






















































































































Figure 1a.  Data and Model Fit for Big Blue Mutant Frequency Assay in Male Mouse 
Lymphocytes. 
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Figure 1b.  Data and Model Fit for Big Blue Mutant Frequency Assay in Female Mouse 
Lymphocytes. 
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Figure 1c.  Data and Model Fit for Big Blue Mutant Frequency Assay in Male Mouse 
Liver Cells. 
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Figure 1d.  Data and Model Fit for Big Blue Mutant Frequency Assay in Female Mouse 
Liver Cells. 
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Figure 2a.  Data and Model Fit for Comet Assay of Percent Tail DNA in Leukocytes of 
Male Sprague Dawley Rats. 
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Figure 2b.  Data and Model Fit for Comet Assay of Percent Tail DNA in Brain Cells of 
Male Sprague Dawley Rats. 
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Figure 2c.  Data and Model Fit for Comet Assay of Percent Tail DNA in Testes Cells of 
Male Sprague Dawley Rats. 
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Figure 2d.  Data and Model Fit for Comet Assay of Olive Tail Moment in Leukocytes of 
Male Sprague Dawley Rats. 
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Figure 2e.  Data and Model Fit for Comet Assay of Olive Tail Moment in Brain Cells of 
Male Sprague Dawley Rats. 
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Figure 3a. Dose-Related probability of response for thyroid tumors in the rat compared to 
predicted probability of male mouse lymphocyte mutant frequency 
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Figure 3b. Dose-Related probability of response for thyroid tumors in the rat compared to 
predicted probability of female mouse lymphocyte mutant frequency 
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Figure 3c. Dose-Related probability of response for thyroid tumors in the rat compared to 
predicted probability of male mouse liver cell mutant frequency 
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Figure 3d. Dose-Related probability of response for thyroid tumors in the rat compared to 
predicted probability of female mouse liver cell mutant frequency 
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Figure 4a. Dose-related probability of response for thyroid tumors in the rat compared to 
predicted probability of % Tail DNA in Comet assay in male rat leukocytes 
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Figure 4b. Dose-related probability of response for thyroid tumors in the rat compared to 
predicted probability of % Tail DNA in Comet assay in male rat brain cells 
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Figure 4c. Dose-related probability of response for thyroid tumors in the rat compared to 
predicted probability of % Tail DNA in Comet assay in male rat testes cells 
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Figure 4d. Dose-related probability of response for thyroid tumors in the rat compared to 
predicted probability of Olive Tail Moment in Comet assay in male rat leukocytes 
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Figure 4e. Dose-related probability of response for thyroid tumors in the rat compared to 
predicted probability of Olive Tail Moment in Comet assay in male rat brain cells 
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Figure 6a.  Multistage model fitted to pooled-all thyroid tumor data, showing little change in 
slope between the low and high dose regions.  
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Figure 6b.  Probit model fitted to pooled-all thyroid tumor data, showing differing slopes 
between the low and high dose regions. 
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Friedman Females
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Figure 6c. Weighted linear regression on low-dose points, for pooled data (male, female, both 
studies) with 95% upper and lower confidence curves for the model. Displayed dose is jittered to 
show all 14 data points.  



 

Figure 5.  Multiples above background for tumors, DNA labeling, and several 
measures of in vivo genotoxicity 

  
    

y = 0.19x + 0.80

R2 = 0.99

y = 0.0199x + 0.9857

R2 = 0.9785

0.0 

10.0 

20.0 

0.001 10 20 30 40 50 60 70 80 90 100 110 120

Acrylamide Dose (mg/kg-day)

F
ra

ct
io

n
 A

b
o

v
e
 B

a
ck

g
ro

u
n

d

Pooled Tumor Response

Mean MPCE

Pooled Lymphocyte MF

Pooled Liver MF

Tail DNA , Leukocytes -24% 

Tail DNA , Brain -24% 

Tail DNA , Testes -24% 

Olive Tail DNA , Leukocytes -24

Olive Tail DNA , Brain -24

Comet Tail Moment 7-day

 Linear (Pooled Tumor Response)

 Linear (Pooled Lymphocyte MF)

 Linear (Mean MPCE)

y = 3.4x + 0.70 
R2 = 0.94 



 
Table 1.  Thyroid tumor incidence and fraction as a function of acrylamide dose in the Johnson et al. (1986) and Friedman et al. 

(1995) 2 year drinking water studies. 1 

 
Acrylamide 
dose Johnson Males Johnson Females Friedman Males Friedman Females 
mg/kg-day2 Incidence Fraction Incidence Fraction Incidence Fraction Incidence Fraction

         
0.002 1/60 0.017 1/58 0.017 3/100 0.030 1/50 0.020 
0.002     3/102 0.029 1/50 0.020 
0.012 0/58 0.0 0/59 0.0     
0.10 2/59 0.034 1/59 0.017 12/203 0.059   
0.50 1/59 0.017 1/58 0.017 5/101 0.050   
1.0       10/100 0.10 
2.0 7/59* 0.12* 5/60* 0.083* 17/75* 0.23*   
3.0       23/100* 0.23* 

 
 

                                                 
1 Asterisks (*) indicate authors’ designation of statistical significance. 
 
2 Control doses with dietary acrylamide have been estimated. See text for discussion. 



Table 2.  Lymphocyte and liver mutagenicity in male and female big blue mouse, follicular cell labeling in Fisher 344 male rats, and 

DNA damage from the comet bioassay in Sprague Dawley male rats. 3 

Big Blue Mouse Fisher 344 Male Rat Sprague Dawley Rat 
Lymphocyte 

Hprt MF x 10^-
6 

Liver cII MF x 
10^-6 

Follicular Cell Labeling 
(%) % Tail DNA @ 24 hours 

Olive Tail Moment 
@ 24 hours 

% Tail DNA @ 2 
hours % Tail DNA @ 5 hours Acrylamide 

dose mg/kg-
day4 Male Female Male Female 7 Day 14 Day 28 Day Leukocytes Brain Testes Leukocytes Brain Testes Adrenals 

Bone 
marrow Liver Adrenals 

0.001        0.12 0.21 0.22 0.84 3.1 0.18 0.20 0.22 0.17 0.20 
0.002 2.2 1.5 28.4 26.5 3.0 2.7 2.6           

2     7.6* 5.6* 4.7*           
15     7.9* 6.1* 5.6*           
18        0.15 0.20 0.21 2.1 3.3      
19 11.0*  21               
25  6.6*  26              
36        0.15 0.30* 0.24 1.7* 4.6      
50                  
54          0.16* 0.32* 0.29* 2.0* 7.3* 0.32* 0.25* 0.33* 0.26* 0.29* 
98 41.0*  57.2*               

107  32.6*  59*              
 

                                                 
3 Asterisks (*) indicate authors’ designation of statistical significance. 
 
4 Control doses with dietary acrylamide have been estimated.  See text for discussion Fisher 344 rats.  For Big Blue Mice these values 
are estimated as 0.002 mg/kg-day based on Manjanatha et al (2006) measurement of acrylamide in diet and food feeding factors for 
mice (EPA, 1988) 



Table 3.  Comparison of U.S. EPA’s Required Data Demonstrating Antithyroid Activity for Acrylamide and Two Examples (quoted 

text is from U.S. EPA, 1998). 

Data/Chemical 
 

Bis-benzenamine Acrylamide Nitrosamine 

Cancer 
Findings 

The incidences of benign and malignant thyroid 
follicular cell tumors were significantly increased 
in the mid- and high-dose male and female F344 
rats in roughly equal proportions in this 2-year 
drinking water study.  No interim kills were 
conducted. 

The incidences of more benign and fewer 
malignant thyroid follicular cell tumors were 
significantly increased in high-dose male and 
female F344 rats in roughly equal proportions in 
two, 2-year drinking water studies.  Interim kills in 
one study showed no increase in tumors by 18 
months. 

The incidences of thyroid follicular cell tumors 
were significantly increased in high-dose 
Wistar male rats in a 26-week drinking water 
study.  A second study in male and female 
Wistar rats by i.p. injection for 30 weeks 
showed tumors at mid and high dose males and 
high dose females. 

Increases in 
Cellular 
Growth 

"The incidence of diffuse hyperplasia of the 
thyroid gland in the 2-year bioassay was 
significantly increased in the mid- and high-dose 
rats of both sexes and the high-dose mice of both 
sexes." 
 
"Administration of 400 ppm in tap water to male 
Wistar rats for 20 weeks. At cessation of 
treatment, the mean values for thyroid weight were 
statistically significantly different in treated (30+6 
mg) as compared with control (18+8 mg) groups 
(21 rats per group), respectively." 

Statistically significant increase in relative thyroid 
weight in female rats for 28 days; effect did not 
occur in males.   
 
Statistically significant thyroid follicular 
hypertrophy in female F344 rats for 2 or 7 days, 
and corresponding loss of colloid. 
 
Statistically significant increase in thyroid 
follicular DNA labeling in F344 rats at 7, 14 and 
28 days.  An increase in the mitotic index and 
decrease in apoptotic index were also observed.  
 
A statistically significant increase in focal cystic 
dilatation of the follicles occurred in both male and 
female rats after 2 years.  An increase in thyroid 
hyperplasia was seen in a second study, but this 
increase was not statistically significant. 
 

"Thyroid weights were recorded at 30 weeks in 
the i.p. injection cancer study of compound 4. 
Although thyroid follicular cell tumors were 
present in the mid- and high-dose males and in 
the high-dose females, thyroid weights overall 
showed no statistically significant difference 
among groups and therefore no correlation with 
the incidences of thyroid tumors. This lack of 
statistical significance remained when the 
thyroid weights were calculated relative to 
body weights.  
 
At the histological level, the thyroids from 
treated groups showed a dose-response 
relationship for the incidence of follicular cell 
hyperplasia. The hyperplasia, however, was not 
of the diffuse form typical of antithyroid 
compounds, but manifested as small solitary 
foci, presumably representing the first stage in 
the continuum of hyperplasia to adenoma to 
carcinoma." 



Hormone 
changes 

"Following 20 weeks of treatment, hormone levels 
are altered in rats, including decreases in both T4 
and T3 and increases in TSH." 

No statistically significant changes observed in 
TSH or T4 in rats exposed for either 2 or 7 days; 
T3 was not measured; at 7 days, dose-related 
increases in the adjusted plasma T4 were seen, 
with a slight decrease in the adjusted TSH. 
 
After 14 days, a statistically significant increase 
was observed in T4 (males) and T3 (females), 
accompanied by a statistically significant 
decreased TSH in females.   
 
After 28 days, statistically significant decrease was 
seen in T3 and T4 (males) with an increase in TSH, 
(not statistically significant); females showed only 
a decrease in T3 at the high dose (not statistically 
significant).   
 

"No difference in serum T4 or TSH levels in 
treated groups when compared with levels in 
control animals."  (T3 levels not measured.) 

Site of Action No data, but: "Some close analogues are known to 
reduce radioactive iodine accumulation in the 
thyroid; presumably this is due to an inhibition of 
thyroid peroxidase activity." 

Increases in liver weight is evident in several, but 
not all, studies; such increase might result in 
thyroid hormone loss. 
 
Loss of integrity of microfilaments and 
microtubules will block follicle formation; 
although acrylamide is known to damage these 
organelles in other organs, no information is 
available for the thyroid.  
 
Neurotoxicity is a sensitive non-cancer effect of 
acrylamide and regulation of thyroid hormones 
occurs via the hypothalamic-pituitary-thyroid axis, 
but specific data on the ability of acrylamide to 
induce toxicity in the hypothalamus are limited. 

"No studies were available that have 
investigated the effects of compound 4 on 
thyroid peroxidase, the deiodination pathway, 
or effects on thyroid metabolism and excretion 
in the liver. However, the chemical is without 
goitrogenic or thyroid-pituitary hormone 
effects, indicating that such studies are not 
needed." 



Dose 
Correlations 

"Significant dose-related goitrogenic effects (e.g., 
increase in thyroid weight, diffuse hyperplasia) are 
noted after subchronic and chronic dosing in rats 
and mice."  

Thyroid follicular cell tumors were statistically 
significantly increased at 2 mg/kg-day in males 
and females in the first study, and at 2 mg/kg-day 
in males and at 3 mg/kg-day in females in a second 
study.  These tumorigenic doses are in the range of 
doses that show: 
o statistically significant thyroid histological 

changes in two studies, although such 
histological changes were not evident in two 
other studies 

o Dose related increases in thyroid DNA 
labeling at 3 time points  

o Increases in mitotic index and decreases in 
apoptotic index.   

 
These tumorigenic doses are generally below 
doses that cause hormone changes after short-term 
exposure.  

"The chemical is without goitrogenic or 
thyroid-pituitary hormone effects, indicating 
that such studies are not needed. Obviously, 
there are no significant dose correlations to 
consider." 

Reversibility No data. No data. No data. 



Conclusions “In sum, these observations constitute an adequate 
database to evaluate antithyroid effects, but there 
is a lack of specific information on the site of 
action.” 
 
“Characterization of cancer dose-response 
relationships should primarily rely on mutagenic 
considerations for the thyroid and liver tumors 
using a low-dose linear procedure. However, the 
thyroid tumor responses may be due to both its 
mutagenic and antithyroid properties. Other 
chemicals with both mutagenic and antithyroid 
effects also have led to high thyroid tumor 
incidences, as have combinations of mutagenic 
and antithyroid stimuli. Because it is not possible 
to totally discern the relative impacts of these 
influences for compound 3, threshold 
considerations should be used in addition to a 
linear extrapolation so as to estimate the lower 
bound on the thyroid cancer risk.” 

We conclude that this MOA, that acrylamide is 
evoking thyroid tumors as a result of follicular cell 
growth stimulation, is likely to be correct to some 
extent.   
 
It appears that a mutagenic MOA caused by 
exposure to glycidamide may also be operating to 
a limited extent. Based on the available evidence 
we conclude that both MOAs are operating at 
different doses. Thus, these MOAs were 
“decoupled” and several approaches are 
considered for the dose-response modeling.  See 
text for additional discussion. 

"Compound 4, a nitrosamine, produces thyroid 
follicular cell tumors in rats after a very short 
latency period. It also produces lung, liver, and 
kidney tumors in rats after a short latency 
period and pancreatic, liver, and lung tumors in 
Syrian hamsters. Compound 4 is mutagenic in 
various short-term tests. Because compound 4 
is mutagenic, causes both thyroid and other 
tumors with a short latency, and does not cause 
antithyroid effects, the thyroid follicular cell 
tumors appear to be caused by a mutagenic 
mode of action. Dose-response relationships for 
the thyroid tumors should be evaluated using a 
low-dose linear default procedure." 

    
 
 
 
 
 
 



 
Table 4.  Key events, related evidence and plausibility of tumor modes of action. 
 
Event Summarized evidence in animals (see 

text for additional details) 
Is this key event in 
the MOA plausible 
in humans?   

Taking into account kinetic and 
dynamic factors, is this key event 
in the MOA plausible in humans  

An heritable 
mutation to 
thyroid follicular 
cell DNA   

• Glycidamide is directly mutagenic.   
• DNA-glycidamide adducts are found in 
multiple tissues, but overall tumor response 
does not match distribution.   
• Mutations lead tumors in timing of 
response, but not in dose response. 

The MOA is 
plausible in humans, 
but not without 
subsequent growth 
stimulation.  

This MOA is plausible and 
comparative kinetic information 
between experimental animals and 
humans allows specific choices of 
adjustment factors (see text for 
discussion).  

Follicular cell 
growth 
stimulation 

• Increased DNA synthesis in thyroid at 
multiple time points; increased mitotic 
index; decreased apoptotic index 
• Decreased thyroid colloid and increase 
follicular cell height after 2 or 7 days; 
equivocal changes in thyroid histology after 
long-term exposure. 
• Increased thyroid hormone release up to 
14 days, but hormone decrease & thyroid 
weight increase after 28 days; no long-term 
studies monitoring hormone data are 
available.   
• Equivocal changes in liver weights occur 
after long-term exposure, suggesting 
increase catabolism of thyroid hormones; 
other possible sites of action are 
microfilament and microtubule 
development in the thyroid and 
neurotoxicity in the hypothalamus. 

The MOA is known 
to occur in humans.  
 
 

This MOA is plausible, but less 
likely to occur in humans given the 
same dose of acrylamide as in rats, 
based on well-recognized 
differences in thyroid hormone 
homeostasis.  A conservative 
assumption is to use a factor of 1-
fold when extrapolating rat data to 
humans. 

 
 



Table 5. Multistage model estimates of slope factors (SF) for the rat thyroid tumor data. 

BMD/L values are in mg/kg-day; SF values are in (mg/kg-day)-1. 

 
Data seta     

(All doses) 
BMD 
10 

SF at BMD 
10 

BMDL 
10 

SF at BMDL 
10 

J female 2.2 0.045 1.5 0.067 
J male 2.0 0.051 1.2 0.085 
F female 1.3 0.077 0.94 0.11 
F male 1.6 0.065 0.76 0.13 
Pooled female 1.8 0.057 1.2 0.085 
Pooled male 1.7 0.058 1.1 0.095 
Pooled all 1.6 0.062 1.2 0.083 
     

(Decoupled Low Doseb ) 
BMD 
02 

SF at BMD 
02 

BMDL 
02 

SF at BMDL 
02 

Johnson femalec 1.2 0.016 0.18 0.11 
Pooled male 0.84 0.024 0.19 0.11 
Pooled all 0.80 0.025 0.23 0.088 
     

(All doses) 
BMD 
02 

SF at BMD 
02 

BMDL 
02 

SF at BMDL 
02 

Pooled female 0.37 0.054 0.22 0.089 
Pooled male 0.76 0.026 0.20 0.099 
Pooled all 0.39 0.052 0.23 0.087 

 
 
 
 
a. F = Friedman, et al., 1995; J = Johnson, et al., 1986. 
b. Only the data with dose<1.0 mg/kg-day were modeled. Only BMD02 values are 
presented with these low dose data. BMD10 values are not calculated by BMDS because 
of unacceptable extrapolation (BMD larger than three times maximum input dose). 
c. Only one dose was lower than 1.0 mg/kg-day in Friedman female study; thus these 
values are from the Johnson study only. 
 



 
Table 6. Probit model estimates of slope factors (SF) for pooled male and female rat data 

on thyroid tumors.   BMD/L values are in mg/kg-day; SF values are in (mg/kg-day)-1. 

 
Data set BMD 

02 
SF at BMD 
02 

BMDL 
02 

SF at BMDL 
02 

Pooled female 0.82 0.024 0.67 0.03 
Pooled male 0.97 0.021 0.58 0.034 
Pooled all 0.81 0.025 0.69 0.029 
     
 BMD 

10 
SF at BMD 
10 

BMDL 
10 

SF at BMDL 
10 

Pooled female 1.8 0.057 1.5 0.069 
Pooled male 1.7 0.059 1.3 0.079 
Pooled all 1.7 0.057 1.5 0.067 

 



Table 7. Slope Factors (SF) from weighted linear regression on just the low dose data 
(dose<1.0) on thyroid tumors. BMD/L values are in mg/kg-day; SF values are in (mg/kg-
day)-1. 
 
Data 
set 

BMD  02 SF at BMD 02a BMDL 02b SF at BMDL 02b p-valuec 

Pooled 
female 1.53 0.013 0.35 0.057 0.61 
Pooled 
male 0.84 0.024 0.18 0.111 0.58 
Pooled 
all 0.92 0.022 0.33 0.061 0.41 

 
 
a. Values calculated as 0.02/BMD02.  
b. BMDL values read from the graph of the upper bound response. BMDL values have 
precision of roughly +/- 0.005. SF values have precision of roughly +/- 0.004. Inverse 
prediction of confidence values is not presented in JMP 6.0 software because of lack of 
statistical significance of the model.  
c. Observed p-values (significance probabilities) of 0.05 or less are often considered 
evidence of a regression effect. High p-values suggest the specified model fits no better 
than the overall response mean and is consistent with evidence of a threshold in tumor 
response. 
 
 
 




