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Parkinsons disease (PD) a neurodegenerative disorder for which no preventive or long-term effective treatment strategies are
available. Epidemiologic studies have failed to identify specific environmental, dietary or lifestyle risk factors for PD. However,
oxidative stress in the SN is the most broadly accepted hypothesis for the etiopathology of PD. The Symptoms do not appear until
there is a decline of striatal dopamine levels by 80% making it difficult to have early therapeutic interventions. Thus, the present
experiment was designed to track down the sequential changes starting from the initiation of motor dysfunction and associated
biochemical abnormality in rotenone based PD model. The study also evaluated the neuroprotective efficacy of vitamin E. Rats
were treated with rotenone 2 mg/kg b.wt (s.c.) for 35 days. The level of dopamine decreased by 70~80% which was in turn reflected
by marked deterioration in motor function such as (Total locomotor activity and catalepsy). Along with these the level of GSH
and SOD declined significantly which was associated with elevated lipid peroxidation levels as much as by 60%.Vitamin E co-
administration at a dose of 100 LU/kg b.wt (i.m.) ameliorated rotenone induced changes in motor functions i.e Total locomotor
activity and Catalepsy at the end of 5" week. Further, vitamin E supplementation significantly decreased lipid peroxidation and
improved associated biochemical parameters i.e SOD and GSH level. Most interestingly the changes appeared as early as 3" week

suggesting that supplementation of vitamin E right at the beginning should be neuroprotective in PD.
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INTRODUCTION

Parkinsons disease (PD) is one of the leading causes of neuro-
logic disability in elderly [1]. Its pathological hallmark is the spe-
cific and progressive degeneration of dopaminergic neurons in
the substantia nigra pars compacta (SNpc) [2] which results in

Received July 30,2013, Revised August 21,2013,
Accepted August 252013

*To whom correspondence should be addressed.
TEL:91-172-2534128, FAX:91-172-2534128
e-mail: nehrubimlal4@gmail.com, bnehru@pu.ac.in

Copyright © Experimental Neurobiology 2013.

www.enjournal.org

extrapiramidal motor dysfunction accompanied by progressive
impairment of autonomy, mood, and cognitive functions [3-5].
With the misdiagnosis rate of about 24% [6] and appearance
of symptoms at (>80%) depletion in striatal dopamine levels [7],
it becomes difficult to diagnose PD at an early stage in humans.
Whereas, animal models allow us to study the pathology of PD
while tracking physical and behavioural changes during the entire
disease course. Amongst the available animal models (eg. MPTP,
6-OHDA, Reserpine, Paraquat etc) the rotenone model depicts
the classical features of PD [8] moreover due to its use as an
organic pesticide has stimulated significant interest in this model
of PD. Rotenone, commonly used is a potent specific inhibitor of
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mitochondrial complex I [9]. Due to its lipophylic nature it can
easily cross the blood brain barrier. Rats administered with sub-
acute doses of rotenone develop biochemical, anatomical and
behavioural symptoms similar to that observed in PD [8,9]. It has
been reported that chronic systemic or subcutaneous pesticide
exposure reproduces characteristic features of Parkinsons disease
[9] producing highly selective dopaminergic degeneration and
alpha-synuclein aggregation [10].

The major problem concerning a better therapeutic approach to
the treatment and prevention of PD is the enigma of its underlying
cause. The culprit is less likely to be a single cause than a combina-
tion of genetic and biological factors, which are triggered by some
environmental assaults. Generation of Oxidative stress (OS) as a
result of dopamine metabolism and its self oxidation, mitochon-
drial dysfunction as a result of complex I inhibition [11, 12] ac-
tivation of microglial NADPH oxidase produced superoxide
anion and cytokines (TNF-a and IL-1p) [13] consequently leads
to the activation of apoptotic cascades in SN neurons leading
to Dopaminergic neurodegeneration. Thus, suggesting that
antioxidant supplementation could be helpful in developing
therapeutic strategies for PD.

Antioxidants (like vitamins, polyphenols, lipoic acid etc) as Nut-
rient supplementation have already been used in clinical studies
and are being widely used by people with Parkinsons disease in
order to partially treat or slow down the deterioration. Vitamin
E is such naturally occurring, lipid soluble, chain breaking anti-
oxidant in biological membranes [14]. Since vitamin E is an
effective free radical scavenger in the brain its neuroprotective
function is the issue of new therapeutic approaches in neuro-
degenerative diseases. Biochemical evidences showed that alpha-
tocopherol prevented the toxin-induced destruction of striatal
DA terminals [15, 16]. Also there is a dose dependent inverse
association between vitamin E dietary consumption and PD
incidence [17]. It was showed that vitamin E prevented neu-
ronal damage from reactive NO species and was found to play
an important role in neurodegenerative diseases related to oxi-
dative stress like Alzheimer’s disease, Parkinson’s disease and
Huntingtons disease [18-20].

From the above mentioned references, vitamin E as a nutri-
tional supplement, can serve to be a potent neuroprotector. For a
better understanding of the disease progression process present
study was undertaken to evaluate the sequential changes during
the course of PD development following rotenone exposure and
the mechanistic evaluation of the neuroprotective efticacy of
vitamin E during the progressive deterioration of Dopaminergic

neurons.
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EXPERIMENTAL METHODOLOGY

Chemicals

All the chemicals were of analytical grade. Rotenone was purcha-
sed from Sigma (St. Louis, USA), Vitamin E from Merck and other
chemicals from Sisco Research Laboratories Pvt Ltd (Mumbai
India) and Hi-Media Chemicals.

Animals

Healthy Male rats of the Sprague Dawley strain of 5~7 weeks
age, weighing 200~250 grams were procured from the central
animal house of the university and were housed in polypropylene
cages under hygienic conditions and were provided free access
to standard animal feed (Ashirwad Industries, Ropar, India) and
water ad libitum throughout the treatment period. All procedures
were performed in accordance with ethical guidelines on the
care and use of laboratory animals which were approved by
Institutional Animal Ethics Committee (IAEC).

Experimental design
Animals were randomly divided into 4 groups with 12~14 ani-
mals in each group. Behavioural parameters were recorded weekly

" week. After 3 weeks

from the start of experiment till the end of 5
of treatment 6 animals were randomly selected from each group
and were sacrificed for estimation of biochemical parameters.
Remaining animals were sacrificed after 2 weeks of further treat-
ment to record the alterations.

Grouping of animals was done as follows:

Group I: Control

Animals were administered with vehicle (sunflower oil) for a
period of 5 weeks (35 days).

Group II: Rotenone treated

Animals in this group were administrated with rotenone (2 mg/
kg body weight s.c.) dose dissolved in sunflower oil daily for a
period of 5 weeks (35 days).

Group I1I: Vitamin E treated

Animals in this group were administered vitamin E (100 L.U/Kg/
day i.m.) dissolved in sunflower oil on alternate days beginning
from day 1 for a period of 5 weeks (35 days).

Group IV: Rotenone plus vitamin E treated

Animals in this group were given a combined treatment of rote-
none (2 mg/kg body weight s.c.) daily and vitamin E (100 L.U/Kg/
day i.m.) on alternate days for a period of five weeks (35 days).

Behavioral studies
Measurement of locomotor activity
Total locomotor activity (ambulations and rearing) was

215

www.enjournal.org



Neha Sharma and Bimla Nehru

en

measured by using a computerized Actophotometer (IMCORP,
India). An array of 16 infrared emitter/detector pairs measured
animal activity along a single axis of motion, the digital data being
displayed on the front panel meters as ambulatory movements.
Rats were allowed to acclimatize to the observation chamber for a
period of 2 minutes. The activity was monitored continuously for
a period of 5 minutes. Locomotion was expressed in terms of total

photo beam counts per 5 minutes per animal [21].

Catalepsy

The bar test was used for measuring catalepsy by the method of
Costall and Naylor [22]. In the bar test, the rats were placed with
both front paws on a horizontal bar which was 9 cm above and
parallel from the base. The rats were placed with both front paws
on the bar in a half rearing position; here they were timed with the
stopwatch. When the animals removed one paw from the bar the
stopwatch was stopped and the time noted. The maximum cutoft
for bar test was fixed at 180 sec.

Neurochemical estimations

Biogenic amine, Dopamine was estimated by HPLC with
electrochemical detector by the method of Church [23]. Waters
standard system consisting of a high pressure isocratic pump,
a 20 pl sample injector valve, C18 reverse phase column and
electrochemical detector was used. Data was recorded and analy-
zed with the help of Empower software. Mobile phase consisting of
2% citric acid, 2% KHPO4, 1 mMEDTA, 1.2% MeOH, and 70 mg/
ml of sodium octyl sulphate, pH of the mobile phase was adjusted
to 3 with the help of HCI (6N). Electrochemical conditions for
the experiment were +0.800 V, sensitivity ranges from 5~50 nA.
Separation was carried out at a flow rate of 1 ml/min. Samples (20
pl) were injected manually.

Sample preparation

Fresh tissue samples from the mid brain region of rats were taken
out and were homogenized in homogenising solution containing
0.1 M perchloric acid. 20% tissue homogenate was freshly pre-
pared. Homogenate was centrifuged at 12,000xg for 5 min. The
supernatant was further filtered through 0.25 micron nylon filters
before injecting in the HPLC injection pump. Data was recorded
and analyzed with the help of Empower software [21,24].

Biochemical estimations
Determination of total glutathione

The estimation is done by the method of Zahler and Cleland
[25]. The method is based on reduction of glutathione with
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dithioerytheritol and determination of the resulting monothiols at
412 nm with DTNB in the presence of arsenite.

Reduced glutathione estimation

GSH was estimated as the total non-protein sulphydryl groups
by the method described by Moron et al. [26]. In this method 5,
5'-dithiobis-(2-nitrobenzoic acid) (DTNB) is reduced by the -SH
groups of GSH to form one mole of 2-nitro-5-mercaptobenzoic
acid per mole of -SH. The nitromercaptobenzoic acid anion
released has an intense yellow color, which can be used to measure
—SH groups at 412nm. Briefly, homogenates (10% , 100 pl)
were immediately precipitated with 25 pl of 25% TCA and the
precipitate was removed by centrifugation at 1,500xg for 10 min.
50 pl of the supernatant was added to 450 pl of sodium phosphate
buffer (0.2 M, pH 8.0) to which was added Iml of DTNB (0.6
mM prepared in phosphate buffer). The absorbance of the yellow
color complex was read at 412 nm. GSH was used as a standard to
calculate the content of GSH which is expressed as umol of GSH/
mg of protein.

Determination of oxidized glutathione
Oxidized glutathione was calculated by subtracting the value of
glutathione reduced from total glutathione.

Lipid peroxidation assay

The assay for lipid peroxidation was performed according to
the method of Wills [27]. Lipids mainly Poly Unsaturated fatty
acids are highly susceptible to peroxidation by means of various
oxidizing free radicals which are formed from various enzymatic
and non-enzymatic reactions. Cycloperoxides are formed as a
result of peroxidation reaction, which give MDA by cleavage.
MDA forms a pink colored complex with Thiobarbituric acid
whose absorbance can be read at 532 nm. The results were
expressed as nmoles MDA/mg protein using molar extinction
coefficient of MDA-thiobarbituric acid chromophore (1.56x10
M'em?).

Superoxide dismutase activity

Superoxide dismutase (SOD) activity was assayed according
to the method of Kono [28] wherein the reduction of nitroblue-
tetrazolium (NBT) was inhibited by SOD was measured at 560 nm.
Briefly, the reaction was initiated by the addition of hydroxylamine
hydrochloride to the reaction mixture containing NBT and PMS.
The results were expressed as units/mg protein, where one unit of
enzyme is defined as the amount of enzyme inhibiting the rate of a
reaction by 50%.

http://dx.doi.org/10.5607/en.2013.22.3.214
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Protein estimation
The protein content was measured according to the method of
Lowry etal. [29].

Light microscopic examination

To assess histoarchitectural changes if any, small sections of
hippocampus from each of the normal control and different
treated animals were taken, washed with ice-cold 0.9% NaCl and
were fixed in the buffered formalin (10%) for about 24~48 h. After
the fixation, tissues were dehydrated in ascending grade of alcohol,
embedded in wax following the standard technique [30]. 5~7
um thick paraftin sections were cut and then were subjected to
hematoxylin—eosin staining as described by Humanson [31].

Statistical analysis

All values were expressed as mean+SD (n=6, per group). Data
was analyzed using one way analysis of variance (ANOVA) follow-
ed by Newman-Keuls test for multiple pair wise comparisons
between the various treated groups. Values with p<0.005 were
considered to be statistically significant.

RESULTS

Effect of Vitamin E on body weights of rotenone treated
animals

Fig. 1 depicts body weights of animals which in control group
was found to be increased significantly (p<.001) at the end of
day 35 whereas in rotenone treated animals (Group II) showed a
gradual decrease in body weight during the course of treatment
and significant decrease was recorded at the end of 5" week of

weight {gms)

Day 1 Day 7

Day 14 Day 21 Day 28 Day 35

m Control 0 Rotenone g VitaminE m Rot+vitE

Fig. 1. Effect of Vitamin E treatment on body weights of rotenone treated
rats at various time intervals during the treatment. Data is mean+SEM of 6
animals. Analyzed using two way ANOVA followed by Student-Newman-
Keuls test. *p<0.05 significant as compared to control of respective week,
:p<0.05 significant ascompared to rotenone treated group of respective
week, (a,b,c.d,e) p<0.05 significant as compared to 1st 7th 14th 21st 28th
respectively day observations of respective treatment group.

http://dx.doi.org/10.5607/en.2013.22.3.214

rotenone exposure. However, in case of Vitamin E treatment

L. . . . |
group significant increase in body weight was recorded after 5" of
rotenone exposure.

Effect of Vitamin E on rotenone induced motor dysfunction
Total locomotor activity

Significant (p<.001) decrease in total locomotor activity of
rotenone treated animals was seen as compared to control
animals at all intervals of time and the decline was highly
(p<.001) significant decrease of 75% after 3" week of rotenone
exposure (Fig. 2). Co-administration of vitamin E along with
rotenone significantly (p<.001) prevented the decrease in the total
locomotor activity in rotenone treated animals which was found
to increase by 54% at the end of 5" week (Fig.2).

Catalepsy

Control animals depicted fall off time of a few seconds (Fig. 3)
whereas animals treated with rotenone registered a significant
increase in fall off time as compared to control at subsequent
weeks . The effect was most prominent at 3 weeks of rotenone
exposure with an increase of 85.95% in fall off time which further
increased to 99.5% till the end of 5" week. Co-administration of
vitamin E in rotenone treated animals significantly prevented the
increase in fall off time at all intervals i.e the increase in falloff time
which was 99.5% at the end of 5" week in rotenone treated animals
was reduced to 63% with vitamin E co-treatment.

Effect of Vitamin E on neurotransmitter Dopamine (DA)

level using (HPLC-ECD)

Chronic administration of rotenone resulted in significant
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Fig. 2. Effect of Vitamin E treatment on total locomotor activity of
rotenone treated rats at various time intervals. Data is mean+SEM of 6
animals. Analyzed using two way ANOVA followed by Student-Newman-
Keuls test. *p<0.05 significant as compared to control of respective week,
"p<0.05 significant ascompared to rotenone treated group of respective
week, (a,b,c.d.e) p<0.05 significant as compared to 1st 7th 14th 21st 28th
respectively day observations of respective treatment group.
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decrease of 80% in the level of neurotransmitter Dopamine
(p<0.001) (>50%) after 35 days of rotenone treatment and co-
treatment of Vitamin E showed significant increase in Dopamine
(p<0.05) level when compared to rotenone treated animals (Fig. 4).

Effect of Vitamin E on the biochemical parameters in rote-
none infused animals

Glutathione system enzymes (Total Glutathione, GSH and
GSSG)

Rotenone exposure significantly (p<.005) decreased the GSH
levels by 47.36% and redox ratio in mid brain region of rotenone
treated animals when compared to control as seen from (Table
1). Increase in the level of GSSG i.e oxidised glutathione could be
related to increased conversion of GSSG from GSH. Rotenone
plus Vitamin E treated animals showed significant increase of 29%
in GSH level in rotenone treated animals as compared to rotenone

treatment group.
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Fig. 3. Effect of Vitamin E treatment on cataleptic behaviour of rotenone
treated rats at various time intervals. Data is mean+SEM of 6 animals.
Analyzed using two way ANOVA followed by Student-Newman-Keuls
test. *p<0.05 significant as compared to control of respective week,
“p<0.05 significant ascompared to rotenone treated group of respective
week, (a,b,c,d,e) p<0.05 significant as compared to 1st 7th 14th 21st 28th
respectively day observations of respective treatment group.

Lipid peroxidation

MDA levels marker for lipid peroxidation was found to be
increased significantly (p<.001) by 55% in mid brain region of
rotenone treated animals as compared to control (Table 2). Vitamin
E administration significantly prevented the increase (decreased
by 64.95%) in amount of Lipid peroxidation as observed from
lowered levels of MDA production in Vitamin E co-treatment
group as compared to rotenone treated group (Table 2).

Superoxide dismutase (SOD)

Significant decrease of 41.46% in levels of SOD was observed in
rotenone treated animals as compared to control (Table 2) after 35
days of rotenone exposure. However the level of SOD increased
significantly (p<.001) in Vitamin E co-treatment group 54.5% as
compared as compared to rotenone treated animals.

Histopathology

Histopathology of our samples showed that rotenone caused

0.35
*#
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0.25 A
02 A

0.15 A

0.1 A

Dopamine
Mean ng/mg tissue

0.05

Contro Rotenone VitE Rot+wvit E

m Control Rotenone m Vitamin E m Rot+wvitE
Fig. 4. Effect of Vitamin E co-treatment on Dopamine content in
mid brain of rotenone treated rats after 5 weeks (35 days) of rotenone
exposure. Data is mean+SEM of 6 animals. *p<0.05 significant as
compared to vehicle treated animals. “p<0.05 significant as compared to

rotenone treated animals.

Table 1. Effect of Vitamin E treatment on Glutathione system enzymes in mid brain of rotenone treated rats at day 21 and day 35

Total glutathione S et GSSG
(pmole GSH/mg protein) pm 8P (umole GSH/mg protein)
3rd week 5th week 3rd week 5th week 3rd week 5th week
Control 0.143+0.01 0.128+0.04 0.0636+0.005 0.038+0.003 0.079+0.013 0.090+0.03
Rotenone 0.159+.009* 0.200+0.03* 0.0207+0.007* 0.020+0.004* 0.139+0.04** 0.180+0.02*
Vitamin E 0.138+0.001*"  0.141+0.006*" 0.0500+0.01* 0.048+0.002*" 0.088+0.056" 0.093+0.07*"
Rotenone+Vitamin E 0.257+0.008*"  0.238+0.1*" 0.0636+0.006 0.028+0.005*" 0.193+0.013* 0.210+0.04*

Data is mean+SEM of 6 animals. *p<0.05 significant when compared with control group. 'p<0.05 significant when compared to rotenone treated

animals.
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Table 2. Effect of Vitamin E treatment on LPO and SOD activity in mid
brain of rotenone treated rats at day 21 and day 35

LPO (nmole MDA/ SOD (units/mg
mg protein) protein)

3rdweek 5th week 3rdweek 5thweek
Control 3.94+0.56 9.02+0.36 1.415+-0.09 3.690+0.48
Rotenone  8.73+1.20*  14.85+1.33* 0.874+0.15* 2.161+1.02*
Vitamin E 2.22+0.78*"  6.67+0.34*"  2.827+0.53*" 5433+0.47*"
Rotenone+ 3.94+0.57 520+1.49*° 1415£0.10  4.750+0.16*"

Vitamin E

Data is mean+SEM of 6 animals. *p<0.05 significant when compared with
control group. ‘p<0.05 significant when compared to rotenone treated
animals.

degeneration in the mid brain region of rats as neurons were
under oxidative stress as can be seen from Fig. 5B. Darkly stained
nucleus indicates hypoxic damage to neurons in rotenone treated
animals. Also formation of dark dense granules lying on or close
to the surface of neurons known as incrustations can be seen.
Microvacuolation in which cytoplasm stains intensely and forms
dark blue to mauve can be seen in rotenone treated animals can
be seen at the end of 5" week as seen from Fig, 5B. However co-
administration of Vitamin E showed a striking level of protection
with no signs of adverse effects of the rotenone treatment in the
mid brain Fig. 5D.

DISCUSSION

Parkinson’s Disease, is the second most common neurodege-
nerative disorder with an incidence of around 14 per 100,000
population worldwide [32] and roughly 50,000 new cases
arise every year. Epidemiological studies suggest that exposure
to pesticide can increase the risk of PD [33]. At present, the
etiopathology of PD is unknown. However, the selective oxidative
stress in the SN is the earliest and the most broadly accepted
hypothesis for the etiopathology of PD [34, 35]. This assumption
was based on multiple observations in animal models of PD
and also in human parkinsonian brains [36]. Consequently an,
antioxidant therapy that can be administrated for a longer period
of time, has minimal adverse effects and should slow down the
progression of the disease has been suggested.

Rotenone, causes highly selective dopaminergic degeneration
and alpha-synuclein aggregation in dopaminergic neurons, in
vivo rodent model [8, 37] and its chronic subcutaneous exposure
reproduced characteristics features of PD via excess generation
of free radicals mediated oxidative stress. In the present study
chronic administration of vitamin E demonstrated significant
improvement in the neurobehavioral, oxidative as well as

http://dx.doi.org/10.5607/en.2013.22.3.214

Fig. 5. Histopathological changes in the mid brain of rats: (A) Control
section showing normal histoarchitecture. (B) Rats treated with rotenone
with prominent degeneration of neurons. (C) Rats treated with Rotenone
and Vitamin E. (D) Rats treated with Vitamin E. Sections stained with
haematoxylin and eosin x400.

neurochemical parameters as caused by rotenone exposure. It
has already been reported that Vitamin E (alpha-tocopherol)
supplementation blocked rotenone-induced reductions in
TH protein and TH immunohistochemical changes. A greater
number of TH-positive neurons following one month of vitamin
E pretreatment can be attributed to the neuroprotective effect
of a high dose of vitamin E against 6-OHDA-induced toxicity
that is well matched with the results of others [38, 39]. Moreover
in clinical trials, it has been seen that the vitamin E therapy has
retarded the progression of degenerative process in PD patients
[40, 41]. Vitamin E given with rotenone attenuated the rotenone-
induced oxidative stress [42] and exhibits a dose dependent effect
in PD patients [14]. Also, it has been reported that the levels of
glutathione and vitamin E increased in the brain of patients with
PD as a compensatory mechanism to deal with oxidative stress
[41-43).

The dose of (2 mg/kg) rotenone was well tolerated by animals as
the mortality rate observed was quite low about 8%. Vitamin E ata
dose of (100 LU/kg/b.wt, i.m.) was co-administered with rotenone
on alternate days during the course of treatment. The body weight
of rotenone treated animals decreased gradually till 3" week and
there was a drastic decline in the body weight at the end of 5"
week (Fig. 1). Similar results were obtained in our earlier study
[24]. This decline in body weight of animals following rotenone
exposure could be related to delay in gastric emptying occurred
during rotenone intoxication [44]. Gastrointestinal dysfunction is
the most common symptom of PD and the majority of symptoms,
such as early satiety and weight loss, constipation, bloating, and
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dyspagia result from abnormal motility of the GI tract [45-47]
whereas vitamin E modulates gastric motility and gastric lesion
formation in rats [48-50].

At the end of 5" week, rotenone exposure caused a significant
decline of (82%) in the level of neurotransmitter dopamine was
observed in mid brain region (Fig. 4). The study results were
further supported by earlier study reports showing decline in the
neurotransmitter (DA) level following rotenone exposure [22].
significant and progressive decrease in total locomotor activity and
increased rigidity (Catalepsy) was also observed which became
significant at the end of 3 week and declined substantially at
the end of 5" week (Fig. 3). Biochemical oxidative stress markers
reported a remarkable change following rotenone exposure.
Decline in GSH level which is one of the earliest biochemical
changes seen in PD [51, 52] and is believed to be the most robust
and significant alteration in the antioxidant defense system was
observed. Following rotenone exposure GSH level was found to
decrease significantly (47%) at the en d of 5" week of rotenone
exposure (Table 1, 2). Our observations were in line with the
observations made in previous studies [24, 45, 53]. Similarly, a
decrease in SOD activity was observed. A significant elevation in
the level of MDA generation, an indicator of lipid peroxidation,
was observed at the end of 3" week which increased further at 5"
week [54]. This relates to the findings that free radical generation
and oxidative damage is involved in the neuronal abnormalities in
PD [55-58]. The changes observed following rotenone exposure
are in correlation with the manifestation of the PD symptoms.

However, Vitamin E treatment reduced LPO levels and brou-
ght them near to control levels as can be seen from (Table 1, 2).
Lipid peroxidation is a self propagating process that will pro-
ceed until the substrate is consumed or termination occurs.
Antioxidants like vitamin E (a-tocopherol), ascorbate, reduced
glutathione) intercede by limiting the propagation process. The
two broad outcomes to lipid peroxidation, viz., structural damage
to membranes and generation of bioactive secondary products.
Membrane damage derives from the generation of fragmented
fatty acyl chains, lipid-lipid crosslinks, and lipid-protein crosslinks
[59]. Since, vitamin E is lipid soluble, chain breaking antioxidant
in biological membranes [59, 60] and forms the integral part of
cellular membranes. It protects the biologiclal membranes against
free radical damage by trapping the free radicals [61]. Vitamin
E forms the first line of defence against lipid peroxidation as it
prevents cell damage by binding to the free radicals and neutra-
lising its unpaired electron forming a more stable intermediate
structure that is converted to a-tocopherylquinone. Results from
previous studies also reported that vitamin E, attenuates the effects
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of lipid peroxidation by trapping these free radicals [61-63]. With
vitamin E supplementation the decreased levels of LPO resulted in
lesser utilisation of glutathione and SOD which are touted as the
first line of defence against free radical insult and thus decrease in
GSH in rotenone plus vitamin E treatment group was much less.
Treatment with vitamin E proved to be beneficial in replenishing
the loss in GSH at 3" week and 5" week. This is turn was reflected
in SOD. Co-treatment with vitamin E was found to restore the
SOD activity at 3" week and at 5" week. Studies on synergistic
effect of GSH and vitamin E suggest that vitamin E alone is more
effective in decreasing LPO the main cause of oxidative stress of
ethanol exposure [64].

Thus, the study demonstrates that vitamin E protects nigrostriatal
dopaminergic neurons against degenerative effects induced by
rotenone. Vitamin E by virtue of its free radical scavenging ability
efficiently reduced rotenone induced lipid peroxidation and ROS
generated oxidative stress. Also, with vitmain E supplementation
there is lesser utilisation of GSH and SOD or we can say that
vitamin E replaced the protective enzymes and mechanisms that
are deficient in nigral neurons thus sparing the scavenging systems
i.e SOD and GSH from the injurious effects of neurotoxins like
rotenone and 6-OHDA [40-42]. Thus, providing protection to
the antioxidant defense system in dopaminergic neurons hence,
lesser DA-nergic neurodegeneration [65]. The motor dysfunction
clearly correlates with the nigrostriatal dopaminergic cell loss and
dopamine deficiency [24, 65, 66] as the neurons of DA-nergic cells
project to the striatum and this leads to alterations in neuronal
circuits within basal ganglia which are essential in regulating
the various movements. Thus, supplementation with vitamin E
showed significant improvement in Total locomoter activity and
Catalepsy at the end of 3" week which improved further at the end
of 5" week.

Taken altogether, it is clear that rotenone at a chronic low dose
is able to establish a PD model. Most of the changes were evident
only after 3 weeks of rotenone exposure. Vitamin E being a free
radical scavenger prevents the cell damage by binding to the free
radicals and neutralizing its unpaired electron was able to prevent
the damage to DNergic neurons caused by rotenone induced
oxidative stress. However, no significant differences were observed
between 3 weeks and 5 weeks of co-treatment of vitamin E with
rotenone suggesting that several mechanisms other than oxidative
stress could be involved during the progression of the disease.
Histapathological analysis is in line with the recent reports on
histopathological analysis in mid brain of rotenone treated animal
[67]. This further supports the antioxidative role of vitamin E in
rotenone induced PD.
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CONCLUSION

Considering that antioxidant therapy is a major issue in PD,

we propose that our findings reinforce the potential antioxidant

role of vitamin E in the nigrostriatal system. From our data, we

anticipate a beneficial role of this vitamin in the course of the

disease can be used as a supplement to the existing therapeutic

regimes. However, further studies are essential before approaching

to any clinical implications.
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