Original Article

Dose-Dependent Effect of Deltamethrin in Testis, Liver, and Kidney of
Wistar Rats

Poonam Sharma, Rambir Singh', Mysra Jan

Departments of Zoology and 'Biomedical Sciences, Bundelkhand University, Jhansi, Uttar Pradesh, India

ABSTRACT

Objectives: Deltamethrin is a synthetic pyrethroid insecticide used worldwide in agriculture, household pest
control, protection of foodstuff, and disease vector control. Although initially thought to be least toxic, a number
of recent reports showed its toxic effects in mammalian and non-mammalian animal species. The current study
was performed to assess the dose-dependent deltamethrin toxicity on testes, liver, and kidney of male Wistar
rats. Materials and Methods: Twenty-four rats were divided in four groups of 6 each. Group A served as normal
control. Group B, C, and D were administered with different doses (2 or 3 or 6 mg/kg corresponding to 1/30" or
1/20™ or 1/10™ of LD, respectively) of deltamethrin for 28 days. Results: Deltamethrin exposure caused a significant
reduction in weight of reproductive organs, decrease in sperm count, sperm motility, serum testosterone (T), follicle
stimulating hormones (FSH), and luteinizing hormones (LH) in testis. Glutathione (GSH), superoxide dismutase (SOD),
catalase (CAT), glutathione S transferase (GST), glutathione reductase (GR), glutathione peroxidase (GPx) were
decreased in testis, liver and kidney of exposed rats. Deltamethrin exposure significantly increased sperm
abnormalities in testis. Significant increase in lipid peroxidation (LPO) level was observed in testis, liver and kidney.
Deltamethrin also caused histological alterations in testes, liver, and kidney. Conclusions: The results indicated
that deltamethrin at a dose of 6 mg/kg exerts significant harmful effects on testes, liver and kidney as compare to
2 mg and 3 mg/kg. The study concluded that the system toxicity induced by deltamethrin was dose dependent.
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INTRODUCTION

Deltamethrin [(1R,3S) [o-cyano(3-phenoxyphenyl)
methyl]-3-(2,2-dibromo-ethenyl)-
2,2-dimethyl-cyclopropanecarboxylate] is a synthetic
pyrethroid used worldwide in agriculture, home pest control,
protection of foodstuft, and disease vector control. It is
also used in the public and animal health programmes. It is
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rapidly absorbed and excreted in urine (19 - 47%) and feces
(32 - 55%) within 24 hours of oral administration in rats. The
main routes of metabolism include cleavage of the ester bond
and oxidation at position 4 of the phenoxy ring of the alcohol
moiety. The acid and alcohol moieties are further transformed
to conjugated metabolites. Unchanged deltamethrin is the
major compound in faces. During its metabolism, reactive
oxygen species (ROS) are generated and result in oxidative
stress in intoxicated animals.[!l The most important sources of
the animal and human exposure to deltamethrin are polluted
food and water, and it is readily absorbed by the oral route.!
The production of ROS is a normal physiological event in
various organs. However, overproduction of ROS can be
harmful to reproductive® hepatic* and nephritic system.[®!
Earlier studies have shown that deltamethrin produces dose
and time-dependent increase in the cytochrome P450s (CYDs),
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involved in its metabolism in rat brain and liver.l*”]
Deltamethtrin has a deleterious effect of on reproductive
system.[*8] In mammals, spermplasma- membranes have
extremely high concentration of polyunsaturated fatty acids
and insufficient antioxidant defenses; hence they are highly
susceptible to lipid peroxidation. !

Hence, the present study was aimed to evaluate the
influence of different doses of deltamethrin on reproductive,
hepatic and nephritic system of male Wistar rats.

MATERIALS AND METHODS

Animals

Male Wistar rats, weighing about 200-250 gm, were used in
the experiments. Animals were obtained from Central Drug
Research Institute (CSIR), Lucknow and were kept for
acclimatization in the animal house at ambient temperature
of 25°C and 45-55% relative humidity, with 12h each of
dark and light cycles. Animals were fed pellet diet and
water ad-libitum, Principles of Laboratory Animal Care
(NH publication no, 85-23, revised 1985) were followed
for animal care during the course of experimentation.

Chemicals

Technical grade deltamethrin (99%) was gifted by Gharda
Chemicals Ltd., Mumbai. Curcumin was purchased from
Sigma Aldrich, India. All other chemicals used in this study
were of high purity.

Experimental design

Twenty-four male Wistar rats were divided into four
groups of six rats each. Deltamethrin dissolved in dimethyl
sulphoxide (DMSO) and administered orally by gavaging
to Wistar rats as per given plan

Group-A  Normal diet and water ad libitum for 28 days

Group-B  Deltamethrin 1/10 of LD, (6 mg/kg bw) for
28 days

Group-C  Deltamethrin 1/20 of LD, (3 mg/kgbw) for
28 days

Group-D  Deltamethrin 1/30 of LD, (2 mg/kgbw) for
28 days.

At the end of the experiment, rats were sacrificed
as per institutional ethical committee guidelines
(BU/Pharma/TAEC/11/042). Blood was taken out from
ventricle of heart for separation of serum for analysis of
reproductive hormones. Both the testis and epididymis
were removed and weighted. One part of testis was used for
sperm head counts and caudas for sperm motility and sperm
morphological study. Part of testis, liver, and kidney were
used for lipid peroxidation, enzymatic, and non-enzymatic
antioxidants and other part was kept in 10% formaline for
histological examinations.
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Methods for estimation of various
reproductive parameters

Sperm motility count

A segment of distal cauda epididymis was removed and
2 ml of Dulbecco’s phosphate buffer saline maintained at
36-38°C was added. Cauda was minced sufficiently and
placed in a water bath to disperse the sperm for 1-5 minutes
and gently mixed using pasture pipette. Five to 10 ul
sample was loaded into one slide of the hemocytometer
chamber and the number of non-motile sperm count in
WBC counting area of the hemocytometer was counted.
Sperm was classified as motile if it exhibits any type of
movement/motion. Hemocytometer was placed into ice
for 10-20 seconds to rendered all the sperms immotile and
count the total sperm.*%!

Sperm morphology

Cauda was minced in 1 ml of 0.9% saline with the help
of razor and 1 ml of 10% neutral buffer formalin was
added. The suspension was diluted with water to volume
suitable for performing the assay. One percent of 1-2 ml
of eosin was added to 20 ml of above suspension and
incubated at room temperature for 45 to 60 minutes and
one drop was taken on slide and a smear was prepared.
The head and tail abnormalities were expressed as a
percentage. !t

Testicular sperm head count

Sperm head counts were determined with hemocytometer
using a method described by Choi et al. (2008)2]
with necessary modifications. The testis was removed
and weighed. Tunica albuginea (outer covering) was
removed. The testis was minced and homogenized for
2 minutes at highest speed in 0.9% Nacl and 0.05 triton X
solution (1-15) microliter of homogenate was placed on
hemocytometer, after 5 minutes sperm head was counted
in RBC chamber at 40X magnification.

Determination of testosterone, FSH, and LH

Testosterone level was estimated by using Labor Diagnostika
Nord Gmbh ELISA kit. LH level was estimated by using
Eliscan LH ELISA kit and FSH level was estimated by
using Eliscan FSH ELISA kit.

Biochemical estimations

Preparation of homogenate

Tissues (testis, liver, and kidney) were homogenized
separately with 10% (w/v) homogenizing buffer
(0.1 M phosphate buffers, pH 7.4 + 150 mM Kcl).
This is 10% homogenate which is used for LPO and
GSH estimations. The remaining 10% homogenate was
centrifuged at 9000 rpm for 20 min. to get supernatant(S).
The supernatant(S) obtained was used for SOD, CAT, GPx,
GR, GST and protein estimations.
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Assay of lipid peroxidation, non-enzymatic antioxidants and
enzymatic antioxidants

Lipid peroxidation was estimated by Ohkawaet al. (1979).113)
Glutathione reductase was estimated by the method of
Ellman (1959).0** The activity of Super Oxide Dismutase
was estimated by the method described by Kakkar
et al. (1984).1%%1 Catalase activity was estimated by the
method described by Sinha (1972).1'91 GPx, GST and GR
activities were assayed by the method of Rotruck ez al.
1973,1171 Habig et al. 19741181 and Calbery and mavmermic,
198111 respectively. Protein content in tissue homogenate
was estimated by the method of Lowry et al. (1961).12%)

Statistical calculations

Results were expressed as Mean = SEM. Statistical significance
was determined by one way analysis of variance (ANOVA).
The treatment groups were compared with control group

using Dunnett’s test. All statistics were carried out in Graph
Pad Instat software, Inc., v. 3. 06, San Digeo, USA.

RESULTS

Dose-dependent effect of deltamethrin on
reproductive organs weight

Testis weight showed a significant decrease in
group B (P < 0.01, 35.87%) and group C (P < 0.05,
16.26%) and non-significant (P > 0.05) decrease (1.63%)
in group D as compared to group A. Epididymis weight
of deltamethrin exposed male rats decreased significantly
in group B (P < 0.01, 25.72%) and group C (P < 0.05,
20.20%), whereas non-significantly (P > 0.05) in
group D (11.66%) as compared to group A [Figure 1].

Dose-dependent effect of deltamethrin on
fertility parameters

In the present investigations, sperm count, and sperm
motility were significantly (P < 0.01) decreased
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in group B (27.36%, 45.32%), group C (20.94%,
29.22%), and group D (4.72%, 15.6%) respectively
as compared to group A. Sperm abnormality showed a
significant (P < 0.01) increase in group B (232.79%),
group C (63.84%) and group D (61.27%) as compared
to group A [Table 1].

Dose-dependent effect of deltamethrin on
reproductive hormone levels

Testosterone, LH and FSH levels in the serum were
observed to be significantly (P < 0.01) reduced in group B
(57.71%, 56.14% and 66.89%) and group C (27.97%,
46.4%, and 35.15%) respectively. A significant (P < 0.01)
fall in the level of LH (28.53%), FSH (13.01%), and
testosterone (P < 0.05, 13.12%) in group D was reported
when compared with group A [Table 2].

Dose-dependent effect of deltamethrin on
liver and kidney weight

Figure 2 depicted that the liver weight of Wistar rats
exposed to different doses of deltamethrin increased
significantly (P < 0.01) in group B (38.69%),
group C (31.21%) and group D (11.53%) as compared
to group A. A significant increase in group B (P < 0.01,

Parameter Group A Group B Group C Group D
Sperm 296.30+ 215+ 23411+ 282.13%
countx10* 1.315 1.365** 1.484** 0.655**
Sperm 38.06+ 126.66+ 62.36% 61.38+
abnormality (%) 0.348 0.666** 0.066** 0.079**
Sperm 86.713+ 47.408+ 61.368+ 73.180+
motlity (%) 1.257 1.174%* 0.587** 0.648**

The values represents as mean+SEM for 6 rats each. **=P<0.01, *=P<0.05,
ns=P>0.05 as compared with control value. Group A-Control; Group B-Deltamethrin
exposure |; Group C-Deltamethrin exposure II; Group D-Deltamethrin exposure 11
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Figure 1: Dose-dependent effect of deltamethrin on testis and
epididymis weight. The values represents as Mean + SEM for 6 rats
each. **=P < 0.01, * = P < 0.05, ns = P > 0.05 as compared with
control value. Group A-Control; Group B-Deltamethrin exposure [;
Group C-Deltamethrin exposure
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Figure 2: Dose-dependent effect of deltamethrin on liver and kidney
weight. The values represents as Mean + SEM for 6 rats each.
**= P < 0.01 as compared with control value. Group A-Control;
Group B-Deltamethrin exposure |I; Group C-Deltamethrin exposure II;
Group D-Deltamethrin exposure Il
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Table 2: Dose-dependent effect of deltamethrin on
reproductive hormone levels

Parameter Group A Group B Group C Group D
Testosterone 2.431+ 1.028+ 1.751+ 2.112+
(ng/ml) 0.076 0.016** 0.022** 0.047**
LH 0.431+ 0.189+ 0.231+ 0.308+
(mIu/ml) 0.010 0.011** 0.011** 0.010**
FSH 0.438+ 0.145+ 0.284+ 0.381+
(mIU/ml) 0.018 0.015** 0.011** 0.014*

The values represents as mean+SEM for 6 rats each. **=p<0.01, *=P<0.05 as
compared with control value. Group A-Control; Group B-Deltamethrin exposure I;
Group C-Deltamethrin exposure II; Group D-Deltamethrin exposure |lI

29.75%), group C (P < 0.05, 19.69%) and
group D (P > 0.05, 4.33%) was reported in kidney weight
of Wistar rats as compared to group A.

Dose-dependent effect of deltamethrin on
lipid peroxidation, non-enzymatic, and
enzymatic antioxidants

Lipid Peroxidation

In Figure 3 LPO level significantly (P < 0.01) increases in
group B (Testis 128.7%, Liver 76.28%, Kidney 75.5%)
group C (Testis 92.23%, Liver 42.85%, Kidney 44.4%),
and group D (Testis 49.18%, Liver 21.7%, Kidney
35.79%) as compared to group A.

Non- Enzymatic antioxidants

GSH level significantly (P < 0.01) decreases in group B
and C (Testis 49.01%, 35.36%) (Liver 75.4%, 39.93%),
and (Kidney 70.4%, 48.52%) as compared to group A.
In group D, GSH level significantly (P < 0.05 and
P < 0.01) decreases in Testis and Kidney (15.21%, 31.61%)
respectively; however, in Liver, GSH level decreases
non-significantly (P > 0.05, 18.31%) as compared to
group A [Figure 4].

Enzymatic antioxidants

In Figure 5, SOD concentration was significantly (P < 0.01)
increases in group B, C and D (Testis 29.72%, 20.38%,
11.05%) (Liver 37.17%, 21.47%, 12.3%) (Kidney
37.66%, 12.04%, 8.13%) as compared to group A.
Figure 6 showed that CAT level was significantly (P < 0.01)
decreases for group B, C and D (Testis 13.53%, 7.39%,
4.08%) (Liver 33.91%, 26.1%, 17.15%) (Kidney
22%, 13.3%, 8.63%) as compared to group A. In
Group B and C, GST level significantly (P < 0.01)
decreases (Testis 41.16%, 26.7% Liver 60.36%,
36.49%, Kidney 51.71%, 31%) whereas in Group D
it is significantly (P < 0.05) decline in (Testis 8.68%,
Liver 12.79%) and non-significantly (P > 0.05) in (Kidney
10.83%) as compared to group A [Figure 7].

Figure 8 depicted that GPx level significantly (P < 0.01)
decline in group B (Testis 38.63%, Liver 38.41%,
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Kidney 74.94%) as compared to group A. Group C also
show significant (P < 0.01) decreases in Testis 23.94%,
Liver 36.32%), Kidney (P < 0.05, 43.52%) as compared
to group A. In group D, GPx concentration decreases in
Testis (P < 0.05,16.49%), Liver (P < 0.01, 18.58%) when
compared with group A. The level of GR in group B, C and
D was significantly (P < 0.01) decreases (Testis 55.94%,
27.88%, 15.01%) (Liver 27.05%, 16.20%, 13.65%)
and (Kidney 69.87%, 38.92%,) as compared to group A.
However, group D showed significant (P < 0.05) decline
in Kidney (13.78%) as compared to group A [Figure 9].

Total Protein

In group B and C, total protein concentration was
significantly (P < 0.01) increases (Testis 26.19%,
18.45%), [Liver 41.6%, (P < 0.05, 9.96%)], (Kidney
12.5%, 7.14%) as compared to group A. Group D reported
non-significant (P > 0.05) increase in Testis (11%),
Liver (9.96%) and Kidney (3.57%) when compared with
group A [Figure 10].

Organs Histology

Testis

Group A represents testicular sections of the control rats
with normal histoarchitecture that consisted of uniform,
well-organized seminiferous tubules with complete
spermatogenesis and normal interstitial connective
tissue. Deltamethrin-treated group B showed highly
degeneration of the seminiferous tubules. Seminiferous
tubules lost its shape and appeared with irregular outline.
The intertubular tissue was degenerated and showed
many vacuoles with blood hemorrhage and most of
the seminiferous tubules were devoid of germ cells. In
group C the germ cells were degenerated and exfoliated
in the lumen center. Sloughed germinal epithelium and
vacuolization was observed in group C. Group D showed
alterations which were not severe as in Group B and
Group C due to decrease in deltamethrin dose. These
changes were characterized by shrunken, disorganized
seminiferous tubules [Figure 11].

Liver

Group A showed normal cellular architecture of liver
with distinct normal hepatocytes, central vein, fat
vacuoles, normal sinusoids, and hepatocyte nuclei.
The histoarchitecture of liver in group B showed that
the central veins were dilated and congested. Some
area of central vein showed necrosis infiltrated with
mononuclear cells. In addition, the hepatocytes lost
their normal architecture and vacuolization appeared
in the cytoplasm. In group C histo-architecture of liver
also showed congestion and dilation of central veins.
Cell degeneration and cellular debris were showed by
the liver section. Hepatocytes were also degenerated
and vacuolized and the sinusoids and nuclei also appear.
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Figures 3-9: Dose-dependent effect of deltamethrin on lipid peroxidation (LPO), non- enzymatic antioxidant (GSH) and enzymatic antioxidants (SOD,
CAT, GST, GPx, GR) in testis, liver, and kidney. The values represents as Mean + SEM for 6 rats each. ** = P< 0.01, *=P < 0.05,*= P> 0.05 as
compared with control value. Group A-Control; Group B-Deltamethrin exposure I; Group C-Deltamethrin exposure II; Group D-Deltamethrin exposure il

Hepatic architecture of group D showed mild variations  sinusoids and central veins were mildly affected than
like dilation in central veins. Hepatocytes, fat vacuole  group B and Group C [Figure 12].

135 Toxicology International May-Aug 2014 / Vol-21 / Issue-2



Sharma, et al.: Deltamethrin-induced system toxicity in Wistar rat

Total protein uG-A
2 045, G-B
2 04 g "G
§ o3 T~ . w "GP
§ 03- : i o
S 025
8 02
g 015,
c
0.1+
0.05-
0
Testis Liver Kidney

Figure 10: Dose-dependent effect of deltamethrin on total protein The
values represents as Mean + SEM for six rats each. ** = P < 0.01,
*=P<0.05,*= P> 0.05 as compared with control value. Group A-Control;
Group B-Deltamethrin exposure |; Group C-Deltamethrin exposure II;
Group D-Deltamethrin exposure Il

MDCV

L ERANES L b
Figure 12: Dose-dependent effect of deltamethrin on histology of liver
in Wistar rats Normal Hepatocytes (NH), Central vein (CV), Normal
sinusoids (NS), and Fat vacuoles (FV), dilated and congested central
vein (DCV), Vacuolization (V), degenerated hepatocytes (DH), Cellular
debris (CD), Sinusoids (S), degenerated hepatocytes (DH) and hepatic
nuclei also appear (HN), Mildly dilated central vein (MDCV). Liver
Group-A, Liver Group-B, Liver Group-C, Liver Group-D

Kidney

In group A kidney sections of control rats showed normal
histological structures of the glomeruli surrounded with
Bouman’s capsule, and renal tubules in the cortical and
medullary portions without any inflammatory changes.
Deltamethrin treatment in group B caused many histological
alterations in the kidney of Wistar rats. The renal tubules
were degenerated and showed intraluminal exfoliation with
granular cast formation. Leucocytic inflammatory cells were
spread in large areas of the intertubular tissue. Kidneys also
showed congestion of the blood vessels. The tubular lumen
was filled with cellular debris. The histological alterations
by deltamethrin treatment in group C showed that the
glomeruli were not distinguished and were degenerated.
The renal veins were enlarged and congested with blood
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Figure 11: Dose-dependent effect of deltamethrin on histology of testis
in Wistar rats Shrunken disorganized semineferous tubules (SDST),
Irregular outlined semineferous tubules (IST), Vacuolation(V) and
Sloughed germinal epithilium (SGE), Highly degenerated semineferous
tubules (HDS), Vacuolation (V), Blood Hemorrhage (BH), Well
organized seminiferous tubules (WS), Normal interstitial connective
tissue (IT) and Sperms(S). Testis Group-A, Testis Group-B, Testis
Group-C, Testis Group-D
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Figure 13: Dose-dependent effect of deltamethrin on histology
of kidney in Wistar rats Enlarged Renal vein (ERV), Degenerated
tubules (DG), Cellular debris (CD), Enlarged renal vein (RV), Cellular
debris (CD), Wide lumen tubule (WLT), Wide cellular spaces and
Leucocytic infiltrations (WCS). Kidney Group-A, Kidney Group-B,
Kidney Group-C, Kidney Group-D

and the renal tubules showed wide lumen and separation
of the epithelial cells from its membrane. Cellular debris
was also present in tubular lumen. In group D the kidney
architecture showed vascular congestion and tubular
necrosis. Degeneration and shrinkage of glomerulus,
degenerated Bowman’s capsule with wide cellular space
and cellular debris were also observed. These changes were
severe in group B and group C than group D [Figure 13].

DISCUSSION

Usages of synthetic pyrethroids have increased in past few
years owing its rapid biodegradability and target oriented
insecticidal action. Widespread use deltamethrin have
increased the risk of toxicity in humans. A number of studies
on the side effects of deltamethrin have been reported,
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including neurotoxicity,*!! immunosupression,??! and
reproductive side effects.®! In addition, hepatotoxicity?*l and
nephrotoxicity?* has also been induced. Dose-dependent
system was evaluated in present study.

Monitoring of organ weight is an important parameter for
the toxicological studies.!*! In the present study, liver and
kidney weight increased significantly due to administration
of different doses of deltamethrin as compared to control
group. Liver and kidney are associated with metabolism and
excretion toxicants including pesticides. Increase in weight
of these organs may be a compensatory response to increase
the functional demand for metabolizing and excreting
higher dose of deltamethrin. Decreased in weight of testis
and epididymis have been reported in this study. Testis
damage on deltamethrin exposure has been reported.!®!
Decrease in testis weight were also reported by Anderson
et al. (2002)1?%1 Oda and El-Maddawy (2011)1! in rats
exposed to deltamethrin. Owing to the lipophilic nature of
testicular tissue, deltamethrin may have accumulated in this
tissue resulting in excessive production of ROS and tissue
damage. The decrease in weight may be due to the decreased
number of germ cells, inhibition of spermatogenesis and
decrease in testosterone level. Recent study showed that
deltamethrin depresses spermatogenesis in mammals by
causing death of developing germ cells in the seminiferous
tubules. "]

Decrease in sperm count, sperm motility and increase in
sperm abnormalities has been observed at different doses
of deltamethrin. Induction in ROS generation has been
correlated with a reduction of sperm motility.**?l The link
between ROS and reduced motility may be due to a cascade
of events that results in a decrease in axonemal protein
phosphorylation and sperm immobilization, both of which
are associated with a reduction in membrane fluidity that
is necessary for sperm oocyte fusion.*! The reduction in
sperm count may be due to the adverse eftect of different
doses of deltamethrin on spermatogenesis. Testosterone
is essential to maintain the structure and function of the
male accessory sex gland. Lack of testosterone disrupts
spermatogenesis.*!) The harmful effect of deltamethrin
on spermatogenesis may be due to either reduction in
serum testosterone levels or deltamethrin-induced lipid
peroxidation and ROS induction. The reduction in sperm
count was consistent with changes in testis and epididymal
weights. Decrease in sperm concentration and sperm
motility were also reported by Sakr and Al-Amoudi (2012)!
in rats exposed to deltamethrin.

Deltamethrin showed decrease in serum testosterone,
FSH and LH level in a dose-dependent manner. Dose
of 6 mg/kgbw was produced more decrease compared
to lesser doses. There are reports of decrease in FSH and
LH on exposure to organophosphate pesticides.!3*3* The
decrease in testosterone levels observed during the present
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study may be due to the effect of deltamethrin on LH
and FSH and their receptors. Insecticides are considered
as xenohormones and interact with natural hormones
receptors. In fact, several studies revealed that androgenic
hormone biosynthesis is mainly located in testicular leydig
cells and the endocrine regulation of leydig cells function
occurs predominantly through the action of LH/human
chorionic gonadotropin (hCG), interacting with its cognate
receptor and coupling to the adenylate cyclase signal
transduction system.!*! Issam ez al. (2009)®! have reported
reduction in FSH, LH and testosterone in male Wistar rats
after deltamethrin treatment. Reduction in testosterone
level were also reported by Oda and El-Maddawy (2011)!
in rats treated with deltamethrin.

Different doses of deltamethrin significantly increased
liver, kidney, brain and testis LPO level in present study.
Increase in LPO level may be due to oxidation of molecular
oxygen to produce superoxide radicals. This reaction is
also the source of H,O,, which causes the production of
Malondialdehyde (MDA) by initiating the peroxidation
of unsaturated fatty acids in the membrane. The hydroxyl
radical can initiate lipid per oxidation which is a free
radical chain leading to loss of membrane structure and
function.!'*¢! The increase in LPO and generation of ROS
may reduce cell viability. Thus the oxidative stress produced
by deltamethrin resulted in increased LPO level in liver,
kidney, and testis. Increase in LPO and ROS have been
previously reported on deltamethrin exposure in liver,!®
plasma, and kidney:®!

GSH is a tripeptide, an antioxidant and a powerful
nucleophile, critical for cellular protection. It is an
antioxidant, preventing damage to important cellular
components caused by reactive oxygen species such as
free radicals and peroxides.*”] All cells in the human body
are capable of synthesizing glutathione, liver glutathione
synthesis has been shown to be essential. In the present
study, different doses of deltamethrin decreased the GSH
level in the liver, kidney, and testis as compared with
control groups. This decrease in GSH level may be due to
the oxidative stress produced by deltamethrin or due to
inhibition of enzymes such as GR, GPx, etc., which leads to
depletion of levels of GSH. Same results were reported by
Manna et al. (2005)* in liver of rats, Oda and El-Maddawy,
201151 in testis after deltamethrin administration. Parallel
to this finding, deltamethrin caused a decrease in GSH
content in mice and was more pronounced in kidney than
the liver.*¥! Decrease in non-enzymatic antioxidant GSH
level were also reported by Sankar ez al. 20121 in rats
exposed to cypermethrin.

Significant decrease in SOD activity in liver, kidney, and
testis was observed in rats exposed to deltamethrin. Decrease
in SOD activity is likely to accumulate hydrogen peroxide
in testis. Accumulated H,O, is known to inhibit CAT
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activity.[* Catalase has one of the highest turnover numbers
of all enzymes; one catalase molecule can convert millions
of molecules of hydrogen peroxide to water and oxygen
each second. Hydrogen peroxide is a harmful byproduct
of many normal metabolic processes; to prevent damage
to cells and tissues, it must be quickly converted into other,
less dangerous substances. In the present study, CAT activity
decreased in rat liver, kidney, and testis due to deltamethrin
administration as compared to control group which may
be due to increased hydrogen peroxides by deltamethrin
exposure. Decrease in SOD and CAT were reported
by Sakr and Al-Amoudi (2012)"! in rat kidney, Manna
et al. (2005)B in liver after deltamethrin administration.
Decrease in catalase level was also reported by Sharma and
Singh (2010)*Y in rat testis exposed to lindane.

In the present study, different doses of deltamethrin
decreased the GPx activity in liver, kidney, and testis of rats
as compared to control group. It may be due to reduced
activity of glutathione (which is due to over production of
free radicals) which is used as substrate for GPx. Similar
results were reported by Sun ez al. (2007)* in the rat
brain exposed to deltamethrin, and Latchoumycandane and
Mathur (2002)# in rat testis with methoxychlor.

Depletion in the GR activity in liver, kidney, and testis was
also observed in rats exposed to deltamethrin, Which may
be due to change in the enzyme structure caused by this
pesticide. The results are also supported by the findings of
Latchoumycandane and Mathur (2002)*! who reported
the decrease in the GR level in the testis of rats upon
methoxychlor administration.

Total protein levels was also reported to be decreased in
deltamethrin exposed groups. The decrease in the total protein
may be due to depletion in the level of various antioxidative
enzymes and due to the inhibition of protein synthesis.

The dose-dependent toxicity of deltamethrin was also
confirmed by histological studies. In testes, degeneration
of the seminiferous tubules and vacuole formation was
observed. The degree of degeneration and vacuolization
was more pronounced at 6 mg/kgbw as compared to lower
doses. The oxidative stress generated on deltamethrin
exposure may be correlated with histopathological changes
in tissues. Hepatic degeneration and necrosis was also
reported in this study which may be due to oxidative stress
induced by deltamethrin leading to depletion of activities of
enzymatic and non-enzymatic antioxidants and increase in
level of LPO and ROS. Degenerated tubules and enlarged
renal vein was also observed in kidney of rats exposed to
deltamethrin. Necrosis in kidney may be due to oxidative
stress induced by deltamethrin.

It may be concluded from the study that deltamethrin induced
system toxicity in male Wistar rats in a dose-dependent

Toxicology International May-Aug 2014 / Vol-21 / Issue-2

manner. The higher doses produced more deleterious eftect
as compared to lower doses. Repeated exposure of rats for
28 day at 6mg/kgbw of the pesticide produced significant
toxicity in testes, liver, and kidney. Deltamethrin decreased
the activities of enzymatic and non-enzymatic antioxidants
as well as increased LPO and ROS level resulting in
widespread damage.
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