidly through soil columns with little or no adsorption (LA DOTD 1990; Lokke 1984); however, rapid 

28 biodegradation is expected to limit the extent of leaching through soil (see Section 6.3.2.3). The 

29 compound may also volatilize from dry surface soils (EPA 1979, 1987a; Hine and Mookerjee 1975). In 

dry soils, ethylene glycol liquid can enter the soil system and travel through the porous media before 

31 contacting free water. Amoozegar et al. (1986) reported that in dry soils «1% water) the rate of ethylene 

32 glycol movement was the slowest of 6 organic liquids tested (toluene, xylene, kerosene, acetone, and 

33 isopropyl alcohol). 

34 
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ETHYLENE GLYCOL 2 

1. PUBLIC HEALTH STATEMENT 

1 

2 
What happens to ethylene glycol when it enters the environment? 

3 

Released into 
air, water, and 
soil 

Quickly broken 
down 

The primary source of ethylene glycol in the environment is from run-off at 
airports where is used in de-icing agents for runways and airplanes. Ethylene 
glycol can also enter the environment through the disposal of products that 
contain it. 

Air: Ethylene glycol in air will break down in about 10 days 

Water and soil: Ethylene glycol in water and in soil will breakdown within 
several days 10 a few weeks. 

4 See Chapters 5 and 6 for more infonnation on ethylene glycol in the environment. 

5 

6 How might I be exposed to ethylene glycol? 
7 

Antifreeze 

Air, wafer, soil 

. I 
Workplace air. i 

, ) 

I 
8 

The general public can be exposed to ethylene glycol through skin conlact 
when using automobile antifreeze. Accidental or intentional ingestion can 
occur because antifreeze is a sweet tasling, brightly colored liquid. 

Background concentrations of ethylene glycol in air, surface water, 
groundwater, drinking water, soil, and sediment have not been reported. 
Exposure to ethylene glycol in air, drinking water, or soil is not expected . 

People who work in industries that use ethylene glycol may be exposed by 
touching producls conlaining this substance 

Workers can also be exposed to low levels from ethylene glycot-containing 
products that have been sprayed into the air. 

9 See Chapter 6 for more infonnation on exposure to ethylene glycol. 


10 


II How can ethylene glycol enter and leave my body? 

12 

Enters your body 
after ingestion, 
inhalation, or 
dermal contact 

Typically leaves 
your body within 
1-2 days 

Ingested ethylene glyco[ is quickly and extensively absorbed. 

There is some information suggesting that inhaled ethylene glycol is also 
absorbed. 

[t can also slowly enter your bloodstream through your skin jf you come in 
direct contact with it and do not wash il off. (Y\cre\0 tt, 

Once in your body, most of the ethylene glycol is broken down into othe' 
chemicals and excreted in the urine. Some ethylene g[ycol is also excrelee 
unchanged in the urine. 

59\ 

"'DRAFT - DO NOT CITE OR aUOTE - June 28, 2007'" Version 2.0 



5 

3 

ETHYLENE GLYCOL 

1. PUBLIC HEALTH STATEMENT 

· , 
I Is there a medical test to determine whether I have been exposed to ethylene 
2 glycol? 

~-Wed-.-' 
Analysis ofblood Ethylene glycol and its raetliBslites can be measured in blood and urine. 
and urine The metabolites cause characteristic chemical changes in the blood and 

urine that help to diagnose ethylene glycol poisoning. 

You should have these tests done within a few hours after exposure occurs 
because ethylene glycol leaves the body very quickly and early diagnosis is 
necessary for effective treatment. 

The presence of crystals in the urine may indicate kidney damage. 

4 


5 Refer to Chapters 3 and 7 for more information on these tests. 


6 

7 What recommendations has the federal government made to protect human 
g health? 
9 

10 The federal government develops regulations and recommendations to protect public health. 

11 Regulations can be enforced by law. The EPA, the Occupational Safety and Health Administration 

12 (OSHA), and the Food and Drug Administration (FDA) are some federal agencies that develop 

13 regulations for toxic substances. Recommendations provide valuable guidelines to protect public 

14 health, but carmot be enforced by law. The Agency for Toxic Substances and Disease Registry 
• ! 

15 (ATSDR) and the National Institute for Occupational Safety and Health (NIOSH) are two federal 

16 organizations that develop recommendations for toxic substances. 

17 

18 Regulations and recommendations can be expressed as "not-to-exceed" levels, that is, levels of a 

19 toxic substance in air, water, soil, or food that do not exceed a critical value that is usually based on 

20 levels that affect animals; they are then adjusted to levels that will help protect humans. Sometimes 

21 these not-ta-exceed levels differ among federal organizations because they used different exposure 
, , 

22 times (an 8-hour workday or a 24-hour day), different animal studies, or other factors. 
· , 

23 

24 Recommendations and regulations are also updated periodically as more information becomes 

25 available. For the most current information, check with the federal agency or organization that 

26 provides it. 

27 
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2 3.2.2.1 Death 


3 CJ LO 0 A-T4 - <;;",.e. Q.C:>M.I'\..<V\"t So ~eg+ 

4 The !unelicdn Associffiioa ofPoi~08 C6Ittto\ CeIIletS reported tllne farnHLics for 19'89 and five far l~ 


dne 10 eth;<ieBe giyeot mgesdoIl (LiLUVIl2 et at. 1 ~9a, 19§'11). Several other fatal ethylene glycol 

6 poisonings have been reported in earlier sturnes, including seven case reports ofdeaths resulting from 

7 accidental or intentional ingestion of ethylene glycol or antifreeze containing 99% ethylene glycol 

8 (GodoJphin et a1. 1980; Gordon and Hunter 1982; Hewlett et al. 1986; Jacobsen et a1. 1984; Siew el al. 

9 1975a; Zeiss et a1. 1989). A 22-year-old male who ingested 300 mL of antifreeze (approximately 

4,071 mglkg ethylene glycol) lapsed into a coma 24 hours after hospital admission and died 24 hours later 

11 (Siew et al. 1975a). A dose of7,850 mglkg can be estimated in the case ofa 73-year-old male who 

12 consumed 500 mL of95% ethylene glycol and died of myocardial failure after 68 hours (Gordon and 

13 Hunter 1982). In five other fatal cases of accidental or intentional poisoning, the amount of ingested 
, , 

14 ethylene glycol ranged from] 50 to 1,500 mL (2,379-23,786 mglkg) (Karlson-Stiber and Persson 1992; 

Walton 1978). Thus, oral dose of ethylene glycol required to cause death in humans is not well defmed in 

16 the literature. The minimum lethal dose for adults is thought to be 1.4 mL/kg of95% ethylene glycol, or 
, i 

17 about 1,330 mg ethylene glycol/kg body weight (Parry and Wallach 1974; Robinson and McCoy 1989; 
, , 

, 18 Siew et a1. 1975a). 

19 

, I A single dose oral LDso of4,000 mglkg was determined in Female F344 rats (Clark et a1. 1979). Male 
I 

- : 21 Wistar rats administered 12,900 mglkg ethylene glycol in a single oral dose had 55% mortality within 

, , 22 48 hours (Richardson 1973). Pregnant CD-l mice given 11,090 mglkglday ethylene glycol orally on 

: 1- 23 Gd 7-14 showed 10% mortality (Schuler et al. 1984) and pregnant rabbits exhibited 42% mortality after 

24 receiving 2,000 mglkglday ethylene glycol orally on Gd 6-19 (Tyl et al. 1993). Cats administered a 

single 4,440--8,880 mglkg dose by gavage had 100% mortality within 20-36 hours (penumartby and 

26 Oehme 1975). A single gavage dose of4,180-12,540 mglkglday caused 17-100% mortality in dog~ 

27 within 72 hours (Kersti.ng and Nielsen 1965). Dogs administered a single oral dose of4,880 mglkg in 
, I 

28 food had 100% mortality within 6 days (Beckett and Shields 1971). 


29 


Intennediate-duration dietary exposure to 1,000 rnglkglday for 16 weeks caused 20% mortality "in male· 

31 Wistar rats, with no deaths occurring in similarly treated male F344 rats; females were not tested (Cruzan 

32 et a1. 2004). Male F344/N rats fed 5,000 mglkglday ethylene glycol had 40% mortality after 13 weeks, 

33 whereas similarly treated females did not die (Melnick 1984). A cluonic dietary study of ethylene glycol 

34 in Sprague-Dawley found 100% mortality after 12-24 months in males at 750 mglkglday and females at 
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2 Goldfrank LR, Flomenbaum NE, Lewin NA, el a1. 2002. Goldfrank's toxicologic emergencies. 7th ed. 
3 New York, NY: McGraw-Hill Companies, Inc., 980-1003. , 

Megarbane B, Borron SW, Baud FI. 2005. Current recommendations for treatment ofsevere toxic 
6 alcohol poisonings. Intensive Care Med 31 (2): 189-195. 
7 
8 Scalley RD, Ferguson DR, Piccaro Je, et al. 2002. Treatment of ethylene glycol poisoning. Am Fam 
9 Physician 66(5):807-812, 

II White ML, Liebelt EL. 2006. Update on antidotes for pediatric pqisoning. Pediatr Emerg Care 
12 22(1l):740-749, 
13 '-' ,,0-",e~ \ 
14 3.11.1 Reducing Peak Absorption Following Exposure o C-"'<' \ \.0 ,"-0"""'­

0<"&o!c£P ~o"~lV-~) 
16 No studies were found describing methods to redu"c"",,~ absorption of ethylene glycol after i~lation 
17 exposure. Afte.r;- oral exposure, gastric lavag ay be of benefit in reducing absorption, but only if 

, I 

IS performed within 1-2 hours following ingestion (Barceloux et al. 1999; Egbert and Abraham 1999; Leth
. i 

19 and Gregersen 2005). Administration of syrup of ipecac is contraindicated due to central nervous system 
, I 

depression (Barceloux et al. 1999; Leth and Gregersen 2005). Ae!.i'/!l:led etta:teoai is net effective at 
, , 


21 reGwsmg t,H,e e9s9FJjtieft efingestsiJ Il'thy'ene glyr;:91 'gesatlse it does not bind el1niea:lly signifia1l1t <UllOtlfitS 


I 
22 qfethy1ene gIycQI, whieh is well absorbed wlll'iih 36 nrinu~es ofinscstioR whsH takeR iR large q!lantjties 


23 Dermal absorption can be minimized through washing the skin with soap to remove any existing ethylene 


I 2' glycol. 

, I 

26 3.11.2 Reducing Body Burden 
27 

28 Clinical procedures for treating ethylene glycol poisoning focus on reduction of the body burden of 

29 ethylene glycol and its toxic metabolites, interference with toxic metabolite formation (which results in 

increased urinary excretion of parent compound), increased elimination of toxic metabolites produced, 

31 reduction of metabolic acidosis, and prevention ofkidney failure. Procedures include adntinistration of 

32 antidotes (ethanol or fomepizole), intravenous bicarbonate and hydration for profound acidemia, and 
, I 

33 hemodialysis for refractory acidosis (BarceiollX et al. 1999; Egbert and Abraham 1999; Gardner et al. 

3' 2004; Leth and Gregersen 2005; Scalley et al. 2002). 

36 Antidotes for ethylene glycol include the alcohol dehydrogenase inhibitors, ethanol and fomepizole, 

37 which act to decrease the alcohol dehydrogenase-catalyzed metabolism of ethylene glycol, thus 

38 effectively increasing the urinary excretion of ethylene glycol. Ethanol competes with ethylene glycol for 

39 alcohol dehydrogenase receptor sites and fomepizole acts as a potent inhibitor of alcohol dehydrogenase 
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(Barceloux et a1. 1999; Egbert and Abraham 1999; Gardner et al. 2004; Leth and Gregersen 2005). 

2 Antidotal therapy is indicated if ethylene glycol blood levels exceed 200 mgIL (Gardner et al. 2004). 

3 Fomepizole treatment has repeatedly been demonstrated to be an effective therapy for ethylene glycol 

4 poisoning without obviating hemodialysis (Boyer et al. 2001; Caravati et a1. 2004; Harry et a1. 1998; 
, , 

Pizon and Brooks 2006; White and Liebelt 2006). 

6 

7 Intravenous fluid administration may be initiated early to increase urine output, which effectively 

8 increases the excretion of ethylene glycol and toxic metabolites such as glycolic and oxalic acids (Egbert 

9 and Abraham 1999). Sodium bicarbonate infusion is used to correct metabolic acidosis, increase 

elimination of renal glycolic acid, and inhibit the precipitation of calcium oxalate crystals, although the 

\I latter benefit has not been demonstrated in clinical trials (Egbert and Abraham 1999; Leth and Gregersen 

12 2005; Scalley et al. 2002). 

13 	 50 
, ; 14 	 Hemodialysis is indicated when serum ethylene glycol levels exceed i&mgldL or when ingestion of 

ethylene glycol results in refractory acidosis, deteriorating clinical status, or renal compromise (Egbert 

, I 	 16 and Abraham 1999). Hemodialysis can effectively remove ethylene glycol and the acid metabolites, 

17 glycolic and oxalic acids, because they have low molecular weights and do not exhibit protein binding 

18 (Egbert and Abraham 1999). Hemodialysis is also effective in treating metabolic acidosis (Leth and 

19 Gregersen 2005; Scalley et a1. 2002). 

21 Thiamine (vitamin B,),cline (vitamin B,), and 1h'@1b8iwGareco-factors for the melabolism of 
, I 

22 ethylene glycol. Thiamine is believed to reduce the fonnation of toxic oxalic acid by shifting glyoxylic 
, I 

23 acid metabolism to the less toxic a-hydroxy-p-ketoadipic acid (Egbert and Abraham 1999; Goldfrank 

24 2002). Pyroxidine, in the presence ofmagnesium, may promote the conversion of glyoxylic acid to 

glycine and benzoic acid, which also results in reduced toxic oxalic acid formation (Egbert and Abraham 

26 1999; Gardner et al. 2004; Goldfrank: 2002; Leth and Gregersen 2005; Scalley et al. 2002). However, the 
, I 27 efficacy of treatment with thiamine,~OXidine, .an..tlli!lIll!!S...s,;iw....n has not been demonstrated in human 

28 cases of ethylene glycol poisoning. ~ 

29 

3.11.3 Interfering with the Mechanism of Action for Toxic Effects 
31 

32 There are no documented methods for interfering with mechanisms of action for toxic effects of ethylene 

33 glycol and its potent metabolites. As described in Section 3.11.2, clinical procedures for treating ethylene 

34 glycol poisoning consist ofmeasures focused on reduction of the body burden ofparent compound and its 
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incomplete. Available data in humans are limited to acule, high-dose exposures, with toxicokinetic data 

2 often confounded by the effects of therapeutic interventions. 

3 

4 Using a PBPK model for humans, Corley et a1. (2005a) estimated that the threshold glycolic acid 

5 concentration for developmental effects in rodents (considered by the authors to be a peak of 2 ruM) 

6 would only be reached in human females ingesting doses of350 mglkg (assuming a 58-kg female). 
, , 

7 However, the human model has not been calibrated to the physiological changes associated with 


8 pregnancy. 


9 

to Slikke"r et a1. (2004) reported that there are species-specific differences in the transfer of glycolic acid, the 

11 primary metabolite and putative developmental toxicant associated with ethylene glycol exposure, from 

12 maternal blood to conceptus. NTP-CERHR (2004) noted that the inverted yolk sac placenta that develops 

13 in both mice and rats tends to concenlrate weak acids including glycolic acid; neither humans nor rabbits 

14 develop a yolk sac placenta, and a preliminary study by Carney and coworkers showed that glycolic acid 

15 does not concentrate in rabbit embryonic fluids. In addition, fetal andlor placental differences in 

16 expression of enzymes metabolizing ethylene glycol and glycolic acid over the course of gestation will 

17 affect local concentrations of glycolic acid to which the developing conceptus is exposed, yet little is 

18 mown about species differences in the ontogeny of these enzymes (NTP-CERHR 2004). 

19 

20 Additional data are needed to reduce uncertainty in the saturation concentration of glycolic acid in 
, , 

21 hwnans. Although a comparison ofK.m values obtained using liver homogenates from female humans 

22 and Sprague-Dawley rats suggested that humans may metabolize glycolic acid more efficiently than rats 

23 (0.19 and 0.79 ruM: for humans and rats, respectively; Bartels 2001), a more recent study suggested the 

24 opposite. Booth et a1. (2004) reported Km values of 0.43 and 0.28 mM (humans and rats, respectively) ~ 

25 from a study using human and rat liver slices; these data suggest less efficient metabolism in humans. b.j~\ 

26 0' 0>cY"''' 
, , 

27 Methods for Reducing Toxic Effects. No studies were fOWld describing methods to r.e&'ce peak 

28 absorption of ethylene glycol after inhalation exposure. After oral exposure, gastric lavage~ay be of 

29 benefit in reducing absorption, but only ifperformed within 1-2 hours following ingestion (Barceloux et 

30 al. 1999; Egbert and Abraham 1999; Leth and Gregersen 2005). Dermal absorption can be minimized 

31 through washing the skin with soap to remove any existing ethylene glycol. 

32 

33 Clinical procedures for treating .ethylene glycol poisoning focus on reducing the body burden of ethylene 

34 glycol and its toxic metabolites, interference with toxic metabolite fonnation (which results in increased 
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• 1 

urinary excretion ofparent compound), increased elimination of toxic metabolites produced, reduction of 

2 metabolic acidosis, and prevention ofkidney failure. Procedures include administration ofantidotes 

3 (ethanol or fomepizole), intravenous bicarbonate and hydration for profound acidemia, and hemodialysis 

4 for refractory acidosis (Barceloux et a1. 1999; Egbert and Abraham 1999; Gardner et a1. 2004; Leth and 

Gregersen 2005; ScalIey et a1. 2002). 

6 

7 Antidotes for ethylene glycol include the alcohol dehydrogenase inhibitors, ethanol and fomepizole, 

8 which act to decrease the alcohol dehydrogenase-catalyzed metabolism of ethylene glycol, thus 

9 effectively increasing the urinary excretion of ethylene glycol (Barceloux et al. 1999; Egbert and 
.. 

Abraham 1999; Gardner et al. 2004; Leth and Gregersen 2005). 

11 

12 Intravenous fluid administration may be initiated early to increase urine output, which effectively 

13 increases the excretion of ethylene glycol and toxic metabolites such as glycolic and oxalic acids (Egbert 

'. 14 and Abraham 1999). Sodium bicarbonate infusion is used to correct metabolic acidosis, increase 

elimination of renal glycolic acid, and inhibit the precipitation of calcium oxalate crystals (Egbert and 

16 Abraham 1999; Leth and Gregersen 2005; Scalley et al. 2002). 

17 

I 18 Hemodialysis can effectively remove ethylene glycol and the acid metabolites, glycolic and oxalic acids, I 

19 because they have low molecular weights and do not exhibit protein binding (Egbert and Abraham 1999). 

~ oJ'J. 
21 Thiamine (vitamin Bl),~oxidine (vitamin B6),<ElBS HlBogResium ar -factors for the metabolism of 

22 ethylene glycol and may reduce toxicity by assisting in the fa tion of relatively nontoxic metabolites 

23 (Egbert and Abraham 1999; Gardner et al. 2004; Gold 002; Leth and Gregersen 2005; Scalley et al. 

24 2002). However the efficacy of treatment with lhiamine, pyroxidine, IiRS FRaga6Sl\UB has not been 

demonstrated in human cases of ethylene glycol poisoning. 

26 
, J 

27 There are no documented methods for interfering with mechanisms of action for toxic effects of ethylene 
, , 28 glycol and its potent metabolites. 


29 


Additional infonnation that might be useful in treating ethylene glycol poisoning include studies designed 

31 to identify additional methods to reduce the body burden of ethylene glycol and its toxic metabolites and 

32 studies designed to elucidate methods for interfering with mechanisms of action. 

33 
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2 

3 2.1 BACKGROUND AND ENVIRONMENTAL EXPOSURES TO ETHYLENE GLYCOL IN 
4 THE UNITED STATES 

6 Ethylene glycol is a colorless, odorless liquid that is miscible with water (HSDB 2007). It is released into 

7 the environment primarily through industrial emissions and through the use and disposal of ethylene 

8 glycol-based automobile antifreeze and airport de-icing formulations (Corsi et al. 2001; EPA 2000; Sills 

9 and Blakeslee 1992; Ware 1988). Ethylene glycol that is released into the environment does not persist 

since it is degraded within days to a few weeks in air, water, and soil (Atkinson 1989; Battersby and 

II Wilson 1989; Conway et al. 1983; Kameya et al. 1995; McGahey and Bouwer 1992; Revitt and Worrall 

12 2003; Schoenberg et al. 2001; Staples et aI. 2001). Available monitoring data indicate that ethylene 

13 glycol is only found near areas of release. Ethylene glycol vapor concentrations measured in the air at 

14 airports during de-icing spray operations ranged from 0.05 to 22 rng/m] (Gerin et al. 1997; LA DOTD 

1990). Ethylene glycol concentrations as high as 19,000 mgIL have been measured in airport stormwater 

16 (Sills and Blakeslee 1992). Background concentrations of ethylene glycol in the environment are not 

17 available. 

18 

19 Since ethylene glycol is not ex.pected to be present away from areas where it is released, background 

exposure of the general population to this substance is not expected to be important. The most common 

21 route of exposure to ethylene glycol for the general population is through dermal contact with ethylene 

22 glycol-containing automobile antifreeze. However, accidental or intentional ingestion of antifreeze is the 

23 most serious route of exposure, resulting in thousands ofpoisonings reported each year in the United 

24 States (Fraser2~er~). Ethylene glycol concentrations in blood, urine, tissue, or 

breast milk are not available for the general pop~ L..1-J..e, "'..-"'t-- e-f....tte-f ~O() ~ 
26 

27 Individuals who live near hazardous waste sites, industrial facilities where ethylene glycol is produced or 

28 used, or areas where ethylene glycol-based de-icing formulations are used may be exposed to ethylene 

29 glycol through dermal contact with contaminated soil or water, inhalation of ethylene glycol vapor or 

mist, or ingestion of contaminated groundwater. Occupational exposure through dennal contact and 

31 inhalation of ethylene glycol vapor or mist is expected for individuals involved in airport de-icing spray 

32 operations. Ethylene glycol has been detected in urine samples collected from airport de-icing workers 

33 (Gerin et al. 1997). 

34 
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Ingestion of ethylene glycol containing antifreeze is a potential route of exposure for children since they 

2 are attracted to the bright colors of antifreeze formulations and the sweet taste of ethylene glycol (Leth 

3 and Gregersen 2005). Exposure through ingestion is more likely to occur when adults leave opened 

4 antifreeze conlainers within reach or store antifreeze in other types of containers such as beverage bottles. 

A bittering agent has been added to some ethylene glycol antifreeze formulations in order to deter 

6 ingestion; however, caution should still be used since ingestion poisoning has occurred even when a 

7 bittering agent was present (Harry et al. 1998; Hogue 2006). 

8 

9 2.2 SUMMARY OF HEALTH EFFECTS 

11 Ethylene glycol is quickly and extensively absorbed through the gastrointestinal tract of many species, but 

12 dermal absorption is slow in rodents and is expected to be slow in hwnans. Limited information is 

13 available on absorption of inhaled ethylene glycol, but the existing toxicity studies suggest absorption via 

14 the res'piratory tract by both humans and rodents. Following absorption, ethylene glycol is distributed in 

aqueous compartments throughout the body. Ethylene glycol is initially metabolized to glyckdehYde by 

16 alcohol dehydrogenase (with possible contribution from cytochrome P-450 enzymes). Glycolaldehyde is 

17 rapidly converted to glycolate and glyoxal by aldehyde oxidase and aldehyde dehydrogenase. 

18 Metabolism of glycolate by glycolate oxidase or lactate dehydrogenase results in the formation of 

19 glyoxylate, which may be further metabolized to formate, oxalate, glycine, and carbon dioxide. 

Elimination of ethylene glycol occurs via exhaled carbon dioxide and urinary elimination of both ethylene 

21 glycol and glycolic acid. The half-life for elimination in hwnans has been estimated to be in the range of 

22 2.5-8.4 homs (NTP-CERHR 2004). 

23 

24 The vast majority of information relating to the toxicity of ethylene glycol is from studies of oral 

exposure. Information on the health effects of oral exposure in humans is largely limited to case reports 

26 of acute accidental or intentional ingestion of ethylene glycol. These case reports have identified three 

27 stages of acute oral ethylene glycol toxicity in humans. These stages are well documented and occur 

28 within 72 hours after ingestion (NTP-CERHR 2004; Robinson and McCoy 1989; Vale 1979). The first 

29 stage involves central nervous system depression, metabolic changes (hyperosmolality and acidosis), and 

gastrointestinal upset, and spans the period from 30 minutes to 12 hours. During the second stage (12­

31 24 hours after ingestion), cardiopulmonary symptoms (tachypnea, hyperpnea, tachycardia, cyanosis, 

32 pulmonary edema, and/or cardiac failure) due to metabolic acidosis become evident. During stage three, 

33 which covers the period 24-72 hours after ethylene glycol ingestion, renal involvement becomes evident. 

34 The third stage is characterized by flank pain and oliguria/anuria. Histopathological findings show renal 
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parameters have largely been observed at high doses in longer-term studies, and are not consistently 

2 reported across studies or across species, 

3 

4 Oral studies in animals have identified the developing fetus as the most sensitiv~ target for acute-duration 

exposure to ethylene glycol. Gavage exposure of laboratory rodents to ethylene glycol during gestation 

6 results in a consistent pattern of developmental effects including reduced fetal body weight and increases 

7 in malformations, particularly axial skeletal malformations (Neeper-Bradley 1990; Neeper-Bradley et a1. 

8 1995; Price et a1. 1985). Developmental toxicity has also been assessed by the inhalation and dermal 

9 routes. Results of the inhalation developmental studies are generally consistent with the oral fmdings, but 

are confounded by concurrent oral exposure via ~gestion ofaerosolized ethylene glycol on the fur of 

II exposed animals (TyI1985, 1988a; Tyl et a!. 1995a, 1995b). A single study of dermal exposure to 

12 ethylene glycol in pregnant mice did not indicate developmental effects (TyI1988b; Tyl et a1. 1995c), 

13 

14 The kidney is clearly identified as the most sensitive target organ in rats and mice after intermediate-

duration oral exposure, Typical renal effects included oxalate crystal deposition and renal tubular 

16 dilation, vacuolation, and degeneration, Oxalate, a metabolite of glycolic acid, forms a precipitate in the 

17 presence of calciwn, and the deposition of these crystals in the renal tubules are hallmarks of ethylene 

18 glycol renal toxicity, /,ril6i:tienmfjz;::tb~buildup'ofglYf*>lic-acid'in the'bO'ii}i can remItln~metabolie-

19 ~leading-uliimately4~mt-enrt=-~~91. Males were more sensitive than females, 

and rats were more sensitive than mice. Chronic oral studies confirm that the kidney is a main target 
It JU.Nt" d-ket 

21 organ in male rats, although liver J.eeteftS occurred in female rats (slight fatty metamorphosis) aH9 JflB:Ic: 
ft 

22 nHG8 EA3f!8tec:c1luldf ft)'B:l~genemli9~ at doses lower than those inducing kidney effects (Btood 

23 .we§.;' DePass et a1. 1986a; ~fTP 1993». No hepalic effects were observed in intermediate-duration 

24 studies. 

26 There is no indication that ethylene glycol is carcinogenic based on results of a limited renal cancer 

27 mortality sludy in chemical plant workers (Bond et a1. 1985) and well-designed chronic oral bioassays in 

28 rats (one study) and mice (two studies) (DePass et a1. 1986a; NTP 1993), 

29 

A more detailed discussion of lhe developmental and renal effects associated with ethylene glycol 

31 exposure follows. The reader is referred to Section 3.2, Discussion of Health Effects by Route of 

32 Exposure, for additional information on these and other health effects. 

33 
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Developmental Effects. No studies have addressed the developmental toxicity of ethylene glycol in 

2 humans. The developmental toxicity of ethylene glycol in animals has been assessed by inhalation, oral, 

3 and dermal exposure in acute-duration studies and by oral exposure in intermediate-duration studies.· The 

4 acute oral studies indicate that developmental effects (a skeletal variation and total malformations) occur 

at doses of;:::500 mglkglday when administered by gavage during gestation days (Gd) 6-15 (0 CD-l mice 

6 (Neeper-Bradley et a1. 1995; TyI1989). Dose-response data for these developmental effects in mice were 

7 used to derive an acute-duration oral MRL for ethylene glycol (see Section 2.3). Reduced fetal body 

8 weight occurred in mice given gavage doses of;:::750 mglkg/day (price et a1. 1985). In rats, doses of 

9 2:1,000 mglkg/day by gavage on Gd 6-15 have resulted in increased incidences of skeletal malformations 
l"\.'StM-~~ 

(Neeper-Bradley 1990; Neeper-Bradley e( a1. 1995). No teratogenic effects were observed in rabbits 
~ . 

II exposed to maternally lethal oral doses of2,000 mglkglday during gestation (Tyl et al. 1993). In the only 

12 dermal exposure study, no developmental toxicity occurred in pregnant CD-l mice that were treated with 

13 6-hour daily exposures to ethylene glycol (estimated doses up to 3,549 mglkg/day) by occluded cutaneous 

14 application on Gd 6-15 (Tyl et al. 1993). 

16 Developmental toxicity studies of inhaled ethylene glycol in mice and rats found effects consistent with 

17 the oral findings, but all of the studies are confounded by concurrent ingestion of ethylene glycol 

18 deposited on the fur. In inhalation studies using whole-body exposure, significant effects on implant 

19 viability, weight of live fetuses, and incidence of external, visceral, and skeletal malformations were 

observed in mice exposed to 2:1,000 mg/m3 for 6 hours/day on Gd 6-15 (TyI1988a; Tyl el al. 1995a). In 

21 rats exposed similarly, reduced ossification at some sites in the axial skeleton occurred at 

22 :::1,000 mg/m3 (TyI1985; Tyl et al. 1995a); however, in an Expert P?Del Review, the National Toxicology 

23 Program-Center for the Evaluation ofRisks to Human Reproduction (NTP-CERHR 2004) concluded that 

24 the relationship of this effect to treatment was uncertain due to the lack of a dose-response relationship. 

In a follow-up study aimed at reducing the confounding oral exposure, pregnant CD-I mice were exposed 

26 nose-only to 500-2,500 mglm3 aerosolized ethylene glycol (TyI1988a; Tyl et a1. 1995b). At 

27 2,500 mg/mJ 
, live fetal body weight was significantly reduced, and there was a significant increase in the 

28 one type of skeletal malformation (fused ribs). Increases in some skeletal variations were also observed 

29 at 2,500 mg/m3 
, and one type (extra ossification sites in the sagittal suture) was significantly increased at 

;:::500 mg/mJ 
. The authors observed that the animals in the nose-only experiment were also exposed by 

31 ingestion of ethylene glycol deposited on the face (TyI1988a; Tyl et a1. 1995a). Furthermore, NTP­

32 CERHR (2004) noted that stress from restraint in the nose-only exposure study may have contributed to 

33 the developmental effects observed with ethylene glycol, which were similar in nature to effects observed 

34 in a study of restrained nose-only exposure to water vapor (Tyl et a1. 1994). Because of the confounding 
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oral exposure in both the whole-body and nose-only experiments, NTP-CERHR (2004) concluded that 

2 the data from these ·studies were not suitable for evaluation of effect levels from inhalation exposure to 

3 ethylene glycol. 

4 

Developmental effects of intermediate-duration oral exposure to ethylene glycol include kidney effects in 

6 offspring and decreased pup body weights. In mice tested in a continuous breeding assay, pup body 

7 weights were reduced in both F] and F2 generations at drinking water doses of;:::897 mglkglday 

8 (Morrissey et al. 1989; NTP 1986). In a 15-day gestational exposure study, postnatal effects in kidney 

9 weights were observed in pups of CD rats exposed-to gavage doses of;:::I,250 mg/kg/day in utero (NTP 

1988). In a three-generation study of rats, no effects on gestation survival or pup body weight through 

11 postpartum day (Ppd) 21 were observed in F] or F2 pups after parental exposure to dietary doses up to 

12 1,000 mgikglday (DePass el al. 1986b). 

t3 

14 Recent reviews ofmechanistic studies on ethylene glycol developmental toxicity (NTP-CERHR 2004; 

Slikker et at 2004) have concluded that glycolic acid, alone or in combination with its dowrutream 

16 metabolites and resultant metabolic acidosis, was likely the proximate toxicant responsible for the 

17 developmental effects of ethylene glycol. Using a physiologically based pharmacokinetic (PBPK) model 

18 developed for humans, Corley et al. (2005a) estimated that the glycolic acid blood threshold concentration 

19 for developmental effects in rodents would only be reached in human females ingesting doses of 

350 mglkg (asswning a 58-kg female). While the model has been validated against data from acute 

21 human oral and inhalation exposures to ethylene glycol (Corley and McMartin 2005; Corley et al. 2005a), • 
22 

23 

24 

it has not been calibrated to the physiological changes associated with pregnancy, wijjch require a _ ..l. .... 

bel.A;ll."<./c. +I'-I11!'~~ c:.."-""ooL., <1 Ar-~ ,,,,1­ II. 6C£l..,. ....0 .etHer E G- k. "'~... '-5 
different model structure (EPA 2006a); ~, the l:Iscfuhle::rs-efthiS model in predicting developmental (' t"Ciff-e':j.'''''

H"W',£"er ,,-.,. b~ ...,-e1="w( '. 
toxicity in humans is-lirBited. ~, NTP-CERHR (2004) noted that additional data were needed to .e.'f- a. t ., oc'l 
fully delineate the rate of glycolic acid metabolism in humans; sllch additional data may alter the model 

26 predictions ofpeak glycolic acid concentrations in humans exposed to ethylene glycol. 

27 

28 Renal Effects. The renal toxicity of ethylene glycol in humans is well documented in numerous case 

29 reports ofaccidental or intentional ingestion. Adverse renal effects oceur in the third stage ofhuman 

ethylene glycol poisoning, which occurs 24-72 hours after acute exposure. The hallmark of renal toxicity 

31 is the presence of calcium oxalate monohydrate crystals in the renal tubules and urine following ingestion 

32 of large amounts of ethylene glycol (Blakeley et al. 1993; Chung and Tuso 1989; Factor and Lava 1987; 

33 Godolphio et al. 1980). Characteristic histopathological changes include renal tubular focal degeneration, 

34 atrophy, and interstitial inflammation (Factor and Lava 1987). Renal damage, ifunlreated, can lead to 
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1 	 nephrotoxicity (Cruzan et al. 2004), and that kidney lesioru in male Wistar rats occurred at doses ~ 
~ § 	 _n­

2 	 "'li 180 mglkg/day (Gaunt et a1. 1974). Dose-response data for kidney lesions in male Wistar rats (Idetmt VI :/"tl1,ce 
d-..I.J"~ ~ "-I 

3 ~) were used to derive an intermediate-duration oral MRL for ethylene glycol (see Section 2.311 tft"at"Xfi!'/ 

4 In a 13-week dietary study in B6C3Fl mice, effects were observed in the kidneys (minimal- to mild tubule 

dilation, cytoplasmic vacuolation, and regenerative hyperplasia, without tubular oxalate crystal 


6 deposition) of males at :::6,450 mglkglday, with no renal effects in females at doses ::::16,000 mg/kg/day 


7 (Melnick 1984; NTP 1993). 


8 


9 Chronic toxicity studies provide information on renal effects in rats and mice exposed to ethylene glycol 


in the diet for up to 2 years. Males were more sensitive than females and rats were more sensitive than 

II mice, ~th9l:1gR B6RaefHlHRtdies tested-Vfistar tats, the sbain shewH to be particularly sellsitiye4-8 

12 e.tb.yJeAoe ~ael ftephmtoxieHy follew0iHg4nteFmediate E:h:H;;sli98-eXf>9SYftI. Renal effects in ~~included 
13 oxalate crystal deposition and apparent tubular degenerative changes in Sprague-Dawley male~'

•
14 :::375 mglkg/day and females at :::750 mglkglday,- (Blood 1965), and oxalate nephrosis (and consequent 

mortality) in F344 males at 1,000 mglkg/day, with changes in P344 females at this dose limited to 

16 increased kidney weight and crystalluria without histopathology (DePass et al. 1986a). No kidney 

17 histopathology occurred in male or female CD-I mice exposed to 1,000 mglkglday (DePass el a1. 1986a) 

18 or female B6C3Fl mice exposed to ::::12,000 mg/kg/day (NTP 1993), and effects in male B6C3Fl mice 

19 were limited to small numbers ofoxalate-like crystals andlor calculi in the renal tubules, urethrae, and 

urinary bladder in a few animals at 6,000 mglkg/day (NTP 1993). 

21 

22 2.3 MINIMAL RISK LEVELS (MRLs) 
23 

24 Estimates of exposure levels posing minimal risk to humans (l\'lRLs) bave been made for etbylcne 

glycol. An MRL is defined as an estimate of daily buman exposure to a substance tbat is likely to be 

26 without an appreciable risk of adverse effects (noncarcinogenic) over a specified duration of 

27 exposure. MRLs are derived when reJiable and sufficient data exist to identify the target organ(s) 

28 of effect or tbe most sensitive health effect(s) for a specific duration within a given route of 

29 e~osure. MRLs are based on n~lDcancerous healtb effccts only and do not consider carcinogenic 

effects. MRLs can be derived for acute, intermediate, and chronic duration exposures for 

31 inhalation and oral routes. Appropriate methodology does not exist to develop MRLs for dermal 

32 exposure. 

33 
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(BMR) lower than 10%; thus, an extra risk incidence of 1 0% above controls was selected as the BMR. 

2 The multistage and quantallinear models converged on the same model providing the best fit to the data 

3 on total malfonnations; these models both predicted a BMDIO of 113.84 mglkglday and a BMDL10 of 

4 75.59 mglkglday. For the data on bilateral extra rib 14, the probit model provid.ed the best fit, and 

predicted a BMDIO of99.35 mglkglday and a BMDLlO of75.56 mglkglday. Modeling of both the 

6 malfOlmation and skeletal variation end points resulted in the same BMDLlO, indicating that an acute oral 

7 MRL based on this point of departure should provide protection against both effects. The BMDLIO of 

8 76 mglkglday was divided by an uncertainty factor of 100 (10 for extrapolation from animals to humans 

9 and 10 for human variability) to derive an MRL of 0.8 mg/kglday for acute-duration oral exposure to 

ethylene glycol. 

11 

12 Although some mechanistic information suggests that humans may be less sensitive than rodents to the 

13 developmental effects of ethylene glycol. the available data are not adequate to support a lower 

14 interspecies uncertainty factor; thus, a full! O-fold uncertainty factor was used for interspecies 

extrapolation. ~~studj~~ggest_ that humans metabolize lycolic acid (the proximate 
~"J ~4 ..r I", ' 

16 developmental toxicant) more efficiently than rats (EaR s 289i , nilier-with tffis flfltHttg 

17 (Booth et al. 2004), NTP-CERHR (2004) observed that the data supporting the glycolic acid metabolic 

18 rate in humans are limited. In addition, NrP-CERHR (2004) reviewed preliminary data indicating that 

19 the inverted yolk sac placenta, a stage in placental development that does not exist in humans, tends to 

concentrate weak acids such as glycolic acid· in the embryonic fluids. These data suggest enhanced 

21 sensitivity to ethylene glycol developmental effects in rodents compared with humans; however, NTP­

22 CERHR (2004) characterized the available data as inconclusive. A 10-fold uncertainty factor for human 

23 variability was also used. Ethylene glycol metabolism is known to involve alcohol dehydrogenase and 

24 aldehyde dehydrogenase, and may also involve cytochrome p450 isozymes (NTP-CERHR 2004). 

Polymorphisms in the genes encoding these enzymes may lead to wide variability in the production and 

26 elimination of glycolic acid and other metabolites in humans exposed to ethylene glycol, but data 

27 quantifying the range ofvariability are not currently available (NTP-CERHR 2004). In addition, fetal 

28 andlor placental differences in expression of these enzymes over the course of gestation will affect local 

29 concentrations of glycolic acid and other metabolites to which the developing conceptus is exposed, yet 

little is known about these differences (NTP-CERHR 2004). 

31 

32 A human PBPK model for ethylene glycol has been developed (Corley et al. 2005a), but the model has 

33 not been calibrated to the physiological changes ofpregnanc)j'"and tliUS is llUt"Suitabt~eri,iB~ 

34 aA-.a.C1lI;,e..gJ;a~n-develapment'8.1 teJ[-i:8i~'. In addition, Corley et al. (2005a) published a PBPK 
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1 model for rats, but no model has yet been developed for mice, the species used in the study selected for 

2 MRL derivation. Finally, NTP-CERHR (2004) noted a ~::'eefuncertainty in the database on ethylene 

3 glycol toxicokinetics: there are limited dala to delineate the glycolic acid metabolic rate in humans. As a 

4 result, available data do not support the use ofPBPK modeling to derive an acute oral MRL for ethylene 

glycol based on developmental toxicity in mice. 

6 

7 A key uncertainty in the acute-duration oral MRL stems from the use of gavage administration in the 

8 critical study. Bolus doses from gavage administration ~ lead to higher peak concentrations of glycolic 

9 acid in the blood than ~occur with slower dose-rates associated wi~~;~a~elevant 
exposures (Camey et a1. 2001; NTP-CERRR 2004). Because the key study used gavage administration, 

II the dose at which effects were observed may Ra~.fbeen lower than would be observed with non-bolus 

12 dosing{~..n>"f.t- e-+ "'7 t'<J'1j rve"fcr-i3nuLley ",,'1- ai, L'i'fJJ 

13 

14 • An MRL of 0.7 mglkglday has been derived for intermediate-duration oral exposure (I5­
364 days) to ethylene glycoL 

16 

17 Information on the toxicity of intermediate-duration oral exposure to ethylene glycol essentially consists 

18 of several weU-designed studies in rats (Cruzan et a1. 2004; Gaunt et al. 1974; Melnick 1984; Robinson et 

19 al. 1990) and mice (Melnick 1984; NrP 1993). Based on generally comprehensive evaluations that 

included body and organ weights, food and water consumption, hematology, blood chemistry, urinalysis, 

21 and histopathology in adequate numbers ofanimals, these studies consistently showed that the kidney is 

22 the predominant and most sensitive target of ethylene glycol toxicity. As summarized below, renal 

23 toxicity varied with sex, species, and strain, with males more sensitive than females, rats more sensitive 

24 than mice, and Wistar rats more sensitive than other strains of rats. 

26 Renal effects in Sprague-Dawley rats that were exposed to ethylene glycol in drinking water for 90 days 

27 included renal tubular oxalate crystal deposition, dilation, and degeneration in males at ;::947 mglkglday 

28 and females at 3,087 mglkglday (Robinson et aJ. 1990). Key findings in F344 rats exposed for 13 weeks 

29 via diet consisted of renal tubular dilation, necrosis, fibrosis, and oxalate crystal deposition in males at 

;::2,500 mglkglday, mortality in males at 5,000 mglkglday, and mild renal lesions (e.g., inflammation and 

31 vacuolation) with no crystal deposition or mortality in females at 10,000 mglkglday (Melnick 1984)_ 

32 Results of 16-week dietary studies showed that male Wistar rats are approximately twice as sensitive as 

33 male F344 rats to ethylene glycol nephrotoxicity (Cruzan et a1. 2004), and that kidney lesions in male 
~~O 

34 Wistar rats occurred at doses as low as ~ mglkglday (Gatmt el 8:1. 1974-). In a I3-week dietary study in 

B6C3Fl mice, effects were observed in the kidneys (minimal to mild tubule dilation, cytoplasmic 
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1,000 mglkglday. Due to the higher incidence and greater severity of the crystal nephropathy, as well as 

2 the accompanying impainnent ofkidney function (i.e., compromised kidney water regulation as indicated 

3 by increased urine volume and decreased urine specific gravity leading to increased water consumption), 

4 500 mglkglday is a serious LOAEL in the Wistar rats. The only effect observed at doses lower than 

500 mglkglday was calcium oxalate crystals in the urine of both strains at 150 mglkg; this is a NOAEL 

6 because excretion of crystals in the urine reflects a detoxification process and is not considered adverse in 

7 the absence of crystal deposition in the renal tubule epithelium and associated histopathology. 

8 

9 The 16-week study by Gaunt et al. (1974) exposed male and female weanling Wistar rats to diets 

containing 0, 0.05, 0.1, 0.25, or 1.0010 ethylene glycol for 2 weeks (5/sex/dose), 6 weeks (5/sex/dose), or 

]] 16 weeks (IS/sex/dose). Reported calculated average daily chemical intakes were 35, 71} 180, and 
l,,(6,..t- 1C!!...."I'~(' 

12 715 mglkglday in males, and 0,38,85,185, and 1,128 mglkglday in females. Survival, clinical signs, 
A 

13 food and water intake, and body weight were evaluated throughout the exposure period. Hematology 

14 (hemoglobin, hematocrit, packed cell volume, total erythrocytes, reticulocytes, total and differential 

leukocytes), serum chemistry (urea, glucose, protein, albumin, glutamic-oxaloacetic transaminase, 

16 glutamic-pyruvic transaminase, and lactic dehydrogenase), organ weights (including kidneys, liver, 

17 spleen, brain, heart, stomach, small intestines, caecum, adrenals, pituitary, thyroid, and gonads), and 

18 histology (organs that were weighed and 19 additional tissues) were evaluated at the 2-,6-, and 16-week 

19 sacrifices. Urinalysis (glucose, ketones, bile salts, blood, protein, and presence of oxalic acid crystals, 

cells and other microscopic constituents) and renal function (urine concentration and dilution tests 

21 measuring volume and specific gravity, and cell excretion) were evaluated at weeks 2 and 16. Urine was 

22 additionally analyzed for oxalic acid at weeks 2, 6, 12, 14, and 16. There were no clear exposure-related 

23 effects on survival, clinical signs, body weight, hematology, or serum chemistry. Urinary excretion of 

24 oxalic acid was significantly increased in males at 715 mglkglday at weeks 2-16 and in females at 

1,128 mglkglday at weeks 6--16, with the magnitude of the effect markedly greater in males (100-500% 

26 of control levels) than females (40-100% of control values). hlcreased absolute kidney weight, oxalic 

27 acid crystals in urine, and excretion of a larger volume ofurine with a lower specific gravity after a 

28 prolonged period (16 hours) without water were observed in the 715 mglkglday males at week 16. 

29 Exposure'related histopathologic changes occurred only in the kidneys. hlcidences ofkidney lesions 

were statistically significantly increased in males at 2:':180 mg/kglday. Specific renal histopathologic 

31 fmdiogs in the males at 16 weeks included individual nephrons with degenerative changes (incidences of 

32 0/15, 1115, 1115,2115, and 5115 [p<0.05] in the control to high-dose groups), individual nephrons with 

33 degenerative changes and occasional oxalate cryslals (0/15, 0115, 0115, 1115, and 4/15 [p<0.05]), and 

34 generalized tubular damage and heavy oxalate crystals (0/15, 0/15, OilS, OilS, and 4115 [p<0.05]). At 0, 
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35, 71, 180, and 715 mglkglday, the total incidence ofmale rats with oxalate crystals was OilS, 0115, 

0115, 1115, and 10115 (p<0.001), and the total incidence ofmale rats with renal tubular damage was OJI5, 

IllS, VIS, 4JI5 (p<0.05), and 15115 (p<0.001). Females had an increased incidence of renal tubular 

damage at 1,128 mglkglday, but the increase was not statistically significant. The histological evaluations 

of the kidneys in the five rats/sex/dose exposed for 2 or 6 weeks showed no statistically significant 

increases in incidences of specific changes, although the total incidence of animals with tubular damage 

was significantly increased in the 715 mglkglday males at 6 weeks. Based on the 16~week kidney 

histopathology data in male Wistar rats, this study identified a NOAEL of71 mglkgJdayand LOAEL of 

180 mglkglday for intermediate~duration exposure. 

• 
The 16~week stud~ofCruzan et al. (2004) ~aUfll-eHl.I. -(i9~appropriate for MRL 

consideration because J"atprovidldose~response data for the critical effect in the most sensitive species, 
~~c,+ y~"4!,,",f's 

strain and sex (i.e., kidney lesions in male Wistar rats).IIThe NOAEL and LOAEL were ISO and 

500 mglkglday in the Cruzan et aL (2004) study and 71 and 180 mglkglday in the Gaunt et al. (1974) 
C .-u%-ct.., ct_l.(u.·d

study. The YaHBt st al.~+~) study fs selected as the basis for MRL derivation because it identified the "'"he,... "'o",r;;L ..~,( w"'l'>~ Wi""" ;to"",. o~"<,,,-""''-,,", -I'.o<-1"n.
JeooNes~.aml wpeettcL SUllw.~ ana),sise to n largerrrariJber-ef..des:e li¥8I.s ffi the IOWel 

8ese.,,",ge-(belaw-the-tj(pl~o-rttgtkgId<ry"threslmIdTeg!nnt· 

+",;" wi-II "'"'-""' 1-0 ~ ~ " .... .., ed f."r -I: 4..<:i "2411noderive a point of departure for:MRL derivation, BMD dose modeling was conducted using incidences 

1	of kidney lesions in male Wistar rats from the Gaunt et a1. (1974) study. All available dichotomous 

models in the EPA Benchmark Dose Software (version 1.4.1) were fit to the data and predicted doses 

associated with a 10% extra risk were calculated. All models adequately fit the incidence data, although 

the best fit was provided by the probit-model, which predicted a HMDlo of 107.75 mglkglday and a 

BMDLIO of74.51 mglkglday. The BMDLIO was divided by an uncertainty factor of 100 (10 for animal to 

human extrapolation and 10 for human variability) to derive an intermediate~duration oral MRL of 

0.7 mglkglday for ethylene glycoL 

An MRL has Jl;@'tbeenderived for chronic~duration oral exposure (365 days or more) to ethylene glycoL 

The chronic wal toxicity of ethylene glycol was evaluated in~~~dies in rats (Blood 1965; DePass et 
, W, t1oh\ ~ aJ_, '-OTJ.r)

al. 1986a) and two studies m mice (DePass et a1. 1986a; NTP 1993). As summarized below, the kidney 

and liver were the main target organs in both species, and rats were more sensitive than mice. Gkronic 

wting nas rroHJeeLl conducted hI WisHtr-t'ats; a strain shOWN to-he particulady sensitive to erliylene-glyeol 

~xicjty-fuUowing intennediate.dural,ien e~l"lSUIe."" 

7 
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In the female F344 rats, effects occurred in kidneys and lymph nodes at 1,000 mglkglday and liver at 

2 2:200 mglkglday (DePass et al. 1986a). Renal effects in females were limited to increased kidney weight 

3 and calcium oxalate crystals and uric acid crystals in the urine at 1,000 mglkglday; no kidney 

4 histopathology or mortality occurred as in males (DePass et al. 1986a). Hemosiderosis in the mesenteric 

lymph nodes was increased at 1,000 mglkglday. Hepatic effects included increases in mononuclear cell 

6 infiltrates at 1,000 mglkglday and fatty metamorphosis (slight) at 2:200 mglkglday. Total incidences of 

7 

8 

liver fatty metamorphosis in the 0, 40, 200, and 1,000 mglkglday females were 34/256, 16/129,271125, 

and 351128, respectively; the increases at 200 and 1,000 mglkglday were statistically significant. E 
9 NOAEL of 40 mglkglday and LOAEL of 200 mglkglday were identified in female F344 rats based on 

liverhistopatholOgyJ Se.1i2 c.Cf""1J'to4L'!P, et.1o.v*- (f'fJ".),I-e ~h..."'j ef. 
II 

12 CD-l mice (80/sex/dose) were fed ethylene glycol in approximate dietary doses 0[0, 40, 200, or 

I3 1,000 mglkglday for up to 2 years (DePass et a1. 1986a). Evaluations were limited. to clinical signs, body 

14 weight, food consumption, and comprehensive histopathology. No clear treatment-related effects were 

observed in either sex, indicating that this study identified a NOAEL of 1 ,000 mglkglday and no LOAEL 

16 in CD-I mice. In the other mouse study, B6C3Fl mice (60/sex/dose) were exposed to ethylene glycol in 

17 the diet for up to 2 years (NTP 1993). Estimated average doses were 0, 1,500, 3,000, and 

18 6,000 mglkglday in males and 0, 3,000, 6,000, and 12,000 mglkglday in females_ Evaluations included 

19 hematology, clinical chemistry, organ weights (limited), and comprehensive histopathology. Effects were 

essentially limited to increased incidences ofhepatocellular hyaline degeneration in males at 

21 2:3,000 mglkglday and females at 12,000 mg/kglday, and medial hyperplasia of the pulmonary arterioles 

22 in females at 2:3,000 mglkglday; the biological significance of the pulmonary lesion was unclear (NTP 

23 1993). Small nwnbers of oxalate-like crystals andlor calculi were noted in the renal tubules, urethrae, and 

24 urinary bladder in a few males at 6,000 mglkglday_ A NOAEL of 1500 mg/kglday and LOAEL of 

3,000 mglkglday for liver histopathology were identified in male B6C3Fl mice. 

26 I""S~('" 6'",r",r~f'1.. re. WI-I ..~ d-",l. L~O.f} --<WZ. 
27 Key fmdiogs in the chronic toxicity studies were kidney lesions (oxalate crystal deposition and implied 

28 degenerative changes) at :::375 mglkglday and mortality at 750 mglkglday in male Sprague-Dawley rat~ 

29 (Blood 1965), kidney lesions (oxalate nephrosis) and mortality at 1,000 mglkglday in mal~F3'4~ 
IM~'+~4 ...q " (DePass et a1. 1986a), n.l8F1eSlOOS" fattylII~:morphosis) in femaJ-e.A-+hats at >zSe--mgfk-g,lda,..-EDePtm 

31 fit~W86s'), no kidney or liver histopathology in male or female CD-l mice at 1,000 mglkglday (DePass 

32 et al. 1986a), and liver lesions (hepatocellular hyaline degeneration) in male B6C3Fl mice at 

33 2:3,000 rnglkglday (NTP 1993). The mortality and kidney and liver lesions in rats occurred at doses that 
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were NOAELs in mice, showing that rats were more sensitive than mice and the most appropriate species 

2 for MRL consideration. 

3 ;"'s,rt 
4 Effect levels in male rats are based on kidney lesions and mortality; these included a NOAEL of 

i 
5 200 mglkglday and serious LOAEL of 1,000 mglkglday in F344 males (DePass et a1. 1986a), and a 


6 NOAEL of 150 mg/kg/day and serious LOAEL of750 mglkglday in Sprague-Dawley males (BloQd 


7 1965). An apparent increase in kidney lesions without mortality occurred in Sprague-Dawley males at , 375 mglkg/day (Blood 1965), suggesting that this dose was a less serious LOAEL for reQal effects. The( \ ~ 
aM w . .,~ ,......"C.I W.lf..... er 

9 150 mglkglday NOAEL for renal effects in Sprague-Dawley males (Blood 1965~is consistent with the "~ ~f'1 

10 200 mglkglday NOAEL for renal effects in F344 males (DePass et a1. 1986a), bt!t 200 rnglkgfday is 8fso a 

11 I..,Q.AEIA0P>lWef.effectsin-remale-~'nats'tB~ass -et--al-:-+9-86a'). tL-J "'''i-ePf ,a.- b~.J < 

12 

13 jOUgh chronic NOAELs of 150-20 mglkglday were identifie~or kidney toxicity in Sprague-Dawley 

14 and"{344 male rats, no information is ilable on effects of chrOItbexposure in Wistar rats, a strain 

15 sh0'1 to be approximately twice as ensitive as F344 rats to kidn~ ~City in a 16-week study (Cruzan 

16 et a1.~'04), and the strain used to rive t~ intennediate-duratiJn oral MRL. The intermediate-duration 

17 LOAE8 for kidney toxicity in Wi males'is 180 mglkglday (Jaunt et a1-1974), which is in the range of 
/ \ / ":'\ 

the ChrO~' y toxicity in F31;4 and Sprague-Dawley males\ Additionally, the c NOAELs for kidn
. /. 

19 180 mglk: day intermediate-d ation LOAEL for kidney toxi¢ity in Wistar males is lower than the 

I' f , / \ 
20 200 mglkglcfay chronic LOAEL for liver toxicityyatty metamorphosis) in femal~344 rats (DePass et a1. 

21 1986a). The corne NOAi'L for liver toxicity in F344 femJ.es is 40 mglkglday. ~though 40 mglkglday 

22 is also a chroni NO for kidney effects in F344\nalesi is not known ifit is a cbronic NOAEL for 

23 kidney effects in Wist males. The lack of chronic d~a ip Wistar rats precludes deri~ion of a chronic 

2' known whether an MRL based 01 hhe liver toxicity data in F344 r~s would be 

25 protective of kidney toxicity. 

26 V&l~ alki 1L5e ki'f .{',~- W,'(,,,,,- s~y "fo.- t1-,(L. 

f+tjZ$ 

;: ,,~O-,' /!;::,~ IS ...., lie, I..c...,. 
- I"" U~ 

4 (0 1!'-lO 
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3. HEALTH EFFECTS 
2 

3 3.1 INTRODUCTION 
4 

The primary purpose of this chapter is to provide public health officials, physicians, toxicologists, 

6 and other interested individuals and groups with an overall perspective on the toxicology of 

7 ethylene glycol. It contains descriptions and evaluations of toxicological studies and 

8 epidemiological investigations and provides conclusions, where possible, on the relevance of toxicity 

9 and toxicokinetic data to public health. 

11 A glossary and list of acronyms, abbreviations, and symbols can be found at the end of this proflle. 

12 

13 The general population may be exposed to ethylene glycol. Ethylene glycol is widely sold in grocery 

14 stores and in automobile supply, discount, drug, and other stores throughout the United Slates for general 

use as an antifreeze/coolant in automobile radiators. Additionally, it is used in the manufacturing or 

16 blending of polyester products; aircraft and runway de-icing fluitls; heat transfer fluids used in heating, 

17 ventilation, and air conditioning systems; polyester resins; humectants; alkyd-type resins; plasticizers; - 7
• 

18 electrolylic capacitors; low freeze dynamite; and brake and shock solutions (Wiener and Richardson 

19 1988). Ethylene glycol is also used in the production of artificial mists or fogs (NIOSH 1994). 

21 Dennal exposure, through activities such as changing antifreeze, is the most likely route of exposure to 

22 ethylene glycol, but dermal exposure is not likely to lead to toxic effects. Only oral exposure, through 

23 accidental or intentionaJ"ingestion, is likely to lead to such effects, and then only if a sufficient amount is 

24 swallowed at one time. A review of the literature for ethylene glycol indicated that the stages oforal 

ethylene glycol poisoning in humans are well understood and documented. There is adequate knowledge 

26 of ethylene glycol metabolism to pennit successful treatment of ethylene glycol intoxication, and 

27 substantial information concerning pathology and pathophysiology of the organ systems involved is 

28 available. Although the majority of the studies in humans represent descriptions of case studies of 

29 accidental or intentional poisoning, or exposure in industrial settings, they have been collected for a 

period of >60 years. Anlmal studies corroborate human findings and were used to provide quantitative 

31 data to support observations made in humans. 

32 
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regimen (Ty11985, 1988a; Tyl et al. 1995a). Both the mouse and rat studies were confounded by 


2 ingestion of ethylene glycol deposited on the fur of exposed animals and conswned during grooming; the 


3 authors estimated that ingestion comprised the majority of exposure. In a companion study, nose-only 


4 exposure ofCD-l mice to 500--2,500 rnglm3 aerosolized ethylene glycol using the same study design 


resulted in no effects on pre- or postimplantation loss (TyI1988a; Tyl et a1. 1995a). Although this study 


6 was aimed at reducing confounding from concurrent ingestion exposure, the authors noted that the 


7 animals in the nose-only experiment were also exposed by ingestion of ethylene glycol deposited on t:p.e 


8 face during nose-only exposure. 


9 

As a result of confounding from exposure via ingestion, NTP-CERHR (2004) characterized the 

11 developmental toxicity studies as inadequate for the purpose of identifying effect levels for inhalation 

12 exposure; thus, there are no reliable NOAEL or LOAEL values. 

13 

14 3.2.1.6 Developmental Effects 

16 No studies were located regarding developmental effects in humans after inhalation exposure to ethylene 


17 glycol. 


18 


19 Acute-duration developmental toxicity studies of inhaled ethylene glycol in mice and rats are available, 


but all of the studies are confounded by concurrent ingestion exposure to ethylene glycol deposited on the 

21 fur. Groups of25 pregnant CD-I mice and CD rats were exposed (whole-body) to target concentrations 

22 of 0, 150, 1,000, or 2,500 mg/mJ aerosolized ethylene glycol (mass median aerodynamic diameter 

23 [MMAD] of2.3 J.Ull) for 6 hours/day on Gd 6-15 (TyI1985, 1988a; Tyl et aJ. 1995a). Fetal evaluations 

24 included litter size, felal weight, and external, visceral, and skeletal malformations. In mice, significant J
7 

decreases in the nwnber of live fetuseg,eer litter and in the weight of live fetuses, as well as increases in •a 
26 the number of live fetuses per litter and the incidence of external, visceral, and skeletal malformations 

27 were observed at target concentrations of?:l,OOO mg/m3
• In rats, reduced ossification at some sites in the 

28 axial skeleton was observed with exposure to 1,000 and 2,500 mglm3 (TyI1985; Tyl et a1. 1995a); 

29 however, in an Expert Panel Review, NTP~CERHR (2004) concluded that the relationship of this effect to 

treatment was uncertain due to the lack of a dose-response relationship. This study was confounded by 

31 Significant ingestion of ethylene glycol deposited on the fur and consumed during grooming; the authors 

32 estimated that the ingestion dose comprised the majority of exposure. 

33 
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2 3.2.2.1 Death 
3 

4 The American Association ofPoison Control Centers reported nine fatalities for 1989 and five for 1990 

due to ethylene glycol ingestion (Litovitz et al. 1990, 1991). Several other fatal ethylene glycol 

6 poisonings have been reported in earlier studies, including seven case reports of deaths resulting from 

7 accidental or intentional ingestion of ethylene glycol or antifreeze containing 99% ethylene glycol 

8 (Godolphin et al. 1980; Gordon and Hunter 1982; Hewlett et al. 1986; Jacobsen et al. 1984; Siew et al. 

9 1975a; Zeiss et al. 1989). A 22-year-old male who ingested 300 mL of antifreeze (approximately 

4,071 mglkg ethylene glycol) lapsed into a coma 24 hours after hospital admission and died 24 hours later 

11 (Siew et al. 1975a). A dose of7,850 mglkg can be estimated in the case of a 73-year-old male who 

12 conswned 500 mL of 95% ethylene glycol and died ofmyocardial failure after 68 hours (Gordon and 

13 Hunter 1982). In five other fatal cases of accidental or intentional poisoning, the amoWlt of ingested 

14 ethylene glycol ranged from 150 to 1,5-00 mL (2,379-23,786 mglkg) (Karlson-Stiber and Persson 1992; 

Walton 1978). Thus, oral dose of ethylene glycol required to cause death in humans is not well defined in 

16 the literature. The minimwn lethal dose for adults is thought to be 1.4 mUkg of 95% ethylene glycol, or 

17 about 1,330 mg ethylene glycoJlkg body weight (Parry and Wallach 1974; Robinson and McCoy 1989; 

18 Siew et al. 1975a). 

19 f 
A single dose oral LDso of 4,000 mglkg was determined in female F344 rats (Clark et al. 1979). Male 

21 Wislar rats administered 12,900 mglkg ethylene glycol in a single oral dose had 55% mortality within 

22 48 hours (Richardson 1973). Pregnant CD-I mice given 11,090 mglkglday ethylene glycol orally on 

23 Gd 7-14 showed 10% mortality (Schuler et aL 1984) and pregnant rabbits exhibited 42% mortality after 

24 receiving 2,000 mglkglday ethylene glycol orally on Gd 6-19 (Tyl et al. 1993). Cats administered a 

single 4,440-8,880 mglkg dose by gavage had 100% mortality within 20--36 hours (Penumarthyand 

26 Oehme 1975). A single gavage dose of4,180---12,540 mglkglday caused 17-100% mortality in dogs 

27 within 72 hours (Kersling and Nielsen 1965). Dogs administered a single oral dose of 4,880 mglkg in 

28 food had 100% mortality within 6 days (Beckett and Shields 1971). 

29 

Intermediate-duration dietary exposure to 1,000 mglkglday for 16 weeks caused 20% mortality in male' 

31 Wistar rats, with no deaths occurring in similarly treated male F344 rats; females were not tested (Cruzan 

32 et al. 2004). Male F3441N rats fed 5,000 mglkglday ethylene glycol had 40% mortality after I? weeks, 

33 whereas similarly treated females did not die (Melnick 1984). A chronic dietary study of ethylene glycol 

34 in Sprague-Dawley found 100% mortality after 12-24 months in males at 750 mglkglday and females at 
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3,000 mglkglday (Blood 1965). Male F344 rats given 1,000 mg/kg/day ethylene glycol in the feed all 

2 

3 

died within 16 mOIf.ths (DePass et al. 1986a; Woodside 1982). ),-dtA WI IS 0.." e.-f.. a l [;J.OCJi"J 
M--..-t- .. ,,>-y 4+-", he", ....., 10 T'",~""-"F"1 ~;). 

4 All reliable LOAEL and LD50 values for death in each species and duration category for ethylene glycol 

after oral exposure are reported in Table 3-2, and plotted in Figure 3-2. 

6 

7 3.2.2.2 Systemic Effects 
8 

9 No studies were located regarding hematological, musculoskeletal, endocrine, hepatic, dermal, ocular. or 

body weight effects in humans after oral exposure to ethylene glycol. 

II 

12 The highest NOAEL values and all reliable LOAEL values for systemic effects in each species and 

13 duration category for ethylene glycol after oral exposure are reported in Table 3-2 and Figure 3-2. 

14 

Respiratory Effects. Respiratory system involvement occurs 12-24 hours after ingestion of 

16 sufficient amounts of ethylene glycol and is considered to be a second stage in ethylene glycol poisorung 

17 (Vale 1979). The symptoms include hyperventilation (Godolphin et al. 1980; Gordon and Hunter 1982). 

18 shallow rapid breathing (Woolf et al. 1992; Zeiss et al. 1989), and generalized pulmonary edema with 

19 calcium oxalate crystals occasionally present in the lung parenchyma (Vale 1979). Respiratory failure 

was observed in a woman who had consumed 9,771 mglkg ethylene glycol (as antifreeze) (Blakeley et al. 

21 1993). It appears that respiratory system involvement is dose-dependent and occurs concomitantly with 

22 cardiovascular changes. Symptoms related to acidosis such as hyperpnea and tachypnea are frequently 

23 observed; however, major respiratory morbidities such as pulmonary edema rarely occur, having been 

24 reported in only 5 of36 severely poisoned cases (Karlson-Stiber and Persson 1992). 

26 Pulmonary hyperemia and edema were frequent findings in dogs that ingested unlmown lethal amounts of 

27 ethylene glycol in cases of antifreeze poisoning (Kersting and Nielsen 1965). A generalized soft tissue 

28 mineralization that included the lungs (interstitial) occurred in male F344 rats exposed to 

29 1,000 mglkg/day in lhe diet for I year (DePass et al. 1986a; Woodside et al. 1982). Histological 

examinations of the lungs showed no effects in Sprague-Dawley rats exposed to 9,327 mglkg/day in 

31 drinking water for 10 days or:<:;5,744 mglkg/day in drinking water for 90 days (Robinson ct aI. 1990), 

32 Wistar rats exposed to $2,000 mglkg/day by gavage for 4 weeks (Scbladt et al. 1998), Wistar rats exposed 

33 to :<:;1,128 mglkg/day in the diet for 16 weeks (Gaunt et al. 1974), F344 rats exposed to 

34 :<:;10,000 mg/kg/day in the diet for 13 weeks (Melnick 1984), Sprague-Dawley rats exposed to 
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1 

2 A centrilobular degenerative change occurred in the liver of male B6C3Fl mice exposed to ethylene 


3 glycol in estimated dietary doses of 6,450 or 12,900 mglkgfday for 13 weeks (Melnick et al. 1984; NTP 


4 1993). This effect was characterized by the accumulation ofa non·birefringent eosinophilic hyaline 


material in the cytoplasm ofhepatocytes adjacent to or close to the central veins, and was not observed. in 


6 females similarly exposed to ::::;16,000 mglkglday (Melnick et al. 1984; NTP 1993). No liver lesions or 


7 changes in liver weight were observed in CO-I mice exposed to g,500 mglkglday by gavage for 17 days 


8 (Harris et al. 1992) or g,826 mglkglday in the diet for one or two generations (Bolon et al. 1997; 


9 Morrissey et a1. 1989; NTP 1986), Wistar rats exposed to g,OOO mglkglday"\:ly gavage for 33 days 


(Schladt et al. 1998) or:::;1 ,128 mglkglday in the diet for 16 weeks (Gaunt et al. 1974), F344 rats exposed 

11 to :::;10,000 mglkglday in the diet for 13 weeks (Melnick 1984), or Sprague-Dawley rats exposed to 

12 :::;5,744 mg/kglday in drinking water for 90 days (Robinson et al. 1990). There were no effects on serum 

13 alanine transaminase (ALT), aspartate transaminase (AST), alkaline phosphatase (AP), lactate 

14 dehydrogenase (LDH), cholesterol, andfor bilirubin in the 33- and 90-day studies in rats (Robinson et al. 

1990; ScWadt et al. 1998); clinical chemistry was not evaluated in the other intennediate-duration studies. 

16 

17 A 2-year study of ethylene glycol in B6C3FI mice found significantly increased incidences of 

18 centrilobular hepatocyte hyaline degeneration in males at estimated dietary doses of3,000 and 

19 6,000 mglkglday (45 and 67% compared to 0% in controls) and females at 12,000 rnglkglday (52% 

compared to 0% in controls) (NTP 1993). The lesions appeared similar to the hyaline degeneration in the 

21 I3-week study by the same investigators (Melnick et a1. 1984; NTP 1993) and consisted of cytoplasmic 

22 accumulations of non-birefringent, eosinophilic, granular to globular material resembling erythrocytes in 

23 size, shape, and tinctorial properties. Seventy did not increase with dose. In another chronic study, 

24 CD·I mice and F344 rats of both sexes were exposed to doses as rugh as 1,000 mglkglday in the diet for 

up to 2 years (DePass et a1. 1986a; Woodside et al. 1982). There were no effects on liver weight or 
(,~"(f 

26 histopathology in mice of either sex or male rats The female F344 rats had significantly increased 
lt 

27 incidences of slight liver fatty metamorphosis at ;::200 mglkglday and liver mononuclear cell infiltrates at 

28 1,000 mglkglday; the incidences of fatty metamorphosis were 13% (341256), 12% (16/129), 22% 
t~S<......-t: 

29 (27/125), and 27% (35/128) at 0, 40, 200, and 1,000 mglkglday, respectively. A 2-year dietary study in 11lA.~ 

Sprague-Dawley rats found no effects on liver weight or histopathology in m~es at 975 mglkglday KY 
31 (higher doses caused early mortality) or females at :::::3,000 mglkglday. +--------- ~ 
32 

33 Renal Effects. Adverse renal effects after ethylene glycol ingestion in humans can be observed during 

34 the third stage of ethylene glycol toxicity 24-72 hours after acute exposure. The hallmark of renal 
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toxicity is the presence of birefringent calcium oxalate monohydrate crystals deposited in renal tubules 

2 and their presence in urine after ingestion of relatively high amounts of ethylene glycol (CDC 1987; 

3 Blakeley et al. 1993; Chung and Tuso 1989; Factor and Lava 1987; Godolphin et a1. 1980; Heckerling 

4 1987; Parry and Wallach 1974; Rothman et a1. 1986; Siew et a1. 1975a; Underwood and Bennett 1973). 

5 In addition to birefringent oxalate crystals in the tubular lumens, other signs of nephrotoxicity can include 

6 focal tubular cell degeneration, atrophy, and tubular interstitial inflammation (Factor and Lava 1987). In 

7 a case study of a 38-year-old female who consumed 240 mL of antifreeze (3,454 mg ethylene 

8 glycoUkglday), crystalluria was not present upon hospital admission (about 12 hours after ingestion). 

9 Within 5 hours, excretion of calcium oxalate dihydrate crystals was evident, although monohydrate 

lO crystals became the primary fonn in the urine thereafter (2-3 hours) (Jacobsen et a1. 1988). rn the course 

II of ethylene glycol intoxication, serum creatinine (Factor and Lava 1987; Spillane et al. 1991) and serum 

12 blood urea nitrogen (BUN) (Chung and Tuso 1989; Factor and Lava 1987) levels may be increased. If 

13 untreated, the degree of renal damage caused by high doses of ethylene glycol progresses and leads to 

14 hematuria (CDC 1987; Rothman et a1. 1986; Underwood and Bennett 1973), proteinuria (Rotlunan et aI. 

15 1986), decreased renal function, oliguria, anuria (Mallya et a1. 1986; Parry and Wallach 1974; Spillane et 

16 aI. 1991; Woolf et a1. 1992; Zeiss et al. 1989), and ultimately renal failure (Chung and Tuso 1989; 

17 Gordon and Hunter 1982; Jacobsen et a1. 1984; Mallya et a1. 1986). These changes in the kidney are 

18 linked to acute tubular necrosis (Factor and Lava 1987), but normal or near normal renal function can 

19 return with adequate supportive therapy (see Section 3.11, Methods for Reducing Toxic Effects). 

20 

21 rn acute-duration studies in rats, kidney effects OCClUTed al doses as low as 1,250 mglkg/day by gavage 

22 and 1,400 mglkglday in drinking water. Renal tubular dilation and regeneration were increased in female 

23 Sprague-Dawley rats that were exposed to 1,250 or 2,250 mglkglday ethylene glycol by gavage on Gd 6­

24 20 and examined on postnatal day (Pnd) 1 (NTP 1988). Increased relative and absolute kidney weights, 

25 but no renal histopathology, OCClUTed in female CD rats exposed to 2,500 mglkglday by gavage on Gd 6­

26 15 and examined on Gd 21 (Neeper-Bradley 1990; Neeper-Bradley et a1. 1995). In a 10-day drinking 

27 water systemic toxicity study, the incidence and severity of renal lesions were significantly increased in 

28 male Sprague-Dawley rats exposed to 2,615 and 5,270 mglkglday, but not at doses ::;1,343 mglkglday; 

29 lesions included tubular dilation, degeneration, necrosis, and intratubular calcium oxalate crystals 

30 (Robinson et al. 1990). Exposure to 1,400 mglkg/day in the drinking water for 15-29 days caused renal 

31 tubular oxalate deposits, but apparently no nephrosis, in male Sprague-Dawley rats (Khan et a1. 1993). 

32 Mice that were administered doses ::;1,000 mglkg by gavage for 4 days had no histopathological changes 

33 ~kidneyS (Hong et al. 1988). Renal toxicity OCClUTed in female New Zealand white rabbits that were 

34 exposed to 2,000 mglkgfday by gavage on Gd 6-19 and examined on Gd 30; lesions that included tubule 
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dilatation and regeneration, epithelial necrosis, and intraluminal oxalate crystal deposition were increased 

2 at this dose level, but not at doses :::t,000 mglkglday (Tyl et al. 1993). 

3 

4 Limited data are available on acute renal effects in other species. A single oral dose of 4,440 mglkg in 

cats (penumarthy and Oehme 1975) or 4,880 or 10,743 mglkg in dogs (Beckett and Shields 1971; Grauer 

6 et al. 1987) caused kidney damage leading to oliguria and renal failure. Dogs administered a single dose 

7 of 10,600 mg/kg ethylene glycol as antifreeze or as reagent-grade ethylene glycol in feed exhibited 

8 polyuria, azotemia, and renal failure (Dial et a1. 1994). Serum BUN and creatinine were not increased in 

9 two dogs given a single gavage dose of approximately 1,000 mglkglday, suggesting that renal function 
l"-'t:r'1"" hc("1fi" 

was not altered (Hewlett et al. 1989). In male macaque monkeys exposed to ethylene glycol in drinking 
A 

II water, five of seven animals receiyjng doses ranging from 1,665 to 146,520 mglkg/day for 6-13 days had 

12 calcium oxalate crystals and evidence of necrosis in the Jcidneys (Roberts and Seibold 1969). 

!3 

14 The renal effects of intermediate-duration oral exposure to ethylene glycol are well characterized in a 

number of studies in rats and mice (Cruzan el al. 2004; Gaunt et al. 1974; Melnick 1984; NTP 1993; 

16 Robinson et al. 1990). As summarized below, the results of these studies indicate that renal toxicity 

17 varies with sex, species, and strain, with males more sensitive than females, rats more sensitive than mi'ce, 

18 and Wistar rats more sensitive than other strains of rats. 

19 

In a 90-day drinking water study with Sprague-Dawley rats (Robinson et al. 1990), incidences of renal 

21 lesions were significantly increased in males at ::::947 mglkglday and females at ::::3,087 mglkg/day. Males 

22 showed a greater number and severity oflesions than females; lesions included tubular dilation and 

23 degeneration, acute and subacute inflammation, calcium oxalate crystals in tubules and pelvis epithelium, 

24 dilation ofurinary pelvis, and hyperplasia and degeneration ofpelvis epithelium. The male rats also had 

increases in relative Jcidney weight and serum creatinine at ::::.947 mglkglday and BUN at 

26 3,134 mg/kg/day. A 13-week dietary study in F344 rats (Melnick 1984) found renal effects that included 

27 increased relative kidney weight at ~,500 mglkglday in males and ::::5,000 mg/kglday in females, 

28 increased BUN and serum creatinine in males at ::::2,500 mglkglday, and histopathology in males 

29 ~2,500 mglkglday and females at 10,000 mglkglday. The lesions were more severe in the males (e.g., 

dilation, necrosis, fibrosis, and crystal deposition in renal tubules) than in the females (e.g., inflammation 

31 and vacuolation without crystal deposition). The NOAELs for renal toxicity in this study were 

32 1,250 mglkglday in males and 2,500 mglkglday in females. 

33 
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1 In a 16-week dietary study in Wistar rats (Gaunt et a1. 1974), renal fmdings in males included no effects 

2 at 71 mglkglday, increased incidences of kidney lesions at ;:::180 mglkglday, and oxalic acid crystals in 

3 urine, increased absolute kidney weight, increased urine volume, and decreased urine specific gravity at 

4 715 mglkglday. The lesions ranged from degenerative changes in individual nephrons with occasional 

5 oxalate crystals to generalized tubular damage with heavy crystal deposition. At the 0, 35, 71, 180, and 

6 715 mglkglday dose levels for the male rats in this study, the overall incidence of renal tubular damage 

7 was 0/15, 1115, 1115,4/15, and 15/15, respectively. The only effect observed in females was a non-:..-_.... 

8 statistically significant increase in kidney lesions at 1,128 mglkglday, the highest tested dose. Based on 

9 the renal tubular lesions in male Wistar rats, an intermediate-duration oral MRL of 

:~ ~::~_e~t!~in:;:t~~: ~e~o~:;.~t:~~}~..~~~~~~;£~r 2 and Appendu A. 

12 In another 16-week dietary study (Cruzan et al. 2004), male Wistar and male F344 rats were exposed to 

13 dose levels of 0; 50, 150,500, or 1,000 mglkglday. Effects included calcium oxalate crystals in the urine 

14 of both strains of rats at ;:::150 mg/kglday and increased absolute and relative kidney weights, increased 

15 water intake, increased urine volume, and decreased urine specific gravity at ;:::500 mg/kglday in Wistar 

16 rats and 1,000 mglkgfday in F344 rats. No treatment-related increases in alpha 2-J.1-globulin were 

17 observed in the kidneys of either strain of rats. No histological effects occurred in the kidneys of either 

18 strain of rats at 50 or 150 mglkglday. At higher doses, histopathological findings included calcium 

19 oxalate crystal deposition in the renal tubules with associated nephropathy in all Wistar rats (10/dose) at 

20 ;:::500 mglkglday_ Histological fmdings in the F344. ~ats included crystals in the tubules without 

21 nephropathy in 6/10 animals at 500 mglkglday, and crystal nephropathy in 1/10 animals at 500 mglkg/day 

22 

23 

24 

and 10/10 animals at 1,000 mg/kglday. The severity of the crystal nephropathy in the Wistar rats at 

500 mglkglday was approximately equivalent to that in the F344 rats at 1,000 mglkg/day. Although the 

male Wistar rats were more sensitive than the male F344 rats, the LOAEL for kidney toxicity was 

/
I 

25 500 mglkglday in both strains. The NOAEL in both strains of rats is 150 mglkglday because the only 

26 effect at this dose, crystalluria, reflects a detoxification process and is not adverse in the absence of 

27 crystal deposition in the renal tubule epithelium and associated histopathology: 

28 

29 Information on the intermediate-duration renal toxicity of ethylene glycol is also available in mice. In a 

30 13-week dietary study in B6C3Fl mice, effects were observed in the kidneys of males at 

31 ;:::6,450 mg/kg/day (minimal to mild tubule dilation, cytoplasmic vacuolation, and regenerative 

32 hyperplasia, without tubular oxalate crystal deposition), with no effects on kidney histology or urinalysis 

33 in females at doses ':::16,000 mg/kglday (Melnick 1984; NTP 1993). No histopathological changes were 

34 observed in the kidneys ofmale CD-l mice that were administered doses as high as 2,500 mg/kglday by 
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gavage for 17 days (Harris et al. 1992). Kidney weight and histology were evaluated in Fo and F I parental 


2 male and female CD-1 mice that were exposed to 2,826 mglkglday in the drinking water in a two­

3 generation reproduction study (Bolon et a1. 1997; Morrissey et a1. 1989; NIP 1986). The exposure period 


4 ofboth generations included 14 weeks of cohabitation through gestation and lactation. Kidney lesions 


occurred in 60% of the Fo male mice; the lesions included tubular degeneration, dilation, and 


6 regeneration, as well as a low incidence of oxalate crystal deposition (3120 treated vs. 0121 controls). 


7 There was no effect on kidney weight in the Fo males or on kidney weight or histology in the Fo females 


8 or F I males or females. 


9 

Two-year studies in rats (Blood 1965; DePass et aI. 1986a) and mice (DePass et a1. 1986a; NTP 1993) 

11 provide information on chronic renal toxicity of ethylene glycol. Males were more sensitive than females 
-...,j 

12 and rats were more sensitive than mice, aU}isllgft-eMeBie-tesWftg has n~t beeR ~erfu~ed ffi Wistar rats,.att 
"~/)<,~r +-. +~ ~..- rlr~.• 

13 stRim SftEW/:&k) b~ic:. ~ sensitive to ethylene glycol nephrotoxicityjon~\¥ing ifttsF.EBediate 8UFatfen ,. e_~!cab2~." .J..'b_;C. 1",,,,;<,c,-r 5'1"-"'( ;'... W;1.... ("'4"i-, , 
{W,-l,o,," o'!..1-'~');J.t"J'j ~ 6;6.1 a. o;A.~.,..v" r-L,,--l "'I-o'):;-c:,"1'7~ CiJeJcrtbp 

'-C"_5'£.I-J-J ,~"IkrJ-4-er ae1<.{ l\Lrr::.7 .. 
16 In Sprague-Dawley rats that were fed ethylene glycol for 2 years, effects included increased water 

17 consumption, proteinuria, and mortality in males at ;:::750 mglkglday and females at 3,000 mglkglday. 

18 Incidences of calcification (oxalate crystal deposition) in the kidneys were increased in both sexes at 

19 ;:::750 mglkglday, and oxalate-containing calculi were increased in males at ;::::750 mglkglday and females 

at 3,000 mglkglday. The incidences of oxalate crystal deposition in the males were 017, 0112, 0110, 4110, 

21 717, and 15115 at 0,75,150,375,750 and 3,000 mglkglday; the increase at 375 mglkglday was not 

22 statistically significant. The report implied, but did not adequately document, that many of the animals 

23 with crystal deposition in the renal tubules also had degenerative changes (mainly cytoplasmic 

2. vacuolation) in the tubular epithelium. Due to the insufficiently reported histopathology fmdings and lack 

of a clear (statistically significant) increase in oxalate crystal deposition at 375 mglkglday due to small 

26 numbers of animals, this study provides limited evidence that 375 mglkglday was a chronic LOAEL for 

27 kidney toxicity in male Sprague-Dawley rats. 

28 

29 F344 rats (130/sex/dose) were fed ethylene glycol in the dietary concentrations that yielded reported 

approximate doses of 0, 40, 200, or 1,000 mglkglday for up to 2 years (DePass et al. 1986a). No 

31 treatment-related or.statistically significant changes occurred in the male rats at 40 or 200 mglkglday. A 

32 number of renal effects were observed in the 1,000 mglkglday males after 12 months (subsequent 

33 sacrifices at this dose level were precluded by early mortality), including increased water consumption 

34 and urine volume, decreased urine specific gravity and pH, increased urinary calcium oxalate crystals, 
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NTP 1993), or CD-l mice exposed to :::1,000 ruglkglday in the diet for 2 years (DePass et aL 1986a; 

2 Woodside et aL 1982). None of these studies included assessments of endocrine function. 

3 

4 Dermal Effects. Histological examinations of the skin showed no effects in Sprague-Dawley rats 

exposed to :9,327 mglkglday in drinking water for 10 days or :::5,744 mglkglday in drinking water for 

6 90 days (Robinson et al. 1990), F344 rats exposed to 1,000 mglkglday in the diet for 1 year (DePass et a1. 

7 1986a; Woodside et al. 1982), B6C3Fl mice exposed to :::;12,000 mglkglday in the diet for 2 years 

8 (Melnick 1984; NTP 1993), or CD-J mice exposed to ::;1,000 mglkglday in the diet for 2 years (DePass et 

9 al. 1986a; Woodside et al. 1982). 

II Ocular Effects. Histological examinations of the eyes showed no effects in Wistar rats exposed to 

12 :S1,128 mg/kglday in the diet for 16 weeks (Gaunt et al. 1974), orin F344 rats or CD-l mice exposed to 

13 :S1,000 mglkglday in the diet for 1-2 years (DePass et al. 1986a; Woodside et al. 1982). 

14 

Body Weight Effects. In an acute-duration study, male Sprague-Dawley rats exposed to 

16 5,279 mglkglday ethylene glycol in the diet for 10 days experienced 13% body weight loss; no effect 

17 occurred in females at doses as high as 7,327 mglkglday (Robinson et al. 1990). Administration of 

18 ethylene glycol by gavage during gestation (Gd 6-15 or 6-20) caused 17-31 % decreases in maternal 

19 body weight gain in CD and Sprague-Dawley rats exposed to 1,250-2,500 mglkglday and B6C3Fl mice 

exposed to 1,500 mglkglday (Marr et al. 1992; Neeper-Bradley 1990, Neeper-Bradley et al. 1995; NTP 

21 1988; Price et al. 1985). Body weight gain corrected for gravid uterine weight was generally similar to 

22 controls, indicating that intrauterine loss was a significant contributor to the reduced maternal weight gain 

23 during pregnancy. New Zealand white rabbits showed no changes in maternal body weight after gavage 

24 exposure to 2,000 mglkglday ethylene glycol on Gd 6-19 (Tyl et al. 1993). 

" 
r L.rl4"l-«'" (!,.:~- 4.1,' 00'1 
J 

26 In intennediate-duration studies, body weight gain was ).1-30° lower than controls in F344. Wistar, and 

27 Sprague-Dawley rats exposed to f:-3,134 mglkglday . e diet or drinking water for 13-16 weeks 

28 (Blood 1965; Melnick et al. 1984; Robinson et al. 1990). No adverse effects on body weight occurred in 

29 Wistar rats exposed to :S1,128 mglkglday in the diet for 16 weeks (Gaunt et al. 1974), F344 rats exposed 

to 1,000 mglkglday in a three-generation reproduction study (DePass et al. 1986b), CD-l mice exposed to 

31 2,500 mglkglday by gavage for 17 days (Harris et al. 1992) or B6C3Pl mice exposed 16,000 mglkglday 

32 in the diet for 13 weeks (Melnick 1984; NfP 1993). 

33 
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Chronic (2-year) dietary studies of ethylene gJyco ound decreased body weight gain (I 5% less than vt--q,1?'oS"J 

2 controls) in male F344 rats at 1,000 mglkglday. but not in male F344 or Sprague-Dawley rats at 200­

3 375 mglkglday (Blood 1965; DePass et a1. 1986b); decreased body weight gain in female Sprague­


4 Dawley rats at 3,000 mglkglday, but not in female Sprague-Dawley or F344 rats at 750-1,000 mglkglday 


(Blood 1965; DePass et al. 1986b); and no effects on body weight in CD-! or B6C3Fl mice at 1,000­

6 12,000 mglkglday (DePass et al. 1986a; Melnick 1984; NTP 1993; Woodside et a1. 1982). 


7 


8 Metabolic Effects. One of the major adverse effects following acute oral exposure of humans to 


9 ethylene glycol involves metabolic changes. These changes occur as early as 12 hours after ethylene 


glycol exposure. Ethylene glycol intoxication at doses of 1,628 mglkglday is accompanied by metabolic 

11 acidosis which is manifested by decreased pH and bicarbonate content of serum and other bodily fluids 

12 caused by accumulation of excess glycolic acid (CDC 1987; Berger and Ayyar 1981; Blakeley et al. 

13 1993; Cheng et al. 1987; Chung and Tuso 1989; Gordon and Hunter 1982; Heckerling 1987; Jacobsen et 

14 al. 1988; Parry and Wallach 1974; Siew et al. 1975a; Spillane et al. 1991; Woolfet al. 1992; Zeiss et al. 

1989). There is an inverse relationship between the decreasing plasma pH and increasing plasma glycolic 

16 acid concentrations (Clay and Murphy 1977). The normal level of bicarbonate of24 rrunoVL can be 

17 depleted in cases of severe ethylene glycol intoxication to reach concentrations as low as 2 mmollL 

18 (Jacobsen et a1. 1984). This decrease in base concentration indicates that a similar quantity of acid has to 

19 be present to achieve such a depletion. Glycolic acid is the only acidic metabolite present in such 

quantities. Humans highly intoxicated with ethylene glycol had glycolate concentrations of 17-29 and 

21 <1 mmol of glyoxalate and oxalate, respectively (Jacobsen et al. 1984). Similar observations were made 

22 in animals. Metabolic acidosis due to glycolate accumulation was observed after acute oral exposure of 

23 dogs to 1,000--1,360 mglkg of ethylene glycol (Hewlett et al. 1989) and ofrats to 1,000 mglkg (Marshall 

24 1982). These results indicate that glycolic acid is the major toxic metabolite causing metabolic acidosis, 

and that its high serum levels are likely responsible for systemic toxicity observed after ethylene glycol 

26 exposure. 

27 

28 Other characteristic metabolic effects of ethylene glycol poisoning are increased serum anion gap, 

29 increased osmolal gap, and hypocalcemia. Serum anion gap is calculated from concentrations of sodium, 

chloride, and bicarbonate and is elevated after ethylene glycol ingestion (Chung and Tuso 1989; Factor 

31 and Lava 1987; Heckerling 1987; Spillane et al. 1991; Zeiss et a1. 1989). The increase in the anion gap 

32 correlates with the elevation in plasma glycolate levels (Jacobsen et a1. 1984). Osmolal gap represents the 

33 difference between the measured and calculated osmolalities and is also elevated during ethylene glycol 

34 intoxication. The amount of ethylene glycol causing these effects ranged from 1,628 to 12,840 mglkglday . 
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13 weeks or ::;12,000 mglkglday in the diet for 2 years (Melnick 1984; NfP 1993), or CD-l mice exposed 

2 to ::;1,000 mglkglday in the diet for 2 years (DePass et al. I 986a; Woodside et a1. 1982). 

3 

4 Leukocyte counts were generally unaffected in the acute-, intermediate- and chronic-duration studies of 

ethylene glycol cited above. Exceptions included statistically significant decreased total leukocyte counts 

6 in female Sprague-Dawley rats exposed to 7,327 mglkglday for 10 days (34.8% less than controls) or 

7 597-5,744 mglkglday for 90 days (30-50% less than controls) (Robinson et a1. 1990), and significantly 

8 increased neutrophll count (38% higher than controls) in male F344 rats exposed to 1,000 mglkg/day for 

9 1 year (DePass et aI. 1986a). 

11 The highest NOAEL values and all reliable LOAEL values for immunological and lymphoreticular 

12 effects in rats after intermediate-duration oral exposure to ethylene glycol are reported in Table 3-2 and 

13 plotted in Figure 3-2. 

14 

3.2.2.4 Neurological Effects 
16 

17 Adverse neurological reactions are among the first symptoms to appear in humans after ethylene glycol 

18 ingestion. These early neurotoxic effects are also the only symptoms attributed directly to ethylene 

19 glycoL Together with metabolic changes, they occur during the period of 30 minutes to 12 hours after 

exposure and are considered to be part of the first stage in ethylene glycol intoxication (Robinson and 

21 McCoy 1989; Vale 1979). In cases of acute intoxication, in which a large amount of ethylene glycol is 

22 ingested over a very short time period, there is a progression of neurological manifestations which, ifnot 

23 treated, may lead to convulsions and coma (Zeiss et a1. 1989). Ataxia, slurred speech, and somnolence 

24 are common during the initial phase of ethylene glycol intoxication (CDC 1987; Parry and Wallach 1974; 

Zeiss e(al. 1989), as are irritation, restlessness, and disorientation (Cheng et al. 1987; Factor and Lava 

26 1987; Gordon and Hunter 1982; Rothman et al. 1986; Woolf et aI. 1992). In a fatal case of ethylene 

27 glycol poisoning, a 22-year-old man was admitted to the hospital in a st~te ofstupor 6 hours after 

28 ingesting 4,071 mg/kg of ethylene glycol. He vomited several times prior to admission, lost 

29 consciousness, and became comatose (Siew et a1. 1975a). 

31 Crystalline deposits of calcium oxalate in the walls of small blood vessels in the brain were found at 
Itl1·u1- her"< 

32 autopsy in a man who died after acute ethylene glycol poisoning (Zeiss et a1. 1989)./1.Other neurological 

33 symptoms commonly encountered in cases of acute oral human exposure to ~thylene glycol are 

34 semiconsciousness (Underwood and Bennett 1973) and unresponsiveness (Blakeley et a1. 1993; Chung 
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fwID l ... _ ...s 
above, a similar effect occurred in.a-lRafl who died from acute ethylene glycol poisoning (Zeiss et al. 

2 1989).; FoJ,..o-r, ef ,.I./,oof) 

3 

4 There were no clinical signs of neurotoxicity or histopathological changes in nervous system tissue in 

other intennediate- or chronic-duration studies of ethylene glycol iIi rats or mice. As indicated in 

6 Table 3-2, the histopathological evaluations included brain, spinal. cord, and/or sciatic nerve in Wistar rats 

7 exposed to g,OOO mglkglday by gavage for 4 weeks (Scbladt et aI. 1998), Sprague-Dawley rats exposed 

8 :::5,744 mglkglday in drinking water for 90 days (Robinson et al. 1990), Wistar rats exposed to 

9 :::I,128 mglkglday in the diet for 16 weeks (Gaunt et al. 1974), F344 rats exposed to ] ,DOD mglkgfday in 

the diet for 1 year (DePass et al. 1986a; Woodside et aI. 1982), Sprague-Dawley rats exposed to 

11 :::3,000 mglkglday in the diet for 2 years (Blood 1965), B6C3Fl mice exposed to :::16,000 mglkglday in 

12 the diet for 13 weeks or ::;12,000 mglkglday in the diet for 2 years (Melnick 1984; NTP 1993), or 

13 CD-l mice exposed to :::1,000 mglkglday in the diet for 2 years (DePass et al. 1986a; Woodside et al. 

14 1982). 

16 The highest NOAEL values and all reliable LOAEL values for neurological effects in each species and 

17 duration category for ethylene glycol after oral exposure are reported in Table 3-2, and plotted in 

18 Figure 3-2. 

19 

3.2.2.5 Reproductive Effects 
21 

22 No studies were located regarding reproductive effects in hwnans after oral exposure to ethylene glycol. 

23 

24 Ethylene glycol treatment did nol affect gestational length in CD rats given 2,500 mglkglday ethylene 

glycol by gavage administration on ad 6-15 (Marc et at. 1992). Testis and uterine weights and 

26 histopathology were not affected in B6C3Fl mice treated with ethylene glycol for 4 consecutive days at 

27 doses up to 250 mglkglday and evaluated 1 day later (Hong et al. 1988). 

28 

29 Reproductive function after intermediate-duration oral exposure to ethylene glycol has been tested in 

three multi-generation studies (one in rats and two in mice) and several shorter studies (15-20 days in rats 

31 and mice). In these studies, effects on fertility, fetal viability, and male reproductive organs were 

32 observed in mice, while the only effect in rats was an increase in gestational duration. 

33 
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In a continuous breeding study in which CD~l mice were exposed to ethylene glycol in drinking water, 

2 there were slight, but statistically significant, reductions in the number of litters per fertile pair and in the 

3 mean number of live pups per litter at 1,640 mglkglday of the Fo generalion (Lamb et a1. 1985; Morrisey 

4 et a1. 1989). In mated F 1 offspring, there were no differences between high~dose and control groups in 

fertility or live litter size. In a follow-up to this study using the same overall protocol, the number of live 

6 female pups and the number of live pups per litter were significantly reduced at 2,826 mg/kglday in the 

7 Fo generation of mice, but there were no effects on reproductive parameters in the FI generation 

8 (Morrissey et a1. 1989; NrP 1986). Ethylene glycol treatment did not affect mating or fertility rate in 

9 either generation, or in Fo parents used in a crossover mating trial (20/sex high dose mice mated to 20/sex 

controls) (Morrissey et a1. 1989; NTP 1986). Female Swiss CD~l mice given ethylene glycol at 

11 2,500 mg/kg/day by gavage for 20 days including a 5~day mating period (days 8-12) with concurrently 

12 treated males had significantly fewer live and significantly more dead implants as well as complete 

13 resorption of two of six litters (Harris et al. 1992). Total number of implantation sites was not affected. 

14 

In a three~generation reproductive toxicity and dominant lethality study in F344 rats exposed via the diet, 

16 no treatment-related effects on fertility index, gestation index, gestation survival index, or days from first 

17 mating to litter were observed in any generation at doses up to 1,000 mg/kg/day (DePass et al. 1986b). 

18 Number of implantation sites was not affected at doses up to 2,250 mglkglday in timed pregnant CD rats 

19 given gavage doses of ethylene glycol on Gd 6--20 (NTP 1988). 

21 Effects on the male reproductive system, manifested mainly as changes in sperm parameters and testicular 

22 lesions, occurred in CD-l mice exposed to ethylene glycol in drinking water in a continuous breeding 

23 study (Morrissey et al. 1989; NTP 1986). Sperm number was decreased in FI males at doses as low as 

24 897 mglkglday, but the effect did not exhibit a dose~response relationship. Sperm motility, absolute 

seminal vesicle weight, relative epididymis weight, and absolute and relative testis weights were 

26 significantly reduced in FI males at :::1,798 mglkglday. Effecls at 2,826 mglkglday included increased 

27 

28 

incidence of abnormal spenn and decreased sperm motility in Fo males, and increased incidence and -I 
">,,,pCr. :.- , 

severity of testicular and .ep~al ~esions in Fo males (seminiferous tubule degeneration, loss of _, ~1 
29 spermatozoa, spermatic, spermatogonia and spermocytes, vacuolization of epithelial cells, and interstitial 

cell hyperplasia) and FJ males (seminiferous tubule degeneration and intersitital cell hyperplasia). An 

31 Expert Panel review of this study (NTP~CERHR 2004) concluded that, while this study provided some 

32 evidence for testicular changes and effects on sperm parameters, the high incidence of testicular effects in 

33 the control animals limited the ability to draw conclusions about the relationship of this effect to 

34 treatment. Ethylene glycol treatment did not affect testis weight, epididymis weight, spenn count, sperm 
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2 Studies in laboratory animals indicate that acute-duration exposure to high doses of ethylene glycol 


3 during gestation can affect fetal viability and postimplantation loss. Of 37 pregnancies in CD-I mice 


4 receiving gavage doses of 11,090 mglkglday on Od 7-14, only 15 litters had at least 1 live-born pup, 


compared with 29/29 control pregnancies (Schuler et al. 1984). In the treated group, there was a 

6 significant decrease in the number of live pups per litter and a significant increase in the number of dead 

7 pups per litter at birth. Ethylene glycol treatment (up to 2,500 mglkglday) of mated female Swiss 

8 CD-I mice during Od 8-14 did not affect the number of females littering, number of implantation sites, or 

9 nwnber of live pups at birth (Harris et al. 1992). The percentage of post implantation loss per litter was 

significantly increased in CD rats treated by gavage on Od 6-15 with 5,000 mglkglday and the nwnber of 

II live fetuses per litter was reduced at both 2,500 and 5,000 mglkglday (price et al. 1985). There were no 

12 significant effects of treatment on total implantations, preimplantation loss, or litter size when pregnant 

13 F344 rats were given ethylene glycol in the diet at target doses of up to 1,000 mg/kg/day on Od 6-15 

14 (Maronpot et a1. 1983). In New Zealand white rabbits given gavage doses of up to 2,000 mglkglday 

ethylene glycol on Od 6-19, the numbers of pre- or post-implantation losses were not increased in any 

16 treatment group, although 42% of the high-dose dams died prior to sacrifice (TyJ et al. 1993). 

17 

18 The most sensitive indicator of the developmental toxicity of acute oral exposure to ethylene glycol 

19 appears to be an increased incidence of malformations, primarily skeletal malformations, in both mice and 

rats. Available data suggest that malformations appear in mice at low2do~~han those that cause 
-t 

21 malformations in rats. The in.cidence of skeletal and other malformations was increased at all doses when 

22 groups ofat least 20 timed-pregnant CD-! mice were treated by gavage with doses of0, 750, 1,500, or 

23 3,000 mglkg/day ethylene glycol on Od 6-15 (price et a1. 1985). The percentages ofrnalforrned fetuses 

24 per litter and of litters with one or more malformed fetuses were significantly increased at all doses. The 

malformations primarily consisted of neural tube, craniofacial, and axial skeletal defects, with skeletal 

26 defects comprising the majority. In a later study aimed at identifying a NOAEL for developmental effects 

27 in CD-l mice, an increased incidence ofmalforrnations was observed at doses of~500 mglkg/day by 

28 gavage on Od 6-15 (Neeper-Bradley et al. 1995; TyI1989). The incidence oftota! malfonnations per 

29 litter (external, visceral, and skeletal) was significantly increased at both 500 and 1,500 mglkglday. There 

was a significant increase in the incidence of two skeletal malformations (fused ribs or thoracic arches) in 

31 the 1,500 mglkglday group, and the incidences of 23 skeletal variations were also increased in this group. 

32 One of these variations (bilateral extra rib 14) was also significantly increased at 500 mg/kglday. The 

33 incidence of individual external or visceral malformations was not significantly increased in any 

34 treatment group relative to the vehicle control; however, exencephaly (a malformation observed by Price 
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et a1. [1985] at higher doses) was observed in two fetuses in the 500 mglkglday group and in three fetuses 

2 of the 1,500 mglkglday dose group (Neeper-Bradley et al. 1995; TyI1989). 

3 

4 
b"t "w",,"

In rats, gestational dos~-1.0f at least 1,000 mglkglday were required to induce malfonn~tions. The number 

of litters with malformations, number of malformed fetuses per litter, and number of litters with skeletal 

6 malformations were increased at doses of~2,500 mglkglday in CD rats treated by gavage on Gd 6-15 

7 (price et al. 1985). At 5,000 mglkglday, the number of litters with fetuses having external and visceral 

8 malformations (primarily neural tube and craniofacial defects) was also increased. The authors reported a 

9 significant increase in visceral malfonnations at 1,250 mglkglday, but NTP-CERHR (2004) classified the 

observed effects (hydroureter, hydronephrosis, and great artery anomalies) as variations rather than 

11 malfonnations, and characterized the 1,250 mglkglday dose as a developmental NOAEL. In later studies 

12 using lower doses, the incidence of litters with fetuses having two skeletal malformations (missing 

JJ thoracic arch and missing ribs) was increased in CD rats exposed by gavage to ~I,OOO mglkglday on 

14 Gd 6-15 (Neeper-Bradley 1990; Neeper-Bradley et al. 1995). The incidences of total skeletal 

malformations and skeletal variations (delayed ossification) were also significantly increased at 

16 ~1,000 mglkglday. The highest dose (2,500 mglkglday) was associated with increased frequencies of 

17 visceral and external malformations, including gastroschisis, hydrocephaly, lateral ventricle dilation, 

18 umbilical hernia, and atelectasis (Neeper-Bradley 1990; Neeper-Bradley et a1. 1995). 

19 

Reduced ossification of the vertebral centra was observed in the 1,000 mglkglday dose group when 

21 F344 rats were given ethylene glycol in the diet on Gd 6-15 (Maronpot et al. 1983). However, an Expert 

22 Panel Review of this study (NTP-CERHR 2004) identified the high dose (1,000 mglkglday) as a 

2J developmental NOAEL, noting the lack of other fmdings (change in body weights or coruistent 

24 alterations in skeletal integrity) to support the authors' suggestion that reduced ossification was indicative 

of minimal embryotoxicity. 

26 

27 When developmental effects were a;&.ssed over the course ofpostnatal development, there were 

28 significant reductions in percentages lotal ossification, sternebral ossification, and vertebral centra 
1\ 

1 
I 

29 ossification on Gd 20 and at all postnatal evaluations up to ppd 63 in CD rats given 2,500 mglkglday 

ethylene glycol by gavage administration on Gd 6-15 (Marr et al. 1992). The percent of malfonned 

31 fetuses per litter was also significantly increased at all scheduled sacrifice times other than ppd 63. The 

32 percent of litters with skeletal malformations (primarily skeletal axial defects) was 100% in the treated 

33 litters at all time points other than ppd 63 (Marr et a1. 1992). 

34 
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and vertebral defects) at 2,250 mglkglday ethylene glycol when CD rats were given gavage doses on] 

2 Gd 6-20; the authors noted that 9/443 pups in this group also had hydrocephaly (NTP 1988). 

3 

4 Average pup weight was reduced in the F() generation at 1,640 mglkglday in a continuous breeding study 

in CD-l mice (Lamb et al. 1985; Morrisey et a1. 1989), but female pup body weights and pup weight 

6 adjusted for litter size were significantly reduced at doses as low as 897 mglkglday in both Fo and 

7 FJ generations in a follow-up study (Morrissey et a1. 1989; NTP 1986). In a crossover mating trial using 

8 the F() parents, pup body weight were red.uced when 2,826 rnglkglday females were mated to control 

9 males (Morrissey et al. 1989; NTP 1986). In studies on the postnatal effects of intrauterine exposure, 

average pup body weights were not affected on ppd 4, 14, or 21 in F344 rats exposed via the diet to doses 

II up to 1,000 mglkglday in a three-generation reproductive toxicity study (DePass et al. 1986b); however] 

12 pup body weights were lower than controls at various times between ppd 1 and 22 when CD rats were 

13 given "gavage doses of2,250 mglkglday ethylene glycol on Gd 6-20 (NTP 1988). Postnatal decreases in 

14 kidney weight (1,250 and 2,250 mglkglday groups) and brain weight (2,250 mglkglday group), without 

corresponding histopathology changes, have also been obsetved in the offspring of rats exposed in utero 

16 (Gd 6-20) to ethylene glycol (NTP 1988). 

17 

18 Dams exposed to 2,500 mg/kglday ethylene glycol had significantly fewer live implants and significantly 

19 more dead implants as well as complete resorption of two of six litters"in a study exposing female Swiss 

CD-I mice by gavage at doses up to 2,500 mglkglday for 20 days including a period of mating to 

21 concurrently treated males (Harris et al. 1992). fu a study ofpostnatal effects of intrauterine exposure, 

22 cumulative pup mortality was significantly higher on ppd 1 and 4 in CD rats exposed to gavage doses of 

23 2,250 mg/lqifday ethylene glycol on Gd 6-20 (NTP 1988). 

24 

In summary, there is a substantial database demonstrating developmental toxicity at ethylene glycol doses 

26 that are not maternally toxic. Mice appear to be more vulnerable to the developmental effects of ethylene 

27 glycol, responding at lower doses than rats. Skeletal and other malformations appear to be the most 
b.l..s~ 

28 sensitive indicators of toxicity, with effects obsetved axdoses of;::~OO mglkglday in mice and 

29 ;::1,000 mglkglday in rats. Effects on fetal body weight and fetal viability occur at higher doses. The 

highest NOAEL values and all reliable LOAEL values for developmental effects in each species and 

31 duration category for ethylene glycol after oral exposure are reported in Table 3-2 and plotted in 

32 Figure 3-2. 

33 
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1 3.4.1 Absorption 
2 

3 3.4.1.1 Inhalation Exposure 
4 

Limited infonnation suggests that ethylene glycol is absorbed across the hwnan respiratory tract. When 

6 two male volunteers inhaled 13C-labeled ethylene glycol vapor (estimated to result in inhaled doses of 

7 0.96 and 1.51 mglkg body weight), ~labeled ethylene glycol and glytcolic acid were detected in the 

8 plasma and urine, providing evidence ofabsorption (Carstens et al. 2003). No increase, as compared to 

9 controls, in serum or urinary levels of ethylene glycol was recorded in men exposed to.1 7--49 mg/m) 

ethylene glycol aerosol for 30 days (Wills et a1. 1974). However, in a review of this study, NTP-CERHR 

11 (2004) noted that the analytical techniques used for serum and urine analysis ofethylene glycol may not 

12 have been adequately sensitive to detect a difference. 

13 

14 In rats exposed nose-only for 30 minutes to 14C_Iabeled ethylene glycol vapor (32 mg/mg]) or for 

17 minutes to 14C_ethylene glycol aerosol (184 mg/m]) on galliwn oxide particles, between 75 and 85% of 

16 the deposited radiolabel was found to be distributed throughout the body regardless of the form of the 

17 compound (Marshall and Cheng 1983). fu its review, NTP·CERHR (2004) estimated that 60-90% of the 

18 inhaled dose was absorbed in this study. 

19 

3.4.1.2 Oral Exposure 
21 

22 Indirect evidence of the oral absorption of ethylene glycol by hwnans is available from case reports of 

23 clinical symptoms in persons accidentally or intentionally ingesting ethylene glycol (Hewlett et al. 1986; 

24 Jacobsen et al. 1988; Robinson and McCoy 1989; Walton 1978). Measurements of the plasma 

concentration of ethylene glycol after acute poisoning (studies report levels ranging from 1 to 40 mmollL; 

26 Hewlett et a1. 1986; Jacobsen et al. 1988) provide additional evidence; however, because the amounts 

27 ingested in these events were genernlly unknown, and blood analyses were performed at varying times 

28 after exposW'e, the data are not useful for quantifying the rate or extent of oral absorption in hwnans. 

29 

In rats, ingested ethylene glycol is rapidly absorbed, usually reaching peak blood levels within 1 hour 

31 after single gavage doses of 150-20,000 mg/kg (Frantz et al. 1989, 1996a, 1996c; Pottenger el al. 200 I; 

32 Winek et aI. 1978). Absorption is equally rapid in other species, with peak blood levels reached within 1­

33 3 hours after gavage exposure in mice, monkeys, and dogs (Frantz et al. 1991, 1996a, 1996b; Grauer et aI. 

34 1987; Hewlett et al. 1989; McChesney et al. 1971). In addition, available data suggest near complete 

absorption of ingested ethylene glycol in both rats and mice. After gavage doses of 10 and 1,000 mglkg 
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or lactic dehydrogenase. Glyoxylic acid can be metabolized to formate, glycine, or malate, all ofwruch 

2 may be further broken down to generate respiratory CO2, or to oxalic acid, which is excreted in the urine. 

3 In excess, oxalic acid can form calcium oxalate crystals. Rate-limiting steps in the metabolism of 

4 ethylene glycol include the initial fonnation of glycolaldehyde and the conversion of glycolic acid to 

glyoxylic acid, both of which are saturable processes. 

6 

7 Both glycolic and oxalic acids are found in the blood and urine ofunexposed individuals as a result of 

8 nonnal metabolism ofproteins and carbohydrates (NTP-CERHR 2004). The ranges of background levels 

9 of glycolic acid are 0.0044--0.0329 mM (plasma) and 0.075-0.790 mM (urine) (NTP-CERHR 2004). For 

oxalic acid, the background ranges are 0.002-0.0233 mM (plasma) and 0.086-0.444 ruM (urine) (NTP­

11 CERHR 2004). 

12 

13 In two volunteers who inhaled 14C_ethylene glycol for 4 hours, glycolic acid concentrations in the plasma 

14 peaked at about 4--5 hours after the commencement of exposure (Carstens et a1. 2003). About 1 % of the 

estimated dose of 0.96-1.51 mglkg was excreted in the urine as glycolic acid, and 0.08-0.28% was 

16 excreted as oxalic acid over 30 hours. Expired CO2 was not measured in this study. 

17 

18 Plasma glycolate levels of 12.2 and 15.4 mmollL were reported upon hospital admission of an infant 

19 female and an adult male, respectively, with ethylene glycol intoxication after oral exposure (Hewlett et 

a1. 1986). The infant survived, while the adult male died, probably due to delayed treatment. In a case 

21 report ofsix adult male patients with ethylene glycol intoxication, one ofwhom died, plasma glycolate 

22 levels on admission ranged from 17.0 to 29.3 mmol/L (Jacobsen et a1. 1984). 

23 

24 Glycolic acid was the major metabolite in the plasma ofmale rats exposed orally to single gavage doses 

of 10,100, or 1,000 mglkg 14C_ethylene glycol (Frantz et a1. 1989, 1996c). During the fIrst 12 hours after 

26 dosing, no oxalate was detected in the plasma at any dose, but glyoxylate and glyoxal, as well as trace 

27 amounts of glycoaldehyde, were detected in plasma samples from the lower dose groups (100 and 

28 1,000 mglkg). In the 10 mglkg group, gyloyxylate levels exceeded glycolate levels throughout the 

29 12 hours postdosing. 91'1" ~'t IA.~ 

31 rn rats given 2,000 mglkg ethylene glycol by gavage, peak plasma levels of ethylene glycol occurred 

32 2 hours after administration, while plasma glycolate levels peaked 6 hours after dosing (Hewlett et al. 

33 1989). Dogs receiving 1,000 or 1,360 mglkg ethylene glycol by gavage exhibited peak plasma ethylene 

631 

"'DRAFT - DO NOT CITE OR QUOTE - June 28. 2007'" Version 2.0 



5 

10 

15 

20 

25 

30 

72 ETHYLENE GLYCOL 

3. HEALTH EFFECTS 

1 

2 }n\!tro data provide conflicting compariAns between the rat and human raleiofglycolic acid 

3 met~~ism.- Although a comparison (Km'\..V~IUes obtained using livtrh iagenates from female 

4 h~..~~'~,~,Sprague-Dawley rats '.19 and 0.7~~ for humans and r s, respectively) (unpUblished 

data ofBartel ,cited in NTP-CE 2004) suggeste~d that humans y metabolize glycolic acid more 
" 

6 efficiently than ts, a more rent study suggested tile"opposite. ooth et al. (2004) reported Km values 

7 of 0.43 and 0.28 (hum and rats, respectively) fro~ s y using human and rat liver slices; these 
r 

8 metaboUsm in~ ~ ~_ h-'-"1"'~ 
9 

3.4.4 Elimination and Excretion 
11 

12 Little information is available on the elimination of ethylene glycol in humans; most of the elimination 

13 data are from humans accidentally poisoned and given therapeutic treatments to reduce the metabolism of 

14 ethylene glycol or extract it from the blood: In laboratory animals treated with 14C_ethylene glycol, the 

primary routes of excretion are exhaled air and urine, regardless of the route of exposure. After oral 

16 exposure, saturation of metabolic pathways at higher doses leads to a shift in excretory pattern, with 

17 greater urinary excretion (and corresponding decreases in elimination via expired air) at higher doses. 

18 

19 3.4.4.1 Inhalation Exposure 

21 Carstens et al. (2003) evaluated the urinary excretion of ethylene glycol and its two primary metabolites 

22 (glycolic and oxalic acids) in two volunteers who inhaled 14C-ethylene glycol at doses estimated by the 

23 authors to be 0.96 and 1.51 mglkg. Urinary excretion of 14C_ethylene glycol up to 30 hours after exposure 

24 constituted 6.4--9.3% of the inhaled dose, while I3C-glycolic acid and 13C_oxalic acid together comprised 

1-2% of the inhaled dose. However, the dose estimates are highly uncertain, as they were calculated by 

26 estimating the loss of 14C_ethylene glycol from an inhalation vessel in which the compound was 

27 "warmed". Air concentrations to which the volunteers were exposed were not measured, and the 

28 warming temperature was not reported. The authors reported that 14C_e~ylene glycol was not detectable 

29 in exhaled air, but did not assess expiration of 14C02. 

31 In rats, the major route of elimination for inhaled ethylene glycol is expiration of CO2• Rats exposed for 

32 30 minutes to 14C-ethylene glycol vapor (32 mg/m3
) or for 17 minutes to 14C_ethylene glycol aerosol 

33 (184 mg/m3) excreted 63% (over 4 days) and 75% (over 6 days), respectively, of the initial body burden 

34 as 14C02 (Marshall and Cheng 1971). Urinary excretion constituted 20 and 12% of the initial body 
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burden after vapor and aerosol exposures, respectively, while fecal excretion was 3% and 1 % (Marshall 

and Cheng 1971). 

3 

4 

6 

•:1,,1--.""'. f," f
3.4.4.2 Oral Exposure J... t ~.... ,«"",~ ..L' k. ~~ • ~ 

/_:(4. ILr~ ~ , ~ ~"~~" ....TJ-e ,.. c:­ "1""-". ;-<.fl.-P €-I ~. 0 ",~;<e...')::>7 
. . "~ "f d-d.~"-~ P(.a.lyf~f, -t:h."I-~ "-1>':,_' 

TM.awroxuuate-serum-baI.t:.li.fe..o.£.etb;'lcne glycol was-l~ 3.0 hows lfi ft ehdd beatecf~lth helllodlaljSlS"e: 1 • ..,.."L.....:f-.}'" 

7 asa.mannito1 therap¥o(Rothm~l-986),and.2_7..hcwrs jn an adult...mals-Ei1:hing hemodialysn: and· 

8 ink'avenoos-ethanoFtreatment-{-Ghong I!l~al. 198?}". In untreated adults, the serum half-life has been 

9 estimated to be between 3.0 and 8.4 hours (Jacobsen et al. 1988; Peterson et al. 1981). ~",...,.. 4...er£. 

II In laboratory animals, the elimination half-lives for ethylene glycol in the plasma have been estimated at 

12 1.4 - 2.5 hours in rats given between 10 and 2,000 mglkg; 0.3-1.1 hours in mice given doses between 

13 10 and 1,000 mglkg; 3.5 hours in dogs given 1,000-1,360 mglkg; and 2.7-3.7 hours in monkeys given 

14 1,110 mg/kg (Frantz et al. 1989, 1991, 1996a,)996c; Hewlett et a1. 1989; McChesney et al. 1971). The 

plasma elimination half-life for ethylene glycol was similar (1.4-1.7 hours) in pregnant rats treated with 

16 single oral doses of 10 or 2,500 mglkg on Gd 10 (pottenger et a1. 2001). Data from intravenous 

17 administration of ethylene glycol show similar elimination half-lives (Frantz et a1. 1989, 1991, 1996a, 

18 1996c; Martis et a1. 1982). 

19 

Frantz et al. (1989, 1991, 1996b, 1996c) treated rats and mice with single oral doses of 14C_ethylene 

21 glycol between 10 and 1,000 mglkg and measured radioactivity in exhaled air, excreta, tissues, and 

22 carcass up to 96 hours after exposure. Table 3-7 shows the disposition of radioactivity. In male and 

23 female rats, the major excretory routes were via CO2 exhalation (27-48% of the administered 

24 radioactivity) and urinary elimination (21-43%); 2-4% was excreted via the feces (Frantz et al. 1989, 

1996b, 1996c). Female mice showed a similar profile when exposed over the same dose range, exhaling 

26 22-55% of the dose as CO2 and 3-11 % as exhaled volatile organic compounds (VOCs), while excreting 

27 24-56% in the urine and 5-16% in the feces (Frantz et al. 1991, 1996b). In mice, the majority of the 

28 exhaled radioactivity was eliminated during the fust 12 hours after dosing (Frantz et al. 1991, 1996b). 

29 Both mice and rats exhibited a dose-dependent shift in excretory patterns, as shown in the data in 

Table 3-7. An increase in urinary excretion of radioactivity was evident between 10 and 100 mglkg in 

31 female mice, between 10 and 400 mglkg in female rats, and between 800 and 1,000 mglkg in male rats. 

32 In its review of these data, NTP-CERHR (2004) noted that the increased urinary excretion of radioactivity 

33 probably resulted from saturation of the enzymes that metabolize glycolic acid, leading to increased 

34 excretion of this metabolite in the urine. Pottenger et al. (2001) provided data on urinary levels of 
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2 IfPBPK models for ethylene glycol exist, the overall results and individual models are discussed in 

3 this section in terms oftheir usc in risk assessment, tissue dosimetry, and dose, route, and species 

4 extrapolations. 

6 PBPK models are available for ethylene glycol and its intennediate metabolite, glycolic acid, in rats and 

7 humans (Corley et al. 2005a). The models include the inhalation, oral, dennal, intravenous, and 

8 subcutaneous routes of exposure. Models for ethylene glycol consist of eight compartments connected by 

9 blood flow (lungs, richly perfused tissues, poorly perfused tissues, fat, skin, gastrointestinal tract, liver, 

and kidney); models for glycolic acid have a similar structure except that the lung is included in the richly 

11 perfused tissue group. Gastrointestinal tract, lung, and skin were included separately in order to permit 

12 simulation of different exposure routes. Models for both compounds assume instantaneous dispersion of 

13 the compound through each compartment based on blood perfusion rates and partition coefficients. The 

14 models for ethylene glycol and glycolic acid are connected via a saturable metabolic route in the liver, 

and renal elimination of both compounds was modeled. 

16 

17 Physiological parameters used in the model are shown in Table 3-8. Tissue volumes were scaled to body 

18 weight; alveolar ventilation and cardiac output were scaled as (body weightt·7s; blood flows were scaled 

19 to cardiac output; and kidney parameters (glomerular filtration, tubule urine volume, and urine 

production) were scaled as a fraction of kidney weights. Partition coefficients used in the model are given 

21 in Table 3-9. Blood:air partition coefficients were measured in vitro using human and female Sprague­

22 Dawley rat blood; tissue:blood coefficients were measured in rats, and human partition coefficients were 

23 assumed to equal those of rats. 

24 

A simplified metabolic pathway simulating metabolism of ethylene glycol to glycolic acid and from 

26 glycolic acid to glyoxylic acid (the rate-limiting steps) with saturable Michaelis-Menten kinetics was used 

27 in the model. Metabolic rate constants were estimated from in vitro data. Elimination via the kidneys 

28 was initially simulated as a first-order equation, but was modified to allow for reabsorption of glycolic 

29 acid in the renal tubules by a saturable Michaelis-Menten-like process in order to better predict 

31 

elimination of this metabolite at low doses (<200 mg/kg). 

elimination parameters used in the study. 

Table 3-10 shows the metabolic and renal ~ jJ"y' 
-s"rt == .­ ~', 

32 ~:r~ 
33 The model was validated against several pharmacokinetic studies in rats and humans (Corley and 

34 McMartin 2005; Corley et al. 2005a). In the examples reported by Corley et a1. (2005a), the model 
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predictions provided reasonably good fit to measured plasma concentrations of ethylene glycol and 


2 glycolic acid after oral exposure to ethylene glycol in female Sprague-Dawley rats and intraperitoneal 


3 exposure to male Wistar rats, although predictions of glycolic acid concentrations after low-dose 


4 (10 mg/kg) oral exposure were not as reliable. The authors suggested that differences in analytical 


methods used to measure glycolic acid'in the dataset used to determine model parameters and the 


6 validation dataset may have contributed to the less reliable prediction after low-dose exposure. 


7 Validation against human data was complicated by the need to incorporate effects of thernpeutic 


8 interventions on blood levels of ethylene glycol and glycolic acid in humans acutely poisoned with 


9 ethylene glycoL With modifications to simulate these effects, the model provided reasonably good 


predictions of blood levels reported in several clinical case reports over a broad range of oral doses 

II (Corley and McMartin 2005). 

12 

13 Using tile model for humans, Corley et al. (2005a) estimated that the threshold glycolic acid concentration 

14 for developmental effects in rodents (considered by the authors to be a peak of 2 mM) would only be 

reached in human females ingesting doses of 350 mglkg (assuming a 58-kg female). However, it is ,
16 important to note that the human model has not been calibrated to the physioloical changes associated 

4GJi& I tseo 
17 with pregnancy, which require a different model structure (EPA 2006a) ....Furthermore, uncertainty in the,.CM.e....k4.~ ­
18 glycolic acid saturation concentration in humans limits the usefulness of this model for predicting ... 
19 developmental toxicity in human embryos. 

21 Data from a single study (pottenger et a1. 2001) suggested that pregnancy status did not affect the time 

22 course of ethylene glycpl, glycolic acid, or oxalic acid pharmacokinetics in maternal blood and urine 

23 (including peak concentration, time ofpeak concentration, area under the concentrntion vs. time curve, or 

2' elimination half-time) when groups of pregnant and nonpregnant rats were treated by gavage with doses 

of 10 or 2,500 mglkg ethylene glycol (pregnant rats treated on Gd 10). fiiowever, these data are not t k; r1-, 
26 adequate to suggest that a phannacokinetic model based on nonpregnant humans can be used to predict \l ee '­

1<> ,,(
27 exposure to a developing human fetus. NrP-CERBR (2004) observed that pregnancy-related changes in .~ "'"'j _"­It-v. ", ­
28 metabolism would not be captured in lhis study due to the narrow exposure window (Gd 10). In addition., ~ ~ <' 

29 the study measured maternal, not fetal, levels of ethylene glycol and its metabolites] Slikker et a1. (2004) (.-" ~J....i r 

reported that there are species-specific differences in the transfer of glycolic acid from maternal blood to 

31 conceptus. Likewise, fetal andlor placental differences in expression of enzymes metabolizing ethylene 
......7'.90f5'~'r

32 glycol and glycolic acid over the course of gestation wi» affect local concentrations of glycolic acid to 

33 which the developing conceptus is exposed, yet little is known about these differences (NTP~CERHR 

3' 2004). ~s.hetween'Fats-arnt-hmnansirrthe-ofltegeny of these enzymes-and-in-the-confribufion-of­
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2 

3 

4 Additional data are needed to reduce uncertainty in the saturation concentration of glycolic acid in 

hwnans, and such data may alter the model predictions of peak glycolic acid concentrations in humans 

6 exposed to ethylene glycOl.0though NTP-CERHR (2004) suggested that humans may metabolize 

7 glycolic acid more efficiently than rats, based on a comparison of unpublished Km values obtained by 

8 Bartels using liver homogenates from female humans and Sprague-Dawley rats (0.19 and 0.79 mM for 

9 humans and rats, respectively), the authors noted the limited data supporting this finding. A more recent 

study published after the NTP review (Booth et at. 2004) reported K.rn values of 0.43 and 0.28 mM 

11 (humans and rats, respectively) from a study using human and rat liver slices; these data suggest less 

12 efficient metabolism in humans. As a result of the uncertainty in this critical parameter, predictions of 

13 

14 

peak human glycolic acid concentrations made using the existing PBPK model are likewise rendered 

uncertainJ +~tf hli:.-'S -1-0 b- {! re.v.1 ed ­ OS.e E'. c:.-D oK ".e,t.""f J 

16 3.5 MECHANISMS OF ACTION 
17 

18 3.5.1 Pharmacokinetic Mechanisms 
19 

Absorption. No studies investigating the mechanism by which ethylene glycol is absorbed from the 

21 lung, gastrointestinal tract, or skin were located. 

22 

23 Distribution. As discussed in more detail in Section 3.4.2, there are limited data on the distribution of 

24 ethylene glycol after inhalation exposure. Studies in rats, mice, and monkeys, as well as limited data in 

humans, suggest that ethylene glycol is distributed according to total body water (Frantz et a1. 1989, 1991, 

26 1996b, 1996c; Jacobsen et al. 1988). There are no data on the sites of ethylene glycol metabolism or on 

27 the distribution of its primary metabolite (glycolic acid) in the body. The inverted yolk sac placenta, 

28 which develops in both mice and rats, tends to concentrate weak acids such as glycolic acid; neither 

29 humans nor rabbits develop a yolk sac placenta, and a preliminary study showed that glycolic acid does 
l~ert 

not concentrate in rabbit embryonic fluids (NTP-CERHR 2004)i\No additional data are available to 

31 characterize the mechanisms by which ethylene glycol is transported to the kidneys or developing fetus, 

32 the primary sites of toxic action. 

33 

34 Metabolism. As discussed in more detail in Section 3.4.3, ethylene glycol metabolism has been well 

characterized. Glycolic acid has been identified as the primary metabolite and putative developmental 
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at 3 hours (Grauer et a1. 1984). In these animals, the anion gap was also significantly increased at 3 hours 

2 (19 Meq/L). 

3 

4 The second characteristic of ethylene glycol intoxication is metabolic acidosis. Ethylene glycol itself has 

5 low toxicity (Godolphin et al. 1980; Jacobsen and McMartin 1986), but it is metabolized to a variety of 

6 toxic metabolites such as glycolaldehyde, glycolic acid (glycolate), glyoxylic acid (glyoxylate), and 

7 oxalic acid (oxalate) (Jacobsen et aI. 1988; Parry and Wallach 1974; Vale 1979; Wiener and Richardson 

8 1988). In general, the accumulation of acids leads to acidosis, a state that is characterized by actual or 

9 relative decrease of alkali in body fluids in relation to the acid content. In the case of ethylene glycol, 

10 metabolic processes that follow ethylene glycol ingestion lead to the accumulation of glyc<Jlic and lactic 

II acids resulting in metabolic acidosis. The assumption that ethylene glycol toxicity is due to its metabolic 

12 products is made because there is a latent period before the symptoms of acidosis appear, because there is 

13 no correlation between observed toxicity and ethylene glycol blood concentration, and because inh:ibition 

14 of ethylene glycol oxidation prevents toxicity (Jacobsen and McMartin 1986). Furthennore, glycolic acid 

IS is the most abundant ofall ethylene glycol metabolites (Jacobsen et a1. 1984). Following ingestion of 

16 high doses of ethylene glycol, glycolic acid tends to accwnulate because it is a substrate for lactic 

17 dehydrogenase andlor glycolic acid oxidase. 

18 

19 The accumulation ofrnetabolites such as glycolic acid, oxalate, and lactic acid leads to an increased anion 

20 gap and metabolic acidosis, which are responsible for toxicity observed after ethylene glycol ingestion. 

21 While lactate levels increase in some human cases up to 5-7 mmol (Jacobsen et al. 1984, 1988; Parry and 

22 Wallach 1974), glycolate levels range up to 20-25 nunol, thus accounting for a greater portion of the 

23 anion gap. The serum anion gap is calculated by subtracting the swn of the serum chloride and 

24 bicarbonate ions from serum sodium ions. In dogs given oral doses of 10,743 mglkg ethylene glycol, the 

25 anion gap was significantly increased at 3 hours (19 Meq/L) COinciding with peak serum ethylene glycol 

26 levels (Grauer et al. 1984). The maximum production of metabolites occurs 6-12 hours after ethylene 
. ol£ve.!.p".-e,..-f.04- o:-,.,."r,J-Of'y I-U-I'Ge>tI/tfc-t.,. ""'-r"'~'

27 glycol ingestion and coincides with ~u:otoX1Gi~. Ethylene glycol metabo ites inhibit oxidative 

28 phosphorylation, respiration, glucose metabolism, protein synthesis, d~oxyribonucleic acid (DNA) 

29 replication, ribosomal ribonucleic acid,(RNA) synthesis, central nervous system respiration, and serotonin 

30 metabolism (Vale 1979). Glycolic acid and lactic acid are the major and minor contributors, respectively, 

31 to the production of metabolic acidosis, one of the hallmarks of acute ethylene glycol intoxication. 

32 

33 Nephrotoxicity and neurotoxicity can follow because oxalate can produce renal and brain damage as it 

34 chelates with calciwn ions fonning insoluble calcium oxalate monohydrate crystals, another characteristic 
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of ethylene glycol poisoning (Jacobsen et al. 1988). This may lead to hypocalcemia and imbalance of 


2 serum divalent ion concentrations (Zeiss et al. 1989). Although the mechanism of ethylene glycol 


3 neurotoxicity is not completely lUlderstood, the available information on humans suggests that it occurs in 


4 two stages, an early one (30 minutes to 12 hours after exposure) and a late one (several days after 


exposure). The early-stage symptoms are due to the direct toxicity of ethylene glycol, while the late-stage 

6 neurotoxicity is due to metabolic acidosis caused by the accumulation of ethylene glycol metabolites, 


7 primarily glycolic acid, which leads to metabolic acidosis. Additional evidence for this late neurotoxicity 

1-4.~ bB.:'" "''f= '-_"4-"" 

8 is crystalline deposits ofcalcium oxalate in the walls ofsmall blood vessels found in .n.e arm of II: rnnB 
.. I='{"I'faer" e:i·~ I, ""'" 

9 who died of acute ethylene glycol poisoning (Zeiss et aI. 198~). Similar effects were observed in rats fed 

2,500 mglkglday ethylene glycol for 13 weeks (Melnick 1984). The role of calcium in ethylene-glycol­

II induced neurotoxicity is not lrnown but the formation of calcium oxalate crystals may cause perturbation 

12 of intracellular calcium homeostasis causing membrane abnormalities generally associated with cell 

13 injury and cell death. A generalized soft tissue mineralization that included the heart (vessels and 

14 muscle), lungs (interstitial), stomach, and vascular system occurred in male F344 rats exposed to 

1,000 mglkglday in the diet for 1 year (DePass.et a1. 1986a; Woodside et al. 1982). These 

16 histopathological changes may be the result of altered calcium metabolism (Rajagopal et al. 1977). 

17 

18 	 The presented data indicate that glycolic acid is the major toxic metabolite contributing to metabolic 

19 	 acidosis, which is a primary cause of systemic toxicity following exposure to ethylene glycol. Glycolic 

acid has also been identified as the proximate cause of developmental effects observed with ethylene 

21 glycol exposure (NTP-CERHR 2004; Slikker et al. 2004). A number ofmechanistic studies have ruled 

22 out both ethylene glycol itself and other metabolites as the primary developmental toxicants, while 

23 metabolic acidosis was shown to interact with glycolic acid at high doses to enhance developmental 

24 	 effects. The available data suggest that peak concentrations in the ran~~ of 2-3 mM glycolic acid are 

necessary for developmental toxicity to occur in rodents (Cainey et al. 2001; NTP-CERHR 2004; Slikker 

26 et aI. 200<i . .:.. .... '" ,1- 4', ~:l. 
27 

28 Klug et al. (2001) compared the effects of several ethylene glycol metabolites on rat whole embryos 

29 (Gd. 9.5) in culture, observing that only glycolic acid affected embryonic development at metabolite 

concentrations observed in in vivo studies ofethylene glycol. Ethylene glycol and other metabolites did 

31 not affect development except at much higher concentrations than have been seen in vivo. 

32 

33 Using rat whole embryos (Gd 10) exposed to either ethylene glycol or glycolic acid for 46 hours in vitro, 

34 Carney et al. (1996) showed that concentrations up to 50 roM ethylene glycol did not cause 
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morphological changes, while glycolic acid caused changes in the skeletal and craniofacial regions at 

2 concentrations of2:12 mM. These changes are consistent with the dysmorphogenesis observed in rats 

3 after in vivo exposure to ethylene glycol. In tl).e same study, the role ofmedium acidification in the 

4 observed effects was investigated by comparing the effects of 12.5 roM glycolic acid (PH 6.7), 12.5 mM 

sodiwn glycolate (PH 7.4), and control medium (PH 7.4 or 6.7) on rat whole embryos in culture. The 

6 incidence of affected embryos was 67% in the glycolic acid group, 58% in the sodiwn glycolate group, 

7 8% in the pH 6.7 controls, and 0% in the pH 7.4 controls. The authors concluded that glycolic acid was 

8 the primary developmental toxicant, and that mediwn acidification was a minor contributor to the 

9 observed effects. 

'11 In vivo studies have shown similar results. When glycolic acid was administered to CD rats via gavage 

12 on Gd 6-15, the observed effects on offspring were similar to those observed after ethylene glycol 

13 exposlUe (Munley et al. 1999). In an effort to delermine the extent to which metabolic acidosis 

14 contributed to the developmental effects induced by glycolic acid, Carney et a1. (1999) treated time~mated 

Sprague~Dawley rats with ethylene glycol (2,500 mglkg) or glycolic acid (650 mglkg) via gavage or 

16 sodium glycolate via subcutaneous injection on Gd 6-15. Metabolic acidosis was induced in both the 

17 ethylene glycol and glycolic acid groups, but not in the sodium glycolate treatment group. Upon sacrifice 

18 on Gd 21, fetal body weights were decreased and malformations were increased in all three groups, 

19 indicating that glycolate was capable of inducing effects in the absence ofmetabolic acidosis. The 

authors reported that developmental toxicity was enhanced by an interaction between metabolic acidosis 

21 and glycolate at high doses (Carney et al. 1999). 

22 

23 3.5.3 Animal-to-Human Extrapolations 
24 

Toxicokinetic and mechanistic data suggest that humans may be less sensitive than rodents to systemic 

26 
'r'. i~' flp .... .Ip, ~.u (:10'-"")

and developmental e~s of ingested ethylene glycol. tlJ.G.J[! vitro studyby B.aflets eiteQ....b;& 
~~ 

27 ~~~~ found that human liver tissue was more effective than liver tissue from rats and 

28 rabbits in metabolizing glycolic acid to glyoxylic acid, suggesting that humans are less likely to 

29 accwnulate glycolic acid (the proximate developmental toxicant) .... wIHle other data cmrtlict with-this­

fiH4iFlg.{Booth-e~~ee4? In addition., NTP-CERHR (2004) reviewed preliminary data by Carney and 

31 coworkers indicating that the inverted yolk sac placenta, a stage in placental development that does not 

32 exist in humans or rabbits, tends to concentrate weak acids such as glycolic acid in the embryonic fluids. 1~er1" 
. />ea 

33 These data suggest enhanced sensitivity to ethylene glycol developmental effects in rodents compared 

34 with hwnansj b@ure'r.t:[, P'XF CERHR (2eJ04) c11aracterizecl the ewa-ilaele clata-as illeorlCmsi yeo 
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Insufficient infonnation is available to adequately assess the endocrine disruptor potential of ethylene 

2 glycol. No studies were located regarding endocrine disruption in humans after exposure to ethylene 

3 glycol. 

4 

No histopathological changes occurred in endocrine organs of rats or mice in acute-, intermediate- and 

6 chronic-duration oral studies of ethylene glycol. As discussed in the Endocrine Effects subsection of 

7 Section 3.2.2.2, histological examinations in these stuclies included the adrenals, pancreas, pituitary, 

8 thyroid, and/or parathyroids (Blood 1965; DePass et at. 1986a; Hong et al. 1988; Melnick 1984; NTP 

9 1993; Robinson et al. 1990; Schladt et al. 1998; Woodside et al. 1982). Assessments of endocrine 

function (e.g., hormone levels) were not conducted in these or other studies of ethylene glycol. 

II 

12 Reproductive toxicity studies showed that oral exposure to high doses of ethylene glycol affected fertility 

13 and fetal viability in mice and rats (Harris et a1. 1992; Lamb et al. 1985; Morrisey et at. 1989; NIT 1986; 

14 Price et al. 1985; Schuler eta!' 1984), and possibly male reproductive function in mice (Morrissey et al. 

1989; NTP 1986) and gestational duration in rats (NTP 1988). 

16 

17 Ethylene glycol had no estrogenic or antiestrogenic activity in an in vitro MVLN cell-based 

18 transactivation assay (Freyberger and Schmuck 2005). MVLN cells constitutively express the estrogen 

19 receptor (ER) and are stably tr~fected with the luciferase reporter gene and the corresponding hormone 

responsive element derived from the Xenopus Vitellogenin A2 gene. Evaluations included cytotoxicity 

21 and luciferase gene expression in the absence and presence of estradiol stimulation, as well as ER-Cl 

22 binding affinity. 

23 

24 3.7 CHILDREN'S SUSCEPTIBILITY 

26 This section discusses potential health effects from exposures during the period from conception to 

27 maturity at 18 years of age in humans, when all biological systems will have fully developed. 

28 Potential effects on offspring resulting from exposures of parental germ ceUs are considered, as weU 

29 as any indirect effects on the fetus and neonate resulting from maternal exposure during gestation 

and lactation. Relevant animal and in vitro models are also discussed. 

31 

32 Children are not smaU adults. They differ from adults in their exposures and may differ in their 

33 susceptibility to hazardous chemicals. Children's unique physiology and behavior can influence the 

34 extent of their exposure. Exposures of children are discussed in Section 6.6, Exposures of Children. 
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counterbalanced by their alveoli being less developed, which results in a disproportionately smaller 

2 surface area for alveolar absorption (NRC 1993). 

3 

4 Young children are susceptible to ethylene glycol poisoning through the accidental ingestion ofantifreeze 

because it is a brightly colored, sweet tasting liquid that can be mistaken for a beverage (Leth and 

6 Gregersen 2005). Many ethylene glycol poisonings occur when an antifreeze bottle is in use or when 

7 antifreeze is not kept in its original container (e.g., ifit is poured into a cup or soft drink: bottle), because 

8 children can ingest ethylene glycol from an accessible open container (EPA 2004b; Leth and Gregersen 

9 2005). Children also may play in a puddJe of antifreeze that has been spilled or drained onto the ground. 

Children and adolescents comprise a significant percentage of ethylene glycol acute intoxicalions from 

II accidental or intentional ingestion. ~or example, in a total of 4,938 exposures voluntarily reported to U.S. 

12 poison control centers in 2001, 1,404 (28%) were younger than 19 years old and 713 (14%) were younger 5<!-t?' 
~...e...cr 

13 than 6 years old (Litovitz et al. 2002). Similarly, of735 total exposures reported in 2003, 150 (20%) were 

14 younger than 19 years old and 84 (11 %) were younger than 6 years old (Watson et al. 2004)]It has been 

reported that ingestion of as little as 10-15 mL ethylene glycol can be fatal in small children (White and 

16 Liebelt 2006). 

17 

18 A limited amount of information on health effects of ethylene glycol in children is available from several 

19 case reports of patients admitted to hospitals for treatment of acute oral poisoning. A 4-year-old girl 

(14 kg) who accidentally ingested an unknown amount of antifreeze containing 41 % ethylene glycol 

21 vomited and was admitted to a hospital 4 hours later, where drowsiness, hypotonia, and metabolic 

22 acidosis subsequently developed (Harry et al. 1998). A 13-year-old girl (80 kg) who intentionally 

23 ingested approximately 4 fluid ounces of antifreeze (ethylene glycol concentration not reported) was 

24 brought to a hospital approximately 30 minutes after ingestion with no evidence of intoxication, but 

subsequently developed ataxia, dysarthria, metabolic acidosis, and oxalate crystals in the urine (Boyer et 

26 al. 2001). An 8-month-old boy (7.7 kg) who drank up to 120 mL ethylene gly<?ol (95%) was taken to a 

27 hospital where he appeared lethargic; melabolic acidosis, increased osmolal gap, and oxalate crystals in 

28 the urine were detected 3-4 hours post-ingestion (BalUll et a1. 1999). Six children ranging in age from 

29 22 months to 14 years were admitted to a hospital for treatment of ethylene glycol poisoning over a 4-year 

period (Caravati et al. 2004). Four of the children (7-13 years old, 22-50 kg) ingested between 30 and 

31 120 mL (alleged doses) of antifreeze (ethylene glycol concentration not reported); the amounts ingested 

32 by the other two children were unknown. Presenting symptoms included dizziness, slurred speech, 

33 nausea, ataxia, and lethargy. Varying degrees of metabolic acidosis were also observed, but renal 

34 function was normal. 
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mutations in orally·exposed rats (DePass et al. 1986b) and was consistently negative in in vitro 

2 genotoxicity assays in a variety of test systems, indicating that it is unlikely to affect DNA in parental 

3 germ cells. 

4 

No studies are available that describe potential differences in the toxicokinetics or the mechanism of 

6 action of ethylene glycol in children. As dis,cussed in Section 3.5.2, Mechanisms of Toxicity. glycolic 

7 acid is the major toxic metabolite contributing to metabolic acidosis, which is a primary cause ofsyslernic 

8 toxicity in children as well as adults following exposure to ethylene glycol. Glycolic acid has also been 

9 identified as the proximate cause of the developmental effects in animals observed with ethylene glycol 

exposure (NTP·CERHR 2004; Slikker et al. 2004). 

11 

12 Ethylene glycol metabolism is known to involve alcohol dehydrogenase and aldehyde dehydrogenase, 

13 and may also involve cytochrome P450 isozymes (NfP·CERHR 2004). PolymoIphisms in the genes 

14 encoding these enzymes may lead to wide variability in the production and elimination of glycolic acid 

and other metabolites in humans exposed to ethylene glycol, but data quantifying the range of variability 

16 are not currently available (NTP·CERHR 2004). In addition, fetal andlor placental differences in 

17 expression of these enzymes over the course ofgestation will affect local concentrations of glycolic acid 

18 and other metabolites to which the developing conceptus is exposed, yet little is known about these 

19 differences (NTP·CERHR 2004). 

21 A PBPK model for ethylene glycol in adult humans has been developed and has been used to estimate 

22 that the threshold glycolic acid concentration for developmental effects in rodents would only be reached 

23 in human females ingesting doses 0[350 mglkg (assuming a 58·kg female) (Corley et a1. 2005a). 

24 However, fue.1m 'man-model..has.not-been-ealibrated-to-ilie-physielogisal·GhaHge5-it5Seeiated-with 

.~an~ no models are available for children or lactating women. A PBPK model has also been 

26 (develOPed for rats (Corley et al. 2005a), but there is no model for mice, which are more sensitive than rats 

27 to ethylene glycol developmental toxicity. Biomonitoring data for children, including levels of ethylene 

glycol in placental tissue, cord blood, neonatal blood, meconium fluid, or breast milk, have not been 

located.:: \ 

, 
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absorbed dose, a decrease in the biologically effective dose, or a target tissue response. If 

2 biomarkers of susceptibility exist, they are discussed in Section 3.10, Populations That Are 

3 Unusually Susceptible. 

4 

3.8.1 Biomarkers Used to Identify or Quantify Exposure to Ethylene Glycol 
6 

7 The presence ofparent compoWld in the blood and urine serves as the only biomarker of exposure that is 

8 specific to ethylene glycol. The half-life of ethylene glycol in plasma is estimated to be 3-7 hours in 

9 laboratory animals (Marshall 1982; Winek et al. 1978). Available human data indicate a similar half-life 

for ethylene glycol in human plasma (Eder et a1. 1998). The elimination half-life of ethylene glycol-tn-the­

11 'lipg efacutely intoxicated humans ranges from 3.0 to 8.4 hours (Jacobsen et a1. 1988; Peterson et a1. 

12 1981). Based on the relatively short half-life in the blood and urine, the presence of parent compoWld 

13 would serve as a reliable biomarker of exposure only within the first day following exposure. Rapid 

14 methods for determining ethylene glycol in serum and urine are available for use in the clinical setting 

(Aarstad et a1. 1993; Blandford and Desjardins 1994), but may not always be readily available in 

16 emergency situations. 

17 

18 Other biomarkers of exposure are typically used in conjWlction with serum and urinary ethylene glycol 

19 levels to assist in corrfirrnation and quantitation of ethylene glycol intoxication. However these other 

biomarkers are not specific to ethylene glycol. For example, levels of glycolic, laclic, and oxalic acid 

21 metabolites of ethylene glycol may be useful indicators of ethylene glycol-induced toxicity, but they are 

22 not specific to ethylene glycol. As discussed in detail in Section 3.4, elhylene glycol is rapidly 

23 melabolized to glycolic acid, which accumulates in the blood and causes metabolic acidosis (Gabow et a1. 

24 1986; Jacobsen et al. 1984). Glycolic acid blood levels have been more closely correlated to clinical 

symptoms than ethylene glycol blood levels (Hewlett et al. 1986). Due to the rapid formation of glycolic 

26 acid in the body and its correlation to clinical symptoms of ethylene glycol poisoning, measurements of 

27 both parent compound and glycolic acid levels are important in diagnosis and treatment (Hess et al. 

28 2004). Lactic acid may contribute to metabolic acidosis, ~hereas oxalic acid fonns calcium oxalate 

29 crystals that are considered to be the cause of ethylene glycol-induced nephrotoxicity (Jacobsen and 

McMartin 1986; Wiley 1999). 

31 

32 The presence of calcium oxalate monohydrate crystals is an indicator ofpossible ethylene glycol 

33 intoxicalion, although not specific to ethylene glycol. The crystals can be found in renal tubules and/or 

34 urine after exposure to relatively large amounts of ethylene glycol (CDC 1987; Chung and Tuso 1989; 
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Andrus 1962). Vitamin B6 deficiency can cause inhibition of ethylene glycol's oxidation to carbon 

2 dioxide and thus cause an increase in ethylene glycol toxicity. Magnesiwn may prevent renal deposition 

3 of calcium oxalate by altering solvent characteristics of oxalate in urine (Browning 1965; Gershoff and 

4 Andrus 1962; Khan el al. 1993). 

6 3.10 POPULATIONS THAT ARE UNUSUALLY SUSCEPTIBLE 
7 

8 A susceptible population will exhibit a different or enhanced response to ethylene glycol than will 

9 most persons exposed to the same level of ethylene glycol in the environment. Reasons may inc1ude 

genetic makeup, age, health and nutritional status, and exposure to other toxic substances (e.g., 

11 cigarette smoke). These parameters result in reduced detoxification or excretion of ethylene glycol, 

12 or compromised function of organs affected by ethylene glycol. Populations who are at greater risk 

13 due to their unusually high exposure to ethylene glycol are discussed in Section 6.7, Populations 

14 with Potentially High Exposures. 

16 

17 

Individuals deficient in vitamin B6 could be more sensitive to toxic effects ofethylene glycol because 
',tIt••'. (: ..u.e....Jvitamin B6 may :The a~umulation of toxic metabolites (Browning 1965; Gershoff and Andrus 

18 1962). Similarly, magnesium deficiency appears to encourage calcium oxalate deposition in the renal 

19 tubules, especially in the presence ofhigh calcium levels (Ebisuno et al. 1987). Thus, individuals who are 

deficient in magnesium andlor ingest high levels ofcalcium may be more sensitive to the toxic effects of 

21 ethylene glycol. 

22 

23 3.11 METHODS FOR REDUCING TOXIC EFFECTS 
24 

This section will describe clinical practice and research concerning methods for reducing toxic 

26 effects of exposure to ethylene glycol. However, because some of the treatments discussed may be 

27 experimental and unproven, this section should not be used as a guide for treatment of exposures to 

28 ethylene glycol. When specific exposures have occurred, poison control centers and medical 

29 toxicologists should be consulted for medical advice. The following texts provide specific 

information about treatment following exposures to ethylene glycol: 

31 

32 Egbert PA, Abraham K. 1999. Ethylene glycol intoxication: Pathophysiology, diagnosis, and 
33 emergency management. ANNA J 26(3):295-300. 
34 

Ellenboro MJ, Schonwald S, Ordog G, et aI, eds. 1997. Ellenbom's medical toxicology. Diagnosis and 
36 treatment of human poisoning. Baltimore, MD: Williams & Wilkins, 1152-1156. 
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el al. (2004) study and 71 and 180 mglkglday in the Gaunt et al. (1974) study. 'The GauRt~ 

2 ~~.as.used for MItL-"dmvation-becamre ir-identified-the-l:ewest"'L~~111s better"'llrrtted-forBMD 

3 aaalysis·dl:le·tooa·largepnumber·of"dose~leVe1stfilfle1ower doslna-nge-(beiow4e+.50=r8G-mgfkg1dayr 

4 ~old regieH~. Additional testing could increase confidence in the MRL by aderessing-limitatiQRS Hi 

~riHeal=stlld~lath[e1y smai-l-gr-eup-si2CS-and .meomplere-cemplianee-wi-t:h-euH'enHest-guidelines 

6 ~tO...age.ek;~~ providing additional dose~response data in the lower dose range. 

7 

8 No information is available on the intermediate-duration dermal toxicity of ethylene glycol. Studies using 

9 the dermal route would be useful because absorption and systemic distribution of ethylene glycol has 

been shown in dennal toxicokinetic studies in rals and mice (Frantz et al. 1989, 1991, 1996b, 1996c). 

II 

12 Chronic-Duration Exposure and Cancer. Information on the health effects ofchronic inhalation 

13 exposure to ethylene glycol is essentially li~ted to the negative results of an epidemiologic study on 

14 renal cancer mortality in humans (Bond et al. 1985). This study is not suitable for assessing chronic 

inhalation toxicity because it lacks noncancer end points, measured exposure concentrations, and other 

16 relevant information. Chronic testing in animals is needed to provide a basis for chronic inhalation MRL 

17 derivation and to adequately assess the potential for inhalation carcinogenicity. 

18 
..fi..tt"(l'C!' 

19 The chronic oral toxicity and carcino~enicity of ethylene glycol was evaluated in !we studies in rats 
i w~ ...._.£+-40, -;""dJr 

(Blood 1965; DePass et a1. 1986a) and two studies in mice (DePass et al. 1986a; NTP 1993). None of the 

21 studies provided evidence of carcinogenicity. The kidney and liver were the main targets of toxicity in .. 
. d .. h . Effi . h . I d dkidn I . ,_.,(H• .1.,.,..,.22 both speCies, an rats were more sensltlye t an mtce. eets In t e rats mc u e ey eSlOns at 

Z 1cc-.I~ld..)' ~...... '""C.1E' w. s'1G.r rd'T.I lC'J...ey ~T~""O-"'" .... 
23 	 2:375 mglkglday and mortality at 750 mglkglday in mal~ Sprague-Dawley rats (Blood 1965), kidney 

24 	 lesions and mortality at 1,000 mglkglday in male F344 rats (DePass et a1. 1986a), and liver lesions in 

female F344 rats at 2:200 mglkglday (DeP?ss et a1. 1986a). Chronic NOAELs of 150-200 mglkglday
W.'......"r

26 	 were identified for kidney lesions in the Sprague:Dawley and F344 male rats. blit He infermati€lH ill 
A 

27 a'1laila&l.e.oR--6ifooffi-ef.chreni&6XjIOOUFe-in-V.£is1aLrats, d061:ram-shown-to-be-a.p'pfOximately bl!iee~s 

28 s~ats=to=kidney.=tgxkity ·m...a.",16~rudT€e:1'zan-et-aI;;;z.~)j aRe tAr: straiR used: to 
N 

29 ~ed+ate.-duTlttimrnrn~. The intermediate-duration ).OAEL for kidney toxicity in 
5"'" Cnt.Z:.c... ef-... l ~C1"1 

Wistar males is 110 rnglkglday (GeUIlt ct al. 1974), which is in the range of the 150-200 mglkglday
W~~ 	 . 

31 chronic NOAELs for kidney toxicity in F344 and Sprague-Dawley males. kc!:e.itiorraHy, the 

32 L20 ~!:yElay inteFfReaiate-duHlt-ion...I..OAELfor-kiclDey loxicit~les.fs-l6weHhan-the" 
33 20BliiWkglcay c1nOITiCL-oAEL for-ttver lesiens in-fenlale F344-rnts-{BePas.s-et-ah--+9~ 

34 N(M£f; furlivertnxiei!y-iIr~gldayc-Al!h6"glr4G-mglkglday-is<rlsoa<:hr6ni... 
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C J...~t! 14.·-, .. 
~ftC) effeets-in-FJ44 males, it is Bet keewg if itis..a..chmnjc NQAI!:L fOI kidney-effeels..jn 

2 w.istaF-ma.lee. Ths lack sf 9ftroruc-datrirrWistal rats preclU~rivattmror<tctir"()nic-M:R:I:;-beeftl:tSe4+s 

3 net4enowrrwhmhenm-MRt:;-b-~~1tOll'"tlfe"tivertoxicity-clala-in·F344 rats wouht-be PIotectiVe-oHcidney 

4 taxicit;y.... A cbmniC-G~ciLy sludyin-W"istarrats-tlrwefOle is needed t~r-e¥ide a suitable basis fOf a 

5 c~s-eff1l-MR:L-:-'Fhis-stucty-cm:Il{hIiso-be-used·to~confitnrthelack"of"ea:rcinogenicitj ill the available 

6 ~. 

7 

8 Genotoxicity. Human genotoxicity data were not located for ethylene glycol. A single in vivo study 

9 was located in which ethylene glycol did not produce dominant lethality in orally~exposed rats (DePass et 

10 al. 1986b). Available in vitro assays in a variety of test systems consistently provide negative results for 

11 genotoxicity (Abbondandolo et a1. 1980; Clark et al. 1979; Griffiths 1979, 1981; Hastwell et a1. 2006; 

12 Kubo et al. 2002; McCann et al. 1975; McCarroll et al. 1981; McGregor et a1. 1991; Miller et al. 2005; 

13 Pfeiffer and Dunkelberg 1980; Storer et al. 1996; Zeiger et al. 1987). Additional in vivo animal studies 

14 could be conducted to more completely assess the genotoxicity of ethylene glycol, although available data 

15 do not indicate that the compound is of genotoxicity concern. 

16 

17 Reproductive Toxicity. Studies have not addressed the reproductive toxicity of ethylene glycol in 

18 humans. Reproductive lesting in animals includes three multigeneration studies (one in rats and two in 

19 mice) and several shorter studies (15-20 days in rats and mice) by the oral route (DePass et a1. 1986b; 

20 Harris et a1. 1992; Lamb et a1. 1985; Morrisey et al. 1989; NTP 1986. 1988). The only effect in rats was 

21 an increase in gestational duration, whereas fertility and fetal viability were affected in mice. Mice also 

22 showed some changes in speno parameters, as well as teslicular and epididymal lesions. (Morrissey et al. 

23 1989; NTP 1986); however, th.e incidence of lesticular effects was high in the control group, so the 

24 relalionship to ethylene glycol exposure is uncertain. Additional reproductive testing may not be needed 

2S because several multigeneration studies have been conducted, and most studies suggest that reproductive 

26 effects occur at higher doses than developmental effects. 

27 

28 Developmental TOXicity. Studies have not addressed the developmental toxicity of ethylene glycol 

29 in humans. The developmentalloxicity of oral exposure to ethylene glycol has been studied in rats, mice 

30 and rabbits over a wide range of doses (DePass et a1. 1986b; Harris et a1. 1992; Lamb et al. 1985; 

31 Maronpot et a1. 1983; Marr et al. 1992; Morrissey et al. 1989; Neeper~Bradley 1990; Neeper~Bradley et 

32 a1. 1995; NTP 1986; Price et al. 1985; Schuler et a1. 1984; Ty11989; Tyl et a1. 1993), indicating that 

33 further evaluation of the developmental toxicity of orally~administered ethylene glycol toxicity may nol 

34 be warranted. The most sensitive indicator of developmenlal toxicily appears to be an increased 

646 

"'ORAFr - DO NOT CITE OR aUOTE - June 2B. 2007'" Version 2.0 



5 

10 

15 

20 

25 

30 

102 ETHYLENE GLYCOL 

3. HEALTH EFFECTS 

incidence of malformations, primarily skeletal malformations, in both mice and rats. Available data 

2 suggest that malformations appear in mice at lower doses than those which cause malformations in rats. 

3 As indicated in the discussion ofdata needs for Acute-Duration Exposure, the acute oral MRL for 

4 ethylene glycol is based on developmental effects in mice exposed to ethylene glycol daily by gavage on 

Gd 6-15 (Neeper-Bradley et al. 1995; TyI1989). An uncertainty in the acute-duration oral MRL that 

6 may need to be addressed stems from the use ofgavage administration in the MRL study. Bolus doses 

7 from gavage administration-emr.\ead to higher peak blood concentrations of glycolic acid (the proximate 

8 developmental toxicant) than ~ occur with slower dose-rates associated with environmentally­

9 
c....l" """,I. ''''."..

relevant exposures (ca.meylt al 200J.; NTP-CERHR 2004). Because the MRL study used gavage 

administration, the dose at which effects were observed R'lay H~~'e "eefllower than would be observed 

11 with non-bolus dosing( C.tU''lC.T e""" 4 10, :I"~ t) 
12 

13 Developmental toxicity has also been assessed in rats and mice by the inhalation route. Results of the 

14 inhalation developmental studies are generally consistent with the oral findings, but are confounded by 

concurrent oral exposure via ingestion of aerosolized ethylene glycol on the fur of exposed animals (Tyl 

16 1985, 1988a; Tyl et al. 1995a, 1995b). The studies included a nose-only inhalation study in mice aimed 

17 at reducing the confounding oral exposure, but these anlmals had exposure by ingestion of ethylene glycol 

18 deposited on the face (TyI1988a; Tyl et al. 1995a). Additionally, stress from restraint in the nose-only 

19 exposure study may have contributed to the developmental effects observed with ethylene glycol 

(NTP-CERHR 2004), which were similar in nature to effects observed in a study of restrained nose-only 

21 exposure to water vapor (Tyl et al. 1994). Because of the confounding oral exposure in both the whole­

22 body and nose-only studies, as well as the confounding effect of stress due to restraint in the nose-only 

23 study, additional testing is needed to adequately evaluate developmental effect levels from inhalation 

24 exposure to ethylene glycol. Given the problems of oral exposure from deposition of ethylene glycol on 

the fur, the feasibility of conducting an adequate inhalation study is unclear. 

26 

27 A single well-designed study of dermal gestational exposure to ethylene glycol found no developmental 

28 toxicity in mice (TyI1988b; Tyl et al. 1995c). Additional dermal testing could confirm the apparent low 

29 potential for developmenlal toxicity by this route of exposure. 

31 Immunological and Lymphoreticular Effects. A limited amount of information on 

32 immunological and lymphoreticular effects ofethylene glycol is available from oral studies in animals. 

33 There were no histopathological alterntions in the spleen, lymph nodes, or thymus, or consistent changes 

34 in leukocyte counts in rats or mice in acute-, intermediate-, and chronic-duration oral studies of ethylene 
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contaminated sailor water, inhalation ofethylene glycol vapor or mist, or ingestion of contaminated 

2 groundwater. Additionally, occupational exposure through inhalation of ethylene glycol vapor or mist 

3 and dermal contact is expected for individuals involved in airport de-icing spray operations. 

4 

Biomarkers of Exposure and Effect. 

6 

7 Exposure. The only biomarker of exposure that is specific to ethylene glycol is parent compound in the 

8 blood and urine. Based on the relatively short half-life of ethylene glycol in the blood and urine (Eder et 

9 al. 1998; Jacobsen et al. 1988; Peterson et al. 1981), parent compound would likely be detectable only 

within a few hours to 1 day following acute ingestion. Rapid methods for determining ethylene glycol in 

11 serum and urine a;Ft;ilable for use in the clinical setting (Aarstad et al. 1993; Blandford and Desjardins 

12 

13 

14 

1994), but1a:':ot be r~dilY available in emergency situatioos. ..a
--=!;g::r­~~~s:".~'..-lIvi:-.. ~ b_"""....-..o~~ve- ,q i~~~~a; ... , h, 0" i'''/di ••4?' 

Other identified biomarkers of exposure are not specific to ethYlenegyco~ They include ethylene glycol I 

metabolites such as glycoli~, lactic, and oxalic acids in blood and/or urine; and calcium oxalate 

16 monohydrate crystals in renal tubules and/or urine. I .... , r:t+ here 

17 

18 Based on available information regarding the toxicokinetics of ethylene glycol and its metabolites, and 

19 available methods for identifying parent compound and metabolites in body fluids, it appears that 

ethylene glycol poisoning can be adequately diagnosed in most cases. Additional studies to assess 

21 additional potential biomarkers of exposure for ethylene glycol do not appear necessary at this time. 

22 

23 Effect. Biomarkers of effects exist for ethylene glycol poisoning, but none are specific to ethylene glycol. 

24 These include clinical manifestations of central nervous system, cardiopulmonary, and renal toxicity, and 

laboratory findings of metabolic acidosis and calcium oxalate crystalluria. Clinical manifestations 

26 progress in three main stages. Signs ofcentral nervous system toxicity appear within 0.5-12 hours 

27 following acute ingestion, although manifestations suggestive of cranial nerve damage may appear as late 

28 as 1-2 weeks after exposure (CDC 1987; Cheng et al. 1987; Chung and Tuso 1989; Factor and Lava 

29 1987; Hess et al. 2004; Leth and Gregersen 2005; Lewis et al. 1997; Mallya et al. 1986; Parry and 

Wallach 1974; Rothman et al. 1986; Spillane et al. 1991; Underwood and Bennett 1973; Zeiss et al. 

31 1989). Cardiopulmonary manifestations generally develop after 12-24 hours and renal failure occurs 

32 after 24-72 hours (Godolpbin et a1. 1980; Hess et al. 2004; Lelh and Gregersen 2005; Parry and Wallach 

33 1974; Siew et a1. 1975a; Vale 1979; Zeiss et al. 1989). Ethylene glycol-induced metabolic acidosis 

34 occurs approximately 12-24 hours following ingestion and is characterized by pronounced serum osmolal 
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responsible for metabolizing ethylene glycol and glycolic acid, inter-individual variability in metabolic 

2 parameters (e.g., polymorphisms in genes encoding these isozymes), and developmental ontogeny of 

3 these isozymes are needed to better characterize species differences and identify sensitive subpopulations. 

4 In addition, further information is needed on species differences in metabolic rates and saturation points, 

6 

as available data provide C£Jnflidisg information on the relative sensitivity of humans and laboratory , 
rodents. ! V\ ot. d" if! '1 kl".( tt' 

7 

g Because most human exposure has been associated with acute accidental or intentional poisoning 

9 incident~, there are few data on the elimination kinetics of ethylene glycol after oral exposure in humans. 

Most of the available estimates ofplasma elimination half-lives have been confounded by concurrent 

11 therapeutic treatments such as ethanol administration or hemodialysis that modify elimination kinetics. 

12 Elimination of orally-administered ethylene glycol across a broad dose range has been thoroughly studied 

13 in rats and mice (Frantz et al. 1989, 1991, 1996b, 1996c), and to a more limited extent in monkeys 

14 (McChesney et a1. 1971). 

16 No data describing the kinetics of in vivo human dermal exposure were found in the literature. The 

17 in vitro permeability of human skin to ethylene glycol has been studied, with widely varying results. 

18 Using full-thickness cadaver skin, Loden (1986) estimated a percutanous absorption rate of 

19 118 J.Lglcm2/hour with a steady-state concentration of 0.97 mglcm2 
, while Driver et al. (1993) estimated 

absorption rates of 0.09-0.25 l1g1cm2/hour for three different skin samples. The absorption, distribution, 

21 metabolism, and elimination of ethylene glycol administered dermally has been thoroughly studied in rats 

22 and mice (Frantzet al. 1989, 1991, 1996b, 1996c). 

23 

24 All of the toxicokinetic data in humans and animals were collected after acute exposures to ethylene 

glycol; there are no data on toxicokinetics after intermediate- or chronic-duration exposures. 

26 Intermediate- and chronic-duration data are needed in order to adequately assess absorption, metabolism, 

27 and elimination with prolonged exposure. 

28 

29 Comparative Toxicokinetics. Species differences in in vivo toxicokinetics are not well 

characterized. While there are high quality toxicokinetic data comparing absorption, distribution, 

31 metabolism, and excretion in mice and rats (Frantz et al. 1989, 1991, 1996a, 1996b, 1996c), available data 

32 in other species (Hewlett et al. 1989; McChesney et a1. 1971) are more limited; in many cases, only single 

33 dose levels were used, Lhe numbers of animals per dose were small, and mass balance information was 
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3. HEALTH EFFECTS 

incomplete. Available data in humans are limited to acute, high-dose exposures, with toxicokinetic data 

2 often confounded by the effects of therapeutic interventions. 

3 

4 Using a PBPK model for humans, Corley et a1. (2005a) estimated that the threshold glycolic acid 

concentration for·developmental effects in rodents (considered by the authors to be a peak of2 mM) 

6 would only be reached in human females ingesting doses of350 mglkg (assuming a 58-kg female). 

7 HEwreveF, tkc ffi:tm&R 8lQQsl 'Bas Ret 81i:;;n ~aIi1siatcd to t:he physielegieal e}umges !l:ssociatcd wits .. 

8 r-,esnaRe;t. 

9 

Slikker et al. (2004) reported that there are species-specific differences in the transfer of glycolic acid, the 

II primary metabolite and putative developmental toxicant associated with ethylene glycol exposure, from 

12 maternal blood to conceptus. NTP-CERHR (2004) noted that the inverted yolk sac placenta that develops 

13 in both mice and rats tends to concentrate weak acids including glycolic acid; neither humans nor rabbits 

14 develop a yolk sac placenta .. aed-A\preliminary study by Carney and coworkers showed that glycolic acid 
I~..t'r 

does not concentrate in rabbit embryonic fluids. In addition, fetal andlor placental differences in 

" 16 expression of enzymes metabolizing ethylene glycol and glycolic acid over the course of gestation will 

17 affect local concentrations of glycolic acid to which the developing conceptus is exposed, yet little is 

18 known about species differences in the ontogeny of these enzymes (NTP-CERHR 2004). 

19 

Additional data are needed to reduce uncertainty in the saturation concentration of glycolic acid in 

21 humans. Ahl-rOtlgh·a oomparison-ofiEnr.vaJues obtained'using-liver fiomogenates from femate-hlllmmS'" 

22 and s~F3~e Dawley tats S1:lgg€stedthat humans may metab()I~8 glyeelie asia B'lore effieienUy than 13ts 

23 (Q....l..9-and-0:"l9"mM-f6Thumans and rals,lespeetWe£¥j-2aftels-W01), a lltole-recenrsmdy suggested-the 

24 ~f.losit6:--:Beeth-et al. (2GQ4}r-epeFted-Km..lta.lues.ot:0.43 an1f-O.28 nlMihurnarn"",td-ratt;-Tespoctrmy) 

fu:u:n...a....susing.h).JJTIan.-1Wd.ralliv.e.r:.slicest-fuese-data-sl:lggest-lesg-emsieat-metaboli~ 

26 

27 Methods for Reducing Toxic Effects. No studies were found desCribing methods to reduce peak 

28 absorption of ethylene glycol after inhalation exposure. After oral exposure, gastric lavage may be of 

29 benefit in reducing absorption, but only ifperfonned within 1-2 hours following ingestion (Barceloux et 

a1. 1999; Egbert and Abraham 1999; Leth and Gregersen 2005). Dennal absorption can be minimized 

31 through washing the skin with soap to remove any existing ethylene glycol. 

32 

33 Clinical procedures for treating ethylene glycol poisoning focus on reducing the body burden of ethylene 

34 glycol and its toxic metabolites, interference with toxic metabolite formation (which results in increased 
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Children's Susceptibility. Data needs relating to both prenatal and childhood exposures, and 

2 developmental effects expressed either prenatally or during childhood, are discussed in detail in the 

3 Developmental Toxicity subsection above. 

4 

A limited amount of information on health effects of ethylene glycol in children is available from several 

6 case reports ofpatients admitted to hospitals for treatment of acute oral poisoning (Baum et a1. 1999; 

7 Boyer ct a1. 2001; Caravati et al. 2004; Harry et al. 1998). The effects in these pediatric patients were 

8 largely consistent with the first stage of ethylene glycol poisoning in adults (e.g., central nervous system 

9 depression, metabolic changes, gastrointestinal upset). Treatment with fomepizole (4-methylpyrazole), 

alone or in combination with other methods, generally mitigated the progression of the clinical course to 

1J the second and third stages of ethylene glycol poisoning (pronounced metabolic acidosis, 

12 cardiopulmonary compromise, and renal insufficiency) and led to full recovery. The case reports are 

13 consistent with an expectation that health effects in children and adults are similar. Although there are no 

14 Irnown differences in the toxicity of ethylene glycol between adults and children, there is no evidence to 

substantiate the presumption. There is no evidence to indicate that children are likely to be exposed to 

16 higher or lower amounts of ethylene glycol from everyday living, suggesting that children are perhaps 

17 equally at risk for non-accidenta1lnon-intentional acute oral exposure and potential toxic side effects. 

18 Information is lacking on the toxicity of longer duration exposures in children, as well as on 

19 developmental effects in children. 

21 No studies are available that describe potential differences in the toxicokinetics or the mechanism of 

22 action of ethylene glycol in children. Glycolic acid is the major toxic metabolite contributing to 

23 metabolic acidosis, which is a primary cause of systemic toxicity in children as well as adults following 

24 exposure to ethylene glycol. Glycolic acid has also been identified as the proximate cause of the 

developmental effects in animals observed with ethylene glycol exposure (NTP-CERHR 2004; Slikker et 

26 a!. 2004). 

27 

28 

29 

Limited mechanistic information suggests that humans may be less sensitive than rodents to the,l ""­
JWO r~~."'" ~;~,( ~~o(..,... ..II"tJ4"1,'\"",,.I~"f,,,-al 

developmental effects of ethylene glycol. NH:mplinlj8h~:ff:tlfiybrDartcls ~byNTP&CERHR (2684-) -,~as'"'.c.) 

suggested that humans metabolize glycolic acid more efficiently than rats, ~ther sam eenflicl with 

31 although the data supporting the glycolic acid metabolic rate in humans 

32 are limited (NTP-CERHR 2004). Addilionally. NTP·CERHR (2004) reviewed preliminary data 

33 indicating that the inverted yolk sac placenta, a stage in placental development that occurs in rats and 

34 mice but does not exist in humans or rabbits, tends to concentrate weak acids such as glycolic acid in the 
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5. PRODUCTION,IMPORTIEXPORT, USE. AND DISPOSAL 

2 

2004; Rehsdat and Mayer 2005). A second method was inlroduied ~.'937, the direct oxidation of 

ethylene to ethylene oxide followed by hydrolysis to ethylenet!2: (Brown et al. 1980; Forkner et aI. 

3 2004). This soon became the primary method for the production of ethylene glycol and is currently the 

4 only method used in the United States (Brown et a1. 1980; Forkner et al. 2004; Rebsdat and Mayer 2005). 

6 Other methods that have been used to manufacture ethylene glycol include the direct oxidation of 

7 ethylene and synthesis from carbon monoxide, methanol, hydrogen, and formaldehyde (Forkner et a1. 

8 2004; Rebsdat and Mayer 2005). The methanol and formaldehyde used in the latter method is obtained 

9 from sYngas, which is originally obtained from coal. 

II Ethylene oxide is converted to ethylene glycol through uncatalyzed neutral hydrolysis (pH 6-10) in the 

12 presence of a large excess of water at high temperatures and pressures (Forkner et a!. 2004; Rebsdat and 

13 Mayer 2005). Selectivity of ethylene glycol is 89-91 % in this process. The primary byproduct is 

14 diethylene glycol with higher glycols such as triethylene and tetraethylene glycols fonned in smaller 

amounts. The product mixture is fed through a series of evaporators to remove the water and then 

16 through vacuum distillation for separation and refinement of the individual glycols. 

17 

18 5.2 IMPORT/EXPORT 
19 

Both U.S. imports and exports of ethylene glycol have increased since the 1 970s. Annual ethylene glycol 

21 imports rose from 29,300 metric tons in 1977 to 289,000 meLric tons in 2006, while annual exports rose 

22 from 56,800 metric tons in 1978 to 573,000 metric tons in 2006 (HSDB 2007; U.S. Department of 

23 Commerce 2007). From 2000 to 2006, the average annual U.S. import and export quantities were 

24 317,000 and 556,000 metric tons, respectively (U.S. Department ofCommerce 2007). Annual U.S. 

ethylene glycol import and export quantities reported for different years are listed in Table 5-3. Over 

26 70% of the ethylene glycol imported into the United States during 2006 was imported from Saudi Arabia 

27 (114,846 metric tons) and Canada (93,669 metric tons) (U.S. Department of Commerce 2007). 

28 

29 5.3 USE 

31 Ethylene glycol has been used in a wide variety of industrial applications because of its unique chemical 

32 and physical properties. Ethylene glycol dissolves in water and is miscible in ~Icohol and acetone, has the 

33 capacity to hold large amounts of heat before boiling, and lowers the freezing point of water (Lewis 2001; 

34 O'Neil et al. 2001; Rebsdat and Mayer 2005). In addition, ethylene glycol is hygroscopic (has the ability 

to absorb twice its weight in water), is suitable for use as an industrial humectant (drying agent), and 
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1992). At an initial substrate concentration of III mgIL (ppm), naturally occurring microorganisms in 

2 groundwater biodegraded ethylene glycol with a calculated half-life of<1 day following a lag phase of 

3 <3 days. 

4 

5 Ethylene glycol is not expected to undergo significant abiotic transformation in surface waters via 

6 hydrolysis or oxidation (EPA 1979; Harris 1990). Glycols are resistant to hydrolysis (Harris 1990). 

7 Ethylene glycol is not expected to undergo direct photolysis in sunlit waters since alcohols do not absorb 

8 UV light at environmental wavelengths (above 295 run) (Boethling and Mackay 2000). However, 

9 indirect photolysis of ethylene glycol sorbed to goethite (a c~mmon natural constituent of surface water 

]0 sediments) by near ultraviolet radiation (300--400 nm) has been demonstrated in the laboratory. 

11 Formaldehyde and glycolaldehyde were detected as degradation products (Cunningham et a1. 1985). 

12 

13 6.3.2.3 Sediment and Soil 
14 

15 Biodegradation under both aerobic and anaerobic conditions is also the most important transformation 

16 process for ethylene glycol in soils, with a half-life similar to or less than that in surface waters (EPA 

17 1987a). 

18 .~ 
19 The rate of biodegradation of ethylene glycol in simulated subsurface soils J...dependent on substrate 

20 concentrations, soil types, and ambient soil temperatures (McGahey and Bouwer 1992). Greater than 

21 95% removal was consistently accomplished in <5 days and 7 days at ethylene glycol concentrations of 

22 100 and 1,000 ppm, respectively; however, substrate concentrations of 10,000 ppm showed negligible 

23 loss of ethylene glycol. The rate of degradation was higher in soils with high organic matter. A doubJing 

24 in the degradation rate was also observed with aiD °C increase in soil temperature. McGahey and 

25 Bouwer (1992) concluded that microorganisms naturally occurring in soils and groundwater are effective 

26 in biodegrading ethylene glycol with the half-life ranging from 0.2 to 0.9 days. Approximately 23-26% 

27 of ethylene glycol at 2.25 ppm was biodegraded in anaerobic sandy till soil grab sample tests run for 

28 86 and 140 days (Lokke 1984). 

29 

30 Klecka et al. (1993) studied the biodegradation of aircraft de-icing fluids in soils adjacent to airport 

31 runways al various ethylene glycol concentrations and at various temperatures ranging from -2 to 25°C. 

32 Generally, the rate of biodegradation of ethylene glycol was faster in soils with low glycol concentrations, 

33 high organic carbon content, and higher ambient soil temperatures. Ethylene glycol present in soils at 

34 concentrations <6,000 mgikg (ppm) biodegraded at an average rate of 3.0 mglkg (ppm) soiVday at_2°C, 
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6.4.4 Other Environmental Media 
2 

3 Ethylene glycol has been found to migrate into a number of foods from regenerated cellulose films 

4 containing triethylene glycol and polyethylene glycol as softening agents. Ethylene glycol was detected 

5 in fruit cakes at 27-34 mglkg (ppm) after 84-336 days of storage, in meat pies at <10 mglkg (ppm) after 

6 3-7 days of storage, in toffee at <10-22 mg/kg (ppm) after 168-450 days of storage, in madeira cake at 

7 <10-22 mglkg (ppm) after 21-28 days storage, and in boiled sweets at 14-34 mglkg (ppm) after 168­

8 450 days storage (Castle et al. 1988a). According to Kashtock and Breder (1980), ethylene glycol can 

9 migrate into food simulants from polyethylene terephthalate (PET) bottles used in the packaging of 

IO carbonated beverages. The compound was detected at a concentration ofabout 100 ppb (0.1 ppm) in a 

II 3% acetic acid solution used as a food simulant after 6 months of storage at 32°C (Kashtock and Breder 

12 1980). These authors stated that the source of ethylene glycol in this food simulant is the small amount of 

13 unreacted ethylene glycol in the polyethylene terephthalate polymer. More recent infonnation regarding 

14 levels of ethylene glycol in food is not available. 

15 

16 Ethylene glycol has been identified in negligible amounts in the water-soluble component ofcigarette 

17 smoke (Schumacher et al. 1977). 

18 

19 6.5 GENERAL POPULATION AND OCCUPATIONAL EXPOSURE 
20 

·21 Ethylene glycol concentrations in blood, urine, tissue, or breast milk are not available for the general 

22 population in the United States. The most common route of hwnan exposure to ethylene glycol for 

23 members of the general population is dermal contact with ethylene glycol-based automobile antifreeze. 

24 However, intentional or accidental ingestion of antifreeze is the most serious type of exposure, resulting 

25 in thousands of ethylene glycol poisonings including several deaths reported each year in the United 

26 
" ....

States (paset"2662; Leth and Gregersea 2S65}. L,fo"tf.,...:J QII-:J.J' )'V'''''''D <Jilt'! ;J 00'1 

27 

28 Exposure to ethylene glycol through consumption of foods or drinks stored in plastics made from this 

29 chemical may be possible if the plastic contains unreacted ethylene glycol that can migrate into the food 

30 (Kashtock and Breder 1980). However, current levels of ethylene glycol in food have not been located; 

31 therefore, evidence is not available to indicate that this as an important route ofhuman exposure to 

32 ethylene glycol. 

33 

34 Background concentrations of ethylene glycol in air, surface water, groundwater, drinking water, soil, and 

35 sediment are not available. Ethylene glycol is not expected to be found in the environment away from 
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7. ANALYTICAL METHODS 

positive results for ethylene glycol be confirmed using another method (Ochs et al. 1988; Ryder et a1. 

2 1986). The enzymatic method has been modified to eliminate some of the interference problems present 

3 in the earlier methods (Blandford and Desjardins 1994). 

4 

Thin-layer chromatography (TLC) with a chloroform solvent has been used to detect ethylene glycol and 

6 its metabolites in urine or renal tissue (Riley et a1. 1982). Metabolites of ethylene glycol in the blood may 

7 be detected by analytical isotachophoresis using a system equipped with both a conductivity detector and 

B an ultraviolet detector. Blood and serum samples should not have been previously treated with oxalate, 

9 citrate, or ethylene diamine tetracetic acid. This technique may be ofvalue when ethylene glycol 

poisoning is suspected but sufficient time has elapsed for metabolism of the compound to have occurred 

II (OVTebo et a1. 1987). A simple and rapid colorimetric method that uses chromatropic acid has been 

12 proposed for the quantitation of glycolic acid, the major toxic metabolite of ethylene glycol (Fraser and 

13 MacNeil 1993). 

14 

No information was located on detecting ethylene glycol in feces, adipose tissue, or human milk. 

16 

17 7.2 ENVIRONMENTAL SAMPLES , 
18 

19 As with biological samples, GC is the major technique used to detennine ethYlen1 ~~!:rations in.. 
environmental samples whether in air, water, food, drugs, or other substances. Capillary gas 

21 chromatography with FID or ECD, possibly followed by MS, generally gives good quantitative results 

22 down to the ppm range with recovery usually >80%. The detennination of ethylene glycol in air requires 

23 adsorption onto a surface and subsequent extraction. Water samples may be analyzed without preparation 

24 (EPA 1995a, 1995b). Detection of ethylene glycol in foods and drugs may be accomplished by 

chromatography of the sample; for substances with a high fat content, extraction with hexane may be used 

26 to remove the fat. Table 7-2 is a summary of some of the most commonly used methods reported in the 

27 literature for detecting ethylene glycol in environmental samples. The specific techniques used for each 

28 analytical method are listed in the table if that infonnation was provided by the author(s). 

29 

Air sampling for ethylene glycol is performed by adsorption onto a resin column such as Amberlite 

31 XAD-2. Although activated charcoal fIlters have some utility, recovery is greater with the Amberlite, and 

32 it is the preferred adsorption medium. Ethylene glycol is then solvent-extracted with recovery of98%. If 

33 activated charcoal is used for adsorption, 5% methanol in dichloromethane is the best solvent with 

34 maximum recovery of 84% (Andersson et al. 1982, 1984). An alternative method for sampling ethylene 
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12 MRL: 0.7 [Xl mglkgiday [l ppm 
13 
14 References: Gaunt IF, Hardy J, Gangolli SD, et a1. 1974. Short-term toxicity of monoethylene glycol in 
IS therat. BffiRAIntemational: Carshalton, Surrey, UK, 1-31. (Research Report 4/1974). 
16 
17 Experimental design: Male and female weanling Wislar rats were fed diets containing 0, 0.05, 0.1, 0.25, 
18 or 1.0% ethylene glycol for 2 weeks (5/sex/dose), 6 weeks (5/sex/dose), or 16 weeks (IS/sex/dose). 
19 Reported calculated average daily chemical intakes were 35, 71, 180, and 715 mglkglday in males, and 0, 
20 38, 85, 185, and 1,128 mglkglday in females. Survival, clinical signs, food and water intake, and body 
21 weight were evaluated throughout the exposure period. Hematology (hemoglobin, hematocrit, packed 
22 cell volume, total erythrocytes, reticulocytes, total and differential leukocytes), serum chemistry (urea, 
23 glucose, protein, albumin, glutamic-oxaloacetic transaminase, glutamic-pyruvic transaminase, and lactic 
24 dehydrogenase), organ weights (including kidneys, liver, spleen, brain, heart, stomach, small intestines, 
25 caecum, adrenals, pituitary, thyroid, and gonads), and histology (organs that were weighed and 
26 19 additional tissues) were evaluated at the 2-, 6-, and 16-week sacrifices. Urinalysis (glucose, ketones, 
27 bile salts, blood, protein, and presence ofoxalic acid crystals, cells and other microscopic constituents) 
28 and renal function (urine concentration and dilution tests measuring volume and specific gravity, and cell 
29 excretion) were evaluated at weeks 2 and 16. Urine was additionally analyzed for oxalic acid at weeks 2, 
30 6,12,14, and 16. 
31 
32 Effects noted in study and corresponding doses: There were no clear exposure~related effects on survival, 
33 clinical signs, body weight, hematology, or serum chemistry. Urinary excretion of oxalic acid was 
34 significantly increased in males at 715 mglkglday at weeks 2-16 and in females at 1,128 mglkglday at 
35 weeks 6-16, with the magnitude of the effect markedly greater in males (100-500% ofcontrol levels) 
36 than females (40-100% of control values). Increased absolute kidney weight, oxalic acid crystals in 
37 urine, and excretion ofa larger volume ofurine with a lower specific gravity after a prolonged period 
38 (16 hours) without water were observed in the 715 mglkglday males at week 16. Exposure-related 
39 histopathologic changes occurred only in the kidneys. Incidences ofkidney lesions were statistically 
40 significantly i'ncreased in males at ~180 mglkglday. Specific renal histopathologic findings in the males 
41 at 16 weeks included individual nephrons with degenerative changes (incidences of 0115, 1115, 1115,2115, 
42 and 5115 [p<0.05] in the control to high-dose groups), individual nephrons with degenerative changes and 
43 occasional oxalate crystals (0115, 0115, 0/15,111"5, and 4/15 [p<0.05]), and generalized tubular damage 
44 and heavy oxalate crystals (OilS, OilS, OilS, 0/15, and 4/15 [p<0.05]). At 0, 35, 71, 180, and 
45 715 mglkglday, the total incidence of male rats with oxalate crystals was 0/15, 0115, OilS, IllS, and 
46 10/15 (p<0.001), and the total incidence ofmale rats with renal tubular damage was 0115, 1115, 1115, 
47 4115 (p<0.05), and 15115 (p<0.001). Females had an increased incidence of renal tubular damage at 
48 ],128 mglkglday, but the increase was not statistically significant. The histological evalualions of the 
49 kidneys in the·five rats/sex/dose exposed for 2 or 6 weeks showed no statistically significant increases in 
50 incidences of specific changes, although the total incidence of animals with tubular damage was 
51 significantly increased in the 715 mg!kglday males at 6 weeks. Based on the 16-week kidney 
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