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Abstract

Aflatoxin-induced reproductive toxicity was investigated in adult male rats. To investigate the effect of pre-
pubertal exposure to aflatoxin B1 (AFB1) on semen quality in male rats after puberty. Eighty premature male rats
(35 days old) were assigned equally to control and treatment groups. The males were daily administered with
distilled water and AFB1 (0.3mg/kg/day) per os, respectively. After 15, 25, and 35 days of treatment (pre-puberty,
puberty, and post-puberty stags, respectively), ten males from each group were weighed, anesthetized, and sacrificed.
Testes, epididymis, seminal vesicles, and prostates were dissected and weighed. At puberty (25 days of treatment)
and post-puberty (35 days of treatment), the tail of the epididymis was dissected for semen analysis, including sperm
motility, sperm count, sperm viability, and sperm abnormality. Following 15, 25, and 35 days of exposure, the
AFB1-treated group revealed a decline in the relative weight of testes, epididymis, seminal vesicle, and prostate than
the control group, early at the pre-pubertal stage, which continued at pubertal and post-pubertal-stages. Sperm
motility, sperm count, and sperm viability were significantly decreased, while sperm abnormality was significantly
increased in the AFB1 group, at puberty and post-puberty. Females matted with AFB1 treated males revealed
significant decrease of pregnancy rate, number of offspring, and litter weight at birth in comparison with those
matted with control males. Altogether, these results showed an adverse effect of pre-pubertal exposure to AFB1 on
male reproductive performance with impaired spermatogenesis after puberty.
Keywords: Aflatoxin B1, Fertility index, Reproductive performance, Semen, testes.

Introduction exposes people to aflatoxins, which are secondary

Aflatoxins are toxic substances made by the metabolites produced by Aspergillus species molds
Aspergillus  species of mold that primarily (5). Hepatotoxicity and carcinogenesis have been
contaminate food in tropical regions. Aflatoxin B1, associated with AFB1-exo0-8,9-epoxide, the highly
the most dangerous aflatoxin, is a substantial reactive metabolite of AFB1 that binds to DNA and
contributor to hepatocellular carcinoma (HCC) in produces adducts (6,7). Aflatoxins are known to
these nations (1). Mycotoxins are secondary cause a variety of health problems, as the toxicity of
metabolites created by mycotoxin fungi such as AFBL is quite complicated and is highly connected to
Penicillium, Aspergillus, and Fusarium (2). It has the dosage, solvent, route of administration, duration
economic significance for its impact on human and of exposure, age, gender, species, target organs, and
animal health and domestic and international trade other factors (8). In animals, aflatoxicosis damages
(3,4). In tropical nations, consumption of infected the liver, reduces milk and egg production, and makes
foods such as grains, nuts, eggs, milk, and meat them more susceptible to infections from hazardous
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microbes (such salmonellosis) since it suppresses
their immune systems (8). Aflatoxisis affects human
fertility, anemia, and gastrointestinal function (9,10).
The mycotoxins known as aflatoxin come in various
forms. A. parasiticus produces aflatoxins B1, B2, G1,
and G2 while A. flavus only produces aflatoxins B1
and B2 (11,12). The most prevalent aflatoxin, as well
as the one with the greatest harmful effects on people
and carcinogenic effects on sensitive lab animals, is
aflatoxin B1 (13).

In humans and experimental animals, it has
been shown that aflatoxins, notably AFB1, may affect
the endocrine glands and reproductive system to
varied degrees (14). Aflatoxin treatment of adult male
rats produces pathological alterations in the testicles
and epididymis (15), decreased spermatogenesis (16),
decreased weights of epididymis, prostate, and
seminal vesicles (17), reduced spermatid number and
testosterone levels, while causing sperm tail and
nuclear structural defects (16), degeneration of the
Sertoli cells and increased apoptosis (18), reduced
number of Leydig cells, production of immature,
giant, and multinucleated sperm in males (19).

The current study hypothesized that pre-
pubertal aflatoxin B1 exposure may have an impact
on adult spermatogenesis, therefore, the study aims to
investigate the impact of prepubertal aflatoxicosis on
the semen quality after puberty.

Materials and methods
Chemicals

Aflatoxin-B1 with a purity of 98%, extracted
C17H1206,
molecular Weight: 312.3 AMU, white to faint yellow

from Aspergillus flavus (Formula:
powder, and soluble in chloroform) was purchased
from Sigma Company, USA. All the additional

compounds utilized in the current study were of high
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analytical quality and were obtained from c;;nmercial
establishments.
Animal ethics and care

The current research was carried out
according to the guidelines of the National Research
Council for the Care and Use of Laboratory Animals.
The Ethical Council in the College of Veterinary
Medicine, University of Al-Qadisiyah agreed to
conduct this experiment.
Experimental animals

The study was conducted on 80 premature
male rats, 35 days old, and 75-88 g. The animals were
kept at 22 to 25 °C, 75-76% relative humidity, and
12:12 hours of dark and light cycle. The animals had
free access to water and laboratory food at all times.
After acclimatization, the animals were weighed
before treatment and after each period of the
experiment.
Experimental design

The eighty premature male rats were
allocated to control and treatment groups (40 males
each). Control male rats were daily administered with
distilled water per os. Treatment male rats were daily
administered with  Aflatoxin-B1 (0.3mg/kg/day)
(9,20). After 15, 25, and 35 days of treatment (pre-
puberty, puberty, and post-puberty periods,
respectively), ten males from each group were
weighed, anesthetized by intra-peritoneal injections
of ketamine (90 mg/kg BW) and xylazine (40 mg/kg
BW), and sacrificed. Testes, epididymis, seminal
vesicles, and prostates were dissected and weighed.
The relative weight of each organ (g/100g BW) was
calculated.

At puberty (25 days of treatment) and post-
puberty (35 days of treatment), the tail of epididymis
was dissected for semen analysis, including sperm

motility (21), sperm count (22), sperm viability (23),
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and sperm abnormality (24). In brief, sperm number
was calculated by cutting the epididymis tail into
small pieces using a microsurgical blade, and it was
stored at 37 °C for

completely mixed in 1 ml of physiological saline.

examination after being
One drop of the diluted semen was put on a slide
using a micropipette, covered by a cover slide. Using
a microscope's objective lens at a magnification of
40X, sperm counts were counted in 10 tiny areas. The
mean of computed sperms in ten fields was used to
calculate the concentration of sperms
(sperm/milliliter), and the mean was then multiplied
by 1 million (according to the following equation).
Sperm concentration (sperm/ml) =Mean of
calculated sperms in ten field x 108

Abnormal sperm percentage was calculated
by adding a drop of the epididymal tail mixture to a
slide, mixing for 30 seconds, and then spreading with
another slide to generate a smear. The smear was
observed through an oil lens after drying (X100). 200
sperm were thought to be present, and the equation
below was used to identify the abnormal sperm
Abnormal sperms (%) = No. of abnormal sperms /
Total No. of sperms x100

Total sperm motility was calculated by
placing the epididymal tail mixture on a clean, warm,
and dry slide, and mixed thoroughly. Then carefully
inspected using a light microscope with a 10X
objective lens using the following equation:
Sperm motility (%) = No. of motile sperms / Total
No. of sperms x 100

Sperm viability (%) was calculated by
mixing a drop of eosin-nigrosine stain with a drop of
the epididymal tail mixture and examined under the
oil lenses (X100). Since the heads of dead sperm will

be stained while those of live sperm will not, 200
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sperms were calculated. The following eqagtion was
used to compute the proportion of living sperm:

Live sperm (%) = No. of live sperms/Total No. of
sperms x 100

The remaining 10 males from each group
were matted with experienced females (1 male: 2
females) to find out the fertility index, including
pregnancy rate (%), offspring number/dam, duration
of pregnancy (day), and weight at birth (g).

Statistical analysis:

The statistical analysis was conducted using
GraphPad Prism version 5. The mean % standard
deviation (M£SD) was used to present the data. One-
way ANOVA with Newman-Keuls posthoc analysis
determined the significant differences between the
periods within each group. Additionally, the Student's
t-test was used to determine the significant
differences between the groups at each period. The
level of (p<0.05) was considered significant (25).
Results
Relative genital organ’s weight

Table (1) indicates a significant increase
(p<0.05) of testes, epididymis, seminal vesicles, and
prostates in both study groups with age from pre-
puberty, puberty, and post-puberty. As illustrated in
the same table, the relative weight of aflatoxic male’s
testes, epididymis, seminal vesicle, and prostate
decreased significantly (p<0.05) than control, early
after 15 days of treatment (pre-pubertal stage). These
significant differences continued after 25 days and 35
days of treatment (pubertal and post-pubertal stages,

respectively).
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Table 1: Relative genital organ’s weight in aflatoxin-B1 treated male rats.

Relative Period Groups
organ wt C Af
(g/100¢g
bw)
15day 0.522+0.049 Ac 0.401+0.066 Bc
Testes 25day 0.774+0.063 Ab 0.617+0.052 Bb
35day 0.942+0.077 Aa 0.728+0.048 Ba
15day 0.332+0.036 Ac  0.227+0.042 Bb
Epididymis | 25day 0.518+0.057 Ab  0.384+0.034 Ba
35day 0.571+0.063 Aa 0.402+0.062 Ba
Seminal 15day 0.244+0.062 Ac  0.214+0.054 Ab
vesicle 25day 0.378+0.054 Ab 0.2574+0.033 Bab
35day 0.437+0.048 Aa 0.277+0.037 Ba
15day 0.435+0.028 Aa 0.243+0.036 Bb
Prostate 25day 0.731+0.046 Aa 0.458+0.041 Ba
35day 0.772+0.036 Aa 0.434+0.038 Ba

The values are depicted as Mean + SD. The different uppercase letters indicate significant differences (p<0.05)
between groups during each period. Lowercase letters indicate significant differences (p<0.05) between the periods

for each group.

Semen quality

In comparison with control male rats,
aflatoxin-treated male rats revealed a significant
decrease (p<0.05) of sperm motility, sperm count,
and sperm viability and a significant increase

(p<0.05) of sperm abnormality, after 25 and 35 days

When comparing the treatment periods, sperm count
increased significantly (p<0.05) in control males and
decreased significantly (p<0.05) in treated males at
35 day period compared with 25 day period, whereas
sperm motility, viability, and abnormality showed

convergence between the two periods in both groups

of treatment (puberty and post-puberty, respectively). (Table 2).
Table 2: Semen quality in aflatoxin-B1 treated male rats.
Period Groups
Semen C Af
profile
Sperm 25day 78.234+8.327 Aa  43.272+6.133 Ba
motility (%) | 35day 81.742+8.166 Aa  47.748+4.279 Ba
Sperm count | 25day  58.744+7.221 Ab  41.668+5.115 Ba
(million/mL) | 35day 72.883+6.892 Aa  34.952+4.056 Bb
Sperm 25day 70.833t4.325 Ab  34.977+4.118 Ba
viability (%) | 35day 78.178+4.422 Aa  33.81315.362 Ba
Sperm 25day 18.934+1.564 Aa  75.387+5.819 Ba
abnormality | 35day 19.286+1.835Aa  73.036+7.854 Ba
(%)

The values are depicted as Mean + SD. The different uppercase letters indicate significant differences (p<0.05)
between groups during each period. Lowercase letters indicate significant differences (p<0.05) between the periods

for each group.
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Fertility index
Females matted with aflatoxin-treated male
rats revealed a significant decrease (p<0.05) in

pregnancy rate, number of offspring, and litter weight

at birth in comparison with those matted Wlth control
male rats, whereas duration of pregnancy showed no
significant differences (p>0.05) between the study
groups (Table 3).

Table 3: Fertility profile of females mated with aflatoxin-B1 treated male rats.

Groups
Fertility profile C Af
Pregnancy rate | 100 32.33
(%)
Litter No./dam | 8.238+0.787 A | 3.344+0.382 B

21.120+0.602 A

21.383+0.864 B

Duration of
pregnancy
Litter wt (g) on
the 1%t day

5.782+0.109 A

4.226+0.112 B

The values are depicted as Mean + SD. The different uppercase letters indicate significant differences (p<0.05)

between groups.
Discussion

The results of the study showed a decrease in
the relative weights of reproductive organs, sperm
parameters, and fertility index with increased
exposure to AFB1 before puberty for a period of 15,
25, and 35 days. These alterations could be a result of
the hypothalamic-pituitary-gonadal axis indirectly
suppressing reproduction or the direct harmful action
of AFs on the reproductive organs. Aflatoxin toxicity
is caused by extensive and non-specific interactions
between various cell proteins and aflatoxins or their
activated metabolites, which can impair essential
metabolic processes and protein production and result
in cell death (7).

In aflatoxicosis, the intermediate metabolite
AFB1-exo 8,9-epoxide (FBO) is produced as the first
phase of AFB1 metabolism by microsomal
cytochrome enzyme (CYP450), which is thought to
be ultimately accountable for genotoxicity. AFBO is
an unstable chemical that interacts with proteins,
phospholipids, nucleic acids, and other cellular
macromolecules to cause a variety of genetic,

metabolic, signaling, and cell structural disturbances
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(26,27). additional data showed that

AFBL1's induction of oxidative stress (OS) had equally

However,

dramatic or greater impacts on cell function and
integrity (28-30). Genotoxic stimuli, such as exposure
to AFB1, which causes severe DNA damage,
primarily trigger p53-dependent apoptosis, involving
two main regulatory proteins of the family of the Bcl-
2 homology domain 3 (BH3)-only, PUMA and
NOXA, with PUMA being involved in virtually all
p53-dependent apoptotic activities (31).

Furthermore, the development of oxidative
stress (OS) caused by AFB1 metabolism has also
been linked to the mutagenicity of aflatoxins.
Oxidative DNA damage (ODD) is caused by the OS
acting directly on the DNA or indirectly by the
production of byproducts from the lipid peroxidation
(LPO) of membrane phospholipids (29,32). Reactive
oxygen species (ROS) are produced in excess as a
result of the processing of AFB1 by CYP450
enzymes in the liver. ROS can attack DNA's nitrogen
bases and deoxyribose moieties and produce more
than 100 distinct DNA adducts, such as 7,8-dihydro-
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8-0x0-2'-deoxyguanosine which has been utilized as a
biomarker for oxidative DNA damage (29,33,34).
Moreover, physiological strategies involving
antioxidant systems (enzymatic and non-enzymatic
antioxidants) or antioxidant metabolites are typically
used to combat OS, regardless of its source (29,35).
According to the current study, the high levels of OS
caused by aflatoxicosis create an imbalance between
and the antioxidant  defense

oxidants body's

mechanisms, making modulatory means
(antioxidants) ineffective at preventing DNA damage
that must be repaired before replication to maintain
genomic stability and prevent cumulative mutations
and genotoxicity. AFB1 can, however, indirectly
cause DNA damage via OS by generating ROS,
which then attack oxidatively degraded membrane
phospholipids and generate a variety of mutagenic
aldehydes, including malondialdehyde (MDA) (29).

The indirect reproductive suppresses of the
HPG is the pituitary gland's diminished ability to
express FSHpP and LHp genes leads to lower serum
levels of gonadotropins from pituitary gland, and
subsequently testosterone concentrations (17). The
primary regulator of normal spermatogenesis and
male reproductive processes is the HPG axis (36). LH
encourages testosterone secretion from the Leydig
cells, which further increases sperm production, while
FSH stimulates Sertoli cells and aids in the process of
spermatogenesis (37).

Direct cytotoxic effects of AFB1 and/or
decreased testosterone could be the reasons of
decreased semen parameters and increased abnormal
or dead sperms in the current study. According to
previous studies, androgens are crucial in promoting
spermatogenesis in adult rats (38). On the other hand,
oxidative stress may have an impact on the

reproductive system because both spermatogenesis
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(38) and Leydig cell steroidogenesisM‘(“4O) are
vulnerable to oxidative stress and lipid peroxidation
and sperm fertility heavily depends on the existence
of antioxidant mechanisms. In rodents, an increase in
lipid peroxidation has been linked to flatoxicosis (39).
Additionally, it has been demonstrated that
aflatoxicosis raises oxidative stress indicators (41).
Conclusions

In conclusion, pre-pubertal exposure to
AfB1 impairs semen quality in male rats after
could be related to

puberty. This impaired

reproductive performance after puberty, either

directly through oxidative stress-induced testicular

cytotoxicity or indirectly through inhibition of the

HPG axis and ensuing reduction in gonadotropin

secretion, which inhibits both spermatogenesis and

steroidogenesis.

References

1. Rotimi OA, Onuzulu CD, Dewald AL, Ehlinger J,
Adelani IB, Olasehinde OE, Rotimi SO, and
Goodrich JM. Early Life Exposure to Aflatoxin
Bl in Rats: Alterations in Lipids, Hormones, and
DNA Methylation among the Offspring. Int J
Environ Res Public Health. 2021; 18(2): 589.
Doi: 10.3390/ijerph18020589.

2. Nazhand A, Durazzo A, Lucarini M, Souto EB,

and Santini

A. Characteristics, occurrence,

detection and detoxification of aflatoxins in foods

and feeds. Foods. 2020; 9(5): 644. DOI:
10.3390/foods9050644.
3. Moretti A, Pascale M, and Logrieco AF.

Mycotoxin risks under a climate change scenario

in Europe. Trends in food sci. Tech., 2019, 84: 38-

40. DOI: 10.1016/j.tifs.2018.03.008.
4. Mahmood M., and Youkhana S.

changes of experimentally induced Aflatoxicosis

Pathological


http://www.qu.edu.iq/journalvm/index.php/vm
https://doi.org/10.3390%2Fijerph18020589
about:blank
https://doi.org/10.1016/j.tifs.2018.03.008

QJVMS (2024) Vol. 23 No. (1)

Al-Qadisiyah Journal of Veterinary Medicine Sciences
(P-1SSN 1818-5746/ E-ISSN 2313-4429)
www.qu.edu.ig/journalvm

L

in liver of broiler chickens. QJVMS (2012) Vol.
11 No. (1): 58-63.

4. Benkerroum N. Aflatoxins: Producing-Molds,
Structure, Health Issues and Incidence in
Southeast Asian and Sub-Saharan African
Countries. Int J Environ Res Public Health. 2020;
17: 1215. DOI: 10.3390/ijerph17041215.

5. Deng J, Zhao L, Zhang N-Y, Karrow NA, Krumm
CS, Qi D-S, and Sun L-H. Aflatoxin Bl
metabolism: Regulation by phase | and Il
metabolizing enzymes and chemoprotective
agents. Mutat. Res. Rev. Mutat. Res., 2018; 778:
79-89. DOI: 10.1016/j.mrrev.2018.10.002.

6. Benkerroum N. Chronic and Acute Toxicities of

Aflatoxins: Mechanisms of Action. Int J Environ
Res Public Health. 2020, 17(2): 423. Doi:
10.3390/ijerph17020423.

7. Li C, Liu X, Wu J, Ji X, and Xu Q. Research
progress in toxicological effects and mechanism
of aflatoxin B1 toxin. Peer J, 2022; 10: e13850.
DOI: 10.7717/peerj.13850.

8. Dhanasekaran D, Shanmugapriya S, Thajuddin N,

and Panneerselvam  A.  Aflatoxins and
Aflatoxicosis in Human and Animals. Aflatoxins -
Biochemistry and Molecular Biology. 2011, Pp:
221-254 p. Doi: 10.5772/22717.
https://www.intechopen.com/chapters/20393

9. Nurul Adilah Z, and Mohd Redzwan S. Effect of
dietary macronutrients on aflatoxicosis: a mini-
review. J Sci Food Agric., 2017; 97(8): 2277-81.
DOI: 10.1002/jsfa.8234.

10. Saber H, Chebloune Y, Moussaoui A. Molecular

Characterization  of Aspergillus  flavus Strains

Isolated from Animal Feeds. Pol. J. Microbiol.,
2022; 71(4): 589-599. DOI: 10.33073/pjm-2022-
048.

32

11.

12.

13.

14.

15.

16.

17.

Usman M, Javed MR, Mehmood MA, ;—|uma T,
and ljaz A. Isolation of aflatoxigenic Aspergillus
flavus from animal-feed and exploration of the
genetic basis of aflatoxin biosynthesis. Pak. Vet.
J, 2019; 39(4): 541-547. DOI:
10.29261/pakvetj/2019.078.

Mtimet N, Walke M, Baker D, Lindahl J,
Hartmann M, and Grace D. Kenyan awareness of

aflatoxin:  An analysis of processed milk
consumers. Poster presented at the 29th
International ~ Conference  of  Agricultural
Economists (ICAE), Milan, Italy, 8-14 August.
Nairobi: ILR,2015.

Hasanzadeh S, Hosseini E, and Rezazadeh L.
Effects of aflatoxin Bl on profiles of
gonadotropic (FSH and LH), steroid (testosterone
and 17B-estradiol) and prolactin hormones in adult
male rat. Iran. J. Vet. Res.; 2011; 12: 332-336.
DOI:10.22099/1JVR.2011.85.

Murad AF, Ahmed S, and Abead S. Toxicity
effect of aflatoxin B1 on reproductive system of
albino male rats. Pak J Biol Sci, 2015; 18(3): 107—
114. DOI: 10.3923/pjbs.2015.107.114.

Mohammed BJ, Al-Saaidi JAA, and Al-Zwean

DHY. Reprotoxicological ameliorating effect of

camel milk against aflatoxicosis in male rats. J
Pharm Negative Results; 2022; 13(4): 456-462.
DOI:10.47750/pnr.2022.13.04.058.

Mohammed BJ, Al-Saaidi JAA, and Al-Zwean

DHY. The protective role of camel milk against
reprotoxicity, hepatotoxicity, and nephrotoxicity
in aflatoxic-induced male rats. Research J. Pharm.
and Tech.; 2023; 16(3): 1072-8.
DOI:10.52711/0974-360X.2023.00179.

El- Khoury D, Fayjaloun S, Nassar M, Sahakian
J, and Aad PY. Updates on the effect of

mycotoxins on male reproductive efficiency in



http://www.qu.edu.iq/journalvm/index.php/vm
https://doi.org/10.7717/peerj.13850
https://www.intechopen.com/chapters/20393
http://dx.doi.org/10.29261/pakvetj/2019.078
https://doi.org/10.22099/ijvr.2011.85
https://doi.org/10.3923/pjbs.2015.107.114
https://doi.org/10.47750/pnr.2022.13.04.058
https://doi.org/10.52711/0974-360X.2023.00179

QJVMS (2024) Vol. 23 No. (1)

Al-Qadisiyah Journal of Veterinary Medicine Sciences
(P-1SSN 1818-5746/ E-ISSN 2313-4429)
www.qu.edu.ig/journalvm

mammals. Toxins, 2019; 11(9): 515. DOI:
10.3390/toxins11090515.
18. Faridha A, Faisal K, and Akbarsha MA. Aflatoxin

treatment brings about generation of multinucleate

giant spermatids (symplasts) through opening of

cytoplasmic bridges: Light and transmission

electron microscopic study in Swiss mouse.

2007; 24: 403-408. DOI:
10.1016/j.reprotox.2007.04.071.

19. Kudayer AM, Alsandagchi AT, Saleh FM, and

Alwan NA. Toxic effect of aflatoxin B1 on heart,

Reprod. Toxicol.,

lung, and testis of male albino rats: histopathology

study. In IOP Conference Series: Materials
Science and Engineering; 2019; 571(1): 012055.
I0P Publishing. DOI:10.1088/1757-
899X/571/1/012055

20. Cheng D, Zheng XM, Li SW, Yang ZW, and Hu

LQ. Effects of epidermal growth factor on sperm

content and motility of rats with surgically
induced varicoceles. Asian J. Androl., 2006; 8(6),
713-717. DOI: 10.1111/j.1745-
7262.2006.00202.x.

21. Hinting A. Methods of semen analysis. In:

Assessment of human sperm fertilizing ability
(Doctoral dissertation, Ph. D. thesis by Hinting A,
1989. University of Michigan state).

22. Bjorndahl L, Soéderlund 1, and Kvist U.
Evaluation of the one step eosin-nigrosin staining
technique for human sperm vitality assessment.
Human Reproduction (Oxford, England), 2003;
18(4): 813-816. DOl:
10.1093/HUMREP/DEG199.

23. Alizadeh N, Abbasi M, Abolhassani F, Amidi F,
Mahmoudi R, Hoshino Y, Sato E, Ragerdikashani
. Effects

of aminoguanidine on infertile

varicocelized rats: A functional and

33

study. Daru. ZOlO;Ig(l):Sl-G.
PMID: 22615594; PMCID: PMC3232080.

24. Schefler WC. Statistics for the biological
sciences. Addison- Wesley Publishing Company,

2nd ed., 1979. DOI:
10.1002/bimj.19700120316.

25. Rushing BR, and Selim MI. Structure and

morphological

London,

oxidation of pyrrole adducts formed between
aflatoxin B2a and biological amines. Chem. Res.
Toxicol., 2017; 30: 1275-85. DOl:
10.1021/acs.chemrestox.7b00002.

26. Zhuang Z, Huang Y, Yang Y, and Wang S.
Identification of AFB1-interacting proteins and
interactions between RPSA and AFBL. J. Hazard.
Mater., 2016;  301:  297-303. DOI:
10.1016/j.jhazmat.2015.08.053.

27. Bedard LL, and Massey TE. Aflatoxin B1-

induced DNA damage and its repair. Cancer
Lett. 2006; 241 174-183.
DOI: 10.1016/j.canlet.2005.11.018.

28. Klaunig JE, Kamendulis LM, and Hocevar BA.
Oxidative

stress and oxidative damage in
carcinogenesis. Toxicol. Pathol., 2009; 38: 96-
109. DOI: 10.1177/0192623309356453.

29. Ayala A, Munoz MF, and Arguelles S. Lipid

peroxidation:

Production, metabolism, and
signaling mechanisms of malondialdehyde and 4-
Med. Cell.

360438.

hydroxy-2-nonenal. Oxid.
Longev., 2014, 2014:
DOI: 10.1155/2014/360438.
30. Yu J, and Zhang L. PUMA, a potent killer with or
p53. Oncogene, 2008; 27: S71-S83.
DOI: 10.1038/0nc.2009.45.
31. Ignatov AV, Bondarenko KA, and Makarova AV.

without

Non-bulky lesions in human DNA: The ways of

formation, repair, and replication. Acta Nat, 2017;


http://www.qu.edu.iq/journalvm/index.php/vm
https://doi.org/10.3390/toxins11090515
https://doi.org/10.1016/j.reprotox.2007.04.071
about:blank
about:blank
https://doi.org/10.1111/j.1745-7262.2006.00202.x
https://doi.org/10.1111/j.1745-7262.2006.00202.x
https://doi.org/10.1093/HUMREP/DEG199
https://doi.org/10.1002/bimj.19700120316

QJVMS (2024) Vol. 23 No. (1)

32.

33.

34..

35.

36.

Al-Qadisiyah Journal of Veterinary Medicine Sciences
(P-1SSN 1818-5746/ E-ISSN 2313-4429)
www.qu.edu.ig/journalvm

9: 12-26. DOI: 10.32607/20758251-2017-9-3-12-
26.
Evans MD, Dizdaroglu M, and Cooke MS.

Oxidative DNA damage and disease: Induction,

repair and significance. Mutat. Res., 2004; 567:
1-61. DOI: 10.1016/j.mrrev.2003.11.001.

Cooke MS, Evans MD, Dizdaroglu M, and Lunec
J. Oxidative DNA damage:
mutation, and disease. FASEB J., 2003; 17: 1195-
1214, DOI: 10.1096/fj.02-0752rev.

He L, He T, Farrar S, Ji L, Liu T, and Ma X.
Antioxidants maintain cellular redox homeostasis

Mechanismes,

by elimination of reactive oxygen species. Cell
Physiol. Biochem., 2017; 44; 532-553.
DOI: 10.1159/000485089.

Achermann JC, and Jameson JL. Fertility and

infertility:  genetic  contributions from the
hypothalamic-pituitary-gonadal axis. Mol.
Endocrinol., 1999; 13: 812-8. DOIl:

10.1210/mend.13.6.0301.
Oduwole OO, Peltoketo H, and Huhtaniemi IT.

Role of follicle-stimulating hormone in
spermatogenesis. Front Endocrinol, 2018; 9: 763.

DOI: 10.3389/fend0.2018.00763.

34

37.

38.

39.

40.

O'Donnell L, Pratis K, Stanton PG, Eobertson
DM, and McLachlan RI. Testosterone-dependent
restoration of spermatogenesis in adult rats is
impaired by a 5alpha-reductase inhibitor. J
Androl., 1999; 20(1): 109-17. PMID: 10100481.
Peltola V, Mantyla E, Huhtaniemi I, and Ahotupa
M. Lipid peroxidation and antioxidant enzyme
activities in the rat testis after cigarette smoke
inhalation or administration of polychlorinated
biphenyls or polychlorinated naphthalenes. J
Androl., 1994; 15(4): 353-61. PMID: 7982804.
Chen H, Liu J, Luo L, Baig MU, Kim JM, and
Zirkin BR. Vitamin E, aging and Leydig cell
steroidogenesis. Exp Gerontol., 2005; 40(8-9):
728-36. DOI: 10.1016/j.exger.2005.06.004.
Chowdhury P, Soulsby ME, and Scott JL. Effects

of aminoguanidine on tissue oxidative stress

induced by hindlimb unloading in rats. Ann Clin
Lab Sci., 2009; 39: 64-70. PMID: 19201744.


http://www.qu.edu.iq/journalvm/index.php/vm

