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ABSTRACT
This presence study was conceded for evaluate the neuroprotective effects of S-allyl cystene (SAC) on Haloperidol (HP) induced neurotoxicity in rat.
In this study totally 4 groups of rats were used, each groups were treated with saline (control), SAC, HP and HP+SAC separately. The behavioral
abnormalities of the drug treated animals were noted by narrow beam test, rotarod and forelimb akinesia on 8th, 15th, 22th and 29th day. After 28th
day the drug treated rats were dissected and the brains were used for analyse the biochemical changes. In the narrow beam walking, HP lessoned
rats shows increase retention time compared to control rats and the HP+ SAC lessoned rats shows increase rate in retention time at 15th day test
and reduced on 22 and 29th day test. In the rotarod analysis, the HP lessoned rats shows reduced retention time compared to control rats and the
HP+SAC lessoned rats shows increase rate in retention time. The Akinesia score increased gradually in HP alone treated rats. In SAC pretreated rats
were significantly reduces the score compared to HP treated rats. In biochemical test such as TBARS, GSH, SOD, CAT GPx shows grate variation to
compare each groups. These results indicate that the S-allyl cystene (SAC) is potential agent for treating neurochemical and behavioral
abnormalities in rat.
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INTRODUCTION
The nervous system is the major communication network in the
human body. Its normal functioning is strongly dependant on the
maintenance of its structural integrity and many complex metabolic
processes. Accordingly, the processes that disrupt normal structure or
metabolism or both are capable of producing neurological disease. The
degenerative diseases of the central nervous system (CNS) encompass
a heterogeneous group of disorders characterized by spontaneous,
progressive degeneration of neurons in specific regions of the brain,
spinal cord, or both. The neurodegenerative disorders include
Alzheimer’s disease, Parkinson’s disease, Huntington's disease and
Amyotrophic Lateral Sclerosis (motor neuron disease). Alzheimer’s
disease is the most common cause of dementia in the elderly with
cerebrovascular disease and several less common neurodegenerative
disorders accounting for most of the remaining cases1. The protection
of neurons from damage and death is an important challenge in the
development of treatment of brain ischemia and neurodegenerative
diseases2. Typical antipsychotics may also be used for the treatment of
acute mania, agitation, and other conditions. Typical antipsychotics,
sometimes referred to as first generation antipsychotics, conventional
antipsychotics, classical neuroleptics, or major tranquilizers are a class
of antipsychotic drugs used to treat psychosis (in particular,
schizophrenia).

Haloperidol (HP) is commonly used in the treatment of schizophrenia,
acute psychotic states and delirium causes neuronal damage and
extrapiramidal symptoms after several years of treatment3.
Haloperidol has been used clinically in psychiatry, obstetrics and
anesthesiology, and its pharmacology has been extensively reported4.
Chemically, it belongs to the butyrophenone series of neuroleptic
compounds and it is a tertiary amine that tends to form inter phase
between water/air or water/lipid at very low concentration of the
order of 10-7 M. It has been shown that neuroleptic drugs tend to
decrease the permeability of a variety of biological membranes for
various organic and inorganic molecules, including water, and that
they exert this effect in minute concentration5.

There are several reports on neuroprotective effect of SAC against
various brain insults. S-allyl cystene (SAC) has been reported to
exert its neuroprotective effect by scavenging peroxynitrite and
inhibiting the ERK signaling pathway activated during initial
hypoxic/ischemic insults6. In vitro studies also suggested the
neuroprotective effect of S-allyl cystene against neurotoxicity in
cultured hippocampal neurons7, 8. Therefore based on the above

literatures, the present study was carried investigate the influence of
the SAC on HP induced neuroprotective effect by evaluating
behavioral changes and biochemical analysis.
MATERIALS AND METHODS
Animals
Male Albino Wistar rats (140 to 150 g) purchased from the Institute
Central Animal House (RMMC). The animals were kept under 12-hrs
light / dark cycles, at 220C and 60% humidity with food and water
and libittum. The experimental protocols met with the National
Guidelines on the proper care and use of Animals in Laboratory
Research (Indian National Science Academy, New Delhi, (2000)
(Approval No: 760/16.12.2010)
Chemicals

S-allyl cystene (SAC) Haloperidol (HP), Thiobarbituric acid (TBA),
Reduced Glutathione and 3, 5-Dithio-bis-nitrobenzoic acid (DTNB)
were purchased from Sigma chemical Co. USA. All other chemicals
were of analytical grade.
Experimental induction of neurotoxicity

Haloperidol (1.0 mg/kg of body weight) was administrated
chronically to rats for a period of 28 days 9. All the behavioral
assessments were carried out on 8th 15th 22nd and 29th days of
treatment period10.
Experimental design

The mice were randomized and divided into four groups of six
animals each group.

Group I - Rats with intraperitoneal (i.p) injection of saline served as
control rat.
Group II - Rats treated with SAC (120 mg /kg body weight, i.p) for 28
days11.

Group III - Rats treated with HP (1 mg/kg body wt, i.p) daily for 28 days.

Group IV - Rats received i.p injection of HP (1 mg/kg body wt, i.p)
after 1hrs SAC (120mg/kg body wt, i.p) were administrated11.

24 hours after the 7th, 14th, 21th and 28th daily injection of HP or
vehicle solution all the animals were analysed for behavioural
studies10 such as narrow beam walking12 Rotarod13 and Akinesia
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were performed. Animals were tested 30 min after i.p. injection at all
time points in three consecutive trials.
Narrow beam walking test

The narrow beam test was performed according to the descriptions
of Hicks and D'Amato,14.
Rotarod Test

Rota rod was performed according to the descriptions of Dunham and
Miya, 16. After 10 sec the speed was accelerated linearly up to 20 rpm
within 240 sec and the time spent on the rotarod was recorded
automatically.
Forelimb akinesia (Step test)

The stepping test 17, 18 was performed at three time points during the
experiment. At each time point the animals were tested twice daily
on 3 consecutive days. Briefly, the rat was held by the experimenter
fixing its hindlimbs with one hand and the forelimb not to be
monitored with the other, while the unrestrained forepaw was
touching the table. The number of adjusting steps was counted while
the rat was moved sideways along the table surface (90 cm in 5 sec),
in the forehand direction, (i.e., the animal is pulled to left when right
paw is unrestrained), for both forelimbs.
Biochemical Analysis

On 28th day, after behavioral assessment, animals were sacrificed by
decapitation. The brain regions were removed and striatum dissected
out. A 10% tissue homogenate was prepared in 0.1M phosphate buffer
(pH 7.4). Homogenate were centrifuged for 20min at 10,000rpm and
supernatant was used for the biochemical analysis.
Thiobarbituric Acid Reactive Substances (TBARS)

TBARS in the striatum was determined by the method of Utely et al. 18.

Estimation of Reduced glutathione (GSH)

Reduced glutathione in the striatm was determined by the method
of Jollow et al. 19.
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Estimation of Catalase
Catalase activity was assayed by the method of Claiborne20.
Assay of Superoxide dismutase

Superoxide dismutase activity was measured by the method of
Beauchamp et al. 21.

Assay of Glutathione Peroxidase

Determination of glutathione peroxidase (GPx) activity measured
according to the procedure described by Mohandas et al. 22.

Data analysis

All data were expressed as Mean ± SD of number of experiments
(n=6). Statistical significance was evaluated by one-way analysis
of variance (ANOVA) using SPSS version 11.5 software and
individual comparisons were obtained using Duncan’s Multiple
Range Test (DMRT). Values were considered statistically
significant.
RESULTS

In the narrow beam walking (Fig. 1) the HP lessoned rats shows
increase retention time compared to control (group I) rats. The SAC
lessoned rats not show that much variation compare to control rat
group. The HP+ SAC lessoned rats shows increase rate in retention
time at 15th day test and reduced on 22 and 29th day test. In the
rotarod analysis (Fig. 2) the HP lessoned rats shows reduced
retention time on the rotarod compared to control rats (group I).
The HP+ SAC lessoned rats shows increase rate in retention time in
rotarod analysis. The SAC pretreated HP lessoned rats (group IV)
were withstand on the rotarod and narrow beam walking for
appreciable time compared to HP intoxicated (group III) rats.
Akinesia score increased gradually in HP alone treated rats. In SAC
pretreated rats were significantly reduces the score compared to HP
treated rats. There was no significant difference in SAC and control
treated rats (Fig. 3).

Fig. 1: Effects of narrow beam walking test

Fig. 2: Effects of Rotarod test
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Fig. 3: Effects of forelimb akinesia (step test)

Table 1 exhibit the biochemical changes of the drug treated rats
brains. The table .1 summarized the levels of TBARS, GSH activities,
SOD, CAT, and GPX in striatum of the control (group I) and
experimental animals. Lipid peroxidation levels in striatum were
significantly elevated in HP treated animals (group III) relative to
the control rats (group I). Prior treatment of SAC administered rats
(group IV) significantly reduced the levels of lipid peroxidation. The
levels of reduced glutathione decreased in striatum regions in HP
treated animals (group III) compared to the control rats (group I).
Prior treatment of SAC administered rats (group IV) significantly
increased the reduced glutathione level. No significant changes in

the levels of TBARS and reduced glutathione were found in rats
treated with SAC alone (group II) compared to saline treated control
rats (group I).

The activities of SOD, CAT and GPX in various brain regions were
significantly decreased in HP treated animals (group III) relative to the
control rats (group I). Prior i.p administration of SAC to HP injected
rats (group IV) tends to increase the activities of SOD, CAT and GPX as
compared to the HP treated rats (group III). There is no significant
changes in the activities of enzymatic antioxidants were found in SAC
alone treated rats (group II) compared to control treated rats.

Table 1: Depicts the levels of TBARS, GSH, SOD, CAT and GPx in Striatum

Groups
Control (Group 1)
SAC (Group 2)
HP (Group 3)
SAC+HP (Group 4)
a

0.240±0.39a
0.201±0.30a
1.370±1.5b
0.666±0.68c

GSH
(µg/ gram tissue)
1.045±0.01a
0.936±0.01a
0.17±0.07b
0.711±0.06c

= amount of enzyme required to inhibit 50% of NBT reduction
=µmoles of H2O2 consumed /min/mg protein

b
c

TBARS (nmoles/g)

SOD
(UA/mg protein)
2.767±0.02a
2.683±0.02a
0.217±0.55b
1.400±1.07c

CAT
(UB/mg protein)
1.48±0.14a
1.394±0.1a
0.25±0.02b
0.85±0.72c

GPx (UC/mg
protein)
0.0967±0.08a
0.0891±0.08a
0.020±0.001b
0.062±0.05c

= amount of glutathione utilized/minute

Values not sharing a common superscript letter differ significantly at p<0.05 (DMRT).

TBARS, GSH, SOD, CAT GPx
DISCUSSION
Neuroleptics act by blocking DA receptors23. Such blockade results
in increased DA turnover, which in turn leads to increased
production of hydrogen peroxide resulting in oxidative stress24.
Existing evidence indicates that excessive production of free radicals
is associated with chronic neuroleptic use, and might contribute to
the onset of TD and other movement disorders, such as dystonias
and Parkinsonism25. In the present study, HP treatment significantly
induced neurotoxicity in rat brain and develops the extra pyramidal
symptoms such as TD, facial jerking, vacuous chewing movements
and tongue perfusion as compared to vehicle-treated control
animals. SAC treatment significantly reversed HP induced VCMs and
tongue perfusions. SAC alone treated rats did not show any
significant behavioral changes as compared with the vehicle treated
control group. Motor functions in this study on experimental TD are
normally measured by performing behavioral test namely rotarod
performance26, hang test, open field test and narrow beam walking27.
These methods are reported to be sensitive in detecting functional
impairments in experimental PD models and to quantify the
potential efficacy of treatments designed to prevent dopamine loss,
to reduce oxidative stress and to maintain the muscular
coordination. The narrow beam walking, used to test the balance,

vestibular integrity and muscular co-ordination28 was significantly
altered by HP treatment. In narrow beam walking, the TD animals
(HP) took more time to cross the beam and also exhibits frequent
foot slip errors compared to the normal rats. The animals which had
SAC pretreatment showed a reduced time consume to cross the
beam and also had a few foot slip errors. The animal to balance and
walk on a rotating rod is widely used to measure the coordinated
motor skills29. The HP treated animals were shown a much reduced
retention time on rotarod compared to normal rat group. The SAC
pretreated animals shown appreciable retention on rotarod
compared to HP treated animals. Administration of HP may also
result in accumulation of HP metabolites in the brain and thus lead
to the death of dopaminergic neurons. Formation of quinone species
is also responsible for the decrease in DA levels. Increase in DA
receptor density after chronic HP administration is well reported 30.
The results of the study are well corroborated to those previous
studies, where co-administration of SAC prevented the decrease in
striatal DA levels in HP rat model of TD31. The antioxidative action of
SAC might play a role in the prevention of the formation of quinone
species as well as death of the dopaminergic neurons. It is clear that
SAC may prevent the increase in DA receptor super sensitivity as
suggested by behavioural experiments of measurement of catalepsy
and facial dyskinesia; swim test and total locomotor activity
(rearing, grooming and ambulatory activity).
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Existing evidence indicates that an unbalanced production of free
radicals is associated with chronic neuroleptic use and might
contribute to the onset of TD and other movement disorders, such as
dystonias and Parkinsonism 32. DA is primarily metabolized through
oxidation by monoamine oxidase to 3, 4-dihydroxyphenyl-acetic
acid. This reaction produces hydrogen peroxide. DA is also
metabolized by auto-oxidation yielding superoxide radical.
Hydrogen peroxide can further react with iron or copper ions to
produce the hydroxyl radical, which is the most toxic of free radicals.
Increased DA turnover by neuroleptics could lead to excessive
production of these potentially damaging free radicals 24. Oxygen
free radicals are also reported to diminish the DA transporter
function further increasing the extracellular DA levels33. However,
this does not seem to be the only mechanism responsible for the
reduced glutathione/ATP depletion observed during HP treatment34.
Using rat primary cortical neurons and the mouse hippocampal cell
line HT-22, Sagara 35 showed that HP causes a sequence of cellular
alterations that leads to cell death, and that the production of
reactive oxygen species (from mitochondria but not from the
metabolism of catecholamines) is an integral part of this cascade.
Thus, the possibility exists of a direct interaction with specific
membrane components. It is conceivable that the changes in
membrane properties may be related to free radical production. In
addition, chlorpromazine causes an increase in the level of brain
manganese, which in turn may potentiate the damage caused by free
radicals 36. Another possibility is that neuroleptics suppress the
activity of certain detoxifying enzymes, leaving cells unprotected
especially if basal enzyme activity is low or the free radicalscavenging mechanisms are less effective. Free radicals are highly
reactive with specific cellular components and have cytotoxic
properties 37, and neuronal loss in the striatum has been reported in
animals treated chronically with neuroleptics38.

There are several reports on neuroprotective effect of SAC against
various brain insults. Moreover, SAC has been reported to exert its
neuroprotective effect by scavenging peroxynitrite and inhibiting
the ERK signaling pathway activated during initial hypoxic/ischemic
insults. In vitro studies also suggested the neuroprotective effect of
SAC against neurotoxicity in cultured hippocampal neurons8 and
SAC protects against the neurotoxic effects of 1-methyl-4-phenyl-1,
2, 3, 6-tetrahydropiridinium (MPTP)11 induced PD in rat brain.
Findings of this study demonstrate that SAC exerts neuroprotective
effects in experimental rat model. The protective actions of SAC
reported in models of HP neurotoxicity might be attribute to its
potent antioxidant nature, it is also likely that all the properties of
this agent may be acting in a concerted manner to produce
neuroprotective responses in this paradigm, thus supporting the
therapeutic potential of this and other cysteine containing
compounds and garlic preparations. Nonetheless, further and
detailed studies are required to the anti-inflamatory and therapeutic
potential of SAC in this and other toxic model.
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