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Abstract

CRYLONITRILE (ACN) is recognised for its carcinogenic and toxic properties, but its

impact on female reproductive health in mammals is poorly understood. This study aimed
to elucidate the chronic zoopathological effects of ACN on ovarian function and reproductive
hormones in female albino mice (Mus musculus), and assess its teratogenic effects in offspring.
A total of 70 female albino mice were randomly divided into three groups as follows: Group 1
(n=20) served as a negative control, Group 2 (n=20) administrated ACN at 10.17 mg/kg BW
(1/10 of the oral ACN LD50) twice a week orally for 120 days, Group 3 (n=30) administrated
the same dose of ACN three times a week orally for 120 days. On days 45, 90, and 120 after
ACN exposure, blood samples were collected for to evaluate serum levels of luteinizing
hormone (LH), follicle-stimulating hormone (FSH), and oestradiol (E2) using enzyme-linked
immunosorbent assay (ELISA) kits. After 120 exposure, Group 4 (n=12) were bred with adult
males (n=6) to study teratogenic outcomes. The study found that there were significant
reductions at all time points in LH, FSH, and E2 levels (P<0.05) of ACN-treated groups
compared with the control, with Group 3 generally showing the lowest levels.
Histopathological analysis revealed necrosis, cystic changes, apoptosis, and haemorrhage in the
ovaries of Groups 2 and 3. Group 3 offspring exhibited multiple congenital defects including
dwarfism, rough skin, limb malformations, and anotia. All neonates from this group died
postnatally, exhibited body and tail abnormalities, and presented with kyphosis. In conclusion,
ACN exposure significantly impairs reproductive hormone levels and ovarian morphology,
leading to severe teratogenic effects. The results of this study indicate that ACN exposure has
significant adverse effects on female reproductive function in mice, characterized by reductions
in sex hormone levels, infertility, and teratological abnormalities in offspring.
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Introduction

Acrylonitrile  (ACN), a harmful substance [1] an organic substance that is extensively employed in

commonly known as vinyl cyanide, is a volatile and
highly flammable substance widely used in the
production of synthetic materials such as fibers,
plastics, and resins [2,3]. Chemicals and their by-
products can produce reactive oxygen species (ROS)
ingested, inhaled, or absorbed, chemical pollutants
and their metabolites can have harmful effects [4].

The industrial chemical acrylonitrile is formula
(CH3H3N) a multisite carcinogen in rats and mice
[5]. It causes cancers in the brain, stomach, Zymbal's
gland, and Harderian gland four tissues with barrier
function. commonly referred to as vinyl cyanide, is

industry as a monomer for the manufacture of resins
and polymers [6,7]. Acrylonitrile is a transparent,
colorless, highly flammable, volatile liquid with an
odor that is frequently likened to a strong onion and
is moderately objectionable [8,9]. Polar cyano groups
(ACN) were present in acrylonitrile units, increasing
interchain tensions and softening points [10].
Acrylonitrile has two chemically active sites: the
carbon-carbon double bond and the nitrile group
[11], where it can react in a variety of ways,[7] and
it considers one of the most dangerous industrial
chemicals that has been widely used to produce a
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variety of synthetic materials such as drinking
glasses, car parts, and appliances [12,13], including
fibers, resins, plastics, and rubber [14]. It has also
been discovered that AN applications include nitrile
rubbers, surface coatings, organic synthesis, home
furnishings, polymers, acrylic and modacrylic fiber
monomers, and as a modifier for natural polymers
and insecticides [15,16] Acrylonitrile exposure in
humans mostly happens by inhalation in work
environments or through cigarette smoke [17, 18]
oral and cutaneous exposures are rare. Burning plant
material, such as biomass, can also release trace
amounts [19] of acrylonitrile [20]. Numerous studies
have been conducted on the carcinogenicity of
acrylonitrile in  rodents, and comprehensive
epidemiological studies showed [21]. Some ACN
investigations showed malformations caused by AN,
such as an increased prevalence of tailess or short-
tailed fetuses [22]. The total incidence of tailless
pups in longer-term reproductive toxicity trials of
ACN was too low and inconsistent to conclusively
determine any possible link to ACN treatment [23]
According to a weight-of-evidence analysis of the
developmental toxicity and abnormalities observed in
the animal research including ACN, very high
maternally toxic exposure [24] levels cause
fetotoxicity and may even result in teratogenicity
[25].

ACN exposure at work has been linked to
immunotoxicity [26] gastrointestinal toxicity, and
neurotoxicity, according to studies [27,28].
Epidemiological studies have shown negative effects
on reproduction, including sex hormone decrease
[29], infertility, and birth abnormalities, after
exposure to ACN [30].

In reproductively senescent mice, there was a
higher frequency of ovarian atrophy, according to the
sole long-term investigation on ACN in mice. More
recently, animals given ACN (5-20 mg/kg day for 28
days) showed inflammation [31], apoptosis, and poor
oocyte formation in their ovarian follicles [32].

Therefore, the primary aim of this study is to
investigate the toxicological impact of ACN on the
reproductive system of female mice, with a specific
focus on evaluating hormonal levels (follicle-
stimulating hormone (FSH), luteinizing hormone
(LH), and estradiol (E2)), examining the potential
pathological changes in ovarian tissue, and assessing
the teratogenic effects on mice pregnancies and
offspring.

Material and Methods

Ethics Approval

All procedures in this experiment were reviewed
and approved by the local Committee of Use and
Care of Animals at the University of Baghdad's
Colleges of Veterinary Medicine. Approval Number
746 on April 2, 2024,
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Chemicals and Reagents

ACN (= 99% purity, Lot# BCBX3607) was
purchased from Sigma-Aldrich, Netherlands. Diethyl
ether (C4H100, Batch No.: DE383) for anesthesia
was sourced from Alpha Chemika, India, and
methylene blue for vaginal smear was obtained from
Promega, USA. Enzyme-linked immunosorbent
assay (ELISA) Kkits for measuring luteinizing
hormone (LH; CEA441Mu), follicle-stimulating
hormone (FSH; CEA830Mu), and estradiol (E2;
CEA461Ge) were acquired from Cloud-Clone Corp.,
Wuhan, China.

Animals

In the present study male and female albino mice
(Mus musculus) (n=76), weighted between 25-30 g
and age about 9-10 weeks, were used and placed (n=
10 each cage) in a plastic cage (20x30x50 cm3).
Mice were kept in the animal house of the College of
Veterinary Medicine at University of Baghdad for 7
days for adaptation at 22 (x3) °C, 50 (£5) % relative
humidity, and a 14/10-hour light/dark cycle [33]. The
plastic cages contained hard-wood bedding and the
bedding was changed continuously to ensure a clean
environment. The mice were fed standard pellet and
tap water ad libitum.

Experimental Design

To study the chronic toxicity and potential
teratological effect of ACN, the female mice were
randomly divided into three groups as follows: group
1 (G1, n=20) was received no ACN, administered
distilled water, and considered as a negative control,
female mice of group 2 (G2, n=20) were
administrated twice a week 10.17 mg/kg BW (1/10
of median lethal dose [LD50]) of ACN orally by
gavage for 120 days, while mice of group 3 (G3,
n=30) were administrated the same dose three times
a week of ACN orally by gavage for 120 days. After
120 days of ACN exposure, the female mic of G3
(n=12) were exposed to adult males (h=6, not
exposed to any level of CAN). Pregnant mice were
separated and teratological effects in offspring were
reported. The ACN solution was administered freshly
after distilled water dilution.

The selection of the ACN dose for this study
was considered based on existing literature and
aimed to balance between eliciting measurable toxic
effects without causing excessive mortality.
According to [34], doses used to assess the effects of
ACN on various biological markers of female mice
were 5, 10, and 20 mg/kg/day for 28-day gavage,
with the study design based on previously established
protocols, using male mice, by[35]. and further
validated by[35]. These studies collectively
underscore the suitability of this dose range for
observing sub-lethal yet significant toxicological
effects in mice. Additionally, the no-observed-
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adverse-effect levels (NOAELs) for oral exposure
were determined to be 10 mg/kg/day [36].

Our choice of 10.17 mg/kg BW as the dose for
ACN was positioned within this established range,
reflecting a medium exposure level that aligns with
Luo et al's framework. This dose is particularly
relevant as it approximates 1/10th of the oral LD50
(101.68 mg/kg BW), a calculation based on our prior
investigation using female mice [37]. This proportion
was selected to investigate chronic exposure effects
over an extended period without the complication of
acute toxicity, thus allowing for the observation of
potential reproductive and developmental impacts.
Additionally, the review by [38] discussed various
studies using different routes of administration
(inhalation, drinking water, gavage) to administer
ACN, illustrating the diversity in experimental
approaches to assess its toxicity. Our decision to use
oral gavage is in line with the need for precise dose
administration  that these studies advocate,
particularly when evaluating systemic effects such as
reproductive toxicity. Oral gavage ensures that the
exact dose is delivered directly to the stomach,
minimizing variability that can occur with other
methods like dietary mixing or inhalation.
Furthermore, [39] highlighted a gap in the literature
regarding the specific impacts of ACN on the female
reproductive system. By selecting a dose that is
significant enough to potentially elicit reproductive
toxicity but low enough to avoid acute lethality, our
study aims to directly address this gap. The chronic
administration schedule over 120 days provides an
extended window to observe any delayed or
cumulative effects, which is critical given the subtle
nature of endocrine and reproductive disruptions.

Blood Sample Collection

Blood samples (about 1 mL/animal) were
collected from anesthetized mice using diethyl ether
via cardiac puncture on days 45, 90, and 120 post
ACN administration. Collected blood was stored in
gel tubes, and serum was separated by centrifugation
at 3000 rpm for 15 minutes. Serum samples were
then stored at -8 °C until analysis [40]

Hormone Analysis

Serum levels of LH, FSH, and E2 were
measured using commercially available mouse-
specific ELISA kits Each assay employed a
competitive inhibition enzyme  immunoassay
technique. Briefly, for each hormone, standards and
samples were pipetted into pre-coated 96-well plates
and incubated with the respective biotinylated
detection reagent. After washing, avidin conjugated
to horseradish peroxidase (HRP) was added to each
well and incubated. Following additional washing
steps, the TMB substrate solution was added, and the
reaction was stopped with Stop Solution after
sufficient color development. The absorbance was
measured at 450 nm using a microplate reader. The

concentration of each hormone in the samples was
then determined by interpolation from the standard
curve generated with known concentrations of the
respective hormone.

Pathological Examination

On days 45, 90, and 120, six female mice from
each group were randomly selected, anesthetized,
euthanized, and ovaries were carefully removed and
fixed in 10% neutral buffered formalin for 48 h. The
tissue samples were then processed and embedded in
paraffin using a Histo-Line Laboratories HESTION
TEC2900 system (ltaly). Sections of 5 um thickness
were cut using a Histo-Line Laboratories MRS3500
rotary microtome (ltaly) and stained with
Hematoxylin and Eosin (H&E, Dakocytomation,
Denmark). Stained sections were examined under an
Olympus light microscope (Japan) at magnifications
of x200 and x400, and photographed by 17-
megapixel microscopic camera (Omax, China) [41].

Teratological Assay

After 120 days of ACN administration, 12 female
mice from G4 were mated with six adult male mice
to assess the teratological effects of ACN. The
pregnant female rats were examined daily after
conception, and vaginal smears stained with
methylene blue were prepared to detect di-estrus
phase. Pregnancy was detected by observation of
pale mucous membrane of vagina in the third day
after conception [39]

The offspring were monitored for teratological
effects using the following parameters:

Prenatal Indices

The number of stillborn, number of live births,
and number of absorbed fetuses were recorded.

Congenital anomalies: Developmental
abnormalities observed in the offspring according to
[42]

Postnatal Indices

Viability index: This index was calculated to

evaluate the survival rate of neonates postnatally

survived for 4 days or longer [43]. The formula used
was:

Viability index (%)

Number of neonate surviving for 4 days or more
x 100%

Total number of neonate born

Lactating index: This index was calculated to
evaluate the survival rate of neonates during the
postnatal period from day 4 to day 21 of lactation
[43]. The formula used was:

Lactating index (%)
No. of alive at day 4 — 21 lactating period

x 1009
Total number of neonate alive at day 4 %

Body weight and length of offspring: The body
weight, length of each pup, and the tail were
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measured immediately after birth to assess any
growth retardation or developmental delays.

Statistical Analysis

Statistical analysis was performed using
Statistical Analysis System (SAS) software (version
2018) [44]. A two-way analysis of variance
(ANOVA) with the least significant difference (LSD)
post-hoc test was employed to compare the means
between different experimental groups at P<0.05.

Results
Serum Hormone Levels

The effects of ACN on serum levels of LH, FSH,
and E2 in female mice were analyzed using a two-
way ANOVA. The factors included in the analysis
were the day of measurement (day 45, day 90, and
day 120) and the treatment group (G1: negative
control, G2: ACN twice a week, and G3: ACN three
times a week), as well as their interaction. The results
are presented in Table 1.

The two-way ANOVA revealed significant main
effects of both day (P<0.001) and group (P<0.001)
on LH levels, with a significant interaction effect
between day and group (P<0.001). Where serum LH
levels by day 45 were highest in the G1 (6.55 £ 0.157
ng/mL), and significantly lower in the ACN-exposed
groups, with G2 (4.32 + 0.133 ng/mL) being higher
than G3 (2.87 + 0.0494 ng/mL).

This indicates a dose-dependent reduction in LH
levels due to ACN exposure. On day 90, the trend
continued with G1 (6.50 + 0.132 ng/mL) showing the
highest LH levels, followed by G2 (4.02 + 0.0833
ng/mL) and G3 (3.03 £ 0.117 ng/mL).

The LH levels in G2 and G3 were significantly
lower than G1, indicating the persistence of the ACN
effect over time. By day 120, similar patterns were
observed with G1 (6.47 £ 0.15 ng/mL) having the
highest LH levels, G2 (3.33 + 0.0989 ng/mL) lower,
and G3 (2.75 + 0.0764 ng/mL) the lowest (P<0.001).
This consistency across days suggests a sustained
inhibitory effect of ACN on LH levels.

For serum FSH results, significant effects of day
(P<0.001), group (P<0.001), and their interaction
(P<0.001) were observed. On day 45 of ACN
exposure, serum FSH levels were highest in the G1
(6.23 £ 0.105 ng/mL), with significant reductions in
female mice exposed to ACN twice a week (G2: 5.17
+ 0.0615 ng/mL) and three times a week (G3: 2.25 +
0.0764 ng/mL).

The marked decrease in G3 compared to G2
indicates a stronger effect of more frequent ACN
exposure. On day 90, G1 (6.35 + 0.136 ng/mL)
continued to show the highest FSH levels, with G2
(3.23 + 0.0843 ng/mL) and G3 (2.22 + 0.0872
ng/mL) significantly lower, demonstrating a
sustained effect over time. By day 120, G1 (6.50 +
0.153 ng/mL) maintained the highest FSH levels,
while both ACN-exposed groups, G2 (3.30 £ 0.115
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ng/mL) and G3 (1.47 = 0.27 ng/mL), showed
significant  reductions,  indicating  prolonged
suppression of FSH by ACN.

In terms of E2, the results revealed that there
were significant effects of day (P<0.001), group
(P<0.001), and their interaction (P<0.001). Serum E2
levels on day 45 were highest in G1 (47.3 £ 0.091
pg/mL), with significant reductions in G2 (36.6 *
0.577 pg/mL) and G3 (329 + 0.338 pg/mL),
indicating a dose-dependent decrease due to ACN
exposure. On day 90, G1 (43.9 + 0.846 pg/mL)
continued to exhibit the highest E2 levels, followed
by G2 (34.3 + 0.549 pg/mL) and G3 (33.0 + 0.145
pg/mL), showing the persistence of the ACN effect.
By day 120, the G1 (47.7 = 0.154 pg/mL) maintained
the highest E2 levels, while G2 (33.8 £ 0.297 pg/mL)
and G3 (33.2 £ 0.0931 pg/mL) showed significant
reductions, indicating sustained suppression of E2
levels by ACN.

Teratological Results

The teratological effects of ACN exposure were
assessed by examining the reproductive outcomes in
female mice of G3 and the subsequent developmental
characteristics of their offspring. A decrease in
fertility was observed, with only 4 out of 12 female
mice in G3 becoming pregnant, suggesting a
substantial impact on reproductive capacity. The total
number of pups born to these pregnant mice was 24,
categorized as 8 live pups, 12 dead pups with
congenital anomalies, and 4 absorbed fetuses. The
postnatal viability and lactation indices for the G4
pups were 0%, signifying that all pups died shortly
after birth. This suggests a severe impact on the
viability and ability of the pups to survive the
neonatal period.

Examination of the dead pups revealed a range of
congenital anomalies, further highlighting the
teratogenic potential of ACN. These anomalies
included rough skin and remnant milk spot (Fig.1A-
C, 2B), dwarfism (Fig. 1C), incomplete forelimb toe
(Fig. 2A, yellow arrow), anotia (lack of ears) (Fig.
4a), lacking frontal limbs (Fig. 4b), kyphosis
(curvature of the spine) (Fig. 4c, 5), abnormal length
and tail length (Fig.5), pale color, and emaciated
bodies (Fig. 3, 4).

Ovarian Histopathological Findings

Non-significant  pathological changes were
observed in G1 (Figure 6). In contrast, ovaries from
the G2 group showed congestion, hemorrhage, and
connective  tissue hyaline degeneration  with
granulosa cell necrosis and apoptosis by day 45
(Figs.7, 8). By day 90, ovary sections from G2
exhibited increased primordial cells, large luteal
cysts surrounded by fibrous connective tissue (Figure
9), thick and congested blood vessels with interlacing
fibrous tissue (Fig.10). By day 120, G2 showed
degeneration of primordial cells with necrosis,
granulosa cell apoptosis, and a hyalinized cortex
layer with large cystic ovaries (Figs.11, 12). For G3,
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the ovaries displayed growing follicles with thick and
hyalinized tunica theca interna and externa, and
liquid follicles by day 45 (Fig. 13). By day 90, all
primordial cells appeared necrotic and clumped
together (Fig.14), and the ovaries showed large cysts
with hyalinized degeneration (Fig. 15). By day 120,
G3 ovaries exhibited hemorrhage, inflammatory cells
(mostly macrophages and epithelioid cells), and
granulosa cell apoptosis (Fig.16).

Hormonal Disruptions

A significant finding of this study is the dose- and
time-dependent reduction in serum LH, FSH, and E2
levels in ACN-exposed groups (G2 and G3)
compared to the control group (G1), persisting across
three observation periods (45, 90, and 120 days).
This decline was more pronounced in the group
receiving ACN three times a week, highlighting a
clear dose-response relationship. These findings
strongly suggest that ACN disrupts the
hypothalamic-pituitary-gonadal (HPG) axis,
potentially by directly impacting the hypothalamus
or pituitary gland, or indirectly by interfering with
feedback mechanisms. The observed reduction in E2
levels likely stems from both impaired HPG axis
function and direct ovarian damage caused by CAN.

To the best of our knowledge, few studies on
ACN toxicity have measured these hormones. [45]
reported a significant increase in serum FSH levels
and no change in LH concentrations three days after
repeated intraperitoneal injections of 33 mg/kg BW
ACN in male rats. [46] observed a significant
reduction in serum levels of FSH and LH 90 days
after oral administration of 40 mg/kg BW ACN to
male Sprague-Dawley rats (n=15). Conversely, [46]
reported that the estrous cycle of female Sprague-
Dawley rats exposed to vapor atmospheres of ACN
via whole-body inhalation at concentrations of 45
(across two offspring generations), and 90 ppm (one
offspring generation), for 6 hours daily for day 28,
was not affected. This implies that hormonal
balances that control reproductive functions in
female rats were not disrupted. The differences in
doses, routes of ACN administration, time course,
and sex of the rats might explain these divergent
results. Folliculogenesis  involves  complex
interactions  among  hormones  from  the
hypothalamus, pituitary gland, and ovaries. LH and
follicle-stimulating hormone FSH, triggered by
gonadotropin-releasing hormone (GnRH), facilitate
ovarian follicle development and ovulation. LH
prompts androgen secretion in theca cells, which
granulosa cells convert to estradiol. FSH primarily
supports follicle growth, while LH also aids in their
maturation. Inadequate LH and FSH can reduce
fertility by disrupting gametogenesis and steroid
production.

Ovarian Histopathology

Histopathological analysis of the ovaries
provided further evidence of ACN-induced toxicity.

The presence of necrosis, apoptosis, cystic changes,
hemorrhage, and inflammation in the ACN-exposed
groups points to significant cellular damage,
disrupted  follicular ~ development,  vascular
compromise, and inflammatory responses within the
ovaries. These pathological changes directly
contribute to impaired ovarian function and hormone
production, ultimately affecting fertility.

Discussion

Our findings corroborate those of [47] who
investigated the effects of CAN exposure on female
Kunming mice 28-day treatment period at doses of 5,
10, or 20 mg/kg/day. They reported a higher
proportion of atretic follicles (degenerating follicles)
and a reduced number of preovulatory follicles in
mice exposed to acrylonitrile. This suggests that
acrylonitrile disrupts the normal development of
follicles, which are crucial for oocyte development
[48] further elucidated the molecular pathways
affected by acrylonitrile, noting significant
alterations in gene expressions related to apoptosis,
oxidative stress, endoplasmic reticulum stress, and
autophagy in oocytes. Their transcriptomic analysis
revealed that acrylonitrile disrupted the expression of
critical oocyte genes, which we also observed as
increased DNA damage in ovarian cells. These
disruptions can be directly linked to the decreased
fertility rates and poor oocyte quality observed in our
study, where treated groups showed decreased
hormone levels and increased incidence of congenital
anomalies in offspring.

However, these findings contrast with two-
generation inhalation study in Crl®(SD) rats
conducted by [48], who found no significant effects
on histopathological changes in ovary at 45 and 90
ppm (6 h/day). This discrepancy might be due to
different exposure methods and doses used. Notably,
the current study and [49] employed methods that
could potentially lead to higher localized
acrylonitrile concentrations compared to inhalation.

The teratogenic potential of ACN was clearly
demonstrated by the high incidence of congenital
deformities in offspring from mothers exposed to
ACN three times a week. These deformities,
including dwarfism, limb defects, anotia, kyphosis,
and rough skin, underscore the detrimental impact of
ACN on fetal development. The complete postnatal
mortality in this group further emphasizes the
severity of ACN's toxic effects.

This aligns with previous studies that have
demonstrated the embryotoxic and teratogenic
potential of ACN in various animal models. [49]
reported significant embryotoxicity and teratogenic
effects in rats exposed to high doses of ACN (65
mg/kg/day by gavage; 80 ppm by inhalation),
resulting in fetal malformations such as short trunk
and tails, and missing vertebrae. They also reported a
low incidence of the same alterations was seen at 25
mg/kg/day by gavage and at 80 ppm by inhalation.

Egypt. J. Vet. Sci. Vol. 56, No. 8 (2025)



1796 FATIMAJ. ABD & BUSHRA. I. AL. KAISI

At 10 mg/kg BW per day and 20 ppm, no
embryotoxicity or teratogenicity was found.
Similarly [50] observed enhanced embryotoxic
effects of ACN in vitro when glutathione levels were
depleted, indicating the role of oxidative stress in
ACN-induced teratogenicity. They reported that
ACN at concentrations of 304 uM reduced functional
yolk sac circulation, a significant decrease in crown-
rump length was observed at 152 uM, with a 16.5%
reduction from the control value at 304 pM [51].
There was a significant reduction in yolk sac
diameter at concentrations of 228 and 304 uM. Both
head length and the number of somite pairs
decreased significantly at 304 pM acrylonitrile.
These findings highlight the sensitivity of embryonic
development to ACN, where exposure can
significantly disrupt normal fetal growth and
development. Moreover, the role of cyanide, a
byproduct of ACN metabolism, in exacerbating these
effects cannot be overlooked. Studies suggest that
cyanide may directly impact the embryo,
contributing to the observed teratogenic outcomes
[52]. However, the exact contribution of cyanide
relative to other ACN metabolites remains to be fully
elucidated, pointing to an area requiring further
research.

Conclusion

The present study provides compelling evidence
that ACN exposure has detrimental effects on the
female reproductive system in mice, manifested
through disruptions in sex hormone levels,
compromised fertility, and the induction of
teratological abnormalities in offspring. These
findings highlight the potential for ACN to impact
human reproductive health, warranting further
investigation and precautionary measures.
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TABLE 1. Effects of acrylonitrile on serum levels of luteinizing hormone (LH), follicle-stimulating hormone (FSH),

and Estradiol E2) in female mice.

Variables Hormones
Day Treatment n LH (ng/mL) FSH (ng/mL) E2 (pg/mL)
45 Gl 6 6.55+0.157° 6.23+0.1052 473 +0.091°
G2 6 432+0.133° 5.17+0.062° 36.6 £0.577 ¢
G3 6 2.87+0.049¢ 2.25+0.076 ¢ 32.9+0.338°
90 Gl 6 650+0.132° 6.35+0.136° 43.9+£0.846°
G2 6  4.02+0.083° 3.23+0.084°¢ 34.3 £0.549 ¢
G3 6 3.03+0.117 2.22+0.087 ¢ 33.0+0.145°¢
120 Gl 6  6.47+0.1502 6.50 £0.153 % 47.7+£0.154°
G2 6 3.33+£0.098° 3.30£0.115°¢ 33.8+0.297 ®
G3 6 2.75+0.076¢ 1.47£0.270 ¢ 33.2 £0.093 %
Main Effect
Day
45 18 4.58+037% 455+041° 383+1.50°
90 18 4.52+0.36° 3.93+043° 37.1+1.22°
120 18 4.18+0.40° 3.76 +0.52° 383+1.63°
Treatment
Gl 18 6.51+0.082 6.36 +0.08 ° 46.3+0.49°
G2 18 3.89+0.12° 3.90+0.22° 349+039°
G3 18 2.88+0.05°¢ 1.98+0.13°¢ 33.0+0.12°¢
P-values
Day 0.001 <0.001 <0.001
Treatment <0.001 <0.001 <0.001
Day x Treatment 0.002 <0.001 <0.001

Values are means = SEM, n = 6 per treatment group. Means for each hormone with different capital letters in the same
column (between groups) and lowercase letters in the same row (within a group) are significantly different (P<0.05). Group 1
(G1, n=20): Negative control (no acrylonitrile exposure). Group 2 (G2, n=20): Received acrylonitrile twice a week (10.17
mg/kg BW, 1/10 of LD50) orally by gavage for 120 days. Group 3 (G3, n=30): Received the same acrylonitrile dose three

times a week orally by gavage for 120 days.
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Fig. 1. Gross appearance pups after delivery in G3 showing remnant milk spot and rough skin (A, B, C, black
arrows), dwarfism (C)

Fig.2. Gross appearance pups after delivery in G3 showing pups with incomplete fore limb toe) (A, yellow arrow),
pups shows remnant milk spot. (B, black arrow)

Fig.3. Gross appearance of dead pups in G3 showing emaciated dead pups, pale in colour, with multiple nodules about
20 mm on the rough skin.

Fig. 4. Gross appearance of dead pups in G3 showing pale, emaciated, rough emaciated rough skin with bilateral
anotia (a), lack of frontal limbs (b), and kyphosis (c)
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Fig. 5. Gross appearance of dead pups in G3 showing abnormal length, tail length, and kyphosis, with all pups dead

Fig. 6. Section in ovary from control group showing: (a) normal cortex consist secondary follical, (b) normal
granulosa cells (c). normal medulla tissue. H&E, x200.

Fig. 7. Section in ovary from G2 mice at day 45 showing: (a) congestion blood vessels. (b) granulosa cells necrosis.
H&E, x200

Fig. 8. Section in ovary from G2 mice at day 45 showing: (a) sever hemorrhage (b) apoptosis. H&E, x400
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Fig. 9. Section in ovary from G2 mice at day 90 showing: (a) increase primordial cells (b) large luteal cyst surrounded
by fibrous connective tissue. H&E, x200

Fig. 10. Section in ovary from G2 mice at day 90 showing: (a) congested arterolies, (b) interlacing connective tissue.
H&E, x400

Y )
_ Ve
Fig. 11. Section in ovary from G2 mice at day 120 showing: (a) degenerated primordial cells, (b) necrotic granulosa
cells, (c) hyaline degeneration. H&E, x200

Fig. 12. Section in ovary from G2 mice at day 120 showing: (black circle) large cystic ovary. H&E, x200
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Fig. 14. Section in ovary from G3 mice at day 90 showing: necrotic with diminishes of primordial cells look as clump
(black arrows). H&E, x200

Fig. 16. Section in ovary from G3 mice at day 120 showing: (a) hemorrhage, (b) area of inflammatory cells
(macrophage and epitheliod cell), (c) necrosis. H&E, x400
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