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Abstract

Long-term exposure to cypermethrin induces the nigrostriatal dopaminergic neurodegeneration in adult rats and its pre-
exposure in the critical periods of brain development enhances the susceptibility during adulthood. Monoamine transporters,
xenobiotic metabolizing enzymes and oxidative stress play critical roles in the nigrostriatal dopaminergic neurodegeneration.
The study was undertaken to investigate the effects of cypermethrin on DAT, VMAT 2, CYP2E1, GST Ya, GST Yc and
GSTA4-4 expressions, CYP2E1 and GST activities and lipid peroxidation in the nigrostriatal system of adult rats with/without
post-natal exposure to cypermethrin. Cypermethrin reduced VMAT 2 and increased CYP2E1 expressions without causing
significant change in DAT. Although GSTA4-4 mRNA expression and lipid peroxidation were increased, no significant changes
were observed in GST Ya and GST Yc expressions and total GST activity. The results obtained demonstrate that long-term
exposure to cypermethrin modulates VMAT 2, CYP2E1, GSTA4-4 expressions and lipid peroxidation, which could contribute
to the nigrostriatal dopaminergic neurodegeneration.

Keywords: Cypermethrin, dopamine transporter, vesicular monoamine transporter 2, oxidative stress, lipid peroxidation,
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Introduction

Dopaminergic neurodegeneration of the nigrostriatal
pathway is one of the critical anatomical features of spo-
radic and chemically-induced Parkinson’s disease (PD)
[1-4]. Environmental exposures to pesticides and heavy
metals are implicated in the aetiology of PD both in
humans and experimental animals in addition to age and
genetic factors [3,5-10]. Cypermethrin, a class II pyre-
throid pesticide, enters the brain from blood through
the blood-brain barrier, possibly owing to its hydro-
phobic nature and small molecular size. Cypermethrin
crosses the biological membrane, reaches the nucleus and
leads to DNA damage [11]. Although class II pyre-
throids are metabolized by cytochrome P-450s (CYPs)
in the brain, their metabolites produce more pronounced

neurotoxicity than that of the parent compounds [12].
On the other hand, clearance of class II pyrethroids and
their metabolites from the brain is limited due to inter-
ference of the blood—-brain barrier [13,14]. Cypermethrin
induces neurotoxicity in multiple ways, including the
inhibition of calcium uptake and sustained opening of
the Na*-channels [15-19]. Cypermethrin induces free
radical generation and oxidative stress, which may lead
to loss of coordination, muscle tremor, convulsion, sali-
vation and neuronal degeneration [20—-26].
Dopamine transporter (DAT) and vesicular mono-
amine transporter 2 (VMAT 2) regulate dopamine level
in the nigrostriatal dopaminergic neurons [27-31].
DAT mediates the removal of dopamine from the synapse
to the intracellular space for recycling and metabolism.

Correspondence: Mahendra Pratap Singh, Indian Institute of Toxicology Research, Mahatma Gandhi Marg, Post Box-80, Lucknow-226
001, UP, India. Tel: +91-522-2620106/2614869, Ext. 337. Fax: +91-522-2628227. Email: singhmahendrapratap@rediffmail.com

ISSN 1071-5762 print/ISSN 1029-2470 online © 2010 Informa UK, Ltd.
DOI: 10.3109/10715762.2010.512041

RIGHTS LI N Kdx



Free Radic Res Downloaded from informahealthcare.com by University of Saskatchewan on 12/05/11
For personal use only

VMAT 2, on the other hand, transports cytoplasmic dop-
amine into vesicles for storage and release and protects
it from oxidation [27-31]. DAT or VMAT 2 dysfunc-
tions or their abnormal expressions lead to dopamine
oxidation, thereby free radical generation, one of the
major causes of the nigrostriatal neurodegeneration
[32,33].

CYP2E1 and glutathione-S-transferases (GSTs),
including GSTA4-4, are implicated in sporadic and
chemically-induced nigrostriatal dopaminergic neurode-
generation [7,34]. CYP2E1 participates in the gen-
eration of free radicals, which bind to macromolecules
and further enhance lipid peroxidation [34-39]. Alter-
ation in GSTA4-4 in various chemically-induced PD
models could be an adaptive mechanism to encounter
lipid peroxides and affect their subsequent detoxifica-
tion [7,34,40].

Long-term exposure to cypermethrin induces dop-
aminergic neurodegeneration in adult rats and its post-
natal pre-exposure enhances the susceptibility during
adulthood [41]. Cypermethrin-mediated modulation
of dopamine regulating genes and their contribution
to short-term acute toxicity are known [42,43]; however,
its effect on long-term exposure with or without post-
natal pre-exposure leading to dopaminergic neurode-
generation have not yet been investigated. Similarly,
the roles of CYP2E1, GSTA4-4, GST Ya and GSTYc
in cypermethrin-induced nigrostriatal dopaminergic
neurodegeneration have not yet been investigated. The
present study was therefore undertaken to investigate
the effects of cypermethrin on DAT,VMAT 2, CYP2EI,
GSTA4-4, GSTYa, GSTYc and lipid peroxidation in
the rat nigrostriatal system.

Materials and methods
Chemuicals

Acrylamide, ammonium persulphate (APS), 5-bromo-
4-chloro-3-indolyl phosphate (BCIP)/nitro blue tetra-
zolium (NBT) alkaline phosphatase substrate solution
chromogen, bromophenol blue, chloroform, cyper-
methrin, diethyl pyrocarbonate (DEPC), DL-dithioth-
reitol (DTT), ethylene-diamine-tetra-acetic acid (EDTA),
formamide, glycine, 3-hydroxytyramine hydrochloride
(dopamine), isopropanol, N,N’-methylene bisacryla-
mide, 3-(N-morpholino) propanesulphonic acid (MOPS),
4-nitrocatechol, p-nitrophenol, polyvinylidene difluo-
ride (PVDF) membrane, sodium acetate, sodium
dodecyl sulphate (SDS), sucrose, N,N,N’,N’-tetra-
methyl-ethylene-diamine (TEMED), thio-barbituric acid
(TBA), TRI reagent, tris-base and antibody for -actin
were purchased from Sigma-Aldrich (St. Louis, MO).
The antibodies for DAT and VMAT 2 were procured
from Santa Cruz Biotechnology (Santa Cruz, CA). The
antibody for GSTA4-4 was procured from Abnova Cor-
poration (Taipei city, Taiwan) and antibody for CYP2E1
was purchased from Millipore (Temecula, CA).
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Deoxy-NTPs, Taq polymerase and reverse transcription-
polymerase chain reaction (RT-PCR) kits were pur-
chased from Fermentas Inc. (Glen Burnie, MD).
Forward and reverse primers for B-actin, DAT, VMAT
2, GSTA4-4, GSTYa, GSTYc and CYP2E1 genes were
procured from Hysel India Pvt. Ltd. (New Delhi, India).
Perchloric acid and sodium hydroxide (NaOH) were
purchased from Ranbaxy Pvt. Ltd. (New Delhi, India),
Other chemicals, such as agarose, ethanol, methanol,
dimethyl sulphoxide (DMSO), heptane sulphonic acid,
nitric acid, 1-chloro-2, 4-dinitrobenzene (CDNB), hydro-
gen peroxide, nicotinamide adenine dinucleotide
phosphate (NADPH), di-sodium hydrogen phos-
phate (Na,HPO4), sodium di-hydrogen phosphate
(NaH,PO4), potassium chloride, acetic acid, sodium
pyrophosphate, bovine serum albumin (BSA), glycerol,
etc. were procured locally either from Bangalore Genei
(Bangalore, India), Qualigens (Mumbali, India) or Sisco
Research Laboratories (SRL) (Mumbai, India).

Animal trearment

Wistar female pregnant rats (170-180 g) were obtained
from the animal colony of Indian Institute of Toxi-
cology Research (IITR), Lucknow. The animals were
maintained in the animal house at II'TR. The Institu-
tional ethics committee for use of laboratory animals
approved the study. The animals were maintained in
standard conditions of temperature and humidity
(temperature: 22°C = 2°C; humidity: 45-55%; light
intensity: 300-400 Ix) and given proper pellet diet
and water ad hbitum. Females were reared up to the
delivery of pups. Four post-natal treatments were given
from day 5-19 intraperitoneally, twice a week, with or
without cypermethrin (1.5 mg/kg), along with respec-
tive controls. Male pups were allowed to grow up for
a further 2 months without any exposure and under
normal conditions. The male animals were re-challenged
with cypermethrin (15 mg/kg), twice a week, for 4, 8
and 12 weeks, along with respective controls that were
treated intraperitoneally with corn oil (vehicle). The
animals were sacrificed via cervical dislocation; brain
was taken out and kept in liquid nitrogen for the
study.

Measurement of dopamine content in the striatum

The dopamine content was measured in controls and
all treated groups, as described previously [41]. The
values are expressed in ng/mg of tissue.

RT-PCR analysis

Total RNA was extracted from the nigrostriatal tissue
using Trizol reagent following manufacturer’s instruc-
tions. Revert aid ™ minus MuLV reverse transcriptase
was used to synthesize cDNA from total RNA. Primers
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for DAT, VMAT 2, CYP2E1, GSTA4-4, GST Ya,
GST Yc and B-actin were synthesized, as reported
elsewhere [44-47]. PCR products were visualized in
1.5% agarose gel using ethidium bromide (10 mg/ml)
under UV light. Images were captured and the band
density was calculated by a computerized densitom-
etry system (Alpha Imager System, Alpha Innotech
Corporation, South Africa). Band densities for DAT,
VMAT 2, CYP2E1, GSTA4-4, GST Ya and GST Yc
were normalized to B-actin.

Western blor analysis

The nigrostriatal tissue was homogenized, sonicated
and the homogenate was centrifuged at 2000 X g
for 5 min at 4°C. The pellet was dissolved and re-
centrifuged at 30 000 X g for 30 min at 4°C. The
supernatant was collected; protein content was mea-
sured and protein (100 ug) was subjected to 10%
polyacrylamide gel electrophoresis. Samples were electro-
phoretically transferred on to a PVDF membrane.
Non-specific sites were blocked in 5% non-fat dry
milk in tris-buffered saline (135 mM NaCl, 2.5 mM
KCl, 50 mM Tris and 0.1% Tween 20, pH 7.4).
Membranes were incubated either with goat mono-
clonal antibody for DAT, rabbit-polyclonal antibody
forVMAT 2, rabbit-polyclonal antibody for GSTA4-4
or rabbit-polyclonal antibody for CYP2E1 in tris-
buffered saline (TBS). Specific DAT/VMAT 2/GSTA4-4
bindings were detected using anti-rabbit/anti-goat alka-
line phosphatase conjugated secondary antibody and
BCIP/NBT as substrate. The western blotting for
CYP2E1 was done with microsomal protein and devel-
oped by enhanced chemiluminescence. Images were
captured and the band density was calculated by com-
puterized densitometry system. Band densities of DAT,
VMAT 2, GSTA4-4 and CYP2E1 were normalized
to B-actin.

CYP 2E1 activity

Brain was perfused with normal saline, microsomes were
prepared and CYP2E1 enzyme activity was determined
according to the method described elsewhere [48,49].
In brief, the reaction mixture containing 4-nitrophenol
(0.2 mM) was mixed with tris—-HCI (50 mM; pH 7.4)
and MgCl, (25 mM). Microsomal protein (200-250
ng) was added to the mixture and incubated at 37°C
for 5 min. The reaction was initiated by the addition
of NADPH (50 mM) and was further incubated for
10 min. Perchloric acid (500 ul) was added to stop
the reaction. The supernatant was obtained following
centrifugation at 825 X g for 20 min and sodium
hydroxide (100 pl of 10 N) was added to the reaction
mixture. The absorbance was recorded at 510 nm
and activity was calculated in terms of nM/min/mg
protein.

Total GST activiry

GST activity was determined in the homogenate (10%
w/v) of the nigrostriatal tissues according to literature
reported protocol [40]. The reaction mixture contain-
ing phosphate buffer (0.2 M, pH 6.5), glutathione
(9 mM), CDNB (150 mM) and protein (100 pg) was
used for the assay. The enzymatic activity was deter-
mined by measuring an increase in absorbance at 340
nm for 3 min and calculated in nM/min/mg protein.

Lipid peroxidation

Lipid peroxidation was assayed in the nigrostriatal tis-
sues, as described previously [50]. In brief, homoge-
nate (10% w/v) was mixed with SDS (10% w/v) and
incubated for 5 min followed by the addition of glacial
acetic acid (20% v/v). The mixture was incubated for
2 min; TBA (0.8% w/v) was added and kept on a boil-
ing water bath for 1 h. The content was centrifuged
at 10 000 X g for 5 min at 4°C. The absorbance of the
supernatant was recorded at 532 nm against the con-
trol blank. The values are expressed as TBA reactive
substances (TBARS).

Statistical analysis

Two-way analysis of variance (ANOVA) with Bonferroni
post-test was used for comparisons involving multiple
groups. The data are expressed as means * standard
error of means (SEM). The differences were consid-
ered statistically significant when p-value was less
than 0.05.

Results
Measurement of dopamine content in the striatum

Cypermethrin reduced dopamine content in the adult
animals in a time of exposure dependent manner. The
adult animals already exposed to cypermethrin dur-
ing the critical periods of development exhibited more
pronounced reduction. The dopamine level in 4 weeks
controls was 10.43 * 0.71, in adulthood alone treated
rats was 9.80 = 0.48 and in post-natal as well as
adulthood treated animals was 7.77 = 0.44 (p <
0.05) ng/mg of tissues (z = 3-5). Similarly, the dop-
amine values for 8 and 12 weeks control animals were
10.60 = 0.61 and 10.16 = 0.46, 8 and 12 weeks
adulthood alone treated animals were 8.11 * 0.41
(**p < 0.01 as compared with control) and 6.22 *=
0.51 (**"p < 0.001 as compared with control) and
for 8 and 12 weeks post-natal as well as adulthood
treated animals were 6.90 * 0.31 ("p < 0.001 as
compared with control) and 4.75 * 0.30 ng/mg
of tissues ("*p < 0.001 as compared with control
and #p < 0.05 as compared with adulthood alone),
respectively (n = 3-5).
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DAT expression

Cypermethrin treatment did not alter the expression
of DAT both at mRNA and protein levels (data not
shown). Similarly, no significant change was observed
in DAT mRNA and protein expressions in animals
treated during post-natal periods as well as adulthood
as compared with adulthood alone (data not shown).

VMAT 2 expression

Cypermethrin treatment significantly reduced the expres-
sions of VMAT 2 mRNA and protein (Figures 1A-D).
More pronounced reduction was observed in VMAT 2
mRNA and protein expressions in animals exposed to
cypermethrin during post-natal periods and adult-
hood as compared with adulthood alone (Figures
1A-D).

CYP2E] expression and catalytic activity

Cypermethrin treatment significantly increased the
CYP2E1 mRNA and protein expressions as well as
catalytic activity (Figures 2A-D). A more pronounced
increase in CYP2E1 mRNA and protein expressions
and catalytic activity was noted in animals exposed to
cypermethrin during post-natal periods and adulthood
as compared with adulthood alone (Figures 2A-D).

GSTA4-4, GST Ya and GSTYc mRNA expressions,
GSTA4-4 protein expression and GST activity

Cypermethrin treatment significantly increased the
GSTA4-4 mRNA and protein expressions without any
significant change in total GST activity (Figures 3A-D).
No significant change in GST Ya and GSTYc mRNA
expressions (Figure 3F-I) was observed in adults as
well as post-natal and adult cypermethrin treated ani-
mals. More pronounced increase in GSTA4-4 mRNA
and protein expressions without any significant alter-
ation in GST catalytic activity was noted in animals
exposed to cypermethrin during post-natal days as
well as adulthood as compared with adulthood alone
(Figures 3A-E).

Lipid peroxidation

Lipid peroxidation was increased significantly in
cypermethrin-treated animals as compared with con-
trols (Figure 4). Lipid peroxidation activity was more
pronounced in post-natal cypermethrin-treated and
adulthood re-challenged animals.

Discussion

The dose, route, schedule and time of treatments to
the experimental animals were used for assessing the
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Figure 1. Effect of cypermethrin on VMAT 2 expression in the nigro-
striatal tissue of control and treated rats. Agarose gel electrophoretogram
of VMAT 2 mRNA is shown in (A) and band density ratio in (B).
Similarly, protein expression pattern is shown in (C) and band density
ratio in (D). Lanes 1, 4 and 7 represent control; 2, 5 and 8 represent
adulthood treated and 3, 6 and 9 represent post-natal + adulthood
treated animals. The data are expressed as means = SEM (n = 3-5).
Significant changes are expressed as *p < 0.05, “p < 0.01 and
#*p < 0.001 as compared with control and #p < 0.05 in comparison
with adulthood alone treated animals.

contribution of DAT,VMAT 2, CYP2E1, GST and lipid
peroxidation in the nigrostriatal dopaminergic neuro-
degeneration, as described previously [41]. Although the
degeneration of the nigrostriatal dopaminergic neurons
is reported, the dopamine level was measured, which
was reduced significantly in the cypermethrin-treated
rats, as reported previously [41].
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Figure 2. Effect of cypermethrin on CYP2EI in the nigrostriatal tissue of control and treated rats. CYP2E1 mRNA expression pattern is
shown in (A) and band density ratio in (B). Similarly, protein expression pattern is shown in (C), band density ratio in (D) and CYP2E1
catalytic activity in (E). Lanes 1, 4 and 7 represent control; 2, 5 and 8 represent adulthood treated and 3, 6 and 9 represent post-natal +
adulthood treated animals. The data are expressed as means = SEM (n = 3-5). Significant changes are expressed as “p < 0.05, “p <
0.01 and **p < 0.001 as compared with control; #*p < 0.05 in comparison with adulthood alone treated animals.

Cypermethrin crosses the blood—brain barrier with-
out specific active machinery and is known to exert
neurotoxicity [51]. DAT and VMAT 2 are known to
regulate the level of dopamine and any change in their
level could act as an indicator of neurotoxicity of dop-
aminergic neurons [27-33]. No significant change in
DAT and reduced level of VMAT 2 were observed in
the present study that showed a higher DAT/VMAT
2 ratio. The ratio of DAT and VMAT 2 has been used
to predict the likelihood of the nigrostriatal dopamin-
ergic neurodegeneration, as a higher ratio of DAT/VMAT
2 is observed in the terminals of dopaminergic neu-
rons in pesticide-induced PD phenotype [51]. DAT
expression was slightly increased, but was not statisti-
cally significant in cypermethrin-treated rats as compared
with controls. This is in accordance with previous
observations with pesticides-mediated neurodegen-
eration showing variable DAT expression in paraquat
alone treated rat and maneb and paraquat co-treated

mouse nigrostriatal tissues [7,52].This could be because
of differences in their entry in the brain directly or
through transporters, metabolic fate and further trans-
port in the nigrostriatal tissues. The decreased VMAT
2 level directly reflects loss of the ability of dopamin-
ergic neurons to protect against cypermethrin-induced
neurotoxicity after prolonged exposure, as VMAT 2 is
well known to protect dopaminergic neurons through
vesicular sequestration of toxic metabolites [53]. The
reduced VMAT 2 is not an unusual phenomenon, as
it is involved in the transportation of dopamine into
vesicles for storage, release and to protect from auto-
oxidation [27-31]. The reduced VMAT 2 could also
be explained by the fact that cypermethrin reduced
the level of dopamine [41].

The role of oxidative stress in the nigrostriatal dop-
aminergic neurodegeneration using various model sys-
tems is well known [3,4,9]. The increased levels of
CYP2E1 and GSTA4-4 observed in the study are in
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Figure 3. Effects of cypermethrin on GSTA4-4, GST-Ya and GST-Yc¢ expressions and GST catalytic activity in the nigrostriatal tissue of
control and treated rats. The GSTA4-4 mRNA expression pattern, band density ratio, GST A4-4 protein expression and band density ratio
are shown, respectively, in (A-D). Total GST activity is shown in (E); GST-Ya mRNA expression and band density ratio are shown in (F)
and (G) and GST-Yc mRNA expression and band density ratio are shown in (H) and (I). Lanes 1, 4 and 7 represent control; 2, 5 and 8
represent adulthood-treated and 3, 6 and 9 represent post-natal + adulthood-treated animals. The data are expressed as means = SEM
(n = 3-5). Significant changes are expressed as *p < 0.05, *p < 0.01 and ***p < 0.001 as compared with control and #p < 0.05 and
##p < 0.01 as compared with adulthood alone treated animals.
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Figure 4. Effect of cypermethrin on TBARS in the nigrostriatal tissue
of control and treated rats. The data are expressed as means = SEM
(n = 3-5 separate experiments; 3—5 rats per experimental group).
Significant changes are expressed as ““p < 0.01 and “*p < 0.001
as compared with control and #p < 0.05 and ##p < 0.01 as compared
with adulthood alone treated animals.

accordance with previously reported observations in
environmental chemicals-induced nigrostriatal dop-
aminergic neurodegeneration [7,34]. The increased
CYP2EI could be one of the contributors of the nigros-
triatal dopaminergic neurodegeneration, as it is known
to generate free radicals owing to its mixed function
oxidase activity and to enhance lipid peroxidation [34-
39]. The increase level of CYP2E1 could be associated
with the specificity of the pyrethroids to alter dopamin-
ergic neurotransmission, which is functionally linked
to brain CYP2E1 [54,55]. The observed differences
in significance levels between mRNA expressions and
protein blots of a few genes at some time points could
be due to the fact that RT-PCR, which measured
mRNA expression in this study, is a semi-quantitative
tool even under the linear range.

GSTA4-4 is a phase II enzyme that is involved in
the detoxification of the products of the phase I reactions
[40]. An increased level of GSTA4-4 in cypermethrin-
treated animals could be a compensatory response to
overcome the toxic reactions, as reported in various
chemically-induced PD models [7,34,40]. It may be
further supported by the fact that GSTA4-4 has high
affinity for the lipid peroxidation products and cyper-
methrin exposure induces lipid peroxidation [56].
Statistically significant change in GST A4-4 expression
and lack of significant changes in GST-Ya and GST-Yc
expressions along with GST activity in cypermethrin-
treated animals showed the importance of GSTA4-4
among the studied isoforms in the cypermethrin-induced
nigrostriatal dopaminergic neurodegeneration. The
lack of alteration in GST level is supported by the
previous observation, which has shown no significant
change in GST following maneb or paraquat alone
exposures in the mice striatal tissues [34]. More pro-
nounced changes in CYP2E1 and GSTA4-4 levels in
animals treated both during post-natal days as well as
during adulthood as compared with adulthood only

are supported by the previous observations that post-
natal cypermethrin exposure enhances the suscepti-
bility during adulthood [41]. The increased level of
toxicant responsive proteins in animals treated both
in post-natal periods as well as during adulthood
could be similar to the studies that have demonstrated
the imprinting of CYP in rats [57,58]. Overall changes
in CYP2E1 and GSTA4-4 are in agreement with the
previous observations, which have shown that cyper-
methrin-mediated neurotoxicity could be due to an
increase in oxidative stress and lipid peroxidation
[59-62]. This is supported by experimental evidence
that showed a time of exposure dependent increase
in lipid peroxidation in the present study. Lipid per-
oxidation could be one of the responsible factors for
cypermethrin-induced dopaminergic neurodegenera-
tion in rats, as it is well known to contribute to the
pathogenesis of chemically-induced and sporadic PD
[34,36].

Most of the changes observed after cypermethrin
exposure were time of exposure dependent. This is in
accordance with the previous observation that cyper-
methrin exposure did not produce the nigrostriatal
dopaminergic neurodegeneration for up to 3 weeks
[51]; however, its long-term exposure reduced the num-
ber of dopaminergic neurons and thereby neurode-
generation in a time of exposure dependent manner
[41]. The pronounced changes in animals treated dur-
ing the post-natal period as well as in adulthood as
compared with adulthood alone treated animals showed
that, during post-natal exposure; cypermethrin pos-
sibly exerts some irreversible changes that appear in the
animals during adulthood re-exposure. Cypermethrin-
mediated modulation of the dopaminergic system dur-
ing the post-natal days observed in this study is also
in accordance with the previous observations [41,63].
This could possibly be because cypermethrin pro-
duces some irreversible and invisible changes in motor
and sensory abilities, the synthesis of brain lipids and
the turnover of proteins, as these are at their highest
levels during post-natal days [41,64,65]. Although we
do not have any direct evidence to support the hypoth-
esis, the possibility of more pronounced changes owing
to cypermethrin exposure in post-natal as well as adult
treated animals could be due to imprinting of a few
genes and proteins involved in the nigrostriatal dop-
aminergic neurodegeneration.

Conclusively, the study demonstrates that long-
term exposure to cypermethrin modulates the expres-
sion of VMAT 2, CYP2E1l, GSTA4-4 and lipid
peroxidation in a time of exposure dependent manner
and its pre-exposure during post-natal periods exhib-
its more pronounced changes in these indices. Since
modulation in these variables are reported to be asso-
ciated with the nigrostriatal dopaminergic neurode-
generation in experimental animals [34], therefore,
the study shows that cypermethrin induces nigro-
striatal dopaminergic neurodegeneration in adult
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animals and post-natal pre-exposure enhances the sus-
ceptibility during adulthood.
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