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ABSTRACT

Chlorpyrifos is one of the mostly used organophosphates insecticides, has a major toxic
effect in mammalian rat’s reproductive system. The ancient Indian herbal formulation,
Emblica offcinalis plays a major role to subvert many diseases in human body. Through
a preliminary study, we have tried to establish the ameliorative properties of Emblica
offcinalis with respect to reproductive rejuvenation in case of Rattus norvegicus, (Wistar
Strain). Adult male albino rats were exposed in 7mg/kg/day chlorpyrifos, 20mg/kg/d
amla, 7mg chlorpyrifos with 20mg amla/kg/d body weight for 30 days. The Present
study indicates that chlorpyrifos provoked an alteration of body weight, male
reproductive organs weight and sperm related parameters. These changes are
potentially detrimental and lead to infertility in rats. However, when the subjects were
treated with amla and chlorpyrifos, these parameters tend to be normalized, thus
highlighting the debilitating effect of chlorpyrifos and remedial effect of Emblica
officinalis.

KEY WORDS: Organophosphate compounds (OP), Chlorpyrifos (CPF), Emblica offcinalis (EO),
traditional use, ameliorative, fertility, male reproduction.
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INTRODUCTION

Pesticides enhanced the economic potentiality
in agriculture to controlling the pest, on the
debit side are the serious health implication for
animals and as well as man’. The population of
non -—agricultural countries also may be
exposed to pesticides residues in food stuffs,
especially fruits and vegetables, imported from
other countries 2 or as a result of
bioaccumulation in the food chain, including
marine products >. Pesiticides have a dual
action- one is controlling the injurious pests
and another is they also present a hazard to
species not considered to be pest in the
environment®. Organophosphates pesticides
show their biological effect mainly through the
electrophilic attack of cellular constituents with
simultaneous generation of reactive oxygen
species (ROS) °. Chlorpyrifos (CPF) [o,0-
diethyl-o (3,5,6 — trichloro-2-pyridytl)- is an
organophosphates insecticide with a broad
range of activity against arthropods, pest of
plants, animals including humans °. CPF is
also known as a residential pesticide for killing
fire ants, cockroach and other household
pests. Particularly this pesticide has an effect
on behavioral and neurological aspect Emblica
officinalis (E.O), commonly known as amla is
one of the fruits which contain a bioactive
component showing antioxidative property. It is
a traditional medicine, widely used in India
(Asia) . Emblica officinalis (EO) enjoys a vital
position in pharmacology. In Unani medicine,
the dried E.O fruits are used to treat
hemorrhage, diarrhea, dysentery9 vomiting,
cough, jaundice, fever, scurvy, diabetes etc '™
2 It is a very rich source of ascorbic acid .
Emblica is found to be a good herbal protector
and at the same time non-toxic, reasonable
and easily available botanical material. The
aim of this study is to measure the male
reproductive toxicity through the low dose
chlorpyrifos (CPF) administration.
Administration of Emblica officinalis was found
to have ameliorative properties on the adverse
effect caused by consumption of chlorpyrifos

on the reproductive system of male rats. In
reproductive pharmacology, for our knowledge,
there exists no previous scientific literature on
Emblica as remedial representative for
reproductive toxicity related disorder in male
reproductive system.

MATERIALS AND METHODS

Animals

Healthy adult male albion rats (Rattus
norvegicus, Wistar Strain) (weight approx. 170-
220g) were used in the present study. The
animals were housed individually in plastic
cages, maintaining at a room temperature (21-
24°C £ 3°C) in uniform light dark cycle
(14:10:L:D).The animals were provided with
diet (W.B.Dairy & Poultry Dev. Corp. Ltd.) and
water ad libitum throughout the course of
study. Animals were quarantined for 10 days
before beginning of the experiments. The work
related to rat experimentation was conducted
with the permission from ethical committee
(Vide ref no 892/ac/05/CPCSEA).

Chemicals
Chlorpyrifos was obtained from Nagarjuna
Agrichem  Limited (Hyderabad, Andhra

Pradesh, India) for this experiment. All other
chemicals were of analytical grade and were
obtained from local commercial sources. EO
was procured from local market. The fruits
were washed, dried and crushed. The 20mg
crushed material was extracted with 1 ml of
water, and this extracted juice was given to the
rat.

Animals’ treatment schedule

Rat were divided into two groups, control (n=5)
and experimental groups (n=15).The
experimental groups were divided into three
groups. Group1 (G1) received 20mg EO/ kg
bw/d (n=5), group 2(G2) received 7mg CPF/ kg
bw/d (n=5) and group3 (G3) received 7mg CPF
/kg bw/d with 20mg EO/kg bw /d (n=>5), through
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oral intubations. The control groups however
received the same amount of water. After
taking the body weight, both control and
experimental rats were sacrificed after 30 days
of treatment and samples were taken for organ
weight measurement, Sperm motility analysis,
sperm density, testicular sperm count and
epididymal sperm morphology,

Body and organ weights

The body weight has been measured on the
day of starting of experiment and also on the
day of sacrifice (31% day), both the control and
experimental group, by automatic balance. The
increment of body weight is showed in
percentage. Similarly weight of different
reproductive organs (Testis, Seminal vesicle,
Epididymis) was also recorded.

Testicular Sperm count
Testicular sperm count was determined by the
following Uzunhisarcikli et al., 2007 "

Sperm motility analysis
Sperm motility was determined by the following
Uzunhisarcikli et al., 2007 ™

Epididymal sperm morphology
Sperm morphology was assessed by the
method of Filler, 1993 '°.

Sperm density

The reproductive organ epididymis was
removed and fixed in Bouins fixative for 12-14
hrs. It was processed in a series of graded
ethanol and embedded in paraffin. Section
were cut at 5um thickness and stained with
hematoxylin (Leblond & Clermont, 1952) and
eosin for light microscopic examination. The
qualitative changes were recorded. In the

lumen of the epididymis sperm density was
observed and was graded as normal (+++),
moderately decreased (++), or severely
decreased (+), depending on the concentration
of spermatozoa in the tubular cross-sections
through the microscope.

Statistical analysis

Data were statistically analyzed using t-test.
The maximum significant level chosen was
P<0.05.

RESULTS

Evaluation of Body and organ weights
Death was not observed in any of the
experimental groups during experimental
periods. It is observed from the table-1, that the
body weight increased with the advancement
of age, both in control and in the treated
groups. The body weight decreased
significantly, P<0.001 and P<0.05, after 30
days treatment for G2 group and G3 group
respectively, However in case of G1 group it
increased significantly (P<0.001) than the
control one. But the recovery group G3, Rats
fed with Chlorpyrifos with Amla, gained body
weight significantly (P<0.001) than the treated
group G2. The weight of testis, epididymis and
seminal vesicle and relative weight of seminal
vesicle of G2 group significantly decreased
(P<0.001) and (P< 0.01) respectively, than the
control value Table-2. When amla was singly
fed, experimental organs showed no significant
changes than the control groups. Due to
recovery aspects, in group G3, the organ
weight significantly increased than the G2
group, especially in testis (P<0.001). However
they showed no significance changes than the
control group.
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Table-1
Body weight

No of Initial  Final Body

Day & animal body body weight
Dose exposed weight weight increased
(gm) (gm) (%)
Control 5 180.4 212.49 17.78
+454 540 + 0.09
188.42 224 19.51 ***
G1 5 +294 +2.91 +0.20
G2 5 190.8 208.4 9.16
+342 +3.90 +0.28
16.56*
G3 5 188.70 219.85 aaa

+3.33 +3.7 +0.24

Table-2
Organs weight.

Testis (gm) Semi?a:’)es‘c'e Epididymis (gm)
No of 9

Day & animal Absolute Relative Absolute Relative Absolute Relative

Dose exposed weight  weight  weight weight weight  weight
of body ofbody ofbody ofbody ofbody of body
weight  weight  weight weight weight  weight

Control 5 1.88 0.89 0.75 0.35 0.8 0.38
+0.06 +0.03 + 0.04 + 0.01 +0.03 + 0.01
G1 5 2.03 0.9 0.81 0.36 0.85 0.38
0.05 0.01 0.04 0.02 0.03 0.01
1.23 0.59 0.47 0.23 0.55 0.26
G2 5 **k% *k%k *k% *%* *k% *k%
0.07 0.03 0.04 0.02 0.03 0.01
1.82 0.83 0.69 0.31 0.72 0.33
G3 5 aaa aaa a a a '

+0.02 +0.01 +0.04 +0.02 +0.03 +0.01

Evaluation of Testicular Sperm count

Figure 1 shows that the sperm count of G2 and G3 group significantly decreased (P<0.001) than the
control group. Besides, the sperm count significantly increased (P<0.001) in G3 group than the G2

group. However, when amla was singly fed, there were no significant changes in testicular sperm
count as compared to the control group.
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Figure-1
Sperm count
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Evaluation of Epididymal sperm and without head are the criteria of abnormal
morphology sperm morphology. In recovery aspect, the

A significant decline (P<0.001) was found in
normal sperm morphology in G2 and G3
group than the control group. Simultaneously,
a significant increment (P<0.001) was showed
in abnormal sperm morphological structure in
both the group G2 and G3 after 30 days of
exposure (fig 2). Thick coil tail, tapered head

normal sperm  morphology significantly
increased (P<0.001) and abnormal sperm
morphology significantly decreased than the
group G2. No statistically significant changes
were detected in normal and abnormal sperm
morphology when only amla was singly
administered.

Figure-2
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Evaluation of Sperm motility analysis

A significant decline, P<0.001 and P<0.01, was observed in total epididymal sperm motility at the end
of 30" day in G2 and G3 group respectively than the control (fig 3). But the data shows a significant
increment (P<0.001) in group G3 than the treated group G2. Single amla fed group had no significant
difference than the control group.

Figure 3
Sperm motility
Sperm motility for 30 days
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Fig-1,2,3 and Table-1,2-All data are presented as mean * S.E.M from five similar experiments. Data are significant
at the level *** P<0.001 ,** P<0.01, and *P<0.05 for G1 G2 and G3 than the control animals. G2, aaa P<0.001, aa
P<0.01 and a P<0.05 for G3 than the G2

Sperm density

In case of CPF treated group, (G2), sperm density is reduced in the lumen of epididymal tubule as
compared to the control rats (Table3). In epididymis, the control animals showed normal sperm
density (+++). However, the sperm density is decreased (++) in 7mg/ kg d CPF treated group. But
when CPF was fed with amla, the sperms showed a normal density (+++).Single amla fed group
showed normal sperm density (+++).

Table-3
Sperm density (microscopically observed) for 30 days treatment.

Group Sperm density
Control +++

G1 +++

G2 ++

G3 +++

+++ showing normal sperm density,++ showing moderately decreased sperm density
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DISCUSSION

The exponential increase in production, use
and disposition of pesticides has a
fundamental impact on the environment and
creates unanticipated hazards to man
organisms, including humans  '®7%.
Organophosphates (OP) are the most widely
used synthetic pesticides and it has a causable
effect in fertility . Herbal materials like amla,
used in ancient medicines, are capable to
subvert those toxic effects. The present study
demonstrated that 30 day’s exposure of male
rats to chlorpyrifos at the dose of 7mg/kg
b.w/day resulted in decreased body weight,
reproductive organ weight (testis, epididymis
and seminal vesicle), testicular sperm count,
normal sperm morphology, sperm motility and
sperm density in tested tissues. Our results
showed that the body weight and reproductive
organ weight significantly decreased upon
chlorpyrifos treatment 2°. According to Joshi et
al., 2007; the reproductive organs weight
decreased significantly at various dose levels
(7.5, 12.5 and 17.5 mg/kg b.w./day) for 30 days
chlorpyrifos  treatment. Similar results were
found in Chitra et al., 2004 ', in endosulfan
treated rats, indicating injury at testicular,
pituitary or hypothalamic level. The epididymis
and seminal vesicles are androgen-dependent
organs and a reduction in their weights may
reflect a decline of androgen production. The
decrease in testicular weight in treated rats
may be due to reduction of tubule size,
spermatogenic arrest and inhibition of steroid
biosynthesis of leydig cells 2. In the present
study, it is found that when amla was fed with
CPF, there was a significant recovery in body
and organ weight. Similar findings were
observed when amla was fed singly, as
compared to the control group. It may be due
to recovery of organ or tissue injury or due to
revitalized androgen secretion. According to
Mode et al., 2009 ?*, broiler birds gain their
body weight due to amla treatment for 28 to 42
days. This body weight gain might be due to
the hepatoprotecting activity resulting in the

improvement in the liver function 2%, The

similar view was present in a master document
of Natural Remedies Pvt.Ltd %,

The observed decline in testis weight
could be an indicator of sperm toxicity due to
CPF treatment %°. Parallely, sperm cell
degeneration is an essential indicator of sperm
toxicity. The sperm count is one of the most
sensitive tests for spermatogenesis and it is
highly correlated with fertility. The decrease in
sperm motility and density in chlorpyrifos
treated group may be due to inadequacy of
androgen ® which caused anorgasmia in
testicular functions by altering the activities of
the enzymes which is contributing for
sg)ermatogenesis“'”. According to Zidan, 2009
2 percentage of sperm motility and sperm
count significantly decreased in both the three
pesticides (chlorpyrifos methyl, dizinon and
profenofos,) and highest effect was noticed in
case of diazinon exposure. The sperm
morphology is considered as a Dbetter
discriminator between fertility and infertility 2.
Sperm morphology and motility is a useful
marker of toxic damage **. Similar result was
showed by Abd El-Aziz et al, 1994 *, who
revealed that diazinion treated rats exhibited a
decrease in sperm motility, associated with an
increment of dead sperm percentage.
According to Aikten et al., 1984 3°  sperm
motility is an important functional measurement
to anticipate their fertilizing capacity. Any
negative impact on motility would gravely affect
fertilizing ability of the organism *. Sperm
motility is seriously affected by the low level of
ATP content and it may be affected by
alteration of the enzymatic activities of
oxidative phosphorolytic process. Similarly
oxidative phosphorolytic process is required for
ATP production, a source of energy for the
alleviated movement of spermatozoa '°. Full
ATP pool is crucial for normal spermatozoal
movement and a slight deprivation of ATP
leads to reduction in motility, which is one of
the major causes of infertility *®. According to
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Chakraborty and Verma, 2009 *° oral
administration of aqueous extract of Emblica
offcinalis along with ochratoxin for 45 days,
significantly = mitigated  ochratoxin-induced
alterations in reproductive parameters of mice.
The recovery aspect of the herbal product,
Emblica officinalis, find similar light in our study
where there was a significant increase in
sperm count, normal sperm morphology and
sperm motility in case of amla treated group
when compared to the CPF treated group. This
shows the ameliorative effect of Emblica
offcinalis. Here amla works as an adjuvant.
This might be due to the presence of bioactive
compounds, namely: emblicanin A, emblicanin
B, punigluconin and pedunculagin which are
known to provide protection against oxygen
radicals in various in vitro studies .

CONCLUSION

Under the light of this study, it is concluded that
chlorpyrifos is responsible for alteration of body
weight, male reproductive organs weight,
sperm morphology, sperm count, sperm
motility and sperm density. These changes are
potentially detrimental and lead to infertility in
rats. Our results reveal that due to chlorpyrifos
exposure; male fertility diminishes, thus being
harmful to any animal, mammals as well as
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