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Abstract

To evaluate the protective effects of Vitamin C and Vitamin E against Mercuric chloride -induced reproductive
toxicity and to study the mechanisms underlying these effects. Male Wistar rats were orally administered mercuric
chloride (10 mg/100 gm b.wt), (10 mg/100 gm b.wt) of mercuric chloride + (40 mg/100 gm b.wt) of Vitamin C and (10
mg/100 gm b.wt) of mercuric chloride + (20 mg/100 gm b.wt) of Vitamin E were administered orally to male albino rats
for 30 days. Treatments with either Vitamin C or Vitamin E resulted in a significant protection of reproductive function.
Both vitamins reduced the extent of mercuric chloride-induced reproductive toxicity, as evidenced by decrease in sperm
abnormality and increase in sperm motility. Mercuric chloride-induced alterations in testis lipid peroxidation (MDA) were
also markedly improved by test vitamins, and mercuric chloride -induced alterations in the testis antioxidation defense
system were profoundly prevented by vitamins. In groups, where mercuric chloride was combined with either Vitamin C
or Vitamin E, antioxidation enzymes like superoxide dismutase (SOD), reduced glutathione (GSH), and catalase (CAT)
were significantly elevated compared to the mercuric chloride-treated group. The results provide further insight into the
mechanisms of mercuric chloride-induced reproductive toxicity and confirm the antioxidant potential of both Vitamin C

and Vitamin E.
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Introduction

Mercury is a naturally occurring metal, which can exist in several
forms. Metallic mercury is a shiny, silver-white, odorless liquid, which
forms a colorless, odorless gas if heated. Mercury combines with other
elements such as chlorine, sulfur, or oxygen to form inorganic mercury
compounds or salts, which are usually white solids. Mercury also
combines with carbon to make organic mercury compounds, the most
common of which is methyl mercury [1].

Historically, mercuric chloride (HgCl,) pollution has posed a
serious health hazard to humans. Mercuric chloride (HgClL) from
industries surrounding the area was discharged directly into the bay,
producing elevated levels in fish [1]. The extreme morbidity and
mortality in humans who consumed these fish clearly demonstrated
the relationship between HgCl, ingestion and human health. Adverse
effects of HgCl, on fish-eating mammals have also been reported [2],
suggesting a link between environmental HgCl, and wildlife health.
Although strict regulations now limit the discharge of HgCl, directly
into bodies of water, indirect contamination continues. Augmented
output of airborne HgCl, from anthropogenic sources, such as coal-
fired utilities and the burning of municipal wastes are likely to be
responsible for observed increases in atmospheric levels [3]. Although
controversial, reports have indicated that exposure to HgCl, might
impair male reproductive health. For example, several reports have
indicated that HgCl, ingestion can cause reduced spermatogenesis and
steroidogenesis in rodents [4].

Inorganic mercury-induced testicular damage is a known fact in
experimental animals [5]. In humans, mercury induces loss of libido
[6], hypospermia, astheno-spermia and teratospermia [7]. Owing
to the relative spermiotoxicity of HgCl,, almost all patients under
chemotherapy will show temporary or permanent azoospermia. The
damage to both spermatogenesis and testicular endocrine function
can be temporary or permanent base on the applied dose of HgCl, [8].
Testicular damage is also developed in various animal species [9,10].

Within days of HgCl, injection, animals develop severe testicular
damage, which is characterized by spermatogenic damages, germ
cell apoptosis, Leyding cell dysfunction and testicular steroidogenic
disorder [10].

Many environmental contaminants have been reported to disturb
the pro-oxidant or antioxidant balance of the cells thereby inducing
oxidative stress [11]. Oxidative stress in biological systems originates as
the result of an imbalance between the generation of oxidizing species
and cellular antioxidant defences [11,12]. The radical chain reaction of
lipid peroxidation appears to be a continuous physiological process. The
process, if out of control, can alter essential cell functions to cell death
[13]. Oxidative stress has been shown to mediate the HgCl, -induced
reproductive toxicity [14].

A major contributor to non-enzymatic protection against lipid
peroxidation (LP) is vitamin E and vitamin C, a known free radical
scavenger [12]. Vitamin E as a lipid soluble, chain breaking antioxidant
[13] plays a major role against oxidative stress, and prevents the
production of lipid peroxides by scavenging free radicals in biological
membranes [15]. Vitamin C, an endogenous water-soluble natural
antioxidant, chain breaking antioxidant and is found in both intra
cellulary and extra cellularly [16]. It prevent lipid peroxidation due to
peroxy radicals, protects against DNA damage by hydrogen peroxide
radical. Vitamin E and Vitamin C have been widely investigated due to
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its action against oxidative stress [17], its protective role on biological
membranes [18].

The administration of antioxidants such as vitamin E [19], or
vitamin C [14] has been reported to prevent different HgCl,-associated
side effects. On the other hand, the mechanism of HgClz—induced
testicular toxicity is not quite understood yet and protective remedies
against HgCl -induced testicular damage are scarce. This investigation
was set to evaluate the protective effects of Vitamin C and Vitamin E
against HgCl, -induced testicular toxicity in male rats and to study the
mechanisms underlying these effects.

Materials and Methods
Chemicals

Mercuric chloride, Vitamin C, Vitamin E, Thiobarbituric acid,
reduced glutathione, 5,5-dithiobis (2- nitrobenzoic acid), Folin’s
reagent, epinephrine, SOD enzyme, H,0, and bovine serum albumin
were obtained from Sigma Chemical Co., Mumbai, India. All other
chemicals were obtained from local commercial suppliers.

Experimental animals

Twelve - week-old adult Wister albino male rats weighing between
175 - 225g, along with supplies of their standard diet, were obtained
from animal house centre of “Jawaharlal Nehru Institute of Post
Graduate Medical Educations and Research” (JIPMER), Pondicherry.
The study design was approved “Animal ethic committee” J. J. College
of Arts and Science, Pudukottai, Tamil nadu, India.

Treatment regime

Animals were divided into six groups of six rats each for 30 days.
Group I was received distilled water and served as the control. Group
II was administered mercuric chloride (10 mg/100 gm. b.wt). Group
III received mercuric chloride (10 mg/100 gm b.wt) and Vitamin C
(40 mg/100 gm b.wt), Group IV was administered mercuric chloride
(10 mg/100 gm. b.wt) and Vitamin E (30 mg/100 gm. b.wt), Group V
was received (40 mg/100 gm b.wt) of Vitamin C and Group VI was
administered (30 mg/100 gm. b.wt) of Vitamin E.

Sample preparation

Following diethyl ether anesthesia, blood was collected from the
retro-orbital plexus [20]. Following sacrifice, testes and epididymis
were removed and weighed. The organ weight/body weight ratio
x 100 was calculated and expressed as a relative organ weight. For
histopathological examination, one testis was immediately fixed in 10%
buffered formalin. For biochemical determination, another testis was
homogenized in ice-cold KCI, (150 mM). The ratio of tissue weight to
homogenization buffer was 1:10. From the latter, suitable dilutions for
determination of the levels of GSH, LP product MDA, total proteins,
and activities of SOD and CAT were prepared in suitable different
buffers. To obtain serum, blood was collected in centrifuge tubes and
centrifuged in a refrigerated centrifuge (4°C) at 3000 r.p.m. for 20
minutes.

Sperm motility, sperm count and abnormality test

After removing each epididymis, it was immediately weighed,
minced in 5ml of physiological saline and then incubated at 37°C for
30 minutes to allow sperms to swim from the epididymal tubules. After
mixing, one drop was placed onto a warm microscope slide and cover
slip was placed over the droplet. The percentage of motile sperm was
recorded with a phase contrast microscope at 400X magnification. The

cover slip was removed and sperms were allowed to air dry and then
stained with 1% eosin and examined for morphology abnormalities.
Three hundred sperm from different fields were examined with a phase
contrast microscope. Total sperm number was determined by using a
Neubauer hemocytometer by a method of Yokoi et al. [21]. The total
number of sperm per gram of epididymis was then calculated.

Biochemical assays and histopathology

The GSH content of testis homogenate was determined using the
method described by Van Dooran et al. [22]. The GSH determination
method is based on the reaction of Ellman’s reagent 5, 5-dithiobis (2-
nitrobenzoic acid) (DTNB) with the thiol group of GSH at pH 8.0 to
produce 5-thiol-2- nitrobenzoate, which is yellow. Malondialdehyde
(MDA) is the most abundant individual aldehyde resulting from
lipid peroxidation (LP) breakdown in biological systems and is used
as an indirect index of LP [23]. Determination of MDA in biological
materials, as described in Uchiyama and Mihara [24], is based on its
reaction with thiobarbituric acid (TBA) to form a pink complex with
absorption maximum at 535 nm. The activity of SOD enzyme in testis
homogenate was determined according to the method described by
Sun and Zigman [25]. This method is based on the ability of SOD to
inhibit the auto-oxidation of epinephrine to adrenochrome and other
derivatives at alkaline pH. These derivatives can easily be monitored
in the near-UV region of the absorption spectrum. CAT activity was
determined by measuring the exponential disappearance of H,0, at
240 nm and expressed in units/mg of protein as described by Aebi
[26]. The total protein content of testis was determined according
to the Lowry method as modified by Peterson [27]. Absorbance was
recorded using Shimadzu recording spectrophotometer (UV-160) in all
measurements. For the histological examinations, pieces of testis were
fixed in 10% neutral phosphate-buffered formalin and hydrated tissue
sections, 5um in thickness, were stained with Hematoxylin and Eosin.
The sections were examined under a Nikon light microscope.

Testosterone levels

Serum was collected by allowing trunk blood to clot overnight at
4°C. Interstitial fluid was collected into a centrifuge tube by perforating
the tunica albuginea at the distal pole of the testis several times with a
needle and centrifuging at 54 x g at 0°C for 15 min [28]. Samples were
stored at —20°C. For each rat, testosterone levels in trunk blood and in
the interstitial fluid of the testes were measured using fully automated
chemiluminescence analyser at Vivek laboratories, Nagarkovil, Tamil
nadu, India.

Statistical analysis

The results were expressed as Mean * SD, and statistical analysis
was performed using Student “t” test.

Results

Effects of HgCl, on the weights of reproductive organs

Administration of HgCl, individually treated rats showed
significantly (p<0.05) decreased relative weights of the testes (Figurela)
and epididymis (Figure 1b). However, No significant changes were
observed in the relative weights of testes and epididymis in animal
groups treated with a combination of Vitamin C or Vitamin E and
HgCl, treatment (Figure 1a and 1b).
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Protective effect of Vitamin C and Vitamin E on sperm
parameters

The number of sperm per gm of epididymis was significantly
reduced (P<0.01) in the HgCl, a lonely treated rats (Figure 2a). A
combination of HgCl, with Vitamin C had no effect on this parameter;
similar results were obtained in HgCl, treatment with vitamin E. The
effect of HgCl, on sperm motility and abnormality is shown in (Figure
2b). The results indicate that sperm motility was reduced (P<0.001) and
sperm abnormality was increased (P<0.05) in HgCl, treated rats (Figure
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Figure 1: Effect of vitamin C and vitamin E on (a) relative weights of testes
and (b) epididymis in HgCl,- treated rats Each column represents the mean +
SE *P<0.05 vs control.
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Figure 2: Effect of vitamin C and vitamin E on (a) epididymal sperm concen-
tration and (b) sperm motility and abnormality (c) in - HgCl, treated rats. Each
column represents the mean + SE. * P < 0.05; **P<0.001;*** P<0.001.

2¢). While the treatment with Vitamin C or Vitamin E was found to
protect against the changes of HgCl, induced parameters.

Significantly declined (P<0.05) in testicular content of reduced
GSH (Figure 3a), activities of CAT and SOD (Figure 4a and 4b) in
HgCl, - treated rat, while significantly increased (P<0.05) in the level of
MDA was recorded after HgCl, treatment (Figure 3b). These markers
of oxidative stress did not differ significantly from control level, when
Vitamin C or Vitamin E was administered with HgCL,.

Testosterone level

Serum concentration of testosterone significantly (P < 0.01)
decreased in the HgCl, treated rats than control groups (Figure 5).
Similarly, testicular testosterone also significantly decreased (P <
0.01) in HgCl, treated animals as compared to control rats (Figure 5).
However, did not evoke any significant changes in the concentration of
serum testosterone and testicular testosterone in the combination of
HgCl, vitamin C or vitamin E treated animals and same results were
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Figure 3: Effect of vitamin C and vitamin E on testicular (a) reduced gluta-
thione content (GSH) and (b) malondialdehyde level (MDA) in HgCl,-treated
rats. Each column represents the mean + SE. * P<0.05 vs control.
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Figure 4: Effect of vitamin C and vitamin E on testicular (a) catalase (CAT
and (b) superoxide dismutase (SOD) activities (u / mg protein) in control- and
HgCl, - treated rats. Each column represents the mean + SE. *P < 0.05 vs

control.
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measured in vitamin C or vitamin E individually treated rats for serum
testosterone and testicular testosterone (Figure 5).

Histopathological effect of Vitamin C and Vitamin E

Severe degeneration of seminiferous tubules, depletions in germ
cells and reduction in Leydig cells were clearly seen in the HgCl, -treated
group. Debris from the degeneration of cellular components was seen
in the lumen. Congestion of blood vessels was also observed between
tubules. Animals treated with Vitamin C or Vitamin E showed normal
testicular morphology and spermatogenesis with slight degeneration of
spermatids and spermatozoa (Figure 6).
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Figure 5: Effect of vitamin C and vitamin E on serum testosterone (ng/ml) and
testicular testosterone (ng/gm of tissue) in control- and HgCl, - treated rats.
Each column represents the mean + SE. *P < 0.05 vs control.

Figure 6: Photomicrograph of the seminiferous tubules of control (a) showing
the normal arrangement of germ cells at different stages of spermatogenesis.
The tubule contains spermatogonia (g), Sertoli cell (s), spermatocytes (y),
spermatids (p) and spermatozoa (z) in the lumen (LU).Testis of HgCl,- treated
rats (b) showing extensive degeneration in some tubules (arrowheads) and
depletion of germ cells. There are few Leydig cells (L) and congestion of blood
vessel (v) between the tubules. Group of rats treated with Vitamin C (c) or
Vitamin E (d) with HgCl, treatment showing normal testicular morphology and

spermatogenesis with slight degenerations in spermatids and spermatozoa
(H&E, X 400).

Discussion

The protective effect of vitamin C and vitamin E on testicular
toxicity of HgCl, were investigated in male albino rats. To our
knowledge, the present study planned to evaluates the protective effect
of vitamin C and vitamin E against testicular damage induced by HgCl,
toxicity in experimental animals. In this report, a single dose of HgCl,
(10 mg/100 gm b wt) induced severe reproductive toxicity in adult
male rats. Treatment with HgCl, has been shown to cause testicular
damage in various animal species and in humans [9,10]. The HgCl.-
induced testicular damage in animals is commonly associated with
spermatogenic damage, germ cell apoptosis, Leydig cell dysfunction
and testicular steroidogenic disorder [29].

B. The present result showed a significant reduction in the relative
weight of testes and epididymis as well as a decreased in the quality
of epididymal sperm (sperm count, motility and morphology) after
treatment with HgCl, [30]. The results of this study suggest that a diet
containing low levels of HgCl, can lead to elevated concentrations
of HgCl, in the testes, decreased levels of testosterone in serum and
testicular interstitial fluid, a decreased in cauda epididymal sperm
storage [1]. This HgCl, -induced testicular damage was also confirmed
by histopathological lesions [31]. Many investigators have reported a
correlation between MDA and HgCl,-induced complications [14,32].
In this study, HgCl,-treated animals showed an elevation in testicular
MDA level versus the control group. A possible explanation for the
increased MDA concentration might be the decreased formation of
antioxidants in HgCl -induced tissues, which in view of the augmented
activity of reactive oxygen species (ROS) in HgCl, treated tissues,
potentially explains the resulting increase in MDA production. GSH
concentration and activities of CAT and SOD in the testes were also
lower in the HgCl -treated animals relative to control animals. It has
been suggested that HgCl, generates free radicals by interacting with
DNA [33], which interferes with antioxidant defense system and
results in the tissue injury. Therefore, over production of free radicals
and hence oxidative stress may account, at least in part, for testicular
injury associated with HgCl, treatment. Recently, much attention has
been focused on the protective effects of antioxidants and naturally-
occurring substances against HgCl,-induced nephrotoxicity [14,32].

However, little is known about vitamin C and vitamin E act
as protective agents against HgCl -induced testicular toxicity.
Administration of vitamin C or vitamin E with HgClL, treatment clearly
restored the testicular damage and quality of sperm, in addition to
retaining the control values of oxidative stress markers. Accumulating
evidence suggests that the protective effect of vitamins against oxidative
damage could be attributed to its anti-oxidative properties [34]. This
prevention of the HgCl -induced oxidative stress damage in rat with
vitamin C and vitamin E supports the hypothesis that part of the
mechanism of testis damage is attributed to the overproduction of free
radicals. (Figure 6): Photomicrograph of the seminiferous tubules of
control (a) showing the normal arrangement of germ cells at different
stages of spermatogenesis. The tubule contains spermatogonia (g),
Sertoli cell (s), spermatocytes (y), spermatids (p) and spermatozoa (z)
in the lumen (LU). Testis of HgCL- treated rats (b) showing extensive
degeneration in some tubules (arrowheads) and depletion of germ cells.
There are few Leydig cells (L) and congestion of blood vessel (v) between
the tubules. Group of rat treated with vitamin C (c) or vitamin E (d) and
HgCl, showing normal testicular morphology and spermatogenesis
with slight degenerations in spermatids and spermatozoa (H&E, X
400).

Biochem Pharmacol
ISSN:2167-0501 BCPC, an open access journal

Volume 1 ¢ Issue 7 + 1000102



Citation: Muthu K, Krishnamoorthy P (2012) Effect of Vitamin C and Vitamin E on Mercuric Chloride -Induced Reproductive Toxicity in Male Rats.

Biochem Pharmacol 1:102. doi:10.4172/2167-0501.1000102

Page 5 of 5

Administration of vitamin C or vitamin E with HgCl, treatment
also attenuated testicular damage induced by HgCl, treatment as
shown by the normal sperm count, normal sperm morphology and low
histopathological changes in comparison to the HgCl, -treated animals.
The protective effect of vitamin C or vitamin E is accompanied by
normalization of antioxidant activity in testis and associated decrease of
MDA. Vitamin C, which would neutralize H202 and would protect the
plasma membrane from lipid peroxidation [14,35], Vitamin E has been
shown to lower lipid peroxidation and increased glutathione content
in blood of rats [36]. Indeed, the protective effect of Vitamin E against
HgCl, toxicity might be mediated not only by its potent antioxidant
properties but through its androgenic activities as well. This activity was
reflected by the increase of testis weight and serum testosterone levels
[37].

In conclusion, we showed that oxidative stress contributes to the
testicular toxicity induced by HgCl, in male rats. Either vitamin C or
vitamins E were shown to have a potent protective effect on HgCl, -
induced testicular damage and oxidative stress in rats. The protective
effect of vitamin C or vitamin E may be due to their antioxidant
properties.

Acknowledgements

Authors are wishing to thank the Management of J. J. College of Arts and
Science, Pudukottai, Tamil nadu, India for providing the facilities.

References
1. Aebi H (1984) Catalase in vitro. Methods Enzymol 105: 121-126.

2. Ahmed RS, Seth V, Banerjee BD (2000) Influence of dietary ginger (Zingiber
officinales Rosc) on antioxidant defense system in rat: comparison with
ascorbic acid. Ind J Exp Biol 38: 604-606.

3. Appenroth D, Fréb S, Kersten L, Splinter FK, Winnefeld K (1997) Protective
effects of vitamin E and C on cisplatin nephrotoxicity in developing rats. Arch
Toxicol 71: 677-683.

4. Aulerich RJ, Ringer RK, lwamoto S (1974) Effects of dietary mercury on mink.
Arch Environ Contam Toxicol 2: 43-51.

5. Gangadharan B, Murugan MA, Mathur PP (2001) Effect of methoxychlor on
antioxidant system of goat epididymal sperm in vitro. Asian J Androl 3: 285-288.

6. Burton GV, Meikle AW (1980) Acute and chronic methyl mercury poisoning
impairs rat adrenal and testicular function. J Toxicol Environ Health 6: 597-606.

7. Chance B, Sies H, Boveris A (1979) Hydroperoxide metabolism in mammalian
organs. Physiol Rev 59: 527-605.

8. Chowdhury AR, Arora U (1982) Toxic effect of mercury on testes in different
animal species. Indian J Physiol Pharmacol 26: 246-249.

9. Colpi GM, Contalbi GF, Nerva F, Sagone P, Piediferro G (2004) Testicular
function following chemo-radiotherapy. Eur J Obstet Gynecol Reprod Biol 113
Suppl 1: S2-6.

10. Devi Priya S, Shyamala Devi CS (1999) Protective effect of Quercetin in
cisplatin-induced cell injury in the rat kidney. Ind J Pharmacol 31: 422-426.

11. Draper HH, Hadley M (1990) Malondialdehyde determination as index of lipid
peroxidation. Methods Enzymol 186: 421-431.

12. Antunes LM, Darin JD, Bianchi Nde L (2001) Effects of the antioxidants
curcumin or selenium on cisplatin-induced nephrotoxicity and lipid peroxidation
in rats. Pharmacol Res 43: 145-150.

13. Halliwell B, Gutteridge JM (1986) Oxygen free radicals and iron in relation to
biology and medicine: some problems and concepts. Arch Biochem Biophys
246: 501-514.

14. Heath JC, Banna KM, Reed MN, Pesek EF, Cole N, et al. (2010) Dietary
selenium protects against selected signs of aging and methylmercury exposure.
Neurotoxicology 31: 169-179.

20.

21.

22.

23.

24

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

. Jayanthi R, Subash P (2010) Antioxidant effect of caffeic Acid on oxytetracycline

induced lipid peroxidation in albino rats. Indian J Clin Biochem 25: 371-375.

. De AK, Darad R (1988) Physiological antioxidants and antioxidative enzymes in

vitamin E-deficient rats. Toxicol Lett 44: 47-54.

.Lee IP, Dixon RL (1975) Effects of mercury on spermatogenesis studied by

velocity sedimentation cell separation and serial mating. J Pharmacol Exp Ther
194: 171-181.

. Malarvizhi D, Mathur PP (1996) Effects of cisplatin on testicular functions in

rats. Indian J Exp Biol 34: 995-998.

. Masuda H, Tanaka T, Takahama U (1994) Cisplatin generates superoxide anion

by interaction with DNA in a cell-free system. Biochem Biophys Res Commun
203: 1175-1180.

McFarland RB, Reigel H (1978) Chronic mercury poisoning from a single brief
exposure. J Occup Med 20: 532-534.

Noguchi T, Cantor AH, Scott ML (1973) Mode of action of selenium and vitamin
E in prevention of exudative diathesis in chicks. J Nutr 103: 1502-1511.

Peterson GL (1977) A simplification of the protein assay method of Lowry et al.
which is more generally applicable. Anal Biochem 83: 346-356.

Popescu HI (1978) Poisoning with alkylmercury compounds. Br Med J 1: 1347.

. Chowdhury AR, Arora U (1982) Toxic effect of mercury on testes in different

animal species. Indian J Physiol Pharmacol 26: 246-249.

Chowdhury AR, Vachhrajani KD, Chatterjee BB (1985) Inhibition of 3 beta-
hydroxy-delta 5-steroid dehydrogenase in rat testicular tissue by mercuric
chloride. Toxicol Lett 27: 45-49.

Saalu LC, Oluyemi KA, Omotuyi IO (2007) a-Tocopherol (vitamin E) attenuates
the testicular toxicity associated with experimental cryptorchidism in rats.
African Journal of Biotechnology 6: 1373-1377.

Slemr F, Langer E (1992) Increase in global atmospheric concentrations of
mercury inferred from measurements over the Atlantic Ocean. Nature 355:
434-437.

Suga T, Watanabe T, Matsumoto Y, Horie S (1984) Effects of long-term vitamin
E deficiency and restoration on rat hepatic peroxisomes. Biochim Biophys Acta
794: 218-224.

Sun M, Zigman S (1978) An improved spectrophotometric assay for superoxide
dismutase based on epinephrine autoxidation. Anal Biochem 90: 81-89.

Turner TT, Jones CE, Howards SS, Ewing LL, Zegeye B, et al. (1984) On the
androgen microenvironment of maturing spermatozoa. Endocrinology 115:
1925-1932.

Mihara M, Uchiyama M (1978) Determination of malonaldehyde precursor in
tissues by thiobarbituric acid test. Anal Biochem 86: 271-278.

van Doorn R, Leijdekkers CM, Henderson PT (1978) Synergistic effects of
phorone on the hepatotoxicity of bromobenzene and paracetamol in mice.
Toxicology 11: 225-233.

Wang CJ, Wang JM, Lin WL, Chu CY, Chou FP, et al. (2000) Protective effect of
Hibiscus anthocyanins against tert-butyl hydroperoxide-induced hepatic toxicity
in rats. Food Chem Toxicol 38: 411-416.

Wang X, Falcone T, Attaran M, Goldberg JM, Agarwal A, et al. (2002) Vitamin C
and vitamin E supplementation reduce oxidative stress-induced embryo toxicity
and improve the blastocyst development rate. Fertil Steril 78: 1272-1277.

Yousef MI, Awad TI, Elhag FA, Khaled FA (2007) Study of the protective effect
of ascorbic acid against the toxicity of stannous chloride on oxidative damage,
antioxidant enzymes and biochemical parameters in rabbits. Toxicology 235:
194-202.

World Health Organization (1990) WHO Environmental Health Criteria 101,
Methylmercury.

Yokoi K, Uthus EO, Nielsen FH (2003) Nickel deficiency diminishes sperm
quantity and movement in rats. Biol Trace Elem Res 93: 141-154.

Biochem Pharmacol
ISSN:2167-0501 BCPC, an open access journal

Volume 1 ¢ Issue 7 + 1000102


http://www.ncbi.nlm.nih.gov/pubmed/6727660
http://www.ncbi.nlm.nih.gov/pubmed/11116533
http://www.ncbi.nlm.nih.gov/pubmed/9363840
http://www.ncbi.nlm.nih.gov/pubmed/4828553
http://www.ncbi.nlm.nih.gov/pubmed/11753474
http://www.ncbi.nlm.nih.gov/pubmed/7420467
http://www.ncbi.nlm.nih.gov/pubmed/37532
http://www.ncbi.nlm.nih.gov/pubmed/6217157
http://www.ncbi.nlm.nih.gov/pubmed/15041121
http://www.ijp-online.com/article.asp?issn=0253-7613;year=1999;volume=31;issue=6;spage=422;epage=426;aulast=Devi;type=0
http://www.ncbi.nlm.nih.gov/pubmed/2233309
http://www.ncbi.nlm.nih.gov/pubmed/11243715
http://www.ncbi.nlm.nih.gov/pubmed/3010861
http://www.ncbi.nlm.nih.gov/pubmed/20079371
http://www.ncbi.nlm.nih.gov/pubmed/21966107
http://www.ncbi.nlm.nih.gov/pubmed/3188081
http://www.ncbi.nlm.nih.gov/pubmed/1151749
http://www.ncbi.nlm.nih.gov/pubmed/9055653
http://www.ncbi.nlm.nih.gov/pubmed/8093036
http://www.ncbi.nlm.nih.gov/pubmed/690736
http://www.ncbi.nlm.nih.gov/pubmed/4745525
http://www.ncbi.nlm.nih.gov/pubmed/603028
http://www.ncbi.nlm.nih.gov/pubmed/647272
http://www.ncbi.nlm.nih.gov/pubmed/6217157
http://www.ncbi.nlm.nih.gov/pubmed/3864291
http://www.ajol.info/index.php/ajb/article/view/57530/45916
http://www.nature.com/nature/journal/v355/n6359/abs/355434a0.html
http://www.ncbi.nlm.nih.gov/pubmed/6145446
http://www.ncbi.nlm.nih.gov/pubmed/727489
http://www.ncbi.nlm.nih.gov/pubmed/6541571
http://www.ncbi.nlm.nih.gov/pubmed/655387
http://www.ncbi.nlm.nih.gov/pubmed/569914
http://www.ncbi.nlm.nih.gov/pubmed/10762726
http://www.ncbi.nlm.nih.gov/pubmed/12477524
http://www.ncbi.nlm.nih.gov/pubmed/17433520
http://www.inchem.org/documents/ehc/ehc/ehc101.htm
http://www.ncbi.nlm.nih.gov/pubmed/12835498

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Materials and Methods
	Chemicals
	Experimental animals
	Treatment regime
	Sample preparation
	Sperm motility, sperm count and abnormality test
	Biochemical assays and histopathology
	Testosterone levels

	Statistical analysis
	Results
	Effects of HgCl2 on the weights of reproductive organs

	Protective effect of Vitamin C and Vitamin E on spermparameters
	Testosterone level
	Histopathological effect of Vitamin C and Vitamin E
	Discussion
	Acknowledgements
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	References



