
Abstract. The tumorigenic capacity of acrylamide (AA) in the
intestine of C57BL/6J Min/+ mice, as well as in their wild-type
(wt) litter mates was investigated. In Experiment 1, the mice
were s.c. injected with 10 or 50 mg/kg body weight (bw) of AA
or glycidamide (GA) at week 1 and 2 after birth. In Experiment
2, the mice were given 50 mg/kg bw/injection of AA or GA 1
week before birth to the dam, alone or in combination with
exposure of the pups at week 1 and 2 after birth. Following GA
exposure at week 1 and 2, the formation of small intestinal
tumors in Min/+ mice increased in a dose-dependent manner
(rs=0.32, p=0.008): a 1.3-fold increase in the number of
tumors with 50 mg/kg bw GA compared to the controls
(p<0.05). In the wt litter mates, there was a dose response
relationship between the GA exposure and the frequency of
animals with one or more intestinal neoplasm (intestinal
tumors + aberrant crypt foci) (p=0.018): at 50 mg/kg bw of
GA an 8-fold induction was found compared to the controls
(p=0.017). In Experiment 2, Min/+ mice exposed to GA in
utero had fewer small intestinal tumors than the controls
(p<0.05). However, following GA exposure the number of
intestinal tumors correlated positively with the number of
injections (small intestine: rs=0.32, p=0.002; colon: rs=0.27,
p=0.01). When exposed early in life, GA is a weak intestinal
tumorigen in Min/+ mice and their wt litter mates.

Acrylamide (AA), which is metabolised to the genotoxic
derivate glycidamide (GA) in both rodents and humans (1,
2), induces testicular mesotheliomas and mammary gland
adenomas in rats (3, 4) and initiates skin and lung cancer in
mice (5-7). Since AA is also converted to GA in humans,
the International Agency for Research on Cancer (IARC)
has classified it as a probable human carcinogen (Class 2A)
(8). Worldwide concern was caused when it was found that
AA may occur in significant amounts in heat-processed
carbohydrate-rich foods and coffee (9-11). These foods are
important elements of the basic diet consumed by the
general population.

Human colorectal cancer has been associated with
environmental and lifestyle factors, including lack of physical
activity and particular food habits (12). Even though
mutagens and carcinogens, such as heterocyclic amines,
polycyclic aromatic hydrocarbons, N-nitroso compounds and
AA are found in various foods, their potential role in human
colorectal carcinogenesis is not clear. Nevertheless,
colorectal cancer is associated with red meat consumption
and has, to some degree, been linked to heterocyclic amines,
as well as unidentified meat mutagens formed in the heating
process (13).

Because AA has been found to cross the human placenta
(14, 15) and is detected in human breast milk (14, 16),
humans are also exposed to AA during foetal life and
infancy. Similar transplacental transfer of AA has also been
observed in mice, rats, rabbits, dogs and pigs (17-20), and
AA was observed to be distributed uniformly in the foetus
(18-20). However, risk assessments of AA have, so far, only
been based on tumor responses following exposure in adult
rodents (3-7). Therefore, it is important to provide
information on the risk associated with exposure at earlier
and vulnerable phases of life (21-23).

The multiple intestinal neoplasia (C57BL/6J Min/+)
mouse is, like humans with the familial adenomatous
polyposis (FAP) syndrome, heterozygous for a mutation in
the tumor suppressor gene Apc. This mutation leads to the
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development of numerous neoplastic lesions in the
intestines, mainly in the small intestine of the Min/+ mice
and in the colon of FAP patients. Complete somatic
inactivation of Apc/APC in discrete crypts of the intestinal
epithelium seems to be the initial event of the tumorigenesis
in Min/+ mice (24, 25), human FAP and, importantly, in
80% of human sporadic colorectal cancer (26-28).
Therefore, the Min/+ mouse provides a good carcinogenesis
model in which the initial molecular pathogenesis is the
same in both humans and mice. We have found that
neonatally exposed Min/+ mice are particularly susceptible
to intestinal carcinogens (21, 29). Previously, we used this
model to test several possible human carcinogens such as
heterocyclic amines (24, 30-32) and chlorination by-products
in drinking water (33), as well as the experimental
carcinogen azoxymethane (AOM) (23, 25).

The genotoxicity of AA occurs predominantly through
the action of its epoxide GA, which has a much higher
reactivity with DNA bases than AA (1, 34). Cytochrome
P450 2E1 (CYP2E1) is the enzyme that catalyses the
oxidation of AA to GA (35). In adult mice approximately
80% of the AA is converted into GA (36). Neonatal mice
are deficient in CYP2E1, resulting in only a very low
conversion rate of AA to GA (1). The reduced
concentration of CYP2E1 has also been shown in humans
prior to and after birth (37).

The main objective of the present study was to examine
whether AA or GA may act as intestinal tumorigens, using
perinatal exposure in Min/+ mice as a particularly
susceptible test model. In addition, we wanted to examine
the carcinogenicity of AA and GA in the intestine of their
wild-type (wt) litter mates. Pre- and/or postnatal exposure
of the animals to AA or GA was conducted and the
intestinal lesions scored at the age of 8-12 weeks. In the
colon, the score included flat and classical aberrant crypt
foci (ACF), the smallest observable lesions (38).

Materials and Methods

Mouse breeding. C57BL/6J-Min/+ males and C57BL/6J-+/+ (wt)
females were purchased from The Jackson Laboratory (Bar
Harbor, ME, USA). The males were housed singly in plastic cages
and the females were housed 2 animals per cage. The animal room
was maintained on a 12-hour light/dark cycle, with controlled
humidity (55±5%) and temperature (20-24ÆC). Water and feed
were given ad libitum.

In Experiment 1, both the mothers and the pups were given SDS
RM3 feed (Special Diets Services, Witham, UK). From week 12,
the feed for the wt mice was changed to the less energy containing
SDS RM1 (Special Diets Services). In Experiment 2, the SDS RM1
feed was used, except during the 6 weeks between mating and
weaning when SDS RM3 was used.

When 3-weeks-old, the Min/+ and wt pups were identified by an
allele-specific PCR-assay, as described previously (31). Both
genotypes were used in the experiment.

Treatment. AA (Sigma-Aldrich, St. Louis, MO, USA; ≥99% purity)
and GA (Toronto Research Chemicals, North York, Canada; 98%
purity) were dissolved in 0.9% NaCl. Dosing solutions were
prepared on the day of administration. Both AA and GA were
found to be stable in saline for at least 1 week under cool and dark
conditions (HPLC-UV; unpublished results). The compounds were
administered by s.c. injections. The experimental protocols are
shown in Figure 1.

In Experiment 1, the mice were injected with 10 or 50 mg/kg
body weight (bw) AA (Min/+ mice: n=19, 8 females and 11 males;
and n=17, 12 females and 5 males, respectively, and wt mice: n=24,
16 females and 8 males; and n=12, 3 females and 9 males,
respectively) or GA (Min/+ mice: n=26, 19 females and 7 males;
and n=21, 14 females and 7 males, respectively, and wt mice: n=24,
10 females and 14 males; and n=24, 11 females and 13 males,
respectively) once a week at week 1 and 2 after birth (10 Ìl/g bw).
The Min/+ mice were sacrificed by cervical dislocation at 8 weeks of
age, and the wt mice at 32 weeks (Figure 1). 

In Experiment 2, the groups were exposed prenatally to 50 mg/kg
bw AA (Min/+ mice: n=28, 11 females and 17 males; wt mice:
n=33, 10 females and 23 males) or GA (Min/+ mice: n=17, 8
females and 9 males; wt mice: n=11, 4 females and 7 males) by
administration to the dams 1 week before birth. A second set of
groups was exposed neonatally to 50 mg/kg bw AA (Min/+ mice:
n=36, 20 females and 16 males; wt mice: n=16, 11 females and 5
males) or GA (Min/+ mice: n=30, 15 females and 15 males; wt
mice: n=11, 5 females and 6 males) once at week 1 and again at
week 2 after birth. In a third set of groups, 50 mg/kg bw AA (Min/+
mice: n=11, 6 females and 5 males; wt mice: n=20, 12 females and
8 males) or GA (Min/+ mice: n=18, 8 females and 10 males; wt
mice: n=16, 7 females and 9 males) were given once via the dam 1
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Figure 1. Experimental design. In Experiment 1, Min/+ mice and their wt
litter mates were treated with 10 or 50 mg/kg bw acrylamide (AA) or
glycidamide (GA) at week 1 and 2 after birth. The Min/+ mice were
sacrificed at week 8 after birth, and the wt mice at week 32. In Experiment
2, all mice were exposed to 50 mg/kg bw/injection AA or GA, with the first
group exposed 1 week before birth, the second group 1 and 2 weeks after
birth, and the third group 1 week before birth and again at week 1 and 2
after birth. In addition, the wt mice were exposed once a week from week
5 to 11. The mice in Experiment 2 were sacrificed at week 12 after birth.



week before birth and then directly to the pups once at week 1 and
again at week 2 after birth (perinatal exposure). In addition, in all
three sets of groups, the wt animals were given 50 mg/kg bw AA or
GA once a week from week 5 to week 11 after birth. At 12 weeks of
age, all the mice were sacrificed by cervical dislocation (Figure 1).

In both experiments, control dams and pups were given 10 Ìl/g
bw 0.9% NaCl (experiment 1: n=19, 11 females and 8 males;
experiment 2: n=23, 12 females and 11 males). In none of these
experiments did any of the mice look sick or discomforted due to
the treatments.

Scoring of ACF and tumors. The small intestine and the colon were
removed separately and rinsed in ice-cold phosphate-buffered
saline (PBS) before they were longitudinally incised. The small
intestine was divided into proximal, middle and distal parts. They
were then fixed flat between wet (PBS) filter papers for a minimum
of 24 h in 10% neutral buffered formalin. After a 10 second stain in
0.2% methylene blue (George T. Gurr Ltd., London, UK)
dissolved in 10% neutrally buffered formalin, the intestines were
kept in 10% neutrally buffered formalin for a minimum of 24 h
before the mucosa was examined by transillumination using an
inverse light microscope. The number, size and location of the
lesions in the small intestine and colon were scored. The sizes of
the tumors were scored as mm2, and the location in the small
intestine was described as cm distally from the ventricle. Classical
and flat ACF in the colon were scored, as described in Paulsen et
al. (39). Briefly, the flat ACF are likely to be the precursors of
colorectal adenomas, while the classical ACF are not directly
related to tumorigenesis, but are an expression of general
mutagenesis in the colon epithelium (29, 38-40). The size of an
ACF was scored as the number of crypts/lesion. A colonic tumor
was defined as a lesion with >35 aberrant crypts.

Statistical analysis. Kruskal-Wallis One Way ANOVA on Ranks
(SigmaStat software; Jandel Scientific, Erkrath, Germany) was
used to test for the differences between the groups. For isolation
of the groups that differed from the control group, Dunn’s
Method was used. Differences in proportions between the groups
were assessed statistically by the Fischer Exact probability test.
Correlations between the tumor parameters and the doses tested
were evaluated by the non-parametric Spearman’s rank order
correlation coefficient rs. Logistic regression with the dose
treated as a continuous variable was used to examine trends
between the dose and the induction of lesions in the wt litter
mates (SPSS, Chicago, IL, USA). A p-value of <0.05 was
considered significant.

Results

Effects of neonatal exposure to AA and GA (Experiment 1)

Final body weight. None of the groups differed from their
respective controls in final body weight, with the exception
of the male Min/+ mice treated with 10 mg/kg bw GA,
which had a significantly lower final body weight (8 weeks)
than that of their male controls (22.6 g ±0.9 g vs. 24.7 g
±1.5 g; Dunn’s Method, p<0.05). Of 113 mice, 4 animals
died before the scheduled sacrifice: 1 Min/+ and 1 wt male
in the control group, and 2 wt males in the GA50 group. 

Induction of intestinal lesions. Variance analysis showed that the
number of small intestinal tumors differed significantly among
the groups of Min/+ mice exposed to AA, GA, or vehicle
(females + males and females, ANOVA on Ranks, p<0.005;
Figure 2A). However, the only group that significantly differed
from the controls was that of the Min/+ mice exposed to 50
mg/kg bw/injection of GA, showing 1.3-fold increase in the
number of small intestinal tumors (females + males, p<0.05,
Dunn’s test; Figure 2A). In addition, considering all the
animals treated with GA or vehicle, a dose-dependent
induction of the small intestinal tumors was revealed (rs=0.32,
p=0.008, N=66). In addition, in the females alone, a dose
response relationship was evident (rs=0.35, p=0.019, N=44).
The distribution profile of the tumors along the small intestine
was not affected by AA or GA treatment (Figure 3). 

No statistical differences between the treatment groups with
respect to the number of tumors, flat ACF or classical ACF
were observed in the colons of Min/+ mice (Figure 2 B-D).

In the wt litter mates, the total number of intestinal
lesions/mouse was generally low (Table I). However, also in
these animals, the group exposed to 50 mg/kg bw/injection of
GA differed from the other groups. The frequency of animals
with one or more intestinal lesions (small intestinal tumors +
colonic tumors + flat ACF + classical ACF) was significantly
higher in this group than in the control group (Fisher Exact
test, 1-sided, p=0.017). In the same group, there was also an
apparent dose-dependent effect of GA. In animals treated
with 10 or 50 mg/kg bw GA or vehicle there was a positive
trend between frequency of animals with any intestinal lesion
and dose (Logistic regression with the dose treated as a
continuous variable; p=0.018). No colonic tumors were seen
in the wt animals and classical ACF was only observed in the
group treated with 50 mg/kg bw/injection of GA (one ACF in
each of 2 of the 24 animals).

Growth of intestinal lesions. None of the treatments affected
the size of the small intestinal or colonic tumors, neither in
Min/+ mice nor in wt mice, and the tumor load (total tumor
area) of the treated animals did not differ from that of the
controls. The number of crypts/foci of flat and classical ACF
was similar in all the groups (data not shown). 

Effects of prenatal and neonatal exposure to AA and GA
(Experiment 2)

Final body weight. The final body weight of the Min/+ mice
did not differ significantly from that of the controls.
However, the wt animals exposed both pre- and neonatally
to 50 mg/kg bw/injection of GA (GA 3) showed a
significantly lower final body weight in comparison with that
of the controls with the females 19.8 ±1.1 g vs. 21.9 ±1.0 g
and the males 25.4 ±2.0 g vs. 28.3 ±2.3 g (Dunn’s Method,
p<0.05). The additional weekly exposure of wt animals from
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week 5-11 did not appear to have any effect on the weight.
Of the 163 mice, 4 died before the scheduled sacrifice: 1
Min/+ and 1 wt female in the AA 2 group, 1 Min/+ female
in the GA 1 group and 1 Min/+ male in the AA 3 group.

Induction of intestinal lesions. The number of small
intestinal tumors varied significantly among the groups of
Min/+ mice exposed prenatally/neonatally to AA, GA or
vehicle (ANOVA on Ranks, p<0.001; Figure 4A).
Surprisingly, the only group that differed from the control
group was GA 1, Min/+ mice treated with 50 mg/kg bw GA
only before birth, which showed a statistically significant
reduction of small intestinal tumors (Dunn’s Method,
p<0.05). However, applying trend analysis to all the
animals treated with GA or vehicle, a dose-dependent
(number of injections of 50 mg/kg bw GA) induction of
small intestinal tumors was revealed (rs=0.32, p=0.002,
N=89). A similar statistically significant dose response
relationship was not found after AA injections. 
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Figure 2. Number of intestinal lesions in Min/+ mice treated with 10 or 50 mg/kg bw acrylamide (AA) or glycidamide (GA) at week 1 and 2 after birth
(Experiment 1). A: Small intestinal tumors. B: Colonic tumors. C: Flat ACF in the colon. D: Classical ACF in the colon. Columns and bars indicate
mean±SD. Asterisks (*) indicate statistically significant difference from the control group (p<0.05, Dunn’s test). In these 113 Min/+ mice, 15,924
lesions were scored.

Figure 3. Distribution of tumors along the small intestine in female Min/+
mice treated with acrylamide and glycidamide. The tumor position is given
as distance from the ventricle in cm. The mean number of tumors/cm
intestine/mouse was scored.



In the colon, the number of tumors differed significantly
among the groups of Min/+ mice exposed prenatally/
neonatally to AA, GA or vehicle (males, ANOVA on
Ranks, p<0.001; Figure 4B). In the males treated with 50
mg/kg bw GA both before and after birth (GA 3), there was
a statistically significant 3.7-fold increase in the number of
colonic tumors (Dunn’s Method, p<0.05). In terms of the
number of injections the induction of colonic tumors
following GA exposure was dose-dependent (females +
males; rs=0.27, p=0.01, N=88).

A statistically significant difference in the number of flat
ACF was observed among the groups of Min/+ mice exposed
prenatally/neonatally to AA, GA or vehicle (females + males,
females or males, ANOVA on Ranks, p<0.02; Figure 4C).
The groups treated with 50 mg/ kg bw AA only before birth
or only after birth (AA 1 and AA 2), had significantly higher
numbers of flat ACF when compared with the controls
(Dunn’s Method, p<0.05). However, none of the treatment
groups differed significantly from the control groups with
respect to the number of classical ACF, although there was a
tendency for more classical ACF in the groups treated with
AA (2.9-fold increase when exposed to AA both pre- and
postnatally (AA 3); Figure 4D).

When compared with the control group, the increased
incidences of wt animals with intestinal lesions in the groups
treated with AA or GA did not reach statistical significance
(Table I).

Growth of intestinal lesions. In Min/+ males, there was a
statistically significant difference in the size of the small
intestinal tumors (ANOVA on Ranks, p=0.049; Figure 5A)
and also in the size of colonic tumors (ANOVA on Ranks,
p=0.041; Figure 5C) among the groups exposed
prenatally/neonatally to AA, GA or vehicle. However, Dunn’s
Method could not isolate any group that differed significantly
from the controls. Nevertheless, in terms of the number of
exposures (number of injections of 50 mg/kg bw), a positive
weak, but statistically significant trend in the size of the small
intestinal tumors, was revealed (AA: rs=0.20, p=0.043, N=99;
GA: rs=0.26, p=0.013, N=89). In the colon, there was a
negative correlation between the size of the colonic tumors
and the number of doses within both the AA- and GA-treated
groups when compared to the controls (AA: rs=–0.24,
p=0.026, N=84; GA: rs=–0.24, p=0.041, N=76).

Among the groups, the small intestinal tumor load (total
area of tumors) in the Min/+ mice differed significantly
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Table I. Number of intestinal lesions in each group and incidence of lesions/group in wild-type C57BL/6J mice after neonatal exposure (week 1 and 2
after birth) of acrylamide (AA) or glycidamide (GA) (Experiment 1) or after perinatal exposure (1 week before birth, week 1 and 2 after birth, or 1 week
before birth + week 1 and 2 after birth) of 50 mg/kg bw/injection of AA or GA (Experiment 2).

Treatment N Small intestinal Colonic Flat ACF Classical ACF Incidence
tumors tumors (% animals with lesions§)

Experiment 1
AA10a 24 0 0 2 0 4
AA50b 12 0 0 1 0 8

GA10a 24 1 0 1 0 8
GA50b 24 4 0 1 2 25*

Control 31 1 0 0 0 3

Experiment 2
AA 1c 33 1 0 6 0 15
AA 2d 16 0 0 1 0 6
AA 3e 20 1 0 2 0 15

GA 1c 11 0 0 1 0 9
GA 2d 11 1 0 1 0 18
GA 3e 16 2 0 1 0 19

Control 26 1 0 1 0 8

*Statistically significant differences from the respective control (p=0.017; 1-sided Fisher Exact test). In the AA10 group, both lesions were found
in one animal. In the GA50 group, one animal had two small intestinal tumors. In the AA 1 group, two animals had two flat ACF each. a10 mg/kg
bodyweight, b50 mg/kg bodyweight, cinjection 1 week before birth, dinjection week 1 and 2 after birth, einjection 1 week before birth and week 1
and 2 after birth, §small intestinal tumors, colonic tumors and flat and classical ACF pooled.



(females + males, females or males, ANOVA on Ranks,
p<0.011; Figure 5B); however, Dunn’s Method could not
isolate any group that differed significantly from the
controls. In the small intestine, however, a dose-dependent
(number of injections of 50 mg/kg bw) increase in the tumor
load was observed following GA treatment (rs=0.39,
p<0.001, N=89). In the colon, there were no differences
between the groups regarding the tumor load.

The number of crypts/foci of flat and classical ACF did
not differ between the groups. As in Experiment 1, the
majority of ACF were detected in the distal half of the colon.

In the wt mice, none of the treatment groups differed
significantly from the controls with respect to the size of the
intestinal lesions.

Discussion

Acrylamide is reported to be a weak carcinogen in adult
rodents, inducing tumors in the testes, mammary glands,
thyroid gland, CNS, oral cavity, clitoral gland, uterus, skin
and lungs (5-7), while other organs, such as the intestine,
were not affected. In the present study, we tested the

tumorigenic potential of AA, and its epoxide GA, in the
small intestine and colon after perinatal exposure of Min/+
mice and their C57BL/6 wt litter mates. The mice were
exposed to AA or GA at week 1 and 2 after birth
(Experiment 1), or 1 week before birth, alone or in
combination with exposure at week 1 and 2 after birth
(Experiment 2). The most consistent findings were the
effects caused by the active metabolite, GA. This is in
agreement with the low conversion rate of AA to GA
observed in neonatal mice (1).

In Experiment 1, GA exposure induced a dose-dependent
increase in the number of small intestinal tumors in Min/+
mice (1.3-fold increase with 50 mg/kg bw GA). In the wt
litter mates, there was a dose response relationship between
GA and the frequency of animals with one or more
intestinal lesions (8-fold induction compared with controls).
No effects were observed in the colon or on the growth of
the intestinal lesions, or with AA.

In Experiment 2, although GA given prenatally
suppressed the tumorigenesis, there was a positive trend in
the number of small intestinal and colonic tumors in Min/+
mice with the number of GA injections. The relative weak
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Figure 4. Number of intestinal lesions in Min/+ mice treated with 50 mg/kg bw acrylamide (AA) or glycidamide (GA) 1 week before birth (AA 1 and
GA 1), week 1 and 2 after birth (AA 2 and GA 2), or both (AA 3 and GA 3) (Experiment 2). A: Small intestinal tumors. B: Colonic tumors. C: Flat
ACF in the colon. D: Classical ACF in the colon. Columns and bars indicate mean±SD. Asterisks (*) indicate statistically significant difference from
the control group (p<0.05, Dunn’s test). In 163 Min/+ mice, 31,746 lesions were scored. 



effect of GA 3 (injections of 50 mg/kg bw GA 1 week before
birth in addition to at week 1 and 2 after birth) was
probably due to the inhibitory effect observed with GA 1
(injection of 50 mg/kg bw GA 1 week before birth). It can
be speculated that, at this early stage GA is cytotoxic to
intestinal cells, causing cell death instead of tumor
initiation. However, a combined pre- and postnatal
exposure to GA produced more lesions in comparison with
postnatal exposure alone, showing that prenatal exposure
could be of importance in the final outcome. There was a
1.7- to 1.8-fold statistically significant increase of flat ACF
in Min/+ mice exposed to AA 1 (injections of 50 mg/kg bw
AA 1 week before birth) and AA 2 (injections of 50 mg/kg
bw AA week 1 and 2 after birth). The reason for this effect
following prenatal and postnatal exposure, but not after
combined pre- and postnatal treatment, is not known.

The observed AA- and GA-induced enhancement of
tumor size in the small intestine, and the opposite reduction
of tumor size in the colon in Min/+ mice in Experiment 2,
was dependent on the number of injections. The increase in
the size of the small intestinal tumors may be due to the
induction of tumors at an earlier point in time to those

formed spontaneously, to faster growth, or to both. The
reduction of the tumor size in the colon indicates either an
induction at a later point in time, slower growth, or both,
when compared to the tumors occurring spontaneously. A
similar pattern has been observed earlier in Min/+ mice
exposed to the heterocyclic amine 2-amino-1-methyl-6-
phenylimidazo[4, 5-b]pyridine (PhIP) postnatally on day 3
and 10 after birth (41). The pronounced correlation between
the number of GA injections and the increase in the small
intestinal tumor load is related to the observed increase in
both the number and size of the tumors (Experiment 2).

Neonatal exposure to GA resulted in a statistically
significant lower final body weight of the male Min/+ mice
in comparison with the controls. This is consistent with
previous studies both on mice (42) and rats (43, 44),
showing that pups exposed perinatally to AA had a
significant decrease in body weight, which was dose-
dependent. Moreover, when the wt litter mates (females and
males) were perinatally exposed to GA, the final body
weight decreased significantly. However, this small
reduction, though statistically significant, will probably have
little biological consequence.
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Figure 5. Mean size (mm2) of the small intestinal (A) and colonic (C) tumors and tumor load (total area of tumors, mm2) in the small intestine (B)
and the colon (D) in Min/+ mice treated with 50 mg/kg bw acrylamide (AA) or glycidamide (GA) 1 week before birth (AA 1 and GA 1), week 1 and 2
after birth (AA 2 and GA 2), or both (AA 3 and GA 3) (Experiment 2). Columns and bars indicate mean ± SD. Asterisks (*) indicate statistically
significant difference from the control group (p<0.05, Dunn's test).



The biological variation in tumor number was high in all
groups. Even though the variance analysis showed a
statistically significant difference between the groups, it was
frequently impossible to isolate the groups that differed from
the controls using the post-hoc test. On occasions, statistically
significant differences between the treated groups and the
controls were only observed in one of the genders. However,
the trend analyses, generally, revealed statistically significant
dose response relationships for both sexes. We do not know
why the significant effect of GA exposure in Experiment 1
was not reproduced in Experiment 2. However, the test
conditions in these experiments were different.

In the present study, the control Min/+ mice had a higher
number of tumors than in our previous studies. We do not
know whether this is due to genetic drift or environmental
changes in our animal department. The routine health
controls do not indicate any pathological events occurring in
the animal rooms. Although we found statistically significant
tumorigenic activity of AA and GA in this study, these
effects might well be more pronounced in Min/+ mice with a
background containing a lower number of tumors. 

In this study we used high doses of AA or GA to determine
whether or not they could act as intestinal tumorigens.
Furthermore, by using 50 mg/kg bw of AA or GA we could
directly compare the effect with those observed in our
previous studies using 50 mg/kg bw of the known intestinal
carcinogen PhIP in the same mouse models (21, 24, 41).
Compared with PhIP, AA and GA appear rather weak in
terms of their intestinal tumor inducing potency in the Min/+
mouse. While the exposure to PhIP increases the number of
the small intestinal tumors 3- to 9-fold in C57BL/6J Min/+
mice (21, 24, 41), exposure to an equal dose of GA only
increased the number of small intestinal tumors in these
animals 1.3-fold (i.e. PhIP is 2.3- to 6.9-fold more potent than
GA). This is in agreement with the results of Husøy et al. (45),
who found that the frequency of DNA damage (micronucleus
induction in red blood cells) in C57BL/6J Min/+ mice
following exposure to 50 mg/kg bw PhIP was 2.5 times higher
than that following 50 mg/kg bw AA (6.43 ò vs. 2.54ò).
Both PhIP and AA are quickly absorbed, widely distributed
across tissues and rapidly excreted (46, 47). Although AA is
less potent than PhIP with respect to intestinal tumorigenesis,
it might still represent a similar or greater risk than PhIP,
since the intake of AA is 100-1000 times higher than that of
PhIP (AA approximately 0.5 Ìg/kg bw/day (48, 49) and PhIP
approximately 1.1-2.4 ng/kg bw/day (50, 51)). 

In conclusion, we have demonstrated a weak but
significant tumorigenic activity of AA and GA in the
intestine of Min/+ mice and their wt litter mates. The main
effects were observed following GA exposure. The
tumorigenicity observed may be related to the perinatal
exposure, since such effects have never been observed in
rodents exposed later in life. 
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