Medical Sciences

ISSN 1682-4474

science
alert

ANSI|n27

an open access publisher
http://ansinet.com




JMS (ISSN 1682-4474) is an
International, peer-reviewed
scientific journal that publishes
original article in experimental
& clinical medicine and related
disciplines such as molecular
biology, biochemistry, genetics,
biophysics, bio-and medical
technology. JMS is issued eight
times per year on paper and

in electronic format.

For further information about
this article or if you need
reprints, please contact:

R K. Sharma
Reproductive Physiology
Laboratory,

Department of Zoology,
Kurukshetra University,
Kurukshetra-136119, India

ANSlnez

Asian Network for Scientific Information

Researchpap%er

T. Med. Sci., 10(6): 169-175
15th August, 2010

Antioxidant (Ascorbic Acid): An Approach to Ameliorate the
Atrazine Induced Testicular Toxicity

R.K. Sharma, A. Fulia and P.K. Chauhan

The aim of the present study was to investigate the ameliorating effect of vitamin
C on atrazine induced testicular toxicity in Capra hircus in vitro. Small pieces
(approximately 1 mm®) of testicular tissue were divided into three groups (One
control and two experimental groups). One experimental group was supplemented
with 100 nmol mI.™" atrazine concentrations and another experimental group was
treated with 100 nmol mlL.™" atrazine and simultaneously supplemented with
1000 umel L™ concentration of vitamin C (Ascorbic acid). Contrels were run
simultaneously along with all the experimental groups. Harvesting of tissue was
carried out after 1, 4 and 8 h of exposure. In the experimental group treated with
atrazine at dose level 100 nmol mL ™", several alterations were observed in the
seminiferous tubule. After 1 h of exposure duration there was degeneration in germ
cells and somatic cells. Pycnotic nuclel which stained darkly with the eosin were
clearly observed after 1 h of exposure duration. The numbers of atretic
spermatogonia were increased from 24% in control group to 60% after 1 h, from 30
to 66% after 4 h and from 36 to 76% after 8 h of exposure duration. Similar
atretogenic changes were also observed m the testicular slices cultured in
atrazine+ vitamin C but were milder as compared to atrazine treatment exclusively.
Reduction in atretic spermatogonia was recorded from 60 to 32% after 1 h, from 66
to 42% after 4 h and from 76 to 50% after 8 h of supplementation of vitamin C.

Key words: Antioxidant, ascorbic acid, atrazine, testis, histomorphology, Capra
hircus
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INTRODUCTION

Synthetic chemicals are the quickest and surest
method of pest control i agriculture. Excessive use of
these pesticides has resulted in serious ecological and
environmental problems as well as the health hazards
(Toppari et al., 1996, Abdollahi et al., 1997, Olea and
Fernandez, 2007). In recent years, there have been
growing concermns about the toxicity of a number of
pesticides on the reproductive system. There are
pronounced  structural  defects m  lustological
examinations of ovarian tissues in rats which were
administered endosulphan and malathion (Koc et al,
2009). Vincolzoling DDT (De Jager et al, 2006,
Turusov er al, 2002, Wade et al, 2002) and its
metabolites, methoxychlor, permethrin and phthalates
(Mylchreest et al., 2002, Zhang et al., 2007) interfere with
androgen production and functioning resulting in serious
impawment of male performance. Endosulphan induced
alterations in male fertility. Endosulphan exposure
resulted in degenerative changes in fine morphology of
goat spermatogonia (Sharma et al., 2010). Chlorpyrifos
(CPF) 1s a widely used organophosphate msecticide
having known properties of cholinesterase nhibition and
the production of Reactive Oxygen Species (ROS)
(Geter et al., 2008). Pesticides may induce oxidative stress
leading to generation of free radicals and impede the
natural antioxidant or oxygen free radical scavenging
enzyme system. Pesticides have been established to
distwrb the pro-oxidant-anti-oxidant system of the cells,
thereby leading to generation of oxygen free radical and
Reactive Oxygen Species (ROS) (El-Gendy et af., 2010).
Biological complex antioxidant system includes
antioxidant enzymes (superoxide dismutase, catalase,
glutathione reductase and glutathione transferase) and
non-enzymatic antioxidants such as carotenoids, vitamin
E, vitamin C and glutathione acting against intracellular
oxidative stress (Pierce et al., 2004; Szczepanska et al.,
2003; Van Langendonckt et al., 2002; Agarwal ef al., 2003).
Significant interaction takes place between water and
lipid-soluble molecules at the membrane-cytosol interface
and vitamin C may function in wive to repair the
membrane-bound oxidized vitamin E (Chan, 1993). Oral
supplementation of vitamin C on various semen
parameters in oligospermic, infertile, showed that the
mean sperm count, sperm motility and sperms with normal
morphology increased sigmficantly after 2 months of
vitamin C intake (Akmal et af., 2006). Ascorbic acid also
prevents free-radicals-induced DNA damage
(Dawson et al., 1990). Atrazine is one of the most widely
used agricultural pesticides and recogmzed to have
disrupting effects on the reproductive system of mammals
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(Rhind, 2002). Antiandrogenic effects of gestational
atrazine exposure on male offspring in Sprague-Dawley rat
have been observed (Rosenberg ef al., 2008). Atrazine
mnduced atretogenic changes in spermatogenic cells of
goat Capra hircus has been documented (Sharma and
Chauhan, 2009). Keeping in view the effect of atrazine on
fertility, the present study investigates the
propensity of atrazine to induce oxidative stress and its
possible attenuation by vitamin C in goat testis which is
a convenient model to understand the oxidative damage
induced by various xenobiotics and provide the ways to
prevent the increasing infertility problems due to the
hazardous effect of different pesticides used m the
agriculture.

male

MATERIALS AND METHODS

Testis of mature goat (Capra hircus) were procured
from slaughter houses around Kurukshetra (29°6'N,
76°50'E), Haryana, India. The material was brought to the
Reproductive Physiology Laboratory, Department of
Zoology, Kurukshetra University Kurukshetra at 4°C in
normal saline during year 2009. After decapsulation, the
testis was cut into small pieces (approximately 1 mm”) for
culture.

Cl
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Atrazine (Structure-I)

IUPAC 6-chloro-N-ethyl-N"-1sopropyl-1,3,5-
triazine-2,4-diamine

Chemical formula: C.H,,CIN,

Molecular mass: 215.7 g moL ™

name:

CH,0H

HCOH
O

—

OH OH
Ascorbic acid (Structure-II)
Chemical formula: C, H; O,
Molecular mass: 176,13 g moL ™'
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After washing three times with TCM-199, small pieces
of testicular tissue were immediately placed on nucleopore
filter and floated on medium. The medium was prepared by
mixing TCM-199 and antibiotics (200-unit penicillin
100 1T mL™" and streptomycin 100 g mL ™). The tissue
was divided into three groups (one control group + two
experimental groups). Experimental group (A) was
supplemented with 100 nmol mL™ cencentration of
atrazine (Structure-T) and experimental group (B) was
supplemented with 100 nmel mL™" atrazine and
1000 umol L™ concentrations of vitamin C {Ascorbic acid)
(Structure-II) and harvesting was carried out after 1, 4 and
8 h of exposure. The culture petri plates were kept at 39°C
in 5% CO, level in CO, incubator for specified duration.
Tissue from all the groups was processed for the
histomorphological studies. Paraffin embedded tissue
from all experimental and control was cut at 5 um
thickness and after dewaxing in xylene, the sections were
passed through decreasing grades of alcohol and stained
with haematoxylene. After that the sections were
gradually dehydrated up to the 70% alcohol and stained
with eosin, after further dehydration up to absolute
alcohol the sections were cleared with clearing agent
(xylene) and finally mounted with DPX (Pearse, 1968).

RESULTS

During the present mvestigation vitamin C (Ascorbic
acid) at 1000 pumol I.™' concentration, induced protective
effect against the testicular damage induced by the
atrazine at dose level 100 nmel mL ™. Light microscopic
examination of 5 pm thin sections of the testicular tissue
stained with haematoxylene and eosin of control group
revealed normal histological appearance of semimferous
tubules packed with loose comnective tissue. Somatic
cells and germ cells were arranged m a specific manner,
Sertoli cells were present at the basal part of seminiferous
epithelium. Sertoli cell nucleus was irregular in shape and
cytoplasmic processes were extended in between the germ
cells. Different types of germ cells were recognized by
their round nucleus. Elongated spermatids were present
toward the lumen of the seminiferous tubule (Fig. 1).

In the experimental group (A) treated with atrazine
with dose level 100 nmol mL ', revealed alterations in the
seminiferous tubule. After 1 h of exposure duration there
was degeneration in both the germ cells and the somatic
cells. Darkly stamed pycnotic nucler were clearly
observed after 1 h of exposure duration. Vacuoles in
the cytoplasm of spermatogonia, spermatid and Sertoli
cells were seen. As the exposure duration enhanced from
1 to 4 h, these atretogenic changes were enhanced.
Number of pycnotic nuclel was mcreased. Chromolysis
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and fragmentation were also observed after 4 h of
exposure durations. Shrinkage in cytoplasm was noticed.
Size of vacuoles was also enhanced. Hyalimzation in the
different germ cells was observed. Some of the germ cells
of seminiferous tubules were detached from the basal
lamina at certain places. As the exposure duration
mcreased up to & h, associations between different germ
cells and somatic cells were disrupted to very large extent.
Number of pycnotic nuclei, fragmented nuclei,
chromolysis, hyalinization and condensation was
mcreased as the exposure duration enhanced (Fig. 1a, b).
Afrazine exposure at dose level 100 nmol mL ™" induced an
increase in atretic spermatogonia and this increase was
further enhanced in time dependent manner. The number
of atretic spermatogoma was increased from 24% in
control group to 60% after 1 h, from 30 to 66% after 4 h
and from 36 to 76% after 8 h of exposure duration.
Chi-square values between control and atrazine treated
group [experimental group (A)] were analyzed after 1, 4
and 8 h of exposure durations and all the varations
recorded were statistically significant (%’ 0.05) (Table 1).

The number of atretic Sertoli cells after exposure of
atrazine was elevated from 18% m control to 58%, from 24
to 62% and 32 to 70% after 1, 4 and 8 h, respectively.
Chi-square values between control and atrazine treated
group [experimental group (A)] were analyzed after 1, 4
and 8 h of exposure durations and all the varations
recorded were statistically significant (%> 0.05) (Table 2).

Atrazine induced impairments in testicular structure
but supplementation of vitamin C drastically reduced the
degenerative changes. Although the atretogenic changes
in the seminiferous tubules were also observed in the
atrazine treated testicular tissue supplemented with
vitamin C [experimental group (B)] but these changes were
milder as compared to testicular tissue treated with

Table 1: The comparison of a number of atretic spermatogonia between
control versus atrazine (100 nmol mL™") treated group (A) and
atrazine (100 nmol mL™") treated group (A) versus atrazine
supplemented with vitamin C group (B) showing Chi-square
values after 1, 4 and 8 h of exposure durations

Parameters Atrazine Atrazine + Vitarnin C
1h 13.30# 7.8905%

4h 12.98+ 5.7971%

Sh 17.90# 7.250%

*Statistically significant difference from control (p<0.05)

Table 2:  Chi-square values between atretic Sertoli cells observed in control
versus atrazine (100 nmol mL™?) treated group (A) and atrazine
(100 nmol mL~") treated group (A) versus atrazine supplemented
with vitamnin C group (B) after 1, 4 and 8 h of exposure durations

Parameters Atrazine Atrazine + Vitamin C

1h 16.97* 9.1799%

4h 14728+ 6.7627*

8h 14.44* 10.3059%

*Statistically significant difference from control (p<0.05)



J. Med. Sci., 10 (6): 169-175, 2010

I

Fig. 1: (a) Microphotograph of testicular tissue of goat Capra hircus stained with haematoxylene and eosine showing
normal contour in control group. (X 1000), (b) Portion of atrazine (100 nmol mIL.™") treated testicular section
showing hyalimzation (H), condensed nuclei (C), chromolysis (Ch) after exposure duration of 1 h (X 1000),
(¢) Testicular section treated with atrazine (100 nmol mL™") showing increased degeneration of seminiferous
tubule. Pycnisis (P) and chromolysis (Ch) were increased. Size of vacuoles (V) was enhanced as the exposure
duration was increased to & h. (X 1000), (d) Microphotograph of testicular tissue treated with atrazine
(100 nmol mL™") supplemented with vitamin C showing improvement in degeneration of semmiferous tubule after
1 h of exposure duration. (X 1000), () Portion of testicular tissue treated with atrazine (100 nmol mL™") and
supplemented with vitamin C for 4 h showing decrease in number of atretic spermatogenic cells and Sertoli cells.
(3{ 1000} and (f) Testicular tissue treated with atrazine (100 nmol mI.™") and supplemented with vitamin C for 8 h
showing ameliorating effect on testicular toxicity induced by atrazine. (X 1000)

atrazine only [experimental group (A)]. The degeneration
was minimized and most of the testicular portion showed
of tubule

mterstitium. There was decline m number of pycnotic

normal architecture seminiferous and
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nuclei, fragmented nmuclei and chromolysis, condensation
i various germ cells and somatic cells in vitamin C
supplemented group [experimental group (B)] as

compared with the atrazine exposed group [experimental



J. Med. Sci., 10 (6): 169-175, 2010

group (A)] (Fig. lc-e). There was reduction in atretic
spermatogomnia and was noticed from 60% n experimental
group (A) to 32% in experimental group (B) at 1 h, from 66
to 42% after 4 h and from 76 to 50% after 8 h of
supplementation duration and Chi-square values were
7.8905, 5.7971 and 7.250 after 1, 4 and 8 h of exposure
durations. All the values recorded were statistically
significant (¥* 0.05) (Table 1). All these atretogenic
changes sigmficantly improved by the treatment with
vitamin C. A decline i atretic Sertoli cells from 58%
experimental group (A) to 28% in experimental group (A)
at 1 h, from 62 to 36% after 4 h and from 70 to 38% after
8 h of supplementation duration and Chi-square values
between atrazine treated [experumental group (A)] and
atrazine supplemented with vitamin C [experimental group
(B)] were 9.1799, 6.7627 and 10.3059 after 1, 4 and 8 h of
exposure durations, respectively. Chi-square values
revealed that all the varnations recorded were statistically
significant (%> 0.05) (Table 2).

DISCUSSION

During the present investigation, vitamin C (Ascorbic
acid) at 1000 pumol I.7" concentration induced ameliorating
effect against the testicular damage induced by the
atrazine at dose level 100 nmol mL ™. The results of the
present study strongly supports the earlier studies of
Semercioz ef af. (2003) concerning the effects of increased
seminal Reactive Oxygen Species (ROS) and the role of
Nitric Oxide (NO) in infertile patients with varicocele and
antioxidants have been used successfully to decrease
oxidative stress in testis. The results of the present study
showed that there was decline in number of pycnotic
nuclei, fragmented nuclei and chromolysis, condensation
i various germ cells and somatic cells in vitamin C
supplemented group [experimental group (B)] as
compared with the atrazine exposed group [experimental
group (A)]. These results are in agreement with the
findings of Hughes et al. (1998), who have reported that
the supplementation of antioxidants ascorbate, urate and
alpha-tocopherol separately has beneficial effects on
sperm DNA integrity in vitro. The present findings also
supports the earlier study of Fraga ef al. (1991) that
antioxidants may play a critical role in protecting male
germ cells agamst oxidative damage. The antioxidant
ascorbic acid plays an important role in various
physiological processes m the bedy including
detoxification of different toxic materials (Yousef et al.,
2005). During the present investigation there was
reduction in atretic spermatogonia and was noticed from
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60to 32% at 1 h, from 66 to 42% after 4 h and from 76 to
50% after 8 h of supplementation duration. These results
strongly endorse the finding of Wenzel et al. (2004), who
have reported that ascorbic acid dose-dependently
inhibited the apoptotic response of cells. Apoptosis was
assessed based on caspase-3-like activity, plasma
membrane disintegration end finally nuclear fragmentation
and chromatin condensation. Dietary supplementation,
particularly antioxidants, such as vitamin C, vitamin E and
beta-carotene has the potential to improve the male
reproductive outcomes by reducing the extent of oxidative
damage (Wong et al., 2000). The observations of the
present  experiment strongly supports  the
Bentivoglio et al. (1993) who have noticed a consistent
improvement in the histological structure of the rat
tubular epitheliim mduced by the supplementation of
micronutrient, folinic acid, the other anti-oxidative
antidotes. The results of present mvestigation endorse
the finding of earlier researchers who observed that zine
administration counteracts the oxidative stress created in
the testes by lead exposure (Khan et al., 1991, Batra et al.,
1998). The present investigation is in agreement with the
observations of (Acharya et al., 2002) who noticed the
ameliorating effect of antioxidant vitamin C in Swiss mice
testes. Supplementation of vitamin C and E to Cd-treated
mice drastically reduced the generation of ROS, thereby
significantly escalating sperm count and declining the
frequency of abnormal sperm. The study emphasises the
possible role of the ROS in inducing sperm abnormality
by way of altering specific gene loci i germ cell
chromosomes (Acharya et al., 2002).
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