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Context: Serious health risks have been connected to ongoing, escalating exposure to environmental tox-
ins and one of them is acrylamide (ACR), an organic compound. Although there are many published
reports on ACR toxicity, limited information is available regarding the use of two potential antioxidants
against ACR-instigated reproductive toxicity.
Aims: The study focused on investigating the protective effects of vitamin C and 5-ASA against ACR-
incited reproductive toxicity.
Methods: A total of 50 male mice aged 4 weeks old were treated for 90 days with different concentrations
either of ACR or ACR and vitamin C or ACR and 5- ASA or ACR, vitamin C, and 5- ASA.
Key results: ACR significantly reduced serum testosterone level (p = 0.0037), sperm concentration
(p = 0.0004), and percentage of sperm motility (p = 0.003), as well as increased sperm abnormality; head
(p = 0.0058), tail (p = 0.001), and midpiece (p = 0.0339). Besides, the weight (p = 0.0006) and length
(p = 0.0105) of testes, as well as weight (p = 0.0001) and length (p = 0.0021) of epididymis were decreased
along with atrophy of seminiferous tubules of the testis, and disintegration of the tubular epithelium of
epididymis on ACR exposed mice which were improved by vitamin C and 5-ASA administration.
Conclusions: Vitamin C and 5-ASA can potentially mitigate the negative effects of ACR on male reproduc-
tion; however, combined application is recommended for better performance.
Implications: In Bangladesh, this work is anticipated to address the health benefits of vitamin C and 5-
ASA, particularly in improving the reproductive health of males against ACR toxicity.
� 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Exposure to acrylamide (ACR), which is generated in various
foods due to high-temperature processing; has triggered a revived
interest in animal and public health. ACR, a toxic substance is gen-
erated at high-temperature (above 120 �C) during cooking or pro-
cessing, especially from carbohydrate-rich foods (Visvanathan R,
2014). It is primarily found in plant sources such as potatoes, cere-
als, grains, and even coffee; and in their manufactured products
such as rolls, treats, snacks, bread, chips, and so other bakery prod-
ucts (Visvanathan R, 2014) (Zamani et al., 2018). Moreover, ACR is
an industrial chemical utilized in the synthesis of water-soluble
polymers (Tyl & Friedman, 2003) that are employed as rarefaction
and emulsification assists in packaging, papermaking, mining, tex-
tile, cosmetic, plastics, and processing of water (Matoso et al.,
2019) (Elbashir et al., 2014) (Rifai & Saleh, 2020). Intact skin,
mucous membranes, lungs, and gastrointestinal tract are all possi-
ble routes of ACR exposure (Ibrahim et al., 2019). Due to its poten-
tially toxic nature, ACR has negative impacts on skin, alimentary
tract, heart and blood vessels, respiratory organs, brain and nerves,
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endocrine and reproductive organs, thus alters digestion, circula-
tion, reproduction, neurological activity, and so on (Rajeh & Al-
Dhaheri, 2017). ACR can easily pass through most cell membranes
and be converted into a more active epoxide derivative, glyci-
damide by metabolism with CYP2E1 (Cytochrome P4502E1) oxi-
dase that stimulates the toxic activity of ACR (Farag et al., 2021).
Free radicals (ROS) are created during the metabolism process of
ACR within the cell (Farag et al., 2021). ACR exerts its effect by gen-
erating oxidative stress bringing out reactive oxygen species (ROS)
(Omidi et al. 2020). Additionally, the mechanism of ACR toxicity is
related to the attraction for sulfhydryl groups on proteins that
might render inactivate such proteins or enzymes required in
repairing of DNA (Fiedan et al., 2015). ACR toxicity is recognized
to down regulate testosterone levels (Farag et al., 2021) along with
a reduction of sperm viability, motility, and membrane integrity
(Kermani-Alghoraishi et al., 2010). Moreover, reproductive organs
like testes undergoes necrosis of epithelial lining, vacuolation of
the seminiferous tubules, and some degenerative changes in Ley-
dig cells due to ACR exposure (Fiedan et al., 2015) (Zhang et al.,
2009). In addition, ACR induces epithelial damage, cell degenera-
tion, and connective tissue hyperplasia of epididymis (Yuxin Ma
et al., 2011).

As ACR exerts its effect generating oxidative stress, substances
having antioxidative efficiency may be used as efficient preventive
agents against ACR toxicity (Rajeh & Khayyat, 2017). A renowned
antioxidant vitamin C can scavenge superoxide and peroxyl radi-
cals, hydrogen peroxide, hypochlorous acid, and oxidants
(Farjana et al., 2020). It has protective action against inflammation,
oxidative stress, autophagy chaos, and immune dysfunction
(Farjana et al., 2020). By advancing reproductive hormones and
structures, the antioxidant activity of vitamin C upholds reproduc-
tive soundness (Sadeghzadeh et al., 2019). Moreover, a non-steroid
anti-inflammatory medicine (NSAID) called 5-ASA (an amino
derivative of salicylic acid) has the potential to lessen the toxicity
of ACR (Rajeh & Al-Dhaheri, 2017) (Yan et al., 2019). The antioxi-
dant 5-ASA serves to remove free radicals that can damage meta-
bolic by-products (Yan et al., 2019). Consumption of
acetylsalicylic acid in drinking water may have the potentiality
to improve reproductive parameters (Hassan et al., 2003). There
is very little data regarding vitamin C plus 5-ASA against ACR tox-
icity, even though numerous investigations have already estab-
lished that ACR toxicity causes reproductive damage. Whereas,
vitamin C can protect germinal cells from oxidative stress through-
out spermatogenesis (Angulo et al., 2011), and 5 ASA have the
potential to protect reproductive organs from oxidative damage
(Rajeh & Khayyat, 2017). Consequently, the purpose of the current
research is to sum up the protective actions of vitamin C and 5-ASA
on testosterone level, sperm physiology (sperm concentration,
motility percentage, and morphology), gross (weight and length)
as well as microscopic (histopathological) changes of testes and
epididymis in ACR treated male mice.
2. Materials and methods

2.1. Drugs

ACR, vitamin C, and 5-ASA all were procured from Sigma-
Aldrich Company, Spruce Street, St. Louis, USA (Lot # BCCD 0221).
2.2. Ethic al statement

All the techniques used in the current experiment with animals
were accredited by the AnimalWelfare and Experimentation Ethics
Committee, Bangladesh Agricultural University (AWEEC/BAU/2022
(64)).
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2.3. Animals and treatments

For this study, a total of fifty (50) Swiss Albino male mice (aged
4 weeks) were acquired from International Center for Diarrheal
Disease Research, Bangladesh (icddr,b). They were assigned ran-
domly into 5 groups (n = 10); Group A was considered as untreated
vehicle control, whereas mice of group B were treated with ACR
@45 mg/kgbwt daily (P.O.), mice of group C were treated with
ACR @45 mg/kgbwt daily and vitamin C @200 mg/kgbwt daily (P.
O.), mice of group D were treated with ACR @45 mg/kgbwt daily
and 5-ASA @25 mg/kgbwt daily (P.O.), and mice of group E were
treated with ACR @45 mg/kgbwt daily, vitamin C @200 mg/kgbwt
daily and 5-ASA @25 mg/kg bwt/day (P.O.). The treatment was car-
ried out for 90 days. The dose of ACR (45 mg/kg bw/day P.O.)
through drinking water which was selected as effective dose for
inducing ACR toxicity after a comprehensive literature review
(Zhao et al., 2022) (Rajeh, 2020) (DaSari et al., 2018) (Rajeh &
Khayyat, 2017) (Fang et al., 2014). The dose of vitamin C
@200 mg/kgbwt daily (P.O.) (Alorabi et al., 2022), and 5-ASA
@25 mg/kgbwt daily (P.O.) (Rajeh & Khayyat, 2017) through drink-
ing water was selected following previous literature where it is
established that they can counter oxidative stress in these
concentrations.
2.4. Collection and processing of sample

At the end of experiment, mice were sacrificed to collect the
samples (Day 90). Under the anesthesia of diethyl ether
(Research-Lab Fine Chem Industries, India), approximately
1500 lL of blood were directly drawn from mice’s heart using a
sterile syringe. For the preparation of serum, one-half of the blood
was kept in a sterile Eppendorf tube containing the anticoagulant
tri-sodium citrate (Research-Lab Fine Chem Industries, India).
The other half of the blood was taken in another Eppendorf tube
without anticoagulant and undergone centrifugation at
1,500 rpm for 30 min to collect serum (Akter et al., 2021). For bio-
chemical analyses, serum was preserved at �20 �C. Testes as well
as epididymis were removed following a full blood draw and per-
fused with phosphate-buffered saline to evaluate the sperm and
investigate the gross architecture. The isolated organs were then
preserved in fixative (10% neutral buffered formalin) for 24 h to
study histological changes (Akter et al., 2021).
2.5. Hormonal analysis

125I-testosterone RIA test kit (Cat#RK-61CT) (Berthold, Bad
Wildbad, Germany) indirect quantitative radioimmunoassay was
used to measure the level of serum testosterone hormone (Rima
et al., 2018). 6 standards bottle (S0-S5) had T concentrations of 0,
0.1, 0.5, 2, 8, and 20 ng/ml, respectively. The rivalry between the
125I-labeled hormone and hormone in the sample or the standard
for sites on hormone-specific antibodies determined the testing
methods. The fraction of hormone that was 125I-labeled and binds
to the antibody is inversely proportional to the hormone concen-
tration in the unidentified sample. Then the precipitating solutions
were added after incubation for a predetermined amount of time
to separate the bound from the free. By operating a gamma counter
(PC-RIA-MAS, Stratec Biomedical Systems, Germany), the radioac-
tivity was counted (60 s per tube) (Talukder et al., 2014). The final
step was to calculate the results. The minimum detectable range
was 0.70 ± 0.21 ng/ml. The intra and inter-assay coefficients of
variation were < 10% and < 15% respectively. Whereas, the sensitiv-
ity of testosterone assay was 75%, and the specificity was 95%
(Talukder et al., 2014).



Fig. 1. Effect of vitamin C and 5-ASA on testosterone concentration against
ACR-toxicity in mice. Mice of different groups (n = 10) were treated with either of
ACR, or ACR and vitamin C or ACR and 5-ASA or ACR, vitamin C and 5-ASA. Control
means the mice were kept as untreated with any drugs. Statistical analysis was
performed using Graph Pad Prism 9.3.1. All data were expressed as mean ± SD and
differences between two groups of animals were compared using one-way repeated
measure ANOVA followed by Tukey’s multiple comparisons test. Here, ** indicates
significant decrease (p = 0.0037) in ACR treated mice compared to untreated
control; * indicates significant decrease (p = 0.0311) in ACR plus vitamin C treated
mice compared to untreated control and significant increase (p = 0.0231) in ACR,
vitamin C and 5-ASA treated mice compared to ACR treated mice.
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2.6. Preparation and observation of sperm

Epididymal sperm collection from cauda epididymis and the
number of sperms were counted according to standard protocol
(Christina & Daniel, 2017). Briefly, the cauda epididymis was first
gathered in a petridish and finely minced with scissors. The torn
epididymis was then put into a test tube with 5 mL physiological
saline which was then incubated at room temperature for 2 min.
After 2 min, the supernatant was collected and diluted (1:100)
with 5 g sodium bicarbonate along with 1 mL of 35% formalin solu-
tion. About10 lL suspension of sperm was shifted to Neubauer‘s
counting chamber (hemocytometer). The sperms were endorsed
to disperse for 5 min and then counted under a microscope at
higher magnification (40X objectives), The number of sperms
was counted in five squares (16-celled). Total number of sperm
was multiplied by 5 and reported as [X] � 106 /mL, where [X]
denotes the number of sperm in a 16-celled square (Saalu et al.,
2010). The motility of epididymal sperm was observed and
reported as per standard protocol (Saalu et al., 2010). By placing
a drop of diluted sperm sample on a prewarmed slide and covering
it with a coverslip, the motility percentage of sperm was assessed.
To determine the percentage of motile sperms, at least ten widely
dispersed fields were viewed at 10X objectives (Sujan et al., 2021).
The sperms were categorized into two categories of motility:
Motile and non-motile sperms. The sperms exhibiting unidirec-
tional or multidirectional movement, those slightly motile without
any progression were considered as motile sperm. Sperms that dis-
played no movement at all were judged as non-motile (Kalaivani
et al., 2018). Then the motility percentage (%) of sperm was
reported. As per standard protocol, William’s stain was used to
assess spermmorphology (Mansur et al., 2018). First, a marked test
tube received 1 mL of sperm solution. Absolute alcohol and chlo-
ramine were made and used to treat a thin semen stain. Finally,
the smear was stained with carbolfuschsin for 8 min. At higher
magnification (100X objectives), approximately hundred sperms/
mice were observed from each group of mice. Morphology (size,
shape and structure) of the head, midpiece, and tail of sperm was
studied and number of abnormalities found in those structures
were counted (Lüke et al., 2014).

2.7. Measurement of testes and epididymis

After collection, the weight and length of both testes and epi-
didymis were measured by using a digital weight balance and slide
calipers respectively; and recorded accordingly. Both the right and
left parts of the organs were measured and the average value of an
animal was calculated (Sadeghzadeh et al., 2019).

2.8. Detection of histological changes

The testes and epididymis from each group of mice were col-
lected after complete removal of blood by perfusion with
phosphate-buffered saline and kept in 10% neutral buffered forma-
lin for 24 h for. The well-fixed tissues were processed, sectioned,
and stained as per standard procedure (Banchroft et al., 1996).
The epididymal body sections were used to study the histology
of epididymis and similarly, same sections were used to study
the histology of the testes. The tissues were trimmed and washed
overnight in running tape water to remove formalin. The tissues
were dehydrated by ascending ethanol series to prevent shrinkage
of cells as per the following schedules. Then, the tissues were dehy-
drated in 50%, 70%, 80%, 90%, 100%, 100% and 100% ethanol, one
hour in each. The tissues were cleaned in chloroform for 3 h to
remove ethanol (1 and half hour in each, two changes). Impregna-
tion was done in melted paraffin (56–60 �C) for 3 h. Then the tis-
sues were sectioned with a microtome and small amount of
3

gelatin was added to the water bath for better adhesion of the sec-
tion of the slide. The sections were allowed to spread in a warm
water bath at 40–42 �C. The sections were taken on grease-free
clear slides. Finally, the slides containing the section were air-
dried and kept in a cool place. The stained slides were studied
under the OLYMPUS CX41 microscope at both 10X and 40X
objectives.
2.9. Analysis of statistical data

All the experimental data were analyzed statistically by using
GraphPad Prism (9.3.1). Data were expressed as mean ± SD;
whereas, differences between two groups of mice were compared
by using one-way repeated measure ANOVA followed by Tukey’s
multiple comparisons test; setting statistical significance at
p < 0.05.
3. Results

3.1. Serum testosterone level

To know the effects of ACR, vitamin C and 5-ASA on testos-
terone concentration in different treated groups of male mice were
analyzed at the end of experiments. ACR-treated mice revealed a
significant (p = 0.0037) decrease of serum testosterone level com-
pared to the untreated mice of the control group (Fig. 1). Similarly,
ACR and vitamin C treated mice also showed a significant
(p = 0.0311) decrease of serum testosterone levels compared to
the untreated mice of the control group (Fig. 1). However, vitamin
C and 5-ASA combined treated mice revealed a significant
(p = 0.0231) restoration of the testosterone level compared to
ACR treated mice (Fig. 1).
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3.2. Sperm physiological parameters

To assess the effects of ACR, vitamin C and 5-ASA on sperm
physiology (sperm concentration, motility percentage, and sperm
morphology) in different treated groups of male mice were ana-
lyzed at the end of experiments. This study found a significant
(p = 0.0004) reduction in sperm concentration in the case of ACR
treated mice compared to the untreated of the control mice
(Fig. 2). On the other hand, vitamin C and 5-ASA combined treated
mice revealed a significant increase (p = 0.0047) in sperm concen-
tration compared to the ACR-treated mice (Fig. 2). Exposure to ACR
induced a significant (p = 0.003) decline in sperm motility percent-
age compared to the untreated control mice (Fig. 2). Whereas, mice
combinedly treated with vitamin C and 5-ASA revealed a signifi-
cant increase (p = 0.0146) in sperm motility percentage compared
to the ACR-treated mice (Fig. 2). Sperm abnormality percentages
increased significantly; head (p = 0.0058), tail (p = 0.001), and mid-
piece (p = 0.0339) in the ACR-treated mice; similarly, in ACR and
vitamin C treated mice (p = 0.0155) in the case of tail abnormality
compared to the untreated control mice (Fig. 3) (Table 1). On the
other contrary, abnormality percentages were significantly
declined; head (p = 0.0053), tail (p = 0.0407) in ACR, vitamin C
and 5-ASA combined treated mice compared to the ACR-treated
mice (Fig. 3) (Table 1). In the morphological structures, the sperm
of untreated control mice showed a normal head and tail morphol-
ogy with fewer abnormalities (Fig. 4). However, mice treated with
ACR alone showed increased numbers of sperms with amorphous
heads, bent necks, folded and coiled tails (Fig. 4). On the other
hand, in mice treated with vitamin C and 5-ASA along with ACR,
fewer differences in sperm like bent neck and folded tails were
observed compared to the untreated control mice (Fig. 4).

3.3. Gross morphology of the testes and epididymis

To know the effects of ACR, vitamin C and 5-ASA on weight and
length of the testes and epididymis in different treated groups of
male mice were analyzed at the end of experiments. ACR treatment
significantly decreased the weight (p = 0.0006) and length
(p = 0.0105) of testes compared to the untreated control mice
(Fig. 5). ACR and vitamin C treated mice in the case of testes weight
Fig. 2. Effect of vitamin C and 5-ASA on A) Sperm concentration, and B) Sperm motili
treated with either of ACR, or ACR and vitamin C or ACR and 5-ASA or ACR, vitamin C an
analysis was performed using Graph Pad Prism 9.3.1. All data were expressed as mean ±
repeated measure ANOVA followed by Tukey’s multiple comparisons test. Here, in case o
mice compared to untreated control; ** indicates significant increase (p = 0.0047) in ACR
motility, ** indicates significant decrease (p = 0.003) in ACR treated mice compared to un
ASA treated mice compared to ACR treated mice.

4

also showed a significant (p = 0.0322) decrease compared to the
untreated control mice (Fig. 5). Similarly, in the case of ACR and
5-ASA treated mice, testes weight and length were decreased sig-
nificantly (p = 0.0103 & p = 0.0497 respectively) compared to the
untreated control mice (Fig. 5). Whereas, vitamin C and 5-ASA
combined treated mice showed a significant rise in the weight
(p = 0.0075) and length (p = 0.0344) of testes compared to the
ACR-treated mice (Fig. 5). Exposure to ACR significantly decreased
the weight (p = 0.0001) and length (p = 0.0021) of epididymis com-
pared to the untreated control mice (Fig. 6). ACR and vitamin C as
well as ACR and 5-ASA treated mice also showed a significant
(p = 0.0388 & p = 0.0269 respectively) decrease in the weight of
epididymis compared to the untreated control mice (Fig. 6).
Whereas, vitamin C and 5-ASA combined treated mice showed a
significant rise in the weight (p = 0.0036) and length (p = 0.0122)
of epididymis compared to the ACR-treated mice (Fig. 6).

3.4. Histopathological changes of the testes and epididymis

To know the effects of ACR, vitamin C and 5-ASA on histology of
the testes and epididymis in different treated groups of male mice
were analyzed at the end of experiments. Testes of untreated con-
trol mice showed healthy tissue structures with regularly orga-
nized seminiferous tubules representing regular cell structures
such as spermatogenic cells as well as Sertoli, and Leydig cells
(Fig. 7). But in the case of ACR-treated mice, there was atrophy of
seminiferous tubules and increased inter-tubular spaces associated
with loss of spermatozoa and spermatogenic cells, probably due to
the arrest of spermatogenesis (Fig. 7). In the case of the ACR and
vitamin C treated group, as well as ACR and 5-ASA treated groups,
lack of sperm was observed in a few numbers of seminiferous
tubules compared to ACR treated group (Fig. 7). However, vitamin
C and 5-ASA combined treated mice showed no noticeable changes
in the seminiferous tubules and inter-tubular spaces (Fig. 7). The
epididymis of the untreated control mice showed normal tubules
containing sperm with the normal lining of columnar epithelial
cells and normal inter-tubular spaces (Fig. 8). However, in ACR-
treated mice, there was a disarrangement of lining epithelial struc-
ture and the epididymal tubules lacked sperm and spermatogenic
cells (Fig. 8). On the other hand, in ACR and vitamin C, as well as
ty percentage against ACR-toxicity in mice. Mice of different groups (n = 10) were
d 5-ASA. Control means the mice were kept as untreated with any drugs. Statistical
SD and differences between two groups of animals were compared using one-way
f sperm concentration, *** indicates significant decrease (p = 0.0004) in ACR treated
, vitamin C and 5-ASA treated mice compared to ACR treated mice. In case of sperm
treated control; * indicates significant increase (p = 0.0146) in ACR, vitamin C and 5-



Fig. 3. Effect of vitamin C and 5-ASA on sperm abnormality percentages; A) Head abnormality, B) Tail abnormality and C) Midpiece abnormality against ACR-toxicity
in mice.Mice of different groups (n = 10) were treated with either of ACR, or ACR and vitamin C or ACR and 5-ASA or ACR, vitamin C and 5-ASA. Control means the mice were
kept as untreated with any drugs. Statistical analysis was performed using Graph Pad Prism 9.3.1. All data were expressed as mean ± SD and differences between two groups
of animals were compared using one-way repeated measure ANOVA followed by Tukey’s multiple comparisons test. Here, in case of sperm head abnormality, ** indicates
significant increase (p = 0.0058) in ACR treated mice compared to untreated control; whereas significant decrease (p = 0.0053) in ACR, vitamin C and 5-ASA treated mice
compared to ACR treated mice. In case of sperm tail abnormality, ** indicates significant increase (p = 0.001) in ACR treated mice compared to untreated control; * indicates
significant increase (p = 0.0155) in ACR plus vitamin C treated mice compared to untreated control and significant decrease (p = 0.0407) in ACR, vitamin C and 5-ASA treated
mice compared to ACR treated mice. In case of sperm midpiece abnormality, * indicates significant increase (p = 0.0339) in ACR treated mice compared to untreated control.

Table 1
Effect of vitamin C and 5-ASA on sperm abnormality percentages; A) Head abnormality, B) Tail abnormality and C) Midpiece abnormality against ACR-toxicity in mice.
Mice of different groups (n = 10) were treated with either of ACR, or ACR and vitamin C or ACR and 5-ASA or ACR, vitamin C and 5-ASA. Control means the mice were kept as
untreated with any drugs. Statistical analysis was performed using Graph Pad Prism 9.3.1. All data were expressed as mean ± SD and differences between two groups of animals
were compared using one-way repeated measure ANOVA followed by Tukey’s multiple comparisons test.

Sperm Abnormality (%)

Groups Treatment Head Abnormality (%) (Mean ± SD) Mid-piece Abnormality (%) (Mean ± SD) Tail Abnormality (%) (Mean ± SD)

A Control 20.6 ± 6.09 7.5 ± 2.71 10.6 ± 2.59
B ACR 31.3 ± 6.44** 11.5 ± 3.14* 17.4 ± 4.11**
C ACR + Vitamin-C 26.6 ± 7.57 9.6 ± 2.31 15.1 ± 3.72*
D ACR + 5-ASA 27 ± 7.77 9.7 ± 3.65 15.9 ± 0.3.63
E ACR + Vitamin-C + 5-ASA 20.2 ± 5.11## 8.5 ± 2.91 12.7 ± 3.71#

**=Control vs Group B (p < 0.01)
##=Group B vs Group E (p < 0.01)

*=Control vs Group B (p < 0.05) **=Control vs Group B (p < 0.05)
*=Control vs Group C
(p < 0.05)
#=Group B vs Group E (p < 0.05)
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ACR and 5-ASA treated mice, there were some minor changes like
lack of sperms within some tubules (Fig. 8). Whereas, vitamin C
and 5-ASA combined treated mice showed almost similar struc-
tures compared to untreated control (Fig. 8).
4. Discussion

Acrylamide toxicity may create oxidative stress accelerating the
production of reactive oxygen species (ROS) (Farag et al., 2021).
5

Oxidative stress strives a vital role in its toxicity to affect the body’s
biological mechanisms and physiological activities. At physiologi-
cal concentrations, ROS function as molecular mediators of signal
transduction pathways that control the spermatogenesis, steroido-
genesis, and hypothalamic-pituitary–gonadal axis (Baskaran et al.,
2021). Antioxidants scavenge free radicals from the body cells and
prevent or reduce the damage caused by oxidation (Obstr & Dis,
2018). However, there are many reports about ACR intoxication,
but the information is limited regarding the combined administra-
tion of two potential antioxidants like vitamin C and 5-ASA against



Fig. 4. Effect of vitamin C and 5-ASA on sperm morphology against ACR-toxicity in mice. Mice of different groups (n = 10) were treated with either of ACR (Group B), or
ACR and vitamin C (Group C) or ACR and 5-ASA (Group D) or ACR, vitamin C and 5-ASA (Group E). Control (Group A) means the mice were kept as untreated with any drugs.
Photomicrograph of sperm morphology of different groups of treated mice at the end of the treatment (William’s stained, observed at 100X). Here, an arrow with * indicates
‘‘Amorphous head,” an arrow with ** indicates ‘‘Bent neck,” an arrow with *** indicates ‘‘Folded tail,” an arrow with **** indicates ‘‘Coiled tail.”.

Fig. 5. Effect of vitamin C and 5-ASA on A) Weight and B) Length of the testes against ACR-toxicity in mice. Mice of different groups (n = 10) were treated with either of
ACR, or ACR and vitamin C or ACR and 5-ASA or ACR, vitamin C and 5-ASA. Control means the mice were kept as untreated with any drugs. Statistical analysis was performed
using Graph Pad Prism 9.3.1. All data were expressed as mean ± SD and differences between two groups of animals were compared using one-way repeated measure ANOVA
followed by Tukey’s multiple comparisons test. Here, in case of testes weight, *** indicates significant decrease (p = 0.0006) in ACR treated mice compared to untreated
control; * indicates significant decrease in ACR plus vitamin C (p = 0.0322) as well as ACR plus 5-ASA (p = 0.0103) treated mice compared to untreated control; ** indicates
significant increase (p = 0.0075) in ACR, vitamin C and 5-ASA treated mice compared to ACR treated mice. In case of testes length, * indicates significant decrease in ACR
(p = 0.0105) as well as ACR plus 5-ASA (p = 0.0497) treated mice compared to untreated control; and significant increase (p = 0.0344) in ACR, vitamin C and 5-ASA treated mice
compared to ACR treated mice.
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ACR induced reproductive toxicity. In our current study, the sup-
pression of circulating testosterone, an important reproductive
hormone level following exposure to ACR may be due to its activat-
ing role on the hypothalamic-pituitary–gonadal axis indicating an
increase in luteinizing hormone (LH) (Camacho et al., 2012). More-
over, by increasing ROS concentration, ACR can induce damage to
Leydig cells assisted by LH, which play a role in decreasing testos-
terone hormone concentration (Hamdy et al., 2012). However, the
6

restoration of testosterone levels with the combined administra-
tion of vitamin C and 5-ASA is in accordance with a previous study
which observed a significant recovery in the testosterone hormone
level in antioxidant treated mice (Dirican & Kalender, 2012).

Alterations in sperm concentration, motility, and abnormalities
in sperm morphology are useful indicators of an individual’s fertil-
ity prospective (Dcunha et al., 2022). The reduction in sperm con-
centration in our study is in tune with previous studies according



Fig. 6. Effect of vitamin C and 5-ASA on A) Weight and B) Length of the epididymis against ACR-toxicity in mice. Mice of different groups (n = 10) were treated with
either of ACR, or ACR and vitamin C or ACR and 5-ASA or ACR, vitamin C and 5-ASA. Control means the mice were kept as untreated with any drugs. Statistical analysis was
performed using Graph Pad Prism 9.3.1. All data were expressed as mean ± SD and differences between two groups of animals were compared using one-way repeated
measure ANOVA followed by Tukey’s multiple comparisons test. Here, in case of epididymis weight, *** indicates significant decrease (p = 0.0001) in ACR treated mice
compared to untreated control; * indicates significant decrease in ACR plus vitamin C (p = 0.0388) as well as ACR plus 5-ASA (p = 0.0269) treated mice compared to untreated
control; ** indicates significant increase (p = 0.0036) in ACR, vitamin C and 5-ASA treated mice compared to ACR treated mice. In case of testes length, ** indicates significant
decrease (p = 0.0021) in ACR treated mice compared to untreated control; and * indicates significant increase (p = 0.0122) in ACR, vitamin C and 5-ASA treated mice compared
to ACR treated mice.
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to whom it may be linked with the reduction of testosterone con-
centration which indicates Leydig cell damage leading to suppres-
sion of the rate of spermatogenesis (Pourentezari et al., 2014). On
the other hand, vitamin C was reported to have positive effect on
increasing sperm concentration (Rahayu et al., 2019). Moreover,
5-ASA possess the ability to improve all fertility parameters of a
male including sperm concentration (Park & Kim, 2020). These
were reflected in the sperm analysis from the cauda epididymis
by the supplement of vitamin C and 5-ASA. In the case of sperm
motility percentage, drop-off value due to ACR exposure supports
those of prior researches who found that ACR reduces sperm cell
progressive motility and mean percentages of sperm concentration
(Kermani-Alghoraishi et al., 2010). One important reason for the
declination of sperm motility incited by ACR could be that it may
interfere with sperm energy metabolism (Yuxin Ma et al., 2011).
ACR binding to motor proteins (e.g. kinesin and dynein) may be
considered as another reason which affects sperm motility (Tyl &
Friedman, 2003). On the contrary, a prior study conducted
observed that vitamin C significantly improved sperm motility in
rats (Vijayprasad et al., 2014), and Park & Kim delineated that 5-
ASA exerts the ability to improve all male fertility parameters
including sperm motility percentages (Park & Kim, 2020). More-
over, a similar report, strengthening the current finding with com-
bined action of vitamin C and 5-ASA was observed in a study a
highly significant elevation in sperm progressive motility after
treating with an antioxidant and an anti-inflammatory substance
(Mehni et al., 2014). ACR has the potentiality to become toxic to
sperm, particularly the sperm head, and to disrupt the spermatoge-
nesis and sperm maturation process (Tyl & Friedman, 2003). It is
established that the head of the sperm accumulates genetic mate-
rial (Kermani-Alghoraishi et al., 2010). As a result, trauma to the
head might directly affect sperm DNA and result in genetic abnor-
mality (Yuxin Ma et al., 2011). However, administration of vitamin
C has a significant influence on elevating the sperm quality of rats
(Rahayu et al., 2019) and 5-ASA exerts the ability to decrease
abnormal sperm morphology (Park & Kim, 2020). Moreover, the
findings of a previous report about the combined effort of two
antioxidants to reduce the morphological abnormalities of sperm
can be relatable to the current study (Rajeh & Khayyat, 2017).
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Like body weight gross changes of testes and epididymis may
be related to stress conditions (Kalaivani et al., 2018). Moreover,
the changes are in accordance with a prior research that also
reported that these measurements of testes and epididymis can
be reduced due to ACR intoxication (ALKarim et al., 2015)
(Kalaivani et al., 2018). The reduction in the measurements of
reproductive organs may be linked with the impairment of sper-
matogenesis (Kalaivani et al., 2018). On the contrary, the combined
action of two antioxidants was found to be effective in the restora-
tion of weight and length of testes and epididymis supporting the
ameliorating effects of vitamin C and 5-ASA in our research study
(Hasan et al., 2021) (Ommurugan et al., 2018).

The histological alterations of the testes of only ACR exposed
mice in the current study might be the result of testicular degener-
ation, which manifests as a reduction in spermatogenic cells and a
notably increased number of multinucleated spermatid giant cells
(Farag et al., 2021). After treating rats with ACR, similar kinds of
lesions was also found such as the absence of spermatid and other
stages of spermatozoa in seminiferous tubules with edema of
intracellular tissue and a decrease of Leydig cells (ALKarim et al.,
2015). A study revealed that ACR-treated rats exposed to 5-ASA
protected from ACR-mediated toxicity, with nearly normal histo-
logical appearance of testes and normal spermatogenesis were
observed, with no tubular atrophy (Dirican & Kalender, 2012).
Additionally, combining vitamin C and vitamin E therapy rather
than utilizing each vitamin separately provides a significantly pro-
tective impact against hazardous chemical-induced changes in tes-
ticular histology (El Kotb et al., 2020). In the case of epididymis, the
histological findings of the epididymis are consistent with other
researchers who stated that the epididymal ducts are affected by
ACR, which causes significant vacuolation and degradation of the
lining epithelium that contains few sperm (Farag et al., 2021).
ACR on the epididymis results in fewer columnar cells with cyto-
plasmic vacuoles and a reduction in luminal capacitance
(Kalaivani et al., 2018). Additionally, another investigation noted
epithelial damage in the epididymis of mice given ACR, including
disruption of the epithelial structure, cellular degeneration, and a
marked decrease in sperm production (Yuxin Ma et al., 2011).
Whereas, our findings regarding the protective effect of vitamin



Fig. 7. Effect of vitamin C and 5-ASA on histostructure of testes against ACR-toxicity in mice. Mice of different groups (n = 10) were treated with either of ACR (Group B),
or ACR and vitamin C (Group C) or ACR and 5-ASA (Group D) or ACR, vitamin C and 5-ASA (Group E). Control (Group A) means the mice were kept as untreated with any drugs.
The slides were stained with Hematoxylin and Eosin, and the structures were studied at both 10X (Left column) and 40X (Right column) objectives. Here, arrow with *
indicates ‘‘tubular atrophy due to arrest of spermatogenesis; arrow with ** indicates lack of sperm within the seminiferous tubules; arrow with *** indicates dilated inter-
tubular spaces.”.
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Fig. 8. Effect of vitamin C and 5-ASA on histostructure of epididymis against ACR-toxicity in mice. Mice of different groups (n = 10) were treated with either of ACR
(Group B), or ACR and vitamin C (Group C) or ACR and 5-ASA (Group D) or ACR, vitamin C and 5-ASA (Group E). Control (Group A) means the mice were kept as untreated with
any drugs. The slides were stained with Hematoxylin and Eosin, and the structures were studied at both 10X (Left column) and 40X (Right column) objectives. Here, arrow
with * indicates ‘‘tubular atrophy with disarrangement of lining epithelial structure; arrow with ** indicates lack of sperm within the tubules.”.
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C and 5-ASA can be compared with the findings that reported a
protective effect of two antioxidants on the histology of epididymis
(Aghaie et al., 2016). The results revealed that vitamin C and 5-ASA
may exert their antioxidative property to prevent ACR-induced
reproductive damage and their combined application is highly
recommended.

5. Conclusion

ACR exposure can reduce a male mouse’s capacity to reproduce,
which may be explained by a decrease in testosterone. It has an
impact on the germ cells, which impairs spermatogenesis process
and decreases sperm concentration, sperm motility percentages,
and increases the proportion of defective sperm. While, combined
treatment with vitamin C and 5-ASA may play a worthwhile role in
the restoration of these changes resulting in the protection of male
mouse fertility from ACR toxicity.
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