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Juvenile rats do not exhibit elevated |
sensitivity to acrylamide toxicity after oral
administration for 12 weeks

Shigeaki Takami,®*" Toshio Imai,® Young-Man Cho,* Kumiko Ogawa,”

Masao Hirose®* and Akiyoshi Nishikawa®

ABSTRACT: Acrylamide (AA), a neurotoxic, testicular toxic, genotoxic and carcinogenic chemical, has been reported to be formed
in processed food, and sensitivity to AA intoxication in childhood is a concern. In the present study, to clarify the general
toxicological profile of AA in juvenile rats, subchronic toxicity was evaluated in F344 rats administered AA in the drinking water at
0 (control), 10, 20 and 40 ppm, presented to the dams (three per group) immediately after the birth of their litters, through
lactation (3 weeks), and directly to the offspring in their drinking water after weaning for a further 9weeks {12 weeks total).
Treatment with AA caused a decrease in body weights in 20 and 40 ppm F, females, compared with the controls. Average AA
intake throughout the treatment period for the 10, 20 and 40 ppm groups after weaning was equivalent to 1.0, 2.1 and 4.4 mg

kg™* body weight per day, respectively, in males and 1.2, 2.5 and

4.9mg kg~ body weight per day, respectively, in females. No

toxicologically significant organ weight changes were observed. AA-induced histopathological changes were limited to focal
degeneration and necrosis of the seminiferous epithelium in the testes and desquamated epithelium in the ducts of
epididymides, noted only in 40 ppm males. Taken together with previous reports, juvenile rats are not necessarily more
susceptible to AA-induced toxicity as compared with young adults. Copyright © 2011 John Wiley & Sons, Ltd.

Keywords: acrylamide; juvenile rats; histopathology

INTRODUCTION

Acrylamide (AA), a vinyl monomer that improves the aqueous
solubility, adhesion and cross-linking of polymers, is used as a
mobility control agent for oil recovery, a flocculant for
wastewater treatment and soil stabilization and a reagent for
<cientific research (IARC, 1994). There are many reports
demonstrating various toxic effects of AA in experimental
animals, including neurotoxicity (Burek et al., 1980; LoPachin
et al., 2003; Tyl et al.,, 2000a), testicular toxicity (Burek et af., 1980;
Yang et al., 2005), reproductive toxicity (Tyl et al., 2000a, b) and
genotoxicity (Maniere et al, 2005; Paulsson et al., 2003; Yang
et al, 2005). In addition, AA increased the incidence of lung and
<kin tumors in mice and consistently induced mesotheliomas,
thyroid follicular cell and mammary tumors in two carcinoge-
nicity studies in rats (Bull et al,, 1984a, b; Friedman et al, 1995;
Johnson et al, 1986). The Interational Agency for Research on
Cancer (IARC) has determined that AA is probably carcinogenic
to humans (group 2A; IARC, 1994).

There have been several peripheral neuropathy cases as a
result of AA intoxication by potential occupational exposure in
man (Garland and Patterson, 1967; IARC, 1994; Spencer and
Schaumburg, 1974, 1975), but environmental exposure under
natural conditions, except for cigarette smoking, was previously
thought to be excluded and controllable in the general population
(Bergmark, 1997; 1ARC, 1994; Spencer and Schaumburg, 1975).
However, in 2002, new analytical data from Swedish scientists
showed spontaneous AA formation in fried and baked foods at
various concentrations, e.g. moderate levels of AA (5-50 ug kg h
were detectable in heated protein-rich foods and higher contents

J. Appl. Toxicol. 2011 Copyright

2011 John Wiley & Sons, Ltd.

(150-4000 pg kg™") were detectable in carbohydrate-rich foods,
while AA could not be measured in unheated control or boiled
foods (<5 g kg™ ") (Tareke et al, 2002). The Joint FAO/WHO Expert
Committee on Food Additives (JECFA) concluded that the average
AA intake for the general population and high consumers was
approximately 1 and 4 pg kg™ " body weight per day, respectively,
with margin of exposure (MOE) values of 200 and 50 for
morphological changes, such as demyelination and/or degener-
astion of axons in nerves in rats, 310 and 78 for induction of
mammary tumors in rats and 180 and 45 for induction of Harderian
gland tumors in mice. These MOE values are relatively low
compared with other genotoxic contaminants in foods (JECFA,
2010). Furthermore, human exposure levels to AA from cooked
foods during childhood are estimated to be higher than in adults
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(Dybing et al., 2005; Hartmann et al, 2008; JECFA, 2005; Konings
et al., 2003). Neurotoxicity, genotoxicity and testicular toxicity have
already been demonstrated in rats administered AA during young
adult stages and a rat two-generation study (Tyl et al., 2000a), as
described above, but experimental data showing sensitivity or
target organ/tissue differences in rats administered AA in fetal and/
or infant stages are limited (Friedman et al, 1999; Garey et al., 2005;
Takahashi et al,, 2008, 2009; Wise et al,, 1995).

In this study, to clarify the general toxicological profile of AA in
the juvenile stage, male and female F344 rats were administered
AA in their drinking water after birth for 12 weeks. The results were
evaluated by referring to previously reported data in AA
toxicological studies in young adult and adult rats, and suggested
that juvenile rats are not more susceptible to AA-induced toxicity
than young adults.

MATERIALS AND METHODS

Chemical and Antibody

AA (CAS no. 79-06-1, purity>99%) was purchased from
Sigma-Aldrich (St Louis, MO, USA), and mouse. monoclonal
antibodies to proliferating cell nuclear antigen (PCNA; clone
PC10) were purchased from DakoCytomation (Glostrup, Denmark).

Animal Treatments

For experiments 1 and 2, 12 and 10 specific pathogen-free
pregnant F344 rats (F344/DuCriCrlj), respectively, all synchronously
mated at 10 weeks of age, were purchased from Charles River
Laboratories Japan (Kanagawa, Japan). The animals were individ-
ually housed in clear polycarbonate cages with sterilized white
wood chips (Sankyo Laboratory Service, Tokyo, Japan) for bedding
in a standard air-conditioned room (24+1°C, 55+5% relative
humidity, 12 h light/dark cycle) and were given basal diet (CRF-1;
Oriental Yeast, Tokyo, Japan) and tap water ad fibitum until
parturition.

Experimental Protocol
Experiment 1

Three dams in four groups each were given free access to AA-
containing drinking water at concentrations of 0 (control), 10, 20
and 40 ppm for the 3 weeks of lactation after parturition. Three
days after birth, the F, litters were standardized by randomly
selecting four males and four females per litter (in principle), to
maximize the uniformity of growth rates of the offspring. The
mean litter size at birth in the 0, 10, 20 and 40 ppm groups was 8.3,
8.6, 8.0 and 8.6, respectively. The sex ratio in the 0, 10, 20 and
40 ppm groups was 28, 54, 54 and 50%, respectively, for male, and
72, 46, 46 and 50%, respectively, for female. The number of
offspring in the 0, 10, 20 and 40 ppm groups was 7,12, 13 and 12,
respectively, for male, and 17, 12, 11 and 12, respectively, for
female. After weaning at 3weeks of age, the dams were
euthanized by exsanguination from the thoracic aorta under
deep ether anesthesia, and the offspring were maintained on
the same concentrations of AA in their drinking water as their
dams for a further 9 weeks. The maximum dose level of AA for
the present experiment was equivalent to those used in
previous reports demonstrating that young adult rats receiving
50mg kg ' body weight per day AA for 13weeks revealed

slight peripheral nerve degeneration but not neurotoxicological
symptoms (Burek et al, 1980). Drinking water containing AA was
replaced once a week.

During the experimental period, a check for clinical signs and
mortality was performed at least once daily. Individual body
weights and food and water consumption per cage were
measured once a week. At the end of the experiment, all
surviving animals were euthanized by exsanguination from the
thoracic aorta under deep ether anesthesia, and subjected to a
complete necropsy with the major organs and tissues examined
macroscopically. Brain, thymus, lungs, heart, spleen, liver,
adrenals, kidneys and testes were excised and weighed. In
addition to these organs, the nasal cavity, trachea, aorta,
pituitary, thyroids, parathyroids, salivary glands, tongue, esoph-
agus, stomach, duodenum, jejunum, ileum, cecum, colon,
rectum, pancreas, urinary bladder, epididymides, prostate,
seminal vesicles, bulbourethral glands, ovaries, uterus, vagina,
mammary glands, skin, cervical and mesenteric lymph nodes,
sternum and femur including bone marrow, trigeminal nerve,
sciatic nerve (left), spinal cord (cervical, thoracic and lumber
cord), eyes, Harderian glands, thigh muscle and gross abnor-
malities were excised. All these organs and tissues were fixed in
10% buffered formalin, except for the testes, which were fixed in
Bouin's solution. The thyroids were weighed after fixation. All
fixed samples were trimmed for embedding in paraffin and
routinely processed to hematoxylin and eosin (HE) stained
sections. For histopathological assessment of axons in the
peripheral nerves, the sciatic nerves (right) were exposed and
subjected to in situ fixation by immersion in ice-cold 2.5%
glutaraldehyde in 0.1m phosphate buffer (pH 7.4) for 3 min.
Dissected sciatic nerves were further fixed with the same fresh
fixative overnight, postfixed in 1% osmium tetroxide in the same
buffer for 2h at 4°C, and embedded in epoxy resin (TAAB
Laboratories Equipment, Berkshire, UK). Semithin sections, 1 um
in thickness, were stained with toluidine blue. Histopathological
examination was peiformed on all organs and tissues of animals
in the control and high-dose groups of both sexes. If a chemical
treatment-related change appeared at the high dose, the
relevant organ/tissue(s) from the lower dose groups was then
also examined. In addition, thyroid sections of all groups,
including the controls, were immunohistochemically stained for
PCNA using anti-PCNA mouse monoclonal antibodies diluted
at 1:100 and a streptavidin-biotin—peroxidase complex kit
(StreptABComplex/HRP, DakoCytomation), with the chromogen
3,3-diaminobenzidine followed by counterstaining with hema-
toxylin. The numbers of cells positive for PCNA were counted to
determine percentage values with at least 1000 follicular
epithelial cells in each thyroid section.

Experiment 2

To confirm whether the apparent increase in the incidence and
severity of myocarditis in the high-dose males and decrease in the
incidence of calcification in renal tubular epithelium in the high-
dose females in experiment 1 were truly AA-specific reactions, the
second experiment was conducted. Five dams each in two groups
were given free access to AA-containing drinking water at
concentrations of 0 (control) or 40ppm (high dose) during
lactation (3weeks) and then, once weaned, the offspring were
maintained on the same concentrations of AA in their drinking
water as their dams for 9 weeks (12 week total). The mean litter size
at birth in the 0 and 40 ppm groups was 9.6 and 9.0, respectively.
The sex ratio in the 0 and 40 ppm groups was 48 and 47% male,
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respectively. Twenty offspring of both sexes were obtained in the 0
and 40 ppm groups each. At the end of the experiment, all animals
were fasted overnight and euthanized by exsanguination with
blood sample collection from the abdominal aorta under deep
ether anesthesia for serum biochemistry assays performed at SRL
(Tokyo, Japan) for aspartate aminotransferase (AST), alanine
aminotransferase (ALT), lactate dehydrogenase (LDH), creatine
kinase (CK), calcium (Ca) and inorganic phosphorus (IP) as markers
of cardiac and/or renal toxicities.

All animals were subjected to complete necropsy, and the major
organs/tissues were all examined macroscopically. The heart and
kidneys (females only) were excised and weighed. These organs
were fixed in 10% buffered formalin, and fixed samples were
trimmed for embedding in paraffin and routinely processed to
HE-stained sections for histopathological examination.

The experimental protocols were reviewed and approved by
the Animal Care and Use Committee of the National Institute of
Health Sciences, Japan.

Statistics

The sample unit throughout the experiment, including the
lactation period, was an individual pup/animal not a litter, since
the principal purpose of the present study is to clarify the
general toxicological profile in juvenile rats, and the treatment
with AA was not performed on the Fo dam during the gestation.
Variance in values for body weights and serum biochemistry,
organ weights and PCNA-positivity of thyroids was checked for
homogeneity using Bartlett’s procedure. When the data were
homogeneous, one-way analysis of variance (ANOVA) was used.
In the heterogeneous cases, Kruskal-Wallis's test was applied.
When statistically significant differences were indicated,
Dunnett’s multiple test was employed for comparison between
control and treated groups. With histopathological changes,
incidences were compared using Fisher's exact probability test
and severity data were analyzed with Mann-Whitney's U-test.

RESULTS

Experiment 1
In-life parameters

One male animal in the 10 ppm group died on day 83. The cause of
death was cachexia due to a leiomyosarcoma of the stomach,
which could have been a spontaneous lesion. Therefore this case
was excluded from the evaluation of organ weights and
histopathology. No other obvious clinical abnormalities, including
neurotoxicological symptorns, were found in any of the groups
throughout the experimental period. A slight but statistically
significant reduction of body weight was noted intermittently
(3-9 weeks of experiment) in 20 and 40 ppm females as compared
with the controls (Fig. 1). Food and water consumption was similar
among the groups throughout the experimental period. The
average daily intake of AAinthe 10, 20 and 40 ppm groups was 1.0,
2.1 and 44 mg kg™ body weight, respectively, for males, and 1.2,
2.5 and 49mg kg™ body weight for females, showing a good
correlation with the expected doses.

Organ weights

Data for final body and organ weights are summarized in Tables 1
and 2. There were no significant differences in final body weight
among the groups in both sexes. In males, no significant
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differences were observed in any organs among the groups. In
females, a decrease was observed in absolute thyroid weights in
the 10 ppm group, heart weights in the 20 and 40 ppm groups
and brain weights in the 40 ppm group. In addition, the relative
thyroid weights in the 10 ppm group were decreased, and the
relative thyroid and spleen weights in the 40 ppm group were
increased.

Necropsy/histopathology

There were no obvious macroscopic findings in either sex in any of
the groups. The results of histopathological examination are
summarized in Table 3. Increased incidences of focal degeneration
and necrosis of the seminiferous epithelium in the testes and
desquamated epithelial cells in the epididymal tubules were
ohserved in 40 ppm males (Figs 2 and 3), along with a statistically
significant increase in the incidence and severity of myocarditis in
the heart (Fig. 4). In females, the incidence of calcification in the-
renal tubular epithelium was reduced with/without statistical
significance in the treatment groups. In the brain, spinal cord and
trigeminal and sciatic nerves, no treatment-related histopatholog-
ical changes were observed in either sex in any of the groups.
PCNA-labeling indices of thyroid follicular cells in the 0, 10, 20 and
40 ppm groups were 0.95+0.95 (mean = SD), 0.82+0.50,
0.89+0.42 and 0.51+0.38%, respectively, in males and
0.16+0.19, 0.29+0.11, 0.33+0.21 and 0.22+0.10%, respectively,
in fermales, showing statistical significance (P < 0.05) in the 20 ppm
female group but lacking dose dependence.

Experiment 2
In-life parameters

One control male was excluded from the evaluation because of
severe growth depression due to malocclusion of the incisors. No
other obvious dlinical abnormalities including neurotoxicological
symptoms were observed throughout the experimental period.
Lowered body weights were noted in both sexes of the 40 ppm
group as compared with the controls (Fig. 5). Food and water

~consumption was similar among the groups throughout the

experimental period. The average daily intake of AA in males and
fernales was 5.0 and 55mg kg™' body weight, respectively,
showing a slight increase as compared with the expected dose,
most likely because of a slight body weight reduction in both sexes
during this period.

Serum biochemistry

Serum biochemistry data are summarized in Table 4. There was
no treatment-dependent variation in either sex.

Organ weights

Data for final body and organ weights are summarized in
Table 5. Significant reduction of final body weight was observed
in the 40 ppm group in both sexes. The absolute heart weights
in males and the absolute heart and kidney weights in females
were decreased in the 40 ppm group.

)

Necropsy/histopathology

There were no obvious macroscopic findings in either sex in
either group. Histopathological findings are summarized in
Table 6. Myocarditis in the heart in both sexes and calcification
in the renal tubular epithelium in females were observed in both
control and 40 ppm groups, but the incidences and severity of
these lesions were comparable between the two groups.
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Figure 1. Experiment 1 - body weight curves for rats given drinking water containing acrylamide for 12 weeks. * **Significantly different from the
controls at P<0.05 and 0.01, respectively.

Dose level (ppm)
0 (control) 10 20 40
No. of animals
ltems 7 11 13 12
Final body weights (g) 274.2+10.0 2763122 278.9+10.7 2684+13.5
Absolute organ weights (g)
Brain 1.91+0.03 1.92+0.01 1.93+0.03 1.90+0.04
Thyroids 0.016+0.004 0.015+0.002 0.014+0.002 0.014+0.004
Thymus 0.28+0.02 0.27+0.03 0.27+0.03 0.27+0.01
Lungs 0.96 +0.07 0.96+0.08 1.01x£0.09 0.94+0.07
Heart 0.80+0.05 0.80+0.04 0.83+0.04 0.80+0.04
Spleen 0.60+0.20 0.60+0.03 0.61+0.03 0.60+0.04
Liver 10.34+040 10.20+0.78 10.55+0.94 10.26 +0.83
Adrenals 0.033+0.005 0.032+0.005 0.032+0.004 0.031+0.004
Kidneys 1.79+0.06 1.84+0.13 1.86+0.12 1.82+0.12
Testes 2.90+0.07 2.87+0.11 2.95+0.06 2.83+0.10
Relative organ weights (g 100 g"" body weight)
Brain 0.70+0.03 0.70+0.03 0.69+0.02 0.71+£0.03
Thyroids 0.006 +0.001 0.005 +0.001 0.005+0.001 0.005 +0.001
Thymus 0.10+0.01 0.10+0.01 0.10£0.01 0.10+0.01
Lungs 0.35+0.02 0.35+£0.03 0.36+0.02 0.35+0.02
Heart 0.29+£0.01 0.29+0.01 0.30+0.01 0.30+0.01
Spleen 0.22+0.01 0.22:+0.01 0.22+0.00 0.23+0.01
Liver 3.77+0.16 3.68+0.19 3.78+0.28 3.82+0.21
Adrenals 0.012+0.002 0.012+0.002 0.012+0.001 0.011+0.001
Kidneys 0.65£0.02 0.66+0.02 0.67 £0.03 0.68+0.03
Testes 1.06 £0.04 1.04+0.05 1.06+0.03 1.06 £0.05
Data are mean * SD values.

DISCUSSION

In the present study, toxicological findings related to AA
administration in juvenile rats were limited to reduced body
weight gain and histopathological abnormalities in the testes
and epididymides. Reduction in body weight was observed
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intermittently in females given 20 and 40 ppm (2.5 and 4.9mg kg™
body weight per day, respectively) in experiment 1 (3-9 weeks of
experiment) and males and females receiving 40 ppm (5.0 and
55mg kg™ body weight per day, respectively) in experiment 2
(1-12weeks of experiment), without any change in their food
consumption. These rats were treated with AA during the early
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Dose level (ppm)
0 (control) 10 20 40
No. of animals
ltem 17 12 1 12
Final body weights {(g) 1707 £8.1 168.9+6.2 164.7+5.1 166.3 6.6
Absolute organ weights (g)
Brain 1.78+0.04 1.76 £0.02 1.78+0.02 1.73+0.02"
Thyroids 0.012+0.002 0.010£0.001" 0.011+0.001 0.014 £0.002
Thymus 0.23+0.01 0.23+0.02 0.22+0.02 0.22+0.01
Lungs 0.73+£0.04 0.71£0.05 0.73+0.04 0.72+0.06
Heart 0.56+0.03 0.54+0.02 0.53+0.02" 0.53+0.03"
Spleen 0.42+£0.03 0.40+0.02 0.41+0.02 0.42+0.01
Liver 5.04+032 5.1+ 0.40 511+0.15 4.99+0.36
Adrenals 0.040+0.007 0.037 £0.007 0.042+0.005 0.035 +0.005
Kidneys 1.16+0.08 1.13+0.06 1.11£0.07 1.11+0.05
Relative organ weights (g 100 g"" body weight)
Brain 1.05+0.05 1.04+0.04 1.08£0.02 1.04+0.04
Thyroids 0.007 +0.001 0.006 +0.000" 0.007 +0.001 0.009 +0.001"
Thymus 0.13£0.01 0.13+£0.01 0.13+£0.01 0.13+0.01
Lungs 0.43+0.02 0.42+0.03 0.44+0.02 0.43+0.03
Heart 0.33+0.02 0.32+0.01 0.32+0.01 0.32+0.01
Spleen 0.244+0.012 0.238+£0.011 0.247 £0.011 0.254+0.008"
Liver 296+0.15 3.07+0.19 3.10+£0.09 3.00+0.14
Adrenals 0.024+0.004 0.022+0.004 0.025+0.003 0.021 £0.003
Kidneys 0.68+0.03 0.67 £0.04 0.67 +£0.03 0.67+0.03
Data are mean =+ SD values.
“Significantly different from the control values at P<0.05 and 0.01, respectively.

stage of life including lactational and prepubertal stages and were
evaluated by referring to previously reported data on AA
toxicology in young adult and adult rats. In a previous two-
generation reproduction study, a decrease in body weight was
observed in F, male and female F344 rats exposed to AA in their
drinking water during their pre-breeding young adult and adult
stages for 10 weeks at doses of 0.5,2.0and 5.0mg kg™ per day (Tyl
et al, 2000a). Therefore, reduction in body weight might be a
typical toxicological change with AA, but juvenile rats cannot be
considered more sensitive as compared with young adults.
Because the lactational transfer of AA to Sprague-Dawley rat
offspring upon maternal oral administration was limited (Takahashi
et al, 2009), maternal inanition resulting in a lactation and/or a
nursing disorder, as reported previously (Friedman et al, 1999),
may be one of the causes of reduced body weight gain in this
experiment.

Focal degeneration and necrosis of the seminiferous epithelium
in the testes and desquamated epithelium in the ducts of
epididymides were observed in juvenile males given 40 ppm
(4.4 mg kg™" body weight per day) of AA. Exposure to 5my kg™
body weight per day of AA in young adult male F344 rats in their
drinking water for 13 weeks, from 6 to 19 weeks of age, has been
reported to induce seminiferous tubule atrophy (Burek et al, 1980).
Thus, it is possible that the testes in juvenile rats are more
susceptible to AA-induced toxicity than those in young adult and
adult rats but, if so, this is only marginal.

Previously, histopathological alterations such as demyelinated
and/or degenerated axons in the sciatic nerves were reported in
male and female rats in a 13-week study with administration of
AA at a dose of 5.0mg kg™' body weight per day started in the
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young adult stage (Burek et al, 1980) and a neurological
symptom, leg splay, was detected in F, female rats given 5mg
kg™ per day in a two-generation reproduction study (Tyl et al,
2000a). However, in the present study, no histopathological
changes in the sciatic nerves or neurological symptoms were
detected in either sex of the 40 ppm group (males, 44 mg kg™
body weight per day; females, 49 mg kg™' body weight per
day). Therefore, juvenile female rats might be more resistant to
neurotoxicity caused by AA exposure than young adults.

The thyroid has been considered one of the targets of AA
carcinogenicity based on long-term rat studies, in which AA was
administered in drinking water at doses up to 2.0 or 3.0mg kg™
body weight per day (Friedman et al., 1995; Johnson et al., 1986).
In the previous literature, controversial results were reported
in young adult rats. In one study, AA was administered to
8-week-old male F344 rats at doses of 2.0 and 15 mg kg™ body
weight per day for 7, 14 and 28days, and an increase in
DNA synthesis analyzed by BrdU-labeling of thyroid follicular
cells was observed (Lafferty et al, 2004). Another study
examined possible evidence for disruption of the hypothalamic—
pituitary-thyroid axis. Male F344 rats (from 21 1o 70 days of age)
were treated with AA in drinking water at doses of 2.5, 10 and
50mg kg™ body weight per day for 14days, followed by
evaluation of serum levels of thyroid and pituitary hormones;
target tissue expression of genes involved in hormone
synthesis, release and receptors; neurotransmitters in the CNS
that affect hormone homeostasis; and histopathological
changes in target tissues. The results showed no evidence for
systematic alteration of the hypothalamic-pituitary-thyroid axis;
Ki-67 gene expression level, a marker of cell proliferation, was
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Dose level (ppm)
Sex Organ Findings Grade 0 10 20 40
Male No. of animals 7 1 13 12
Heart
Myocarditis, focal and/or zonal + 2(29%)  4(36%) 6(46%)  5(42%)
4+ 0 2(18%)  1(8%) 4(33%)
Pituitary
Cyst, pars distalis + 0 0 0 2(17%)
Cyst, pars intermedia + 0 1(9%) 0 1(8%)
Testis
Tubular atrophy, partial A+ 0 1(9%) 0 0
Degeneration and necrosis + 0 1(9%) 0 8(66%)"
of seminiferous epithelium, focal
Epididymis
Desquamated seminiferous + 0 0 0 8(66%)"
epithelial cells
Prostate
Mononuclear cell infiltration, focal + 1(14%) 2(18%) 3 (23%) 3 (25%)
++ 1(14%) 0 1(8%) 0
Atrophy, focal + 0 1(9%) 1 (8%) 1(8%)
Female No. of animals 17 12 1 12
Kidney
Calcification, renal + 16{94%)  7(58%)°  7(64%)  6(50%)
tubular epithelium
Heart
Myocarditis, focal + 2(12%) 2{17%) 1 (9%) 4(33%)
Submandibular gland
Basophilic focus + 1 (6%) 0 0 0
Pituitary .
Cyst, pars distalis + 1 (6%) 1(8%) 0 0
®+, Slight; ++, moderate; +++, severe.
“Significantly different from the control values at P<0.05 and 0.01, respectively.

Figure 2. Experiment 1 - testis. (a) Control, a male. The seminiferous tubules of the testis are normal. The tubule in the central zone is in stage Xl (ib)
The 40 ppm group, a male. Note the degeneration and necrosis of seminiferous tubules. The tubule in the central zone is in stages XII-XIIL.

Bar =100 um. HE staining.

not changed, and immunohistochemical Ki-67-positivity was
decreased in the pituitary and thyroid by AA treatment (Bowyer
et al, 2008). In the present investigation, giving 44mg kg™
body weight per day of AA in male F344 rats for 12weeks
produced no obvious effects of AA on histopathology and a
cell proliferative marker, PCNA-positivity, in thyroid follicular

epithelial cells. Thus, juvenile rats may not be more susceptible
to thyroid carcinogenesis after AA exposure.

An increase in the incidence and severity of myocarditis in
40 ppm males (9/12, 75%, vs 2/7, 29%, in the control) and a
decrease in the incidence of calcification in the venal tubular
epithelium in the treatment females (6/12, 50%, vs 16/17, 94%,
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Figure 3. Experiment 1 - epididymis. (a) Control, a male. The epididymal ducts of the epididymis are normal. (b} The 40 ppm group, a male. Note
desquamated epithelial cells in the epididymal ducts of the epididymis. Bar=100 pm. HE staining.

Figure 4. Experiment 1 - heart. (a) Control, a male. The side of the right ventricle of the heart is normal. (b) The 40 ppm group, a male. Note moderate
infiltration of lymphocytes and macrophages with degeneration of myofibers (arrows) in the heart. Bar=500um. HE staining.

300 =
—~@— 0 ppm (control)
250 I (male, n=19; female. n=20)
~— 40 ppm
(male. n=20; female. n=20) e
200 H =

Male

150

Body weight (g)

100

50

0 1 2 3 4 5 6 7 8 9 10 I 12

Figure 5. Experiment 2 - body weight curves for rats given drinking water containing acrylamide for 12 weeks. * **Significantly different from the
controls at P<0.05, 0.01, respectively. :

in the control) observed in experiment 1 were concluded to be study using male and female F344 control rats at our institute,
incidental and not toxicologically significant for the following in which the incidence of myocarditis in males was 40% and
reasons. The incidence rates of myocarditis in control males  calcification in the kidneys in females was 10% (Takami et al,
and calcification in the kidneys in control females in this stucly 2008). Moreover, in a confirmatory study of experiment 2,
may be low and high, respectively, compared with another there were no significant differences in the incidence and
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Dose level(ppm)

Sex ) Item 0 40

Male No. of animals 19 20
AST(UL™) 91.0+88 93.3+6.7
ALT (U L™ 38.8+3.3 39.0+29
cKu L™ : 676+ 90 684+127
LDH (U L™ 1142+170 1218+ 262

Female No. of animals 20 20
AST(lUL™) 80.7+6.8 81.3+54
ALT (U L™ 371429 38.2+3.9
CK(U L™ 486+ 134 446+108
LDH U L™ 775+ 247 754+ 207
Ca (mgdL™") 10.0+0.5 9.9+0.3

P (mg dL™" 7.4+09 7.1+0.8

Data are mean =+ SD values.

Sex Item Dose level (ppm)
0 40
Male No. of animals 19 20
Final body weight 2442+89 2325+8.7"
Absolute heart weight (g) 0.80+0.05 0.76 £0.04™*
Relative heart weight (g 100 g”' body weight) 0.33£0.01 0.33%0.01
Female No. of animals 20 20
Final body weight 147.7+63 140.6 £ 5.5
Absolute organ weight (g) ’
Heart 0.55+0.04 0.51 £0.03**
Kidneys 0.95+0.04 0.91 £0.05™
Relative organ weight (g 100 g”' body weight)
Heart 0.37+£0.02 0.37 £0.01
Kidneys 0.65+0.02 0.65+0.02

Data are mean = SD values.
#Significantly different from the control values at P<0.01.

Sex Organ Findings Grade® Dose level (ppm)
0 40
Male No. of animals 19 20
Heart
Myocarditis, focal and/or zonal + 10 (53%) 9 (45%)
++ 3 (16%) 3 (15%)
Female No. of animals 20 20
Heart
Myocarditis, focal and/or zonal + 3 (15%) 4 (20%)
++ 0 1 (5%)
Kidney
' Calcification, renal tubular epithelium + 11 (55%) 9 (45%)

4, Slight; ++, moderate.

severity of myocarditis and serum AST, ALT, CK and LDH levels between 40 ppm and control females. Other findings for organ
between 40 ppm and control males, nor in the incidence of  weights in experiments 1 and 2 were without any toxicological
calcification in the kidneys and serum Ca and IP levels significance or dose relationship.
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In conclusion, the present toxicity study of administered AA
after hirth for 12 weeks to juvenile F344 rats showed reduced
body weights at 40 ppm in males and at 20 and 40ppm in
females. Histopathologically, focal degeneration and necrosis of
seminiferous epithelium in the testes and desquamated
epithelial cells in the epididymal tubules in 40 ppm males were

ohserved; however, no significant lesions in other organs’

including the sciatic nerves were apparent. The results thus
suggest that juvenile rats should not be considered more
susceptible to AA-induced general toxicity, including neuro- and
testicular toxicity, than young adult rats.
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