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ABSTRACT

Background: Male infertility means that a man cannot start a pregnancy 
with the female partner. In this relation, the fatal impact of environment 
factors such as heavy metals was reported a worldwide concern. Recent 
studies revealed that high concentrations of lead could cause a decrease 
in sperm motility, volume, count, concentration and activity. Zinc, 
coenzyme Q10 and vitamin C as effective antioxidants were discussed 
in this relation. So this study evaluated the protective effect of zinc, 
coenzyme Q10 in combination with vitamin C against lead acetate 
induced testicular toxicity and oligospermia in rats. 
Methods: Thirty adult male rats were allocated to five equal groups 
including control, induced lead (LA), Zinc, coenzyme Q10 and their 
combination with vitamin C as treatment groups. They were administered 
orally by gavage two hours before lead acetate induction. Semen profile 
and gonadal histopathology were assessed at the end 21 days. 
Results: LA exposure could lead to oligospermia and a decrease in sperm 
motility, viability and abnormality in morphology. Zinc, coenzyme 
Q10 and their combination with vitamin C resulted in a significant 
higher number of normal sperms up. Histopathological findings showed 
protective effects of zinc, coenzyme Q10 and their combination and 
establishment of a normal histoarchitecture in testis with normal sperms. 
Conclusion: Supplementation with zinc, coenzyme Q10 and their 
combination with vitamin C could overcome the lead induced testicular 
injuries and oligospermia and result in an increase in sperms quality of rats. 
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Introduction
Infertility as a disease of the reproductive system 
crashes the capacity a person to be capable to have 
children and can affect a male, a female or both. 
Man infertility usually has a tough problem with 
his gonads and cannot start a pregnancy with 

his female partner (1). Potential links between 
exposure to environmental toxicants such as lead 
and oligospermia that lead to male fertility were 
demonstrated (2). Exposure to environmental 
pollutants was illustrated to affect sperm 
manufacturing (3). Furthermore, some chemicals 
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can cause direct damaging effects on accessory 
male gonads and the testis such as 1,2-Dibromo-3-
Chloropropane (DBCP) effects on germ cells (4). It 
is estimated that infertility disorder enrolls 8-12% 
of couples globally, while the male factor was shown 
to be the first reason to contribute approximately 
50% of married men (5). 

However, lead (Pb2+) as a toxic element to testicles 
can lead to infertility (6). In this relation, the role 
of dietary antioxidants to maintain the testis from 
damage was described before (7). The fatal impact of 
heavy metals on fertility is still a worldwide concern. 
Lead acetate as a heavy metal can be naturally 
found in the environment (8). Lead exposure by 
human can impact on other body systems too such 
as cardiovascular system, renal system, respiratory 
system, nervous system and gastrointestinal 
system (9-13). Lead acetate (LA) as an industrial 
environmental pollutant can endanger many body 
organs such as bone, lung, liver, kidney, immune 
system and the gonads (14). Mechanism of testicular 
injury triggered by LA is an oxidative stress process 
which can be developed by the inequity between the 
capacity of the antioxidants and the free radicals 
in the testis (15, 16). A recent study revealed that 
testicular toxicity induced by LA can involve free 
radicals such as hydroxyl ion (OH-), superoxide ion 
(O-2), and nitric oxide (NO) (17). It was shown that 
toxicity with high concentrations of LA can decrease 
sperm motility, volume, count, concentration, and 
activity (18, 19).

Coenzyme Q10 is the main element in the 
chain of electron transportation in eukaryotic cell 
mitochondria and is important for energy production 
(7). Q10 supplementation was mentioned to have a 
beneficial role in prevention and treatment of many 
diseases such as cardiovascular and cancer diseases 
(20). Furthermore, it was documented that Q10 has 
anti-inflammatory and antioxidant properties and 
is able to avoid lipid peroxidation (21). Coenzyme 
Q10 found endogenously in the seminal fluid is very 
important, as its deficiency can cause a reduction in 
sperm parameters; so it is used to treat infertility 
in men and to improve the density, morphology, 
motility and count of the sperms (22). Vitamin 
C is a common and available antioxidant that is 
important in treatment of oxidative stress process 
and in immunomodulation and can enhance the 
absorption of iron (23). Zinc is an essential trace 
element and its deficiency can impair numerous 
functions in human body as it is an essential ion 
in reactions of a great number of proteins and 
enzymes. Zinc is an important ion in the proteins 
called (zinc finger protein) and also can increase 
the transcription and replication of DNA; while 

in contrast lead can induce DNA damage (24). A 
recent study revealed that zinc has a protective role 
against the lead-induced testicular damage through 
the maintenance of the physiology and the anatomy 
of testis and can improve spermatogenesis by down 
regulating Xanthine Oxidase (XO)/uric acid (UA)/
caspase 3-mediated apoptosis and up-regulating 
the steroidogenic enzymes (25). This study was 
designed to evaluate the protective effect of zinc and 
Q10 supplementation in combination with vitamin 
C against lead acetate induced testicular injury and 
oligospermia in rats.

Materials and Methods
Lead acetate was purchased from Sigma-Aldrich 
and Q10 coenzyme, zinc and vitamin C were 
obtained from Now Company. Adult male Wistar 
rats (n=30) weighing approximately (200-250 g) 
were obtained from college of veterinary medicine\
university of Basrah, Basrah, Iraq; while they 
were acclimated for a period of one week before 
starting experiments. They were caged in a plastic 
cage in an air-conditioned room with standard 
bed, food pellets and water ad libitum. All animal 
experiments were carried out in accordance with 
international guidelines; while they were approved 
by the National Institute of Health (86/609/EEC) 
as guidelines for working with laboratory animals. 
Animal care was undertaken according to the local 
ethical committee at the College of Pharmacy, 
University of Basrah, Basrah, Iraq (Approval 
number of EC71).

The 30 male rats were allocated into 5 equal 
groups as (i) control group that received only tap 
water; (ii) induced LA group that received 50 mg/kg 
of LA daily via a gavage for 3 weeks (26); (iii) zinc 
group that received 20 mg/kg of zinc in combination 
with 100 mg/kg of vitamin C (27); (iv) Q10 group 
that received 100 mg/kg of Q10 in combination with 
100 mg/kg of vitamin C (28); (v) combined group 
that received zinc, Q10 and vitamin C (100 mg/kg). 
A total of 50 mg/kg of LA two hours before the 
antioxidant feeding was administered daily by an 
oral tube for 21 days. The weight was determined 
at the starting point of the experiments every week 
until they were sacrificed. Water and food intake 
was measured daily for 21 days and the general vital 
signs of rats were recorded. 

On day 21, all rats were sacrificed after anesthesia 
by diethyl ether inhalation and then their testes and 
epididymis were excised. Sperm evaluation such 
as sperm count, motility, viability was assessed 
from cauda epididymis. Rat testes were fixed in 
10% formalin, sectioned, and embedded in paraffin 
and then were sectioned to 4-5 μm thickness and 



Al-Mozie'l

Int J Nutr Sci December 2025;10(4)

stained by hematoxylin and eosin stain (H&E) under 
a microscope. Statistical analysis was carried out 
using Graph Pad Prism software (version 7.0, Inc., 
San Diego, CA). Descriptive data were presented 
statistically as mean SEM for wholly estimated 
parameters. One-way analysis of variance (ANOVA) 
and Tuckey’s multiple comparison tests were utilized 
for comparison between groups. A p value less than 
0.05 was considered to be significant.

Results
Rats exposed to LA displayed a lower sperm 
quality than other groups based on lack of sperm 
count, motility and viability. Furthermore, 
numerous abnormal sperm morphologies such 
as decapitated, double-tailed, double-headed, 
microcephalic and macrocephalic sperms were 
noticed in LA group. Sperm malformation rate in 
LA group was higher than the control group too 
(p<0.001) (Figure 1). Sperm count in rats treated 
with zinc in combination with vitamin C before 
LA administration was significantly higher than 
other groups. Sperm motility in zinc+vitamin C, 
Q10+vitamin C and zinc+Q10+vitamin C groups 
was significantly higher than LA group; but still 
lower than the control group (p<0.001). Regarding 

sperm morphology, LA group showed lowered 
number of normal sperms than the control group; 
however, zinc+vitamin C, Q10+vitamin C and 
zinc+Q10+vitamin C treatment groups displayed 
a significantly higher number of normal sperms 
than LA group. The results revealed significant 
higher percentage of dead sperms in LA and 
zinc+vitamin C groups when compared with the 
control group; however, zinc+vitamin C group 
showed less percentage of dead sperms than LA 
group. Treatment with Q10+vitamin C revealed no 
dead sperms as illustrated in Figure 1. 

Control group displayed normal histoarchitecture 
of the testis that was full of sperms (Figure 2A). 
Testis in LA group illustrated marked Leydig cell 
damage and vacuolation, in addition to thickness 
and depletion of spermatogonia, spermatocytes and 
spermatids in seminiferous tubules (Figure 2B). 
Testis of the zinc+vitamin C group demonstrated 
improvement in seminiferous tubules with 
sperms found in the lumen (Figure 2C). Testis of 
the Q10+vitamin C group showed seminiferous 
tubules restoration with some vacuolation (Figure 
2D). Treatment with zinc+Q10+vitamin C revealed 
normal histoarchitecture of the testis that was full 
of sperms (Figure 2E).

Figure 1: Effects of zinc, Q10 or both in combination with vitamin C supplementation on sperm quality, two hours 
before lead acetate administration (sperm count, motility, morphology and % of dead sperms). Sperms were obtained 
from the cauda epididymis of rats treated with lead acetate with or without above supplementations for 21 days. Data 
were expressed as mean±SEM (n=6) based on one-way ANOVA, *p<0.05, **p<0.01, ***p<0.001 when compared with 
the control group. The symbol * represents significant difference of p<0.05 between groups. The symbol ** represents 
a highly significant difference p<0.01.
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Discussion
Exposure to heavy metals among the other toxicants 
in the environment can result in testicular damage 
and sex hormone turbulences that can have a 
negative influence on male fertility (2, 30). Exposure 
to lead has extensive adverse impacts on humans 
and animals. In our study, long term contact to LA 
could reduce sperm quality and disturb testicular 
tissue construction and spermatogenesis, and 
finally reduce sperm count, motility and viability 
(3, 17). Furthermore, numerous abnormal sperms 
morphology such as decapitated, double-tailed, 
double-headed, microcephalic and macrocephalous 
sperm were reported in LA group and sperm 

malformation rate in LA group was higher than 
the control group. These effects may be related to 
oxidative damage by reactive oxygen species and 
our findings are consistent with the results of other 
studies (17, 23, 25, 30). 

Food supplementation with zinc and vitamin 
C before LA administration showed a significant 
increase in sperm count and motility when compared 
to LA alone treatment group; but still it was lower 
than the control group (31). These results are in cope 
with a previous study revealing that zinc decreased 
testicular oxidative stress and inflammation induced 
by lead through downregulation of XO/UA signaling 
and increased the level of γ-glutamyl-cysteinyl-

Figure 2: Light micrographic section of rat testis (stained by H& E: X200) after treatment with zinc, Q10 or both in 
combination with vitamin C supplementation, two hours before lead acetate (LA) administration. (A) Control group 
appeared normally in seminiferous tubules with full of spermatozoa that had normal architecture in germinal cell 
proportion and Leydig cells. (B) Lead acetate group showing severe germ cell loss and vacuolization, sloughing of germ 
cells into the tubular lumen, impaired spermatogenesis and edema. (C) zinc+vitamin C group demonstrated improvement 
in seminiferous tubules with appearance of sperms in the lumen. (D) Q10+vitamin C group showed seminiferous tubules 
restoration with some vacuolation and edema. (E) zinc+Q10+vitamin C group revealed normal histoarchitecture of the 
testis and full of sperms. (H&E, 200X magnification). 
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glycine (GSH); therefore, stopping the inflammation 
that was dependent on nuclear factor kappa-light-
chain-enhancer of activated B cells (NF-κB) (32).

Also, food supplementation with Q10+vitamin 
C before LA exposure exhibited a significant 
increase in sperm motility when compared to LA 
alone treatment group; but it was still lower than the 
control group. Coenzyme Q10 that plays a main role 
in electrons transporting chain (33, 34) can have a 
protective role in testes after magnetic field exposure 
(35). Another study found its protective effect on the 
testes after ischemia/reperfusion injuries (36). The 
protection effect on the testes after sodium arsenite 
toxicity in addition to coenzyme Q10 could increase 
the expression and the level of antioxidant enzymes 
and glutathione; moreover, coenzyme Q10 could 
decrease oxidative stress in testes by suppressing 
lipid peroxidation and increasing antioxidant enzyme 
activity (7, 37). 

Regarding sperm morphology, all treatment 
groups illustrated lowered number of normal sperms 
than the control group; however, zinc+vitamin C, 
Q10+vitamin C and zinc+Q10+vitamin C treatment 
groups displayed a significant higher number of 
normal sperms than LA group. These results revealed 
a significant higher percentage of dead sperms in 
LA and zinc+vitamin C groups in comparison to 
the control group; however, zinc+vitamin C showed 
less percentage of dead sperms than LA group (38). 
Furthermore, treatment with Q10+vitamin C revealed 
no dead sperms and these findings were in consistent 
with recent studies reporting that 180 male patients 
who received an antioxidant mixture containing 
40 mg coenzyme Q10 daily for three months could 
increase the sperm density and morphology; but not 
sperm motility (39, 40).

Conclusion
Food supplementation with zinc, Q10 or both in 
combination with vitamin C was demonstrated 
to have protective effects against lead acetate 
induced testicular toxicity. Furthermore, these 
supplementations can increase sperm quality. 
Further studies on humans are needed to confirm 
these results.

Acknowledgement
I would like to thank all members who participated 
in this research.

Funding
There is no funding to report for this manuscript.

Authors’ Contribution
All this work was done with my personal effort.

Conflict of Interest
None declared.

References
1	 Karimaghai N, Tamadon A, Rahmanifar F, et 

al. Spermatogenesis after transplantation of 
adipose tissue-derived mesenchymal stem cells 
in busulfan-induced azoospermic hamster. Iran 
J Basic Med Sci. 2018;21:660. DOI: 10.22038/
IJBMS.2018.29040.7010. PMID: 30140403.

2	 Khodabandeh Z, Dolati P, Zamiri MJ, et al. 
Protective Effect of Quercetin on Testis Structure 
and Apoptosis Against Lead Acetate Toxicity: 
an Stereological Study. Biol Trace Elem Res. 
2021;199:3371-3381. DOI:10.1007/s12011-020-
02454-8. PMID: 33107017.

3	 Hajihoseini M, Vahdati A, Ebrahim Hosseini S, 
et al. Induction of spermatogenesis after stem cell 
therapy of azoospermic guinea pigs. Veterinarski 
Arhiv. 2017;87:333-50. DOI: 10.24099/vet.
arhiv.151209.

4	 Irani D, Mehrabani D, Karimi-Busheri F. 
Mesenchymal stem cells in regenerative 
medicine, possible applications in the 
restoration of spermatogenesis: a review. Cell 
J (Yakhteh). 2024;26:169-84. DOI: 10.22074/
cellj.2024.2015141.1442. PMID: 38628090.

5	 Ashok Agarwal, Saradha Baskaran, Neel Parekh, 
et al. Male infertility. Lancet. 2021;397:319-333. 
DOI: 10.1016/S0140-6736(20)32667-2. PMID: 
33308486. 

6	 Dolati P, Zamiri MJ, Akhlaghi A, et al. 
Reproductive and embryological toxicity of 
lead acetate in male mice and their offspring 
and mitigation effects of quercetin. J Trace 
Elem Med Biol. 2021;67:126793. DOI: 10.1016/j.
jtemb.2021.126793. PMID: 34049200

7	 Aliabadi E, Amooei F, Khozani TT, et al. 
Does coenzyme Q10 supplementation protect 
spermatogenesis in ciprofloxacin-induced rat 
testes? Clin Exp Reprod Med. 205;52:167-177. 
DOI:10.5653/cerm.2024.07017. PMID: 39301757.

8	 Dolati P, Khodabandeh Z, Zamiri MJ, et al. The 
effect of lead acetate and quercetin on the tight 
and gap junctions in the mouse testis. Biol Trace 
Elem Res. 2020;198:535-43. DOI: 10.1007/s12011-
020-02079-x. PMID: 32232643.

9	 Zakerinia M, Amirghofran S, Namdari M, et al. 
Relationship between exposure to pesticides and 
occurrence of acute leukemia in Iran. Asian Pac 
J Cancer Prev. 2015;16:239-44. DOI: 10.7314/
apjcp.2015.16.1.239. PMID: 25640359.

10	 Panahi M, Karimaghai N, Rahmanifar F, et al. 
Stereological evaluation of testes in busulfan-
induced infertility of hamster. Comp Clin Pathol. 



Zinc, Q10 and vitamin C in oligospermia 

Int J Nutr Sci December 2025;10(4)

2015;24:1051-6. 
11	 Katarzyna K, Michal W, Malgorzata S . 

Ultrastructural changes in lung tissue after acute 
lead intoxication in the rat. J Electron Microsc. 
2011;60:289-294. DOI: 10.1093/jmicro/dfr035. 
PMID: 21606044. 

12	 Kumawat KL, Kaushik DK, Goswami P, Basu 
A . Acute exposure to lead acetate activates 
microglia and induces subsequent bystander 
neuronal death via caspase-3 activation. 
Neurotoxicology. 2014;41:143-153. DOI: 10.1016/j.
neuro.2014.02.002 . PMID: 24530660.

13	 Xiao X, Zhang C, Liu D, et al . Prevention 
of gastrointestinal lead poisoning using 
recombinant Lactococcus lactis expressing 
human metallothionein-I fusion protein. Sci Rep. 
2016;6:23716. DOI: 10.1038/srep23716. PMID: 
27045906.

14	 Flora G, Gupta D, Tiwari A. Toxicity of lead: A 
review with recent updates. Interdiscip Toxicol. 
2012;5:47-58. DOI: 10.2478/v10102-012-0009-2. 
PMID: 23118587. 

15	 Owolabi JO, Ghazal OK, Williams FE, et al. 
Effect of Moringa oleifera (Drumstick) leaf 
extracts on lead induced testicular toxicity in 
adult Wistar rat (Rattus novergicus). Int J Biotech 
Biomed Res.2012;2:4003-4009.

16	 Mortazavi SMJ, Shekoohi Shooli F, Kadivar F, 
et al. Role of Adipose Tissue-Derived Stem Cells 
together with Vitamin C on Survival of Rats with 
Acute Radiation Syndrome. J Biomed Phys Eng. 
2024;14:1-10. DOI: 10.31661/jbpe.v0i0.2311-1680.

17	 Patrick L. Lead toxicity part II: the role of free 
radical damage and the use of antioxidants in the 
pathology and treatment of lead toxicity. Altern 
Med Rev. 2006;11:114-127. PMID: 16813461.

18	 Oyeyemi AW, Anyanwu CP, Akinola AO, et al 
. Clomiphene citrate ameliorated lead acetate-
induced reproductive toxicity in male Wistar 
rats. JBRA Assist Reprod. 2019;23:336-343. DOI: 
10.5935/1518-0557.20190038. PMID: 31173495. 

19	 Delavarifar S, Razi Z, Tamadon A, et al. Low-
power density radiations emitted from common 
Wi-Fi routers influence sperm concentration and 
sperm histomorphometric parameters: a new 
horizon on male infertility treatment. J Biomed 
Phys Eng. 2020;10:167-176. DOI: 10.31661/jbpe.
v0i0.581. PMID: 32337184.

20	 Sarmiento A, Diaz-Castro J, Pulido-Moran M, et 
al. Coenzyme Q10 supplementation and exercise 
in healthy humans: a systematic review. Curr 
Drug Metab. 2016;17:345-358. DOI: 10.2174/1
389200216666151103115654. PMID: 26526835. 

21	 Mirmalek SA, A. Gholamrezaei Boushehrinejad, 
H. Yavari, et al. Antioxidant and Anti-

Inflammatory Effects of Coenzyme Q10 on 
L-Arginine- Induced Acute Pancreatitis in Rat. 
Oxid Med Cell Longev. 2016;2016:5818479. DOI: 
10.1155/2016/5818479. PMID: 27190575.

22	 Balercia G, Mosca F, Mantero F, et al. Coenzyme 
Q(10) supplementation in infertile men with 
idiopathic asthenozoospermia: an open, 
uncontrolled pilot study. Fertil Steril. 2004;81:93-
8. DOI: 10.1016/j.fertnstert.2003.05.009. PMID: 
14711549.

23	 Ommati MM, Ahmadi HN, Sabouri S, et al. 
Glycine protects the male reproductive system 
against lead toxicity via alleviating oxidative 
stress, preventing sperm mitochondrial 
impairment, improving kinematics of sperm, 
and blunting the downregulation of enzymes 
involved in the steroidogenesis. Environ. Toxicol. 
2022;37:2990-3006. DOI:10.1002/tox.23654. 
PMID: 36088639.

24	 MacDonald RS. The role of zinc in growth and 
cell proliferation. J Nutr. 2000;130:1500S-8S. 
DOI:10.1093/jn/130.5.1500s. PMID: 10801966.

25	 Besong EE, Ashonibare PJ, Obembe OO, et al. 
Zinc protects against lead-induced testicular 
damage via modulation of steroidogenic and 
xanthine oxidase/uric acid/caspase 3-mediated 
apoptotic signaling in male Wistar rats. Aging 
Male. 2023;26:2224428. DOI:10.1080/13685538
.2023.2224428. PMID: 37351853.

26	 Muhsin SG, Almozie’l, Abbas A. Khudhair, 
Mohammed A. Qathee. ALLEVIATING 
REPRODUCTIVE DYSFUNCTION OF LEAD 
ACETATE IN MALE RAT: THE ROLE OF 
CURCUMIN AND METFORMIN. Bull 
Pharm Sci Assiut Univ. 2024;47:1263-1272. 
DOI:10.21608/bfsa.2024.308078.2216

27	 Abdulidha NA, Jaccob AA, AL-Moziel MSG. 
Protective effects of Co-Q10, Ginkgo biloba, 
and l-carnitine on brain, kidney, liver, and 
endocrine system against sub-acute heavy metals 
toxicity in male rats. Toxicol Environ Health 
Sci. 2020;2020:331341. DOI:10.1007/s13530-020-
00061-7.

28	 Shahad Mohammed Najeb , Ausama Ayob 
Jaccob, Muhsin S G Al-Moziel , Hayder 
Mohammed Abdulhameed. Cardioprotective 
and antioxidant effects of taxifolin and vitamin 
C against diazinone-induced myocardial 
injury in rats. Enviro Anal Health and Toxicol. 
2022;37:e2022002.  DOI:10.5620/eaht.2022002. 
PMID: 35108778.

29	 Ren J, Cui J, Chen Q, et al. Low-level lead 
exposure is associated with aberrant sperm 
quality and reproductive hormone levels in 
Chinese male individuals: Results from the 



Al-Mozie'l

Int J Nutr Sci December 2025;10(4)

MARHCS study low-level lead exposure 
is associated with aberrant sperm quality. 
Chemosphere. 2020;244:125402. DOI: 10.1016/j.
chemosphere.2019.125402. PMID: 31809925. 

30	 Hosseini SE, Mehrabani D, Razavi FS. The effect 
of palm pollen extract on sexual hormones and 
the numbers of spermatozoa dynastic cell in adult 
male mice. J Tabriz Univ Med Sci. 2015;37:20-5.

31	 Payehdar A, Hosseini SE, Mehrabani D. 
Histomorphometric and Histological assessments 
of transplantation of adipose tissue-derived 
stem cells in busulfan-induced azoospermic 
testis of mice. Adv Hum Biol. 2023;13:192-198. 
DOI:10.4103/aihb.aihb_161_21.

32	 Nohl H, Gille L, Kozlov AV. Critical aspects of 
the antioxidant function of coenzyme Q10 in 
biomembranes. Biofactors. 1999;9:155-61. DOI: 
10.1002/biof.5520090210. PMID:10416027.

33	 Ramadan LA, Abd-Allah AR, Aly HA, Saad-
El-Din AA. Testicular toxicity effects of 
magnetic field exposure and prophylactic role 
of coenzyme Q10 and L-carnitine in mice. 
Pharmacol Res. 2002;46:363-70. DOI: 10.1016/
s1043661802001718. PMID: 12361700.

34	 Acosta DD, Ali M, Hamidi N, et al. A Public 
Health‒Community Partnership to Address Lead 
Poisoning in King County, Washington. Am J 
Public Health. 2025;115:142-145. DOI: 10.2105/
AJPH.2024.307905. PMID: 39637332.

35	 Erol B, Bozlu M, Hanci V, et al. Coenzyme Q10 
treatment reduces lipid peroxidation, inducible 
and endothelial nitric oxide synthases, and 

germ cell–specific apoptosis in a rat model 
of testicular ischemia/reperfusion injury. 
Fertility Steril. 2010;93:280-2. DOI: 10.1016/j.
fertnstert.2009.07.981. PMID: 19683231. 

36	 Fouad AA, Al-Sultan AI, Yacoubi MT. Coenzyme 
Q10 counteracts testicular injury induced by 
sodium arsenite in rats. Eur J Pharmacol. 
2011;655:91-8. DOI: 10.1016/j.ejphar.2010.12.045. 
PMID: 21262220.

37	 Parisa Dolati P , Zamiri MJ, et al . Reproductive 
and embryological toxicity of lead acetate in male 
mice and their offspring and mitigation effects of 
quercetin. J Trace Elem Med Biol . 2021;67:126793. 
DOI:10.1016/j.jtemb.2021.126793. PMID: 
34049200.

38	 Nazari L, Salehpour S, Hosseini S, et al. 
Effect of antioxidant supplementation 
containing L-carnitine on semen parameters: 
a prospective interventional study. JBRA Assist 
Reprod. 2021;2:25:76-80. DOI:10.5935/1518-
0557.20200043. PMID: 32598834.

39	 Dolati P, Khodabandeh Z, Zamiri MJ, et al. The 
effect of lead acetate on tight and gap junctions 
and the role of antioxidants to improve the blood 
testis barrier. Biol Trace Elem Res. 2020;198:535-
543. DOI:10.1007/s12011-020-02079-x. PMID: 
32232643.

40	 Krzastek SC, Farhi J, Gray M, et al. Impact of 
environmental toxin exposure on male fertility 
potential. Transl Androl Urol. 2020:9(6):2797-
2813. DOI:10.21037/tau-20-685. PMID: 33457251.


