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ABSTRACT

Acrylonitrile (ACN) is an organic synthetic monomer that is widely used in food packaging
and manufacturing. Our current study aimed to investigate toxic pathological effects and
biochemical alterations in ACN-treated female mice. Seventy female mice were assigned into
3 groups and received oral distilled water, ACN (10.17 mg/kg b.w, 1/10 of LD50) twice a
week and ACN (10.17 mg/kg b.w) three times a week, respectively. After 45, 90 and 120 days
of treatment, blood samples and tissue specimens from the uteri were obtained for
measurement of catalase (CAT) and malondialdehyde (MDA), and histopathological
examination, respectively. It was found that ACN significantly reduced CAT levels in group 2
and 3 after 120 days of treatment compared to group 1. Moreover, CAT levels in group 3
were significantly decreased compared to that in group 2 after both times intervals, 45 and 90
days. ACN raised MDA concentration in group 3 after 120 days of treatment compared to
groups 1 and 2. Histopathologically, ACN was seen to damage the uterus as it markedly
caused congestion, hemorrhages, thrombosis, severe necrosis, and local and diffuse
granulomatous inflammation. In conclusion, exposure of female mice to ACN induces
pronounced hazardous toxic and pathological effects in the form of imbalance in the oxidant-
antioxidant harmony and marked histopathological changes. The study recommends avoiding
overeating products containing ACN to keep proper health of the female genital system.
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INTRODUCTION ACN is a very toxic compound with the
formula CsHsN. It is widely employed in

Pollution with hazardous chemicals the production of acrylic fibers, resins,

such as acrylonitrile (ACN), dioxins, and
radioactive pollutants is a global problem
with several harmful impacts on the
environment and human health (AL-
Okaily, 2015; Sultan and Al-Kaisi, 2024).
The production of hazardous materials
often results in the release of additional
hazardous  substances  during  the
manufacturing process (Sultan et al.,,
2023; Alshumary et al., 2024).
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and plastics. It may also be found in food
items, air pollution, cigarette smoke, and
drinking water (Ali et al., 2019; Abd and
Ibrahim, 2023; Sabeeh and Al-Awadi,
2024). The physical characteristics of
acrylonitrile  homopolymer include an
opaque white or yellow substance with
strength, general insolubility, and high
softening temperatures (Gu et al., 2004;
Humadi et al., 2020). Acrylonitrile units
contain polar cyano groups (—CN), which
enhance intermolecular forces and raise
the softening points (Al-Azzawi et al.,
2008; Mahalakshmi, 2003).
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Human exposure to ACN can occur
during production, transportation, and use
(Small, 2000; Al-Sabaawy and Al-Kaisie,
2021). The two most probable exposure
routes are inhalation of acrylonitrile that
has evaporated into the air or consumption
of polluted drinking water. Since ACN is
highly soluble and stable in water, it is
often found near chemical waste sites
where it has been improperly handled or
disposed of (Simons et al., 2016; Kobets
et al., 2022). Additionally, cigarette
smoke may potentially expose the public
to acrylonitrile (Azeez, 2021).

ACN is metabolized primarily in two
ways: directly via conjugation with
glutathione (GSH) and  through
epoxidation to cyanoethylene oxide
(CEO), mediated by cytochrome P-450
(CYP-450) (Al-Okaily and Ali, 2019).
When GSH is consumed, cyanide (CN") is
released. This leads to the production of
reactive oxygen species and initiates a
chain reaction of free radical formation,
resulting in lipid peroxidation (Zaher et
al., 2021). Oxidative damage is caused by
the depletion of GSH and the free radicals
produced during ACN metabolism (Amin,
2018). Trans-3,5,4'-trihydroxystilbene,
commonly known as resveratrol (RES), is
a polyphenolic phytoalexin primarily
found in grapes. Red wine made from
grapes also contains significant quantities
of resveratrol (AL-Okaily, 2015; Al-
Sabaawy and Al-Kaisie, 2021).

ACN has harmful effects on the ovaries
and may negatively impact folliculo-
genesis in rats and mice, as well as disrupt
hormone levels in the pituitary-gonadal
axis (Jiang, 1998; Jumma, 2024; Ibrahim
et al., 2023). Studies have demonstrated
that AN can mediate DNA damage
(Mahmod et al., 2022). Furthermore, its
metabolites, cyanide and 2-cyanoethylene
oxide, have the potential to cause
sustained tissue and cell damage, trigger
pro-inflammatory  signaling, lead to
compensatory cell proliferation, and
contribute to the emergence of cancer
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(Hogy, 1986; Naimi et al., 2019).
Accordingly, our current study aimed to
investigate the toxic and pathological
effects of ACN on the female reproductive
system of mice.

MATERIALS AND METHODS

Materials
All procedures in the study were
conducted in accordance with the

guidelines of the European Union Council
(86/609/EU) and were approved by the
ethical committee for the use and care of
animals (No. 746/2.4.2024, College of
Veterinary Medicine, Baghdad University,
Baghdad, Irag). Seventy female albino
mice (25-30 g, 9-10 weeks old) were
obtained from the Cancer and Research
Centre, Baghdad, Iraq. The animals were
maintained under standard conditions with
12-hour light/dark cycles, a temperature of
20-22°C, and 54-60% humidity. They
had ad libitum access to a basal diet and
water. ACN (>99%, Lot#BCBX3607) was
purchased  from  Sigma  Aldrich,
Netherlands.

Methods

Treatment protocol

After 1 week of acclimatization, the mice
were assigned to three groups:

Group 1: Twenty mice received normal
saline (0.1 ml/100 g body weight) twice a
week for 120 days and served as the
control group.

Group 2: Twenty mice received 1/10 of
the LD50 of ACN (10.17 mg/kg body
weight). ACN was dissolved in distilled
water and administered twice a week by
gastric gavage, with the dose given in a
volume of 0.1 ml/100 g body weight.

Group 3: Thirty mice received 1/10 of the
LD50 of ACN (10.17 mg/kg body
weight). ACN was dissolved in distilled
water and administered three times a week
by gastric gavage, with the dose given in a
volume of 0.1 ml/100 g body weight.
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The LD50 of ACN was determined using
the Up-and-Down Dixon method (Kobets
et al., 2022), and the calculated LD50 was
found to be 101.68 mg/kg body weight.

Blood samples

Blood samples (1 ml per animal) were
obtained from 8 animals per group at 45,
90, and 120 days. Blood was collected in
gel tubes Dby heart puncture after
anesthetizing the animals with diethyl
ether (C4H100, India). The blood samples
were allowed to clot, and serum was then
separated for the measurement of CAT
and MDA levels. Serum samples were
stored at -80°C until further use.

Biochemical measurement

The concentrations of CAT and MDA in
serum were measured using the enzyme-
linked immunosorbent assay (ELISA)
method. Standard ELISA kits (Cloud-
Clone Corp, USA) were used according to
the manufacturer’s instructions.

Histopathological examination
At the three-time intervals (45, 90, and
120 days), mice were first anesthetized

with diethyl ether and then sacrificed by
cervical dislocation. The uteri were then
obtained and fixed in 10% neutral
buffered formalin for 24-48 hours.
Specimens from the uterine wall were
taken, dehydrated through a graded series
of ethyl alcohol, cleared with xylene, and
embedded in paraffin wax. Tissue sections
of 4 um thickness were cut and stained
with hematoxylin and eosin (H&E)
(Bancroft and Stevens, 1990). The stained
sections were examined under a light
microscope (CX31, Olympus, Tokyo,
Japan) and photographed using a digital
camera (Camedia C-5060, Olympus).

RESULTS

Biochemical assays

Effect of AN treatment on CAT
Treatment of mice with ACN significantly
reduced CAT levels in Groups 2 and 3
after 120 days, compared to the control
(Table 1). Additionally, CAT levels in
Group 3 were significantly lower than
those in Group 2 at both time points, 45
and 90 days (Table 1).

Table 1: Effect of Acrylonitrile treatment on catalase.

Groups Mean +SEM of catalase (nmol/ml)
45 days 90 days 120 days
Group 1 8.08+0.12 AP 8.78+0.17 A2 9.0340.04 A2
Group 2 8.11+0.10 A2 8.31+0.16 A2 3.18+0.09 BP
Group 3 4.13+0.09 B2 3.76+0.09 B2 3.25+0.09 BP

LSD = 0.488* . Means with different capital letters in the same columns and different lowercase
letters in the same rows are significantly different (P < 0.05).

Effects of Acrylonitrile treatment on
MDA

Treatment of mice with ACN significantly
raised MDA levels in Group 3 after 120

days compared to Groups 1 and 2 (Table
1). Additionally, MDA levels in Group 3
were increased with the duration of
treatment (Table 2).

Table 2: Effects of Acrylonitrile treatment on malondialdehyde .

Groups Mean+SEM of MDA (nmol/ml)
45 days 90 days 120 days
Group 1 5.15 +0.07 B2 5.33 +0.12 B2 5.18 +0.09 ©2
Group 2 5.21 +0.11 B2 5.23 +0.07 B2 5.33 +0.09 ¢2
Group 3 8.13 +0.08 A° 9.03 +0.09 AP 10.91 +0.14 A2

LSD = 0.469 *. Means with different capital letters in the same columns and different lowercase
letters in the same rows are significantly different (P < 0.05).
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Histopathological findings

Treatment of female mice with AN caused
damage to the uteri at all three time points
in both Groups 2 and 3. In Group 2, ACN
induced congestion of blood vessels,
intense mononuclear cellular infiltration,

and severe necrosis after 45 days of
treatment (Fig. 1A, B). After 90 days, it
caused congestion of blood vessels and
severe hemorrhages (Fig. 1C), and after
120 days, granulomatous inflammation

was observed (Fig. 1D).

Fig. 1: Effects of ACN treatment on the uterus of mice in Group 2. A and B: Congestion of blood
vessels (thin arrows), intense mononuclear cellular infiltration (asterisks), and necrotic areas (thick
arrows) after 45 days of treatment. C: Congestion of blood vessels (arrow) and severe hemorrhages
(asterisk) after 90 days of treatment. D: Granulomatous inflammation (asterisk) after 120 days of

treatment. H&E, 200x magnification.

In Group 3, ACN induced congestion and
thrombosis of blood vessels, as well as the
formation of granulomatous tissue after 45
days of treatment (Fig. 2A). Endometrial
thickening with mononuclear infiltration
was also observed (Fig. 2B). After 90 days
of treatment, the uteri exhibited extensive
hemorrhages (Fig. 2C). After 120 days,
ACN caused severe necrosis accompanied
by hemorrhages and mononuclear cellular
infiltration (Fig. 2D).
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DISCUSSION

ACN has been shown to significantly
decrease CAT levels and increase MDA
concentrations compared to untreated
controls. This effect is attributed to AN’s
ability to induce lipid peroxidation (Al-
Sabaawy and Al-Kaisie, 2021). During its
metabolism, ACN liberates cyanide, a
potent generator of reactive oxygen species
(ROS), through inhibition of the
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mitochondrial respiratory chain and several
antioxidant enzymes. Additionally, ROS
can be produced through the cytochrome
P450 oxidation of ACN products, such as
acrylonitrile,  dibromoacetonitrile, and
chloracetone nitrile (Dixon, 1980). These
ROS subsequently decrease CAT levels
and increase MDA concentrations. ACN is

TR

RELEE A

much less reactive compared to its major
metabolite, 2-cyanoethylene oxide (CEO),
which is produced either by the
conjugation of ACN with glutathione or by
the epoxidation of ACN by microsomal
cytochrome P450 (El-Sayed et al., 2003,
Ota et al., 1998).

Fig. 2: Effects of AN treatment on the uterus of mice in Group 3. A: Thrombosis of blood vessels
(arrows) and granulomatous tissue formation (asterisk) after 45 days of treatment. B: Congestion of
blood vessels (arrow) and endometrial thickening (asterisk) after 45 days of treatment. C: Intense
hemorrhages (asterisks) after 90 days of treatment. D: Severe necrosis (asterisk) and intense
hemorrhages (small asterisks) after 120 days of treatment. H&E, 200x.

The most pronounced pathological lesions
induced by ACN in Groups 2 and 3 at all
three time points were congestion of blood
vessels, thrombosis, severe necrosis, and
granulomatous inflammation associated
with  mononuclear cellular infiltration.
Although there is limited data specifically
on the pathological effects of ACN on the
uterus of female mice, similar effects have
been reported in other organs. For
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example, Szabo et al. (1980) found that
ACN treatment in rats led to early damage
of the vascular endothelium in the adrenal
cortex of nearly all treated animals. The
authors also observed platelet aggregation
and fibrin precipitation at the site of
vascular endothelial damage, accompanied
by decreased circulating platelets and
fibrinogen, as well as increased
prothrombin, partial thromboplastin, and
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thrombin times (Szabo et al., 1980). This
vascular endothelial damage and disruption
of the hemostatic process might mediate
the thrombosis and hemorrhages observed
in our study. Necrotic changes and
granulomatous tissue formation are likely
consequences of this vascular damage.
Similarly, Silver et al. (1982) reported that
ACN administration in rats caused focal
superficial necrosis in the liver, along with
hemorrhagic gastritis in the distended fore
stomach.

In conclusion, administering 1/10 of the
LD50 of ACN to female mice adversely
affects catalase activity and induces lipid
peroxidation. The vascular changes caused
by ACN may mediate additional
pathological effects, including necrotic and
granulomatous alterations.
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