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Abstract

Acrylamide is a high-volume industrial chemical, a component of cigarette smoke, and a product
formed in certain foods prepared at high temperatures. Previously, we compared the extent of
DNA adduct formation and mutations in B6C3F1/Tk mice treated neonatally with acrylamide or
glycidamide to obtain information concerning the mechanism of acrylamide genotoxicity. We
have now examined the tumorigenicity of acrylamide and glycidamide in mice treated neonatally.
Male B6C3F; mice were injected intraperitoneally on postnatal days 1, 8, and 15 with 0.0, 0.14, or
0.70 mmol acrylamide or glycidamide per kg body weight per day and the tumorigenicity was
assessed after one year. Survival in each of the groups was >87%, there were no differences in
body weights among the groups, and the only treatment-related neoplasms involved the liver. The
incidence of combined hepatocellular adenoma or carcinoma was 3.8% in the control group, 8.3%
in the 0.14 mmol acrylamide and glycidamide per kg body weight groups, 4.2% in the 0.70 mmol
acrylamide per kg body weight group, and 71.4% in the 0.70 mmol glycidamide per kg body
weight group. Analysis of the hepatocellular tumors indicated that the increased incidence
observed in mice administered 0.70 mmol glycidamide per kg body weight was associated with
A— Gand A — T mutations at codon 61 of H-ras. These results, combined with our previous
data on DNA adduct formation and mutation induction, suggest that the carcinogenicity of
acrylamide is dependent upon its metabolism to glycidamide, a pathway that is deficient in
neonatal mice.

"Correspondenceto: Division of Biochemical Toxicology (HFT-110), National Center for Toxicological Research, 3900 NCTR
Road, Jefferson, Arkansas 72079, U.S.A.; Telephone: (870)543-7205; FAX: (870)543-7136; frederick.beland@fda.hhs.gov.

Brief statements (Novelty and impact statements): The authors have assessed the carcinogenicity of acrylamide, a product formed
in certain foods prepared at high temperatures, and of its oxidized metabolite glycidamide in neonatal mice. Their data indicate that
the carcinogenicity of acrylamide is dependent upon its metabolism to glycidamide, with the resultant formation of glycidamide-DNA
adducts and mutations.
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INTRODUCTION

Acrylamide (Figure 1) is a low-molecular-weight industrial chemical used in the production
of polyacrylamides for water and wastewater treatment, crude-oil, mineral, concrete, textile,
paper, and pulp processing, soil and sand treatment, cosmetics, and coating applications.1-2
Acrylamide is also found in many foods that are prepared by high-temperature frying,
baking, or roasting, as a result of Maillard reactions involving the amino acid asparagine and
reducing sugars.3# Examples of foods containing acrylamide include fried potatoes, certain
breads and other bakery products, and coffee, and it has been estimated that individuals in
the U.S. have a mean daily dietary exposure of 440 ng per kg body weight.> An additional
source of acrylamide exposure is cigarettes, which are estimated to contribute an additional
3.1 pg acrylamide per kg body weight per day.®

The carcinogenicity of acrylamide has been demonstrated in a number of animal models
including A/J mice, Swiss-ICR mice, B6C3F; mice, and F344 rats.”9 Although there is
convincing evidence that acrylamide is carcinogenic in experimental animals, data regarding
the carcinogenicity of acrylamide in humans are inconclusive. With the possible exception
of the pancreas, occupational exposure to acrylamide has not been associated with a
consistent dose-related increase in cancer incidence at any organ site.1:7.8:10 There is no
evidence of increased risk of colorectal, bladder, esophageal, prostate, oropharyngeal,
laryngeal, pancreatic, gastric, or lung cancer upon dietary exposure to acrylamide, while
data regarding the effect of dietary acrylamide on the risk of breast, renal, ovarian, and
endometrial cancer are inconsistent.11:12

Epidemiological studies subsequent to these reviews have examined the relationship
between dietary exposure to acrylamide and brain, breast, endometrial, head and neck,
ovarian, prostate, and thyroid cancer.13-17 None were positive, with the exception of ovarian
cancer,’ and endometrial cancer, which was positive in one study,” but not in another.1®
One of the limitations of dietary acrylamide epidemiological studies is that the difference in
acrylamide exposure between “low” and “high” exposure groups is relatively small, being
only approximately a factor of three (see, for example, Wilson et al.17). Another
complication is that acrylamide exposure assessments based upon dietary questionnaire data
poorly reflect internal dose measurements of acrylamide.18

Acrylamide is metabolized to the epoxide glycidamide (Figure 1),1° primarily by
cytochrome P450 2E1.20-21 Glycidamide reacts with DNA to give a number of DNA
adducts, with the major ones being N7-(2-carbamoyl-2-hydroxyethyl)guanine (N7-GA-
Gua), which results from the depurination of N7-(2-carbamoyl-2-
hydroxyethyl)deoxyguanosine, and N3-(2-carbamoyl-2-hydroxyethyl)adenine (N3-GA-
Ade), which results from the depurination of N3-(2-carbamoyl-2-
hydroxyethyl)deoxyadenosine (Figure 1).22:23 Administering acrylamide to mice lacking
cytochrome P450 2E1 results in much reduced levels of male germ cell mutagenicity,2*
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micronuclei,?® and glycidamide DNA adducts 21 compared to what is observed in
cytochrome P450 2E1-proficient counterparts, which indicates the importance of
glycidamide in the genotoxicity of acrylamide. Other studies have shown that adult Big Blue
mice and rats treated with acrylamide have mutant frequencies comparable to those induced
by glycidamide,26-28 and that the pattern of mutations induced by acrylamide in mice is
consistent with the types of mutations and DNA adducts arising from glycidamide.26

In a previous study,2® we compared the extent of DNA adduct formation and the induction
of micronuclei and mutations in B6C3F;/Tk mice dosed neonatally with acrylamide or
glycidamide to obtain information concerning the mechanism of acrylamide genotoxicity.
Neonatal mice given glycidamide had much higher DNA adduct levels than those
administered acrylamide. In addition, glycidamide-treated mice had higher levels of
micronuclei in reticulocytes and normochromatic erythrocytes and an increased mutant
frequency at the hypoxanthine-guanine phosphoribosyltransferase gene in spleen
lymphocytes. These data suggest that the genotoxicity of acrylamide is mediated through its
metabolism to glycidamide. As a continuation of these studies, we have now compared the
tumorigenicity of acrylamide and glycidamide in mice treated neonatally.

The neonatal mouse tumorigenicity bioassay was chosen to test critically two hypotheses in
acrylamide carcinogenicity. The first hypothesis is that acrylamide tumorigenicity is
mediated by its metabolism to glycidamide and glycidamide-DNA adduct formation. The
second hypothesis is that hormonal dysregulation may be involved in acrylamide
carcinogenicity, a proposition resulting from the observation of tumors in male and female
F344 rat tissues regulated by the endocrine system (e.g., thyroid, mammary gland, peri-
testicular mesothelium).”-® The chosen animal model has two distinct advantages to clarify
these conjectures. First, neonatal mice are deficient in cytochrome P450 2E1 activity relative
to adult mice. This characteristic allows the comparison of neonatal mice responses to
equimolar doses of the parent compound and its metabolite, in order to demonstrate the role
of metabolic activation in acrylamide carcinogenesis. Second, as recognized by international
risk assessment organizations (e.g., International Council on Harmonization and
International Life Sciences Institute),30 the neonatal mouse assay responds only to DNA-
reactive “genotoxic” compounds, based on an enhanced susceptibility of developing
neonatal tissues that is manifested by tumor formation almost exclusively in liver and lung.
Thus, the neonatal mouse model has the ability to discriminate between genotoxic and
epigenetic mechanisms for acrylamide carcinogenesis.

MATERIALS AND METHODS

Chemicals

Acrylamide (stated purity 299%, CAS 79-06-1) was purchased from Sigma Chemical Co.,
St. Louis, MO, and glycidamide (stated purity >98%, CAS 5694-00-8) was obtained from
Toronto Research Chemicals, North York, Ontario. The purity and identity of the
acrylamide and glycidamide were confirmed by gas chromatography coupled with electron
impact mass spectrometry, nuclear magnetic resonance spectroscopy, and gas
chromatography using flame ionization detection.
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The Institutional Animal Care and Use Committee at the National Center for Toxicological
Research reviewed and approved the protocol for these experiments.

Male C3H/HeN MTV- mice and female C57BL/6N mice were obtained from colonies
maintained at the National Center for Toxicological Research. Female C57BL/6N mice were
mated with male C3H/HeN MTV- mice to produce B6C3F; mice. On postnatal day (PND)
1, the female B6C3F; mice were culled because they are less sensitive than male B6C3F;
mice to the induction of tumors when treated as newborns.30:31 The male B6C3F; mice were
pooled and assigned randomly to dams, with a total of 32 male pups in each treatment

group.

Animal treatment

On PNDs 1, 8, and 15, the male B6C3F4 mice were dosed intraperitoneally with 0.0, 0.14,
or 0.70 mmol acrylamide or glycidamide per kg body weight per day. This treatment
schedule corresponds to a protocol typically used in newborn mouse bioassays.3! To
minimize stress upon the pups, historical body weights for mice of this age were used to
determine the amount of acrylamide and glycidamide administered. These doses are
identical to those used in our previous study that examined the DNA adducts and induction
of mutations in B6C3F1/Tk mice treated with acrylamide or glycidamide.?® The compounds
were dissolved in deionized water and administered in 5 uL on PND 1, 10 uL on PND 8, and
20 pL on PND 15. The mice were weaned on PND 21, culled to 24-26 male B6C3F; mice
per treatment group, and monitored for one year. Throughout the study, the mice (both the
dams and the pups) were fed, ad libitum, irradiated Purina 5LG6 pellets, a diet low in
acrylamide (< 50 ppb) compared to other commercial formulations.32 One mouse from the
0.70 mmol glycidamide per kg body weight treatment group was mis-sexed and discarded.
Two additional mice from this group were inadvertently used for microbiological
surveillance. These three mice were not examined further.

Necropsy and histopathology

The animals were monitored for one year after treatment. At the termination of the study, all
surviving animals were euthanized by exposure to carbon dioxide, gross examinations were
performed, and all gross lesions visible at necropsy were recorded, including number,
location, size, and color. Gross observations predominantly involved the liver, a primary
target tissue in the neonatal mouse bioassay.33-3°

The livers and lungs were removed and dorsal and ventral views of these organs were
recorded using digital imagery before they were preserved in 10% neutral buffered formalin.
The livers were trimmed, processed, and embedded in infiltrating media (Formula R®),
sectioned at approximately 5 microns, and stained with hematoxylin and eosin for
histopathological examination. Complete necropsies were also performed on animals that
died naturally or that were submitted moribund prior to the scheduled terminal sacrifice.
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Ras oncogene analyses

Genomic DNA was isolated from the formalin-fixed and paraffin-embedded normal and
tumor tissue samples. Briefly, paraffin-embedded liver tissue sections were deparaffinized
by incubation with xylene for 30 min at 45°C, further washed with 100% ethanol, and
subsequently rehydrated in 90% and 70% ethanol. Tissue pellets were digested overnight
with 40 ug of proteinase K (New England Biolabs, Ipswich, MA) in 400 uL of DNA
extraction buffer (500 mM Tris-HCI, 1 mM EDTA, 5 mM NaCl, pH 8.0). DNA was further
recovered by phenol:chloroform:isoamyl alcohol extraction.

H-ras codons 12, 13, and 61 mutations were analyzed using the method of Mitchell and
Warshawsky.36 Briefly, primary polymerase chain reaction (PCR) amplification of DNA
was performed and the PCR products were further digested with BstNI (codon 12), Bgll
(codon 13), and Bcll (codon 61) restriction endonucleases (New England Biolabs, Ipswich,
MA). Digested PCR products were subjected to a second amplification, followed by a
second digestion with the restriction endonucleases used previously. The digested products
were then separated by electrophoresis on a 2.5% agarose gel. Mutant bands were excised
from the gel, re-amplified using nested primers, and sequenced (Retrogen Inc., San Diego,
CA).

Statistical analyses

RESULTS

The effect of treatment on body weights was assessed using a repeated measures analysis of
variance, with treatment and weeks as main effects. Body weights obtained on weeks 8, 16,
24, 32, 40, and 48 were used to conduct these analyses. Pair-wise comparisons of the mean
weights of the treatment groups to the mean weights of the vehicle control group were
conducted by Dunnett’s test.

Kaplan-Meier survival analysis was used to determine the effect of treatment on animal
survival.

Fisher’s Exact test was used to assess the effect of treatment on the prevalence of neoplasms
and non-neoplastic lesions. The reported p-values are two-sided.

H-ras codon 61 mutation spectra were compared with a hypergeometric test.37

Male B6C3F; mice were treated on PNDs 1, 8, and 15 with 0.14 or 0.70 mmol acrylamide
or glycidamide per kg body weight per day, or the vehicle, and the extent of tumorigenicity
was monitored for a period of one year.

Body weights and animal survival

Body weights were not affected by treatment with either dose level of acrylamide or
glycidamide (Figure 2). The mean body weights for each of the treatment groups were
within 5% of the mean body weight of the vehicle control group throughout the one-year
observation period.
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Animal survival was not affected by treatment, with >87% of the mice in each treatment
group surviving until the scheduled terminal sacrifice. Two control mice, three mice dosed
with 0.14 mmol acrylamide per kg body weight, one mouse given 0.70 mmol acrylamide per
kg body weight, and two mice administered 0.14 mmol glycidamide per kg body weight
were removed due to death or morbidity before the scheduled terminal sacrifice.

Neoplastic and non-neoplastic findings

Neoplasms related to treatment with acrylamide or glycidamide were noted only in the liver.
Mice in the vehicle control group, both acrylamide dose groups, and the 0.14 mmol
glycidamide per kg body weight dose group had a low incidence of hepatocellular adenoma
(3.8-8.3%; Table 1). Mice treated with 0.70 mmol glycidamide per kg body weight had
primarily multiple hepatocellular adenoma. In addition, hepatocellular carcinoma was
observed only in this group. The incidences of singular or multiple hepatocellular adenoma
and of combined hepatocellular adenoma or carcinoma were significantly increased in the
group administered 0.70 mmol glycidamide per kg body weight compared to the vehicle
control group. In none of the other treatment groups did the incidence of hepatocellular
adenoma differ significantly from that observed in the control group.

Non-neoplastic lesions observed in the livers of the mice included basophilic, eosinophilic,
and mixed cell foci (Table 2). Of these lesions, the incidence of basophilic foci was
significantly increased in the mice administered 0.70 mmol glycidamide per kg body weight
compared to the control group. The incidence of this lesion did not differ significantly in the
other treatment groups; likewise, the incidence of eosinophilic and mixed cell foci was not
elevated significantly in any of the treatment groups.

Ras oncogene analyses

DNA from the liver tissue sections containing hepatocellular adenoma or carcinoma was
extracted and screened for mutations in H-ras codons 12 and 13 (exon 1) and codon 61
(exon 2) (Figure 3). A total of 51 hepatocellular neoplasms was screened from the 21 mice
bearing tumors. No mutations were detected in the 5 liver tumors from mice treated with
0.14 mmol acrylamide per kg body weight, 0.14 mmol glycidamide per kg body weight, or
0.70 mmol acrylamide per kg body weight (Table 3). A CAA — CTA transversion mutation
at codon 61 was observed in the single control animal bearing a hepatocellular adenoma.

Hepatocellular adenoma or carcinoma were observed in fifteen mice treated with 0.70 mmol
glycidamide per kg body weight (Table 1); 12 of these mice had a total of 22 H-ras
mutations in the 45 tumors that were screened (Table 3). Twenty-one of the 22 H-ras
mutations occurred at codon 61; the remaining mutation, a GGA — GAA transition, was
detected at codon 12. Of the 21 codon 61 H-ras mutations, 14 (67%) were CAA — CGA
transitions, 5 (24%) were CAA — CTA transversions, 1 (5%) was a CAA — CCA
transversion, and 1 (5%) was a CAA — AAA transversion (Table 3).

Fifteen mice had multiple hepatocellular tumors (adenoma or adenoma and carcinoma); one
mouse with 5 tumors had 3 codon 61 H-ras mutations, each of which was a CAA — CTA
transversion, and another mouse with 5 tumors had 2 codon 61 H-ras mutations, each of
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which was a CAA — CGA transition. Other mice with multiple hepatocellular neoplasms
had more than one type of codon 61 H-ras mutation. Two mice, for example, each with 4
liver tumors, had 2 CAA — CGA mutations and one CAA — CTA mutation, and another
mouse with 5 liver tumors had 2 CAA — CGA mutations and 1 CAA — AAA mutation.

DISCUSSION

The carcinogenicity of acrylamide has been demonstrated in rats and mice. When given
chronically to male and female F344 rats, there is clear evidence for the induction of thyroid
gland follicular cell adenoma and carcinoma, peri-testicular mesothelioma, mammary gland
adenoma, heart malignant schwannoma, oral cavity squamous cell papilloma and carcinoma,
and skin mesenchymal neoplasms.”-? Likewise, in male and female B6C3F; mice treated
chronically with acrylamide, there is clear evidence for the induction of harderian gland
adenoma, lung alveolar/bronchiolar adenoma or carcinoma, forestomach squamous cell
papilloma or carcinoma, mammary gland adenocarcinoma or adenoacanthoma, and skin
mesenchymal neoplasms.? In other bioassays, male and female A/J mice and female Swiss-
ICR mice administered acrylamide have had increased incidences and/or multiplicities of
lung neoplasms.” While these experiments indicate clearly the potent carcinogenicity of
acrylamide, they do not provide information concerning the mechanism of tumor induction.

Recently, the effect of perinatal exposure to acrylamide and glycidamide was investigated in
C57BL/6J Min/+ mice and their wild type littermates.** In C57BL/6J Min/+ mice
administered glycidamide neonatally, there was a slight but significant dose-related
induction of small intestinal tumors, with the increase being significant at a dose of 50 mg
glycidamide per kg body weight. In wild-type C57BL/6J mice treated as neonates with
glycidamide, there was also a dose-related increase in the frequency of mice having
intestinal lesions, with the increase being significant at 50 mg glycidamide per kg body
weight. These effects were not observed in mice dosed with acrylamide.

In the current study, we also used neonatal mice to elucidate mechanisms for the
tumorigenicity of acrylamide. This model has two distinct advantages: first, neonatal mice
are sensitive to the induction of tumors by genotoxic carcinogens,33-3% and second, neonatal
mice are deficient in cytochrome P-450 activity compared to adult mice.34-3° This latter
characteristic suggests that if metabolism to glycidamide is required for the carcinogenic
action of acrylamide, glycidamide should be a more potent carcinogen than acrylamide in
this model. Experimental support for limited metabolic oxidation of acrylamide in neonatal
mice comes from the observation that the hepatic DNA adduct levels of N7-GA-Gua and
N3-GA-Ade in male B6C3F4/Tk** mice treated on PNDs 1, 8, and 15 with 0.70 mmol
glycidamide per kg body weight were two- to three-fold higher than in male B6C3F/Tk*/*
mice treated in an identical manner with 0.70 mmol acrylamide per kg body weight.2
Likewise, DNA adduct levels of N7-GA-Gua in three-day-old B6C3F; mice administered
50 mg glycidamide per kg body weight were five- to six-fold higher than in mice given the
same amount of acrylamide.23 In contrast, when adult male C3H/HeN MTV- mice were
injected with a single dose of either 50 mg acrylamide or glycidamide per kg body weight,
the hepatic DNA adduct levels of N7-GA-Gua were similar with both compounds.23
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Consistent with the higher hepatic DNA adduct levels of N7-GA-Gua and N3-GA-Ade in
neonatal male mice treated with 0.70 mmol glycidamide per kg body weight is the
observation that the neonatal male B6C3F; mice administered 0.70 mmol glycidamide per
kg body weight (approximately 50 mg glycidamide per kg body weight) had a 71.4%
incidence of combined hepatocellular adenoma or carcinoma compared to an 8.3%
incidence in mice treated with an equimolar quantity of acrylamide (Table 1). The hepatic
tumor incidence in neonatal male B6C3F1/Tk** mice administered 0.14 mmol acrylamide
or glycidamide per kg body weight or 0.70 mmol acrylamide per kg body weight did not
differ from that found in the control mice (Table 1). Likewise, mice treated with 0.70 mmol
glycidamide per kg body weight had a significant increase in the mutant frequency at the
hypoxanthine-guanine phosphoribosyltransferase gene in spleen lymphocytes, a response
not observed with the other treatments.2® Thus, while administering 0.14 mmol acrylamide
or glycidamide per kg body weight or 0.70 mmol acrylamide per kg body weight resulted in
detectable adduct levels of N7-GA-Gua and N3-GA-Ade when measured one day after the
last treatment,2° the DNA adduct levels appeared to be insufficient to result in an increased
mutant frequency or hepatic tumor incidence in this animal model.

Analysis of H-ras mutations in the hepatocellular adenomas and carcinomas from mice
treated with 0.70 mmol glycidamide per kg body weight indicated a substantial increase in
the frequency of CAA — CGA (GIn — Arg) and CAA — CTA (GIn — Leu) mutations at
codon 61 compared to what has been found in spontaneous hepatocellular tumors in control
B6C3F1 mice, where CAA — AAA mutations predominate (Table 3). This indicates that the
tumors arising from glycidamide are not due to the promotion of spontaneous mutations. A
— G transition mutations have been reported in Big Blue mouse embryonic fibroblasts
treated with acrylamide and glycidamide,*>46 and these were attributed to the miscoding
properties of N1-(2-carboxy-2-hydroxyethyl)deoxyadenosine (Figure 1),4’ a glycidamide
DNA adduct found at high levels in in vitro modified DNA.23 A — T transversion mutations
have been ascribed to apurinic sites in DNA resulting from the spontaneous depurination of
N3-(2-carbamoyl-2-hydroxyethyl)deoxyadenosine.#” Similar types of A — G transition and
A — T transversion mutations have been observed within H-ras codon 61 in B6C3F; mice
treated with urethane and vinyl carbamate,*8-50 both of which are thought to be metabolized
to vinyl carbamate epoxide, a small electrophilic epoxide with chemical properties similar to
glycidamide. These results, combined with our previous data, indicate that the
carcinogenicity of acrylamide is dependent upon acrylamide being metabolized to
glycidamide, with the resultant formation of glycidamide-DNA adducts and mutations. This
metabolic pathway is deficient in neonatal mice.
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Abbreviations

N3-GA-Ade N3-(2-carbamoyl-2-hydroxyethyl)adenine
N7-GA-Gua N7-(2-carbamoyl-2-hydroxyethyl)guanine
PCR polymerase chain reaction
PND postnatal day
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Structures of acrylamide and glycidamide, and the DNA adducts resulting from the reaction
of glycidamide with DNA. N7-GA-Gua and N3-GA-Ade are released from the DNA upon

thermal hydrolysis.
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Figure2.
Mean body weights, measured weekly, in male B6C3F; mice administered 0.14 or 0.70

mmol acrylamide or glycidamide per kg body weight, or the vehicle, intraperitoneally on
PNDs 1, 8, and 15. (#) 0.14 mmol acrylamide per kg body weight; (i) 0.70 mmol
acrylamide per kg body weight; (A) 0.14 mmol glycidamide per kg body weight; (x) 0.70
mmol glycidamide per kg body weight; (*) vehicle.
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Figure 3.
Analysis of H-ras gene codon 61 mutations in acrylamide- and glycidamide-induced

hepatocellular tumors. A). Representative image of an agarose gel showing the presence of
mutations in H-ras codon 61 as detected by the enriched PCR screening.38 The wild type
(WT) allele of H-ras corresponds to the 135 bp band, and the mutant (Mut) H-ras allele
corresponds to the 162 bp band. Positive bands were excised, purified, and sequenced. B).
Representative sequencing chromatograms of CAA — AAA (left) and CAA — CGA (right)
mutations in H-ras codon 61.
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Number and types of H-ras mutations in the livers of male B6C3F1 mice administered 0.14 or 0.70 mmol

acrylamide or glycidamide per kg body weight, or the vehicle, intraperitoneally on PNDs 1, 8, and 15

Treatment H-ras codon 61 H-ras codon 61 mutation
mutations
CAA — AAA | CAA—CGA | CAA—CTA
S a b 139/229 68/229 22/229
Historical control 235/444 o o o
(53%) (61%) (30%) (10%)
Control 11 0 0 1
(100%) (0%) (0%) (100%)
0.14 mmol acrylamide per 0/2 0/2 0/2 0/2
kg body weight (0%) (0%) (0%) (0%)
0.70 mmol acrylamide per 0/1 0/1 0/1 0/1
kg body weight (0%) (0%) (0%) (0%)
0.14 mmol glycidamide per 0/2 0/2 0/2 0/2
kg body weight (0%) (0%) (0%) (0%)
0.70 mmol glycidamide per 21/45 1/21 14/21 5/21
* * *
kg body weight’ (47%) (5%) (67%) (24%)

a .. . A . . . .
Historical data for H-ras mutation in hepatocellular adenoma and carcinoma of control B6C3F1 mice were compiled from literature data.38-43

b . . . PR
The data are expressed as the number of H-ras mutations per number of tumors examined, with the percentage being given in parentheses.

CIn addition to the H-ras mutations indicated, one CAA — CCA codon 61 mutation and one GGA — GAA codon 12 mutation were detected.

*
The spectrum of codon 61 mutations in the hepatocellular adenoma and carcinoma of B6C3F1 mice administered 0.70 mmol glycidamide per kg

body weight was significantly different (p = 0.0001) from the historical control spectrum of H-ras codon 61 mutations, as determined by a

hypergeometric test.37
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