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Ameliorative Effects of N Acetyl Cysteine and Zinc Sulfate on Reproductive Dysfunction
Induced by Short Term Crude Oil Exposure in Male Wistar Rats

ABSTRACT

Background:Crude oil contamination by accidental or voluntary ingestion is prevalent in the
Niger Delta region of Nigeria. One of the possible impacts of crude oil contamination is
reproductive toxicity leading to infertility. The present study evaluated the potential protective
effects of N-Acetyl Cysteine (NAC) and Zinc Sulfate (ZnSO,)in mitigating reproductive
dysfunction caused by short-term Bonny Light Crude oil (BLCO) exposure in male Wistar rats.

Materials and Methods: Fifty (50) male Wistar (180 — 200g) were used for the study. They
were divided into ten (10) groups of five (5) animals each. Groups I'and |l served as the control
and negative control and received distilled water and BLCO (600mg/kg) respectively while
groups 111 to X served as the experimental groups and received NAC (100 and 200mg/kg) and
ZnSO, (0.5mg/kg and 1mg/kg) orally for three (3) weeks. Animals were euthanized, and blood
and semen were collected for biochemical and seminal analysis.

Results: The results of this current study show that BLCO exposure caused a disruption in
reproductive functions in rats by decreasing reproductive hormones and semen quality
parameters in Wistar rats. NAC and.ZnSO4administration significantly improved semen quality
parameters by improving sperm count, sperm motility and morphology in experimental rats.

Conclusion: Evidence fromthe present study suggests that NAC and ZnSO4 protected the testes,
preventing reproductive alterations linked'to BLCO exposure

Keywords; Crude Oil, Bonny crude light oil, N-Acetyl Cysteine, Zinc Sulphate, reproductive
dysfunction

INTRODUCTION

Petroleum pollution is a prevalent issue that can occur both accidentally and during routine
operations wherever oil is produced, transported, stored, processed, or utilized, whether on land
or at sea. On land, petroleum products often represent a significant portion of the contaminants
found at polluted sites [1, 2]. Despite the economic importance of crude oil in Nigeria, its
exploration has brought about many pollution problems, caused by oil spillage which is a
common occurrence in Nigeria [3, 4]. Interestingly, the traditional practice of consuming crude
oil for its purported medicinal benefits is becoming more widespread [5]. They are directly used
as curative agents for anti-poisoning (snake venom antidotes), anti-convulsion, treatment of skin
infection or indirectly by eating marine animals found in surrounding coastal waters as a source
of protein [6]. Bonny light crude oil (BLCO) is used in combination with olive oil in folklore
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medicine in some parts of the Niger Delta region of Nigeria to treat burns, gastrointestinal
disorders, ulcers, witchcraft attacks and poisoning [6-8]. The pattern of crude oil toxicity
involves multiple mechanisms that cause damage to living organisms: Polycyclic aromatic
hydrocarbons (PAHS) in crude oil generate reactive oxygen species (ROS), causing oxidative
stress that damages cells and DNA, leading to mutations and cancer risks [9, 10]. These PAHs
are also known to disrupt heart development and function. Similarly, volatile organic compounds
(VOCs) like benzene impair nervous system and respiratory system function, leading to
cognitive, and behavioural issues, long long-term lung damage [11-13]. Studies have equally
demonstrated significant immunotoxicity due to crude oil exposure, leading to a weakened
immune system and increased susceptibility to diseases [14, 15]. Several chemicals contained in
BLCO have been identified as endocrine disruptors, resulting in unwanted reproductive
malfunction and developmental disorders [7, 16-19].

Infertility is one of the major health-therapeutic problems in different societies [20], affecting
between fifty and eighty million couples at some point in their reproductive lives globally [21].
Approximately 8% of men seek medical help for fertility-associated problems [22]. An estimated
3-4 million Nigerian couples have fertility-associated problems [23]. Infertility affects about 20-
30% of couples in Nigeria and around the world, irrespective of their race or ethnicity [24].
Studies have shown that BLCO significantly impairs reproductive functions by causing reduced
sperm count, sperm motility and normal morphology within seven days of administration [1, 17,
18]. The mechanism behind the reproductive damage caused by BLCO is associated with the
generation of free radicals, reactive oxygenand reactive nitrogen species which overwhelm
cellular antioxidant systems and induce cellular damage [25]. Oxidative stress occurs when the
balance between the production of reactive species and the antioxidant defence system is
disrupted [26-28]. Cellular injury is primarily due to the inability of the antioxidants to neutralize
the effects of the oxygen radicals; which have ultimately led to infertility [25]. Antioxidants are
molecules that prevent oxidative.damage by scavenging reactive oxygen species (ROS) or
inhibiting their production, thereby limiting or preventing the oxidation of other molecules [29-
32]. Antioxidant compounds such as N-acetylcysteine (NAC) plays an important role in the
protection of cell.constituents from oxidative stress [33] by acting as a cysteine supplier,
maintains and increases the intracellular levels of glutathione [34, 35]. Zinc (Zn) is another
important trace element found in small amounts in a variety of cells and tissues of organisms, it
is a cofactor of more than 300 enzymes [36]. It is reported to be necessary for signal
transduction, DNA replication, RNA polymerases, protein synthesis, growth processes and
various metabolic processes [37]. Various studies have shown that zinc sulfate may act as an
antioxidant [38], capacitating agent [39, 40], membrane-stabilizing factor [41] and sperm
motility factor [42, 43]. Research is scarce on the potential ameliorative effects of these key
antioxidant compounds on reproductive dysfunction caused by crude oil exposure. This study
aims to address this gap by evaluating the potential protective role of N-Acetyl Cysteine and



Zinc Sulfate in mitigating reproductive dysfunction induced by short-term crude oil exposure in
male Wistar rats.

MATERIALS AND METHODS

Source of Crude, Drugs and Research Animals

Bonny light crude oil was obtained from the Nigerian National Petroleum Corporation (NNPC)
Warri, Nigeria. N-acetyl cysteine was purchased from Sigma Aldrich, USA (A7250-10G) while
Zinc Sulfate was sourced locally (Bactolac Pharmaceutical Inc, US). Fifty (50) male Wistar (180
—200g) were sourced from the Animal house of the Department of Physiology, Delta State
University, Abraka and used for the study. They were allowed three (3) weeks of acclimatization
under standard animal husbandry conditions. The animals were housed.in clean, well-ventilated
wooden cages under optimal conditions, including a 12-hour light/dark cycle, a temperature
range of 28-31°C, and humidity levels of 45-50%. They had unrestricted access to standard rat
pellets and tap water. The animals were divided into ten (10) groups of five (5) animals each and
received BLCO[7, 8], NaC and ZnSQ, [44, 45] orally via orogastric cannula between 8am and
10am daily for three (3) weeks according to the following protocol:

Group | Distilled water only (control)

Group 1 BLCO (600mg/kg) only (negative control)
Group Il NAC (100mg/kg) only

Group IV NAC (200mg/kg) only

Group V NAC (100mg/kg) + BLCO (600mg/kg)
Group VI NAC (200mg/kg) +BLCO (600mg/kg)

Group VII ZnSO4 (0.5:mg/kg) only

Group VI ZnS0O4 (1mg/kg) only

Group IX ZnS04 (0.5mg/kg) + BLCO (600mg/kg)
Group X ZnS04 (Lmg/kg) + BLCO (600mg/kg)

Sample Collection and Biochemical Laboratory Assay
At the end of the experimental period, the animals were fasted overnight after which they were

euthanized by cervical dislocation and cardiac puncture was used to collect blood samples for
hormonal and biochemical analysis. The enzyme-linked immunosorbent assay technique was
used for follicle-stimulating hormone (FSH), luteinizing hormone (LH), testosterone, estrogen
and prolactin estimation using standard ELIZA kits (Cal biotech Inc. California). The procedure
for the estimation of the serum concentration of each hormone was carried out according to the
kits” manual as earlier described by Khourdaji et al [46].

Semen Analysis



For sperm count, the caudal epididymis was homogenized in formal-saline and the sperm count
was carried out using the improved Neubauer counting chamber (LABART, Germany). The
sperm count was examined under the light microscope at a magnification of x40 while evaluating
different fields and was calculated using the formula described by Omirinde et al. [47]. Sperm
motility was determined by conventional method as described by Khatun et al., [48]. After the
sperm had been squeezed on the pre-warmed slide, two drops of warm 2.9% sodium citrate were
added to it, then covered with a cover slip and examined under the microscope using an X40
objective with reduced light. Sperm morphology was done by collecting a thin smear of the
sperm sample on a clean slide, fixed with 95% ethanol and allowed to air dry. The fixed slide
was then sequentially immersed into different concentrations of ethanol and appropriately stains
namely Harris haematoxylin, G-6 orange stain and EA-50 green stain for one minute. The slide
was then examined microscopically at a magnification of x40, 200 sperm were assessed and the
sperm abnormalities were expressed in percentages [47, 49]. Sperm viability(live/death ratio)
was done by observing the percentage of spermatozoa in a unidirectional progressive movement
over a field on a slide under the light microscope fitted with a camera using the
Eosin/Nigrosinstain [47].

Statistical Analysis

Data obtained from this study was analyzed using Graph pad Prism 8 Biostatistics software
(Graph pad Software, Inc., Lajolla, USA version 8.0). All.data was presented as Mean+SEM.
Further analysis was done by one analysis of variance (ANOVA) and followed by a post hoc test
(Bonferroni) for multiple comparisons. The level of significance for all tests was set at p < 0.05.

Ethical Approval

The animals were treated-in accordance with the highest ethical standards for animal
experimentation. The research protocol and study design were approved by the University of
Port Harcourt Research.Ethics Committee(UPH/CEREMAD/REC/MM100/056).

RESULTS
Table 1: Role of NAC and ZnSO, administration on Testosterone, Estrogen, Follicle stimulating
hormone, Luteinizing hormone and Prolactin level of BLCO-exposed Wistar rats

Groups/Doses(/kg bw) Testosterone Estrogen FSH LH (miU/ml) Prolactin
(ng/ml) (pg/ml) (miU/ml) (ng/L)
Control 78.03+1.28 0.6120.01  1.68+0.01 3.92+0.04 6.2320.13
BLCO (s00mgikg) 42.43+1.37 0.39+0.02°  0.23+0.02°  1.34#0.03°  4.52+0.27
NAC (100mgikg) 75.27£0.87%  0.57+0.01"  1.09+0.03*  2.69+0.08"  6.05+0.10"
NAC 200mgrkg) 72.04£2.17" 0.41+0.017 1.24%#0.01"  2.76+0.07"  5.09+0.20™
NAC100mgkg+ BLCOgoomgigy ~ 69.04+0.62°F  0.47+0.01* 0.1940.01™" 2.14+0.01"" 5.88+0.13"
NAC 200mgkg) + BLCOgoomgikg) ~ 74.24+0.47" 0.57+0.02""  0.2240.01°"  2.32+0.07""*  5.68+0.34"
ZnSO4(0 5mgikg) 60.48+0.79%  0.46+0.01°  1.02+0.02*  2.65x0.05"  5.53%0.15
ZnSO41mgikg) 73.43x0.41%  0.5420.02" 0.87+0.017 3.43+0.05"  5.83%0.26"
ZnSO4(0smgkg) + BLCOgoomgikgy  36.22+1.497%°  0.52+#0.01% 0.23x0.01™" 2.81+0.14"" 5.31+0.26



ZnSO4(1mg/kg) + BLCO(GOOmg/kg)

53.60+0.80"2b°

0.54+0.01"

0.13+0.027%

2.84+0.24 %"

5.52+0.12

Values are expressed as Mean+SEM (n = 5) (ANOVA followed by Tukey’s test).
BLCO. (BLCO=Bony Light Crude Oil. NAC = N-acetylcysteine. ZnSO, = Zinc Sulfate).
“P<0.05: significantly different when compared with the control group.
#*P<0.05: Significantly different when compared with BLCO.
“P<0.05: significantly different when compared with NAC, (100mg/kg).
#p<0.05: significantly different when compared with NAC, (200mg/kg).
#P<0.05: Dose-dependent significant difference.
4P<0.05: significantly different when compared with ZnSO,,(0.5mg/kg).
Pp<0.05: significantly different when compared with ZnSO4.(1mg/kg).

°P<0.05: significantly different when compared with ZnSO4a(0.5mg/kg)

Table | illustrates the effects of NAC and ZnSO!] administration on testosterone, estrogen,
follicle-stimulating hormone (FSH), luteinizing hormone (LH), and prolactin levels in BLCO-
exposed Wistar rats. The data reveal that BLCO exposure in Wistar rats significantly reduced
levels of testosterone, estrogen, FSH, LH, and prolactin compared to the control group. Co-
treatment with NAC and ZnSO[] led to various improvements in these hormone levels. NAC and
ZnSOL] treatments significantly increased testosterone levels, with dose-dependent effects, but
testosterone was still lower when co-treated with NACa + BLCO and ZnSO[J + BLCO
compared to their respective single treatments. BLCO exposure decreased estrogen levels, but
NAC, + BLCO and ZnSO[ | + BLCO treatments led to significant increases. However, NAC, +
BLCO still showed reduced estrogen levels. Both FSH and LH were significantly reduced by

BLCO exposure. While NAC and ZnSO[] co-treatment did not improve FSH levels, they

significantly increased LH levels. Also, BLCO exposure decreased prolactin levels, but co-
treatment with NAC and ZnSO! ] significantly restored prolactin levels.

Table 2: Role of NAC and ZnSO, administration on sperm count, motility, morphology, and
viability of BLCO-exposed. Wistar rats

Groups/Doses(/kg bw) Sperm Count Sperm Sperm Sperm
Motility Morphology Viability
(x107® cells/mm?) (%) (%) (%)
Control 110.20+1.77 76.24+1.22 72.80+0.58 81.60+1.03
BLCO (soomgrkg) 76.48+3.86 42.3840.95"  43.40+0.97  46.20+1.35
NAC (100mgikg) 94.40+1.69™ 58.82+0.68%  56.60+0.81"  72.200.66
NAC 200mgikg) 109.80+2.63* 63.40£2.15%  68.20+1.15"  69.40+1.93™
NAC100mgkg+ BLCO@oomgkg ~ 97.40+2.61° 46.40+0.24"  57.20+0.73"  57.80+1.28%
NAC 200mgikg) + BLCOgoomgig) ~ 106.70+2.79" 51.80+0.58"  67.20+1.357"  61.00+1.517""
ZnSO4(0 5mgikg) 79.70+£2.80° 47.37+1.07 60.40+0.817"  57.80+1.28™
ZNnSO4(imyikg) 89.13+2.58" 60.32+£0.03  66.60+0.92%  73.60+1.96 "
ZNnSO4(0smgikg) + BLCO(oomgikgy  105.3042.24™ 59.66+2.52%  62.00+1.37"  55.60+1.127
ZnSO4(imgikg) + BLCOgoomgig) ~ 84.11+1.80™° 67.55+1.237°  66.60+1.12°%*  73.60+0.74 "

Values are expressed as Mean+SEM (n = 5) (ANOVA followed by Tukey’s test).
BLCO. (BLCO=Bony Light Crude Oil. NAC = N-acetylcysteine. ZnSO, = Zinc Sulfate).
“P<0.05: significantly different when compared with the control group.



*P<0.05: Significantly different when compared with BLCO.

“P<0.05: significantly different when compared with NAC, (100mg/kg).
#p<0.05: significantly different when compared with NAC, (200mg/kg).
#P<0.05: Dose-dependent significant difference.

4P<0.05: significantly different when compared with ZnSO,,(0.5mg/kg).
PpP<0.05: significantly different when compared with ZnSO4,(1mg/kg).
°P<0.05: significantly different when compared with ZnSO4a(0.5mg/kg)

Table 2 shows the effect of NAC and ZnSO, administration on sperm count, motility,
morphology, and viability of BLCO-exposed Wistar rats. The results show that BLCO exposure
in Wistar rats significantly impaired sperm health, including reductions in sperm count, motility,
morphology, and viability. Co-treatment with NAC and ZnSO![] helped mitigate these effects.
BLCO exposure significantly reduced sperm count, but co-treatment with NAC and ZnSO [
(especially at higher doses) increased sperm count in a dose-dependent manner. BLCO
significantly decreased sperm motility. Co-treatment with NACb and ZnSO!] restored motility,
although NAC + BLCO treatment was less effective compared to NAC alone, while ZnSO[] +
BLCO improved motility over ZnSO[] alone. BLCO exposure led to a significant decrease in
normal sperm morphology. Co-treatment with NAC and ZnSO[ significantly improved
morphology in a dose-dependent manner, though the co-treated groups still showed lower
improvements compared to NAC or ZnSO[] alone. Finally, BLCO reduced sperm viability, but
co-treatment with NAC and ZnSOL[! increased viable sperm cells. However, sperm viability
remained lower in co-treated groups compared to NAC or ZnSOL] alone, with ZnSO[] treatment
showing a dose-dependent increase.

DISCUSSION
Crude oil pollution can occur accidentally during transportation or as a routine consequence of

production and processing. While accidental ingestion may result from contamination, there are
instances where crude oil is:voluntarily consumed by humans due to its purported medicinal
benefits. Both accidental and voluntary ingestion are common in Nigeria's Niger Delta region.
This study assessed the potential protective effects of N-Acetyl Cysteine and Zinc Sulfate in
mitigating reproductive dysfunction caused by short-term crude oil exposure in male Wistar rats.

Effect of NAC and ZnSO, on reproductive hormones of BLCO-exposed Wistar rats

The result from the present study shows that BLCO significantly reduced reproductive hormones
in Wistar rats after three weeks when compared with the control group (p<0.05, Table 1). This
shows that BLCO contamination and consumption could negatively regulate releasing of
gonadotropins through the pituitary gland. FSH and LH are the main factors needed for the
development of testicles and for proper stimulation of releasing of reproduction hormones like
testosterone, estrogen and progesterone. The decrease in the level of these bio-substances in rats
treated with BLCO could mean a negative effect on the anterior pituitary gland which influences
normal control and regulation of processes involved in secreting these reproduction-related
hormones. Findings from the present study are consistent with studies done by [7, 18, 19, 50,
51]. The reduced level of testosterone in BLCO-administered rats could be an indicator of the



chemical toxic level in the male reproductive organ, which is crucial and required to sustain
spermatogenesis and also to maintain their function and structure as regards male sex glands
[52]. Our study observed that co-administration of BLCO with NAC and ZnSO, substantially
increased all reproductive hormone levels. This finding is consistent with the study by Nashwa et
al., [53]where a notable increase in testosterone, LH and FSH levels was observed due to NACs.
NACs are precursors of L-cysteine which leads to glutathione elevation synthesis. They are
antioxidant agents and common nutrition supplements, applied anti-oxidantin-vivoandin-vitro. It
acts directly as a scavenger of free radicals, especially oxygen. It is equally recommended as a
possible remedial alternative to several illnesses that arise from the formation of oxygenated
radicals [54]. NACs could prevent the negative impact of different toxins:like arsenic, lead
and cadmium on male reproduction [55, 56]. A similar result also shows that.co-
administration of ZnSO, with BLCO significantly increased all reproductive-hormones (Table 1).
This corroborates findings from previous studies of Egwurugwu et al., [43] on the effect of
ZnSQO,4 on male reproductive hormones. Zinc supplementation-activates the secretion and action
of testosterone and can lead to increased efficiency of spermatogenic machinery and increased
number of germ cells in the seminiferous tubules [57]. The reduction in serum levels of FSH and
non-significant effect on Luteinizing hormone (LH) following the increased levels of
testosterone may be attributed to the negative feedback effect of testosterone on the
hypothalamus which in turn causes a decrease in.the secretion of FSH and LH by the anterior
pituitary gland. This observed improvement in the values of testosterone in the ZnSO,-
supplemented group might be due to the stimulating effect of ZnSO4 on testicular
steroidogenesis as ZnSOshas been shown to affect testicular functions by activating the adenyl
cyclase system, which stimulates testosterone synthesis [58]. Overall, NAC and ZnSO[]
provided some protective effects against BLCO-induced hormone disruptions, particularly for
testosterone, estrogen, LH, and prolactin.

Effect of NAC and ZnSO, on sperm parameters of BLCO-exposed Wistar rats

Results from the present study show that BLCO in a dose-dependent manner significantly
decreased sperm quality parameters (sperm count, motility, morphology and viability) when
compared with control (p<0.05, Table 2). The findings from the present study are consistent with
the result ofFarombiet al[18] where it was demonstrated that BLCO caused a reduction in
epididymal sperm number (ESN), daily spermatozoa production (DSP), and sperm motility.
Also, previous studies have observed a reduction in sperm count, motility and abnormal
morphology in BLCO-exposed rats[17, 59, 60].The study also demonstrated that NAC co-
administration significantly improved sperm count, motility, viability and sperm morphology)
when compared with the administered group (p<0.05, Table 2).Several other studies have
highlighted the ability of NAC to improve sperm count, motility and morphology after
paracetamol, arsenic and aluminium sulfate-induced oxidative stress and reproductive toxicity in
male albino rats [55, 61-64]. Similarly, the co-administration of BLCO and ZnSO,, showed
significantly improved sperm count, motility, viability and sperm morphology when compared
with the BLCO-administered group (p<0.05). Zinc supplementation has been demonstrated to
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promote the transformation of sperm nuclear protein (i.e., from lysine to arginine) and inhibit the
premature depolymerization of the sperm nucleus, improve sperm motility and semen quality in
infertile patients without obvious side effects[65, 66]. It has also been reported that high ZnSO,
concentrations are correlated with enhanced sperm parameters, including sperm count, motility,
and normal morphology [67-69] while lower content of ZnSO,4 has been observed in the seminal
plasma of infertile subjects with poor sperm production and poor sperm motility[70].There are
several mechanisms by which ZnSO,4 might interfere with sperm function. First, ZnSQO, is a
cofactor for several hundred metalloenzymes, particularly the enzymes responsible for protein
synthesis [71, 72]. It influences phospholipases, thus modulating the stability of biological
membranes. It has been suggested that the removal of ZnSO, from the sperm-cell surface
destabilizes the plasma membrane, playing an important role in preparation for the.completion of
capacitation and the acrosome reaction. Some studies have reported.that ZnSO, supplementation
can also improve the synthesis of metallothioneins which protect sperm against damage [73]. It
has also been suggested that ZnSO, in seminal plasma is involved:in maintaining the stability of
sperm chromatin [74] and may also exert anin vitro el lect on oxidative:.changes in human semen
as it is considered a scavenger of excessive O, production by defective spermatozoa and/or
leukocytes after ejaculation [75].Overall, NAC and ZnSOL ! partially protected against BLCO-
induced damage to sperm parameters, with dose-dependent improvements in most cases.

CONCLUSION

This study assessed the reproductive function in ratsexposed to BLCO and treated with NAC
and ZnSO4. It demonstrated the ability of NAC and ZnSO4, administered at different doses, to
improve and restore reproductive function in these BLCO-exposed rats. The results indicate that
NAC and ZnSO4 are powerful antioxidants that can counteract the harmful effects of oxidative
damage caused by ROS generated during BLCO exposure. Additionally, the study showed that
NAC and ZnSO4 protected the testes, preventing reproductive alterations linked to BLCO
exposure.

Disclaimer (Artificial intelligence)
Option 1:

Author(s) hereby declare that NO generative Al technologies such as Large Language Models (ChatGPT,
COPILQOT, etc.) and text-to-image generators have been used during the writing or editing of this
manuscript.

Option 2:

Author(s) hereby declare that generative Al technologies such as Large Language Models, etc. have been
used during the writing or editing of manuscripts. This explanation will include the name, version,
model, and source of the generative Al technology and as well as all input prompts provided to the
generative Al technology



Details of the Al usage are given below:

1.

2.

3.

REFERENCES

1. Orisakwe OE, Akumka DD, Njan AA, Afonne OJ. Testicular toxicity of Nigerian bonny
light crude oil in male albino rats. Reproductive Toxicology. 2004;18(3):439-42.

2. Alabi OA, Olukunle OF, Ojo OF, Oke JB, Adebo TC. Comparative study of the
reproductive toxicity and modulation of enzyme activities by crude oil-contaminated soil
before and after bioremediation. Chemosphere. 2022;299:134352.

3. Adeola AO, Akingboye AS, Ore OT, Oluwajana OA, Adewole AH, Olawade DB,
Ogunyele AC. Crude oil exploration in Africa: socio-economic implications,
environmental impacts, and mitigation strategies.. Environment Systems and Decisions.
2022;42(1):26-50.

4. Ite AE, Ibok UJ, Ite MU, Petters SW. Petroleum explorationand production: Past and
present environmental issues in the Nigeria’s Niger Delta. American Journal of
Environmental Protection. 2013;1(4):78-90.

5. Ajonuma LCC, Fapohunda DO, Bamiro.SA, Afolabi D, Abokede N, Giwa KT.
Prolonged Ingestion of Crude Qil Spill Contaminated Water Affects Male Reproductive
System, Hormones and Accessory:Organs in Wistar rats. Fertility and Sterility.
2023;120(4):e130.

6. Dede EB, Kagbo HD: A study on the acute toxicological effects of commercial diesel
fuel in Nigeria in rats (Ratus ratus.) using hematological parameters. Journal of Applied
Sciences and Environmental Management. 2002;6(1):84-6.

7. Raji Y, Hart VO. Influence of prolonged exposure to Nigerian Bonny light crude oil on
fertility indices in rats. Nigerian Journal of Physiological Sciences. 2012;27(1):55-63.

8. Orisakwe OE, Akumka DD, Afonne OJ, Gamanniel KS. Investigation into the
pharmacological basis for some of the folkloric uses of Bonny light crude oil in Nigeria.
Indian Journalof Pharmacology. 2000;32(3):231-4.

9. Han J, Won E-J, Hwang D-S, Shin K-H, Lee YS, Leung KM-Y, et al.Crude oil exposure
results in oxidative stress-mediated dysfunctional development and reproduction in the
copepod Tigriopus japonicus and modulates expression of cytochrome P450 (CYP)
genes. Aquatic Toxicology. 2014;152:308-17.

10.  Adedara IA, Teberen R, Ebokaiwe AP, Ehwerhemuepha T, Farombi EO. Induction of
oxidative stress in liver and kidney of rats exposed to Nigerian bonny light crude oil.
Environmental toxicology. 2012;27(6):372-9.

11. Noh SR, Kim J-A, Cheong H-K, Ha M, Jee Y-K, Park M-S, et al.Exposure to crude oil-

related volatile organic compounds associated with lung function decline in a

9



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

longitudinal panel of children. International journal of environmental research and public
health. 2022;19(23):15599.

Khan A, Kanwal H, Bibi S, Mushtaq S, Khan A, Khan YH, Mallhi TH. Volatile organic
compounds and neurological disorders: from exposure to preventive interventions.
Environmental contaminants and neurological disorders: Springer; 2021:201-30.

Ritchie GD, Still KR, Alexander WK, Nordholm AF, Wilson CL, Rossi lii J, Mattie DR.
A review of the neurotoxicity risk of selected hydrocarbon fuels. Journal of Toxicology
and Environmental Health Part B: Critical Reviews. 2001;4(3):223-312.

Weatherly LM, Shane HL, Baur R, Lukomska E, Roberts JR, Fedan JS, Anderson SE.
Biological effects of inhaled crude oil. VI. Immunotoxicity. Toxicology and Applied
Pharmacology. 2022;449:116100.

McLoone P, Dyussupov O, Nurtlessov Z, Kenessariyev U, Kenessary D. The effect of
exposure to crude oil on the immune system. Health implications for people living near
oil exploration activities. International journal of environmental health research.
2021;31(7):762-87.

Indarto D, Izawa M. Steroid Hormones and Endocrine disruptors: Recent advances in
receptor-mediated actions. Yonago Acta Medica. 2001;44(1):1-6.

Adesanya OA, Shittu LAJ, Omonigbehin-EA, Tayo AO. Spermatotoxic impact of bonny
light crude oil (BLCO) ingestion on adult.male Swiss albino mice. International Journal
of Physical Sciences. 2009;4(5):349-53.

Farombi EO, Adedara IA, Ebokaiwe AP, Teberen R, Ehwerhemuepha T. Nigerian Bonny
light crude oil disrupts antioxidant systems in testes and sperm of rats. Archives of
environmental contamination and toxicology. 2010;59:166-74.

Naiho AO, Chris-Ozoko LE, Aloamaka CP. The Impact of Crude Oil on Reproduction in
Wister Rats. OSRJournal of Pharmacy and Biological Sciences. 2014;9(3):1-5.

Daubry TME, Chukwuebuka NB, Yabrade TP, Ehizokhale ES, Richard ON, Temitope
OG, et al.Prenatal Restraint Stress-Induced Maternal Exposure and Clomifene Citrate
Administration.Modulates Reproductive Programming in Female Wistar Rats. Pakistan
Journal of Biological Sciences: PJBS. 2022;25(12):1066-76.

Boivin J;:Bunting L, Collins JA, Nygren KG. International estimates of infertility
prevalence and treatment-seeking: potential need and demand for infertility medical care.
Human reproduction. 2007;22(6):1506-12.

Friedler S, Raziel A, Strassburger D, Schachter M, Soffer Y, Ron-EIl R. Factors
influencing the outcome of ICSI in patients with obstructive and non-obstructive
azoospermia: a comparative study. Human Reproduction. 2002;17(12):3114-21.

Sule JO, Erigbali P, Eruom L. Prevalence of infertility in women in a southwestern
Nigerian community. African Journal of Biomedical Research. 2008;11(2).

Bablok L, Dziadecki W, Szymusik I, Wolczynski S, Kurzawa RS, Pawelczyk L, et
al.Patterns of infertility in Poland-multicenter study. Neuroendocrinology Letters.
2011;32(6).

10



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Saulsbury MD, Heyliger SO, Wang K, Johnson DJ. Chlorpyrifos induces oxidative stress
in oligodendrocyte progenitor cells. Toxicology. 2009;259(1-2):1-9.

Zahra KF, Lefter R, Ali A, Abdellah E-C, Trus C, Ciobica A, Timofte D. The
Involvement of the Oxidative Stress Status in Cancer Pathology: A Double View on the
Role of the Antioxidants. Oxidative Medicine and Cellular Longevity. 2021;2021.

Bano A, Gupta A, Rai S, Fatima T, Sharma S, Pathak N. Mechanistic Role of Reactive
Oxygen Species and Its Regulation Via the Antioxidant System under Environmental
Stress. 2021.

Chinko BC, Umeh OU. Alterations in lipid profile and oxidative stress markers following
heat stress on wistar rats: Ameliorating role of vitamin C. Biomedical:Sciences.
2023;9(1):12-7.

Gulcin I. Antioxidants And Antioxidant Methods: An Updated Overview. Archives of
Toxicology. 2020;94(3):651-715.

Neha K, Haider MR, Pathak A, Yar MS. Medicinal Prospects Of Antioxidants: A
Review. European Journal Of Medicinal Chemistry. 2019;178:687-704.

Bano A, Gupta A, Rai S, Fatima T, Sharma S, Pathak N. Mechanistic Role of Reactive
Oxygen Species and Its Regulation Via the Antioxidant System under Environmental
Stress. In: Hasanuzzaman M, Nahar MK;-eds. Plant Stress Physiology - Perspectives in
Agriculture: IntechOpen. https://doi.org/10.5772/intechopen.101045; 2021.
Awajiomowa J, Chinko BC, Green KI. Haematological Parameters and Oxidative Stress
Changes in Apparently Healthy Pregnant Women in Bori, Nigeria. International Journal
of Research and Reports in Hematology. 2022;5(4):30-9.

Moschou M, Kosmidis EK, Kaloyianni M, Geronikaki A, Dabarakis N, Theophilidis G.
In vitro assessment of the neuratoxic and neuroprotective effects of N-acetyl-L-cysteine
(NAC) on the rat sciatic nerve fibers. Toxicology in vitro. 2008;22(1):267-74.

Atkuri KR, Mantovani JJ;-Herzenberg LA, Herzenberg LA. N-Acetylcysteine—a safe
antidote for cysteine/glutathione deficiency. Current opinion in pharmacology.
2007;7(4):355-9.

Sadowska ' AM, Manuel-Y-Keenoy B, De Backer W. Antioxidant and anti-inflammatory
efficacy of NAC in the treatment of COPD: discordant in vitro and in vivo dose-effects: a
review. Pulmonary pharmacology & therapeutics. 2007;20(1):9-22.

Tapiero H, Tew KD. Trace elements in human physiology and pathology: zinc and
metallothioneins. Biomedicine & Pharmacotherapy. 2003;57(9):399-411.

Cousins RJ, Liuzzi JP, Lichten LA. Mammalian zinc transport, trafficking, and signals.
Journal of Biological Chemistry. 2006;281(34):24085-9.

Alvarez JG, Storey BT. Taurine, hypotaurine, epinephrine and aloumin inhibit lipid
peroxidation in rabbit spermatozoa and protect against loss of motility. Biology of
Reproduction. 1983;29(3):548-55.

11



39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Meizel S. Molecules that initiate or help stimulate the acrosome reaction by their
interaction with the mammalian sperm surface. American Journal of Anatomy.
1985;174(3):285-302.

Meizel S, Lui CW, Working PK, Mrsny RJ. Taurine and hypotaurine: their effects on
motility, capacitation and the acrosome reaction of hamster sperm in vitro and their
presence in sperm and reproductive tract fluids of several mammals. Development,
Growth & Differentiation. 1980;22(3):483-94.

Mrsny RJ, Meizel S. Inhibition of hamster sperm Na+, K+-ATPase activity by taurine
and hypotaurine. Life sciences. 1985;36(3):271-5.

Boatman DE, Bavister BD, Cruz E. Addition of hypotaurine can reactivate:immotile
golden hamster spermatozoa. Journal of andrology. 1990;11(1):66-72.

Egwurugwu JN, Ifedi CU, Uchefuna RC, Ezeokafor EN, Alagwu EA: Effects of zinc on
male sex hormones and semen quality in rats. Nigerian Journal of Physiological Sciences.
2013;28(1):17-22.

Al-Ani NK, Al-Kawaz U, Saeed BT. Protective influence of zinc on reproductive
parameters in male rat treated with cadmium. American Journal of Medicine and Medical
Sciences. 2015;5(2):73-81.

Al-Hamdany MZ, Al-Hubaity AY. Protective Effects of N=acetylcysteine against 5-
Fluorouracil-Induced Pulmonary Toxicity in Albino Rats. Iragi journal of medical
sciences. 2014;12(2).

Khourdaji I, Zillioux J, Eisenfrats K, Faley D, Smith R. The future of male contraception:
a fertile ground. Translational andrology and-urology. 2018;7(Suppl 2):S220.

Omirinde JO, Olukole SG, Oke BO. Age-related changes in the testicular and epididymal
sperm parameters in the African greater cane rat (Thryonomys swinderianus, Temminck,
1827). Animal Research International. 2019;16(1):3255-64.

Khatun A, Rahman MS; Pang M-G. Clinical assessment of the male fertility. Obstetrics
& gynecology science. 2018;61(2):179-91.

Yu S, Rubin M; Geevarughese S, Pino JS, Rodriguez HF, Asghar W. Emerging
technologies for homelbased semen analysis. Andrology. 2018;6(1):10-9.

Nwafor A, Asiegbu LN, Adienbo MO, Mmom FC. Anti-fertility Activity of Ingestion of
Nigerian‘Bonny Light Crude Oil Contaminated Feed in Male Rat Reproduction: A
Possible Hypothalamo-Pituitary Axis Mechanism. 2013.

Georgewill OA, Nwankwoala RNP. The effects of prolonged exposure of nigerian crude
oil on reproductive hormones of guinea pigs. Afri. J. App. Zoo. Environ. Biol. 2006;8:30-
3.

Oduwole OO, Huhtaniemi IT, Misrahi M. The roles of luteinizing hormone, follicle-
stimulating hormone and testosterone in spermatogenesis and folliculogenesis revisited.
International journal of molecular sciences. 2021;22(23):12735.

Nashwa AAA, Kawkab AA, Mouneir SM. The protective effect of ginger and N-acetyl
cysteine on ciprofloxacin-induced reproductive toxicity in male rats. 2011.

12



54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Mokhtari V, Afsharian P, Shahhoseini M, Kalantar SM, Moini A. A review on various
uses of N-acetyl cysteine. Cell J 19: 11-17. 2016.

Reddy PS, Rani GP, Sainath SB, Meena R, Supriya CH. Protective effects of N-
acetylcysteine against arsenic-induced oxidative stress and reprotoxicity in male mice.
Journal of Trace Elements in Medicine and Biology. 2011;25(4):247-53.

Kumar J, Barhydt T, Awasthi A, Lithgow GJ, Killilea DW, Kapahi P. Zinc levels
modulate lifespan through multiple longevity pathways in Caenorhabditis elegans. PL0oS
One. 2016;11(4):e0153513.

Abdella AM, Elabed BH, Bakhiet AO, Gadir WSA, Adam SEI. In vivo study on lead,
cadmium and zinc supplementations on spermatogenesis in albino rats. 2011.

El-Masry KA, Nasr AS, Kamal TH. Influences of season and dietary supplementation
with selenium and vitamin E or zinc on some blood constituents and semen quality of
New Zealand White rabbit males. World Rabbit Science. 1994;2(3).

Ita SO, Effiong FE, Udokang NE, Uzoma JC, Etim EE; Francis UE. Mitigating Toxic
Effects of Nigerian Bonnylight Crude Oil on Sperm Motility and Morphology of Wistar
Rats with Ethanol Leaves Extract of Ageratum Conyzoides Supplementation. Biomedical
Journal of Scientific & Technical Research. 2020;29(1):22156-65.

Fischer VA, Fischer CE, Akpaso M, Igbighi PS. Effects of-Ingestion of Bonny Light
Crude Oil on Sperm Motility and Morphology of Male Wistar Rats. International Journal
of Science and Research. 2016;5(10):1230-3.

El-Maddawy ZK, El-Sayed YS: Comparative analysis of the protective effects of
curcumin and N-acetyl cysteine against paracetamol-induced hepatic, renal, and testicular
toxicity in Wistar rats. Environmental science and pollution research. 2018;25:3468-79.
Da Silva RF, Borges CdS, Villela e Silva P, Missassi G, Kiguti LRA, Pupo AS, et al.The
Coadministration of N7} Acetylcysteine Ameliorates the Effects of Arsenic Trioxide on
the Male Mouse Genital System. Oxidative Medicine and Cellular Longevity.
2016;2016(1):4257498.

Rawi SM, Seif Al Nassr FM. Zinc sulphate and vitamin E alleviate reproductive toxicity
caused by aluminium sulphate in male albino rats. Toxicology and Industrial Health.
2015;31(3):221-34.

Oeda T, Henkel R, Ohmori H, Schill WB. Scavenging effect of N[ Jacetyl /L[ Icysteine
against reactive oxygen species in human semen: a possible therapeutic modality for male
factor infertility? Andrologia. 1997;29(3):125-31.

Alsalman ARS, Almashhedy LA, Hadwan MH. Effect of oral zinc supplementation on
the thiol oxido-reductive index and thiol-related enzymes in seminal plasma and
spermatozoa of Iraqgi asthenospermic patients. Biological trace element research.
2018;184:340-9.

Rathnayake KM, Silva KDRR, Jayawardena R. Effects of zinc supplementation on
obesity: study protocol for a randomized controlled clinical trial. Trials. 2016;17:1-5.

13



67.

68.

69.

70.

71.

72.

73.

74.

75.

chia SE, Ong CN, Chua LL, Ho LM, Tay SK. Comparison of zinc concentrations in
blood and seminal plasma and the various sperm parameters between fertile and infertile
men. Journal of andrology. 2000;21(1):53-7.

Eggert-Kruse W, Zwick E-M, Batschulat K, Rohr G, Armbruster FP, Petzoldt D,
Strowitzki T. Are zinc levels in seminal plasma associated with seminal leukocytes and
other determinants of semen quality? Fertility and sterility. 2002;77(2):260-9.

Mankad M, Sathawara NG, Doshi H, Saiyed HN, Kumar S. Seminal plasma zinc
concentration and a-glucosidase activity with respect to semen quality. Biological trace
element research. 2006;110:97-106.

Zhao J, Dong X, Hu X, Long Z, Wang L, Liu Q, et al.Zinc levels in seminal plasma and
their correlation with male infertility: A systematic review and meta-analysis. Scientific
reports. 2016;6(1):22386.

Stefanidou M, Maravelias C, Dona A, Spiliopoulou C. Zinc: a multipurpose trace
element. Archives of toxicology. 2006;80:1-9.

Vallee BL, Falchuk KH. The biochemical basis of zinc physiology. Physiological
reviews. 1993;73(1):79-118.

Di Leo V, D'inca R, Barollo M, Tropea A, Fries W, Mazzon E, et al.Effect of zinc
supplementation on trace elements and intestinal metallothionein concentrations in
experimental colitis in the rat. Digestive and Liver Disease. 2001;33(2):135-9.
Bjorndahl L, Kvist U. A model forithe importance:of zinc in the dynamics of human
sperm chromatin stabilization after ejaculation in relation to sperm DNA vulnerability.
Systems biology in reproductive medicine. 2011;57(1-2):86-92.

Gavella, Lipovac, Vuéi¢, Sverko. In.vitro inhibition of superoxide anion production and
superoxide dismutase activity:by zinc in human spermatozoa. International journal of
andrology. 1999;22(4):266-74.

14



