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Abstract: Neuroprotective activity of S-allylcysteine was examined against Haloperidol induced Parkinson’s
disease in mice. The oral administration of S-allylcysteine (30mg/kg body weight) for 7 days against
haloperidol affected mice significantly increased the level of antioxidants (glutathione peroxidase, super oxide
dismutase, reduced glutathione and catalase) and decreased the level of thiobarbutaric acid reactive substances
and lipid peroxidation. Histochemical analysis of the midbrain of the mice confirmed the brain injury with
haloperidol administration. The results of the present study provide clear evidence of defense provided by S-
allylcysteine against haloperidol induced Parkinson’s disease in mice mid brain.
Keywords: S-Allylcysteine, Haloperidol, Neuroprotective activity, Parkinson’s disease.

INTRODUCTION

In 40% of men and 23% of women diagnosed with
schizophrenia, the condition arises before the age of
19[1-3].  The  first  line  treatment  for  schizophrenia  is
antipsychotic medication [4]. Most antipsychotics
take around 7–14 days to have their main effect. The
typical neuroleptics used to treat schizophrenia are
highly effective, but are associated with severe extra
pyramidal side effects. The most predominant
among these symptoms are dystonia, parkinsonian-
like syndrome, and tardive dyskinesia. These extra
pyramidal side effects have been and still are major
concerns in the society, as the drug that treats the
patients for schizophrenia leaves them with lifelong
disabilities [5].

Haloperidol is a typical potent antipsychotic drug.
Haloperidol blocks postsynaptic dopamine D2
receptors in the mesolimbic system and increases
dopamine turnover by blockage of the D2 receptors
somatodendritic auto receptor. After approximately
12 weeks of chronic therapy, depolarization
blockage of dopamine tracts occur. Decrease in
dopamine neurotransmission has been found to
correlate with the antipsychotic effects [6].
Haloperidol possesses extremely weak
anticholinergic and β-adrenergic receptor blocking
effects.
Parkinson’s disease is the second most common
neurodegenerative disorder, affecting 1% of the
population aged 65 years of age and increasing up to
3% of the population over 80 years of age [7].
Parkinson’s disease is characterized by resting

http://en.wikipedia.org/wiki/Antipsychotic
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tremor, rigidity, postural abnormalities, stooped
posture, bradykinesia, akinesia and festinating gait
[8].The major pathological change in patients with
Parkinson’s disease is the loss of melanin containing
dopaminergic neurons in zona compacta of the
substantia nigra [9]. These pigmented neurons have
been identified as nigrostriatal dopamine neurons
[10], loss of these neurons results in decrease of
dopamine content in striatum [11]. Clinical symptoms
appear only when dopaminergic neuronal death
exceeds a critical threshold 70-80% of striatal nerve
terminals.
Many health foods and plant-derived substances
touted to improve health are sold around the world.
Garlic (Allium sativum) is believed by many people
to  be  useful  for  disease  prevention.  S-
Allylcysteine(SAC) is one of the water-soluble
organosulfur compounds in garlic. The
concentration of SAC in the garlic increases during
extraction/aging[13]. S-Allylcysteine protected
vascular endothelial cell from H2O2 induced injury
[14] and inhibits Cu2+ induced LDL oxidation [15, 16].
S-Allylcysteine also decreases the morphological
alterations in heart and liver of mice exposed to the
anticancer drug doxorubicin [17-20].

MATERIALS AND METHODS

ANIMALS
Albino mice (25 to 35 g) in the Central animal
house, Department of experimental medicine, Raja
muthaiah medical college, Annamalai University
were used in the present study. Animal handling and
experimental procedures were approved by
Institutional Animal Ethical committee, Annamalai
University (Ethical no.479, Reg.no.1602010). The
animals were kept under 12-h light / dark
cycles,220C and 60% humidity with food and water
ad libitum.

CHEMICALS
Haloperidol 4-[4-(4-chlorophenyl)-4-hydroxy
piperidinol]-4’-Fluorobutyrophenone, thiobarbituric
acid (TBA), reduced glutathione and 3, 5-dithio-bis-
nitrobenzoic acid were purchased from Sigma
Aldrich. All other chemicals were of analytical
grade.

INDUCTION OF PARKINSON’S DISEASE:
Haloperidol powder was dissolved in saline (0.02
mg / 0.5 ml) and a dose of about 1mg / kg b.w / day
was administered intraperitoneally for all the
animals to induce Parkinson’s disease. All animals
were observed for 30 minutes post injection and
then hourly intervals for next 3 hours.

EXPERIMEN TAL (Phase I and II):
The mice were randomized and divided into four
groups of four animals each.
Group I  -  Normal  mice  with  i.p  injection  of
saline served as control mice.
Group II- Mice received intraperitoneal injection of
haloperidol (1 mg/kg  b.w)  for seven days.
Group III -  Mice  are  treated  with  S-Allylcysteine
(30 mg /kg b. w) orally then received haloperidol for
7 consecutive days.
Group IV- Mice are treated with S-Allylcysteine
(30mg/kg body weight) alone
orally  for seven days.

Phase I
At the end of the experiment (8th day),  the  animals
were analysed for behavioural studies such as Open
field (number of rearings, grooming and number of
visits to the central and peripheral compartments
were calculated during a single 5 minutes session),
swim test [21] and catalepsy were performed.

Phase II
At the end of the experiment (8th day), measurement
of Parkinson’s disease   were performed in all the
groups. Following the behavioural studies, the mice
were sacrificed by cervical dislocation and the brain
was dissected for analysis.

Brain tissue preparation
The brains were post-fixed overnight at 4.C with
cold 4% Para formaldehyde in 0.1M Phosphate
buffer and soaked in 0.5M phosphate buffered saline
containing 30% sucrose for cryoprotection. Serial 30
µm  thick  coronal  sections  were  cut  on  a  free
freezing microtome and stored in
cryoprotectant(25% ethylene glycol, 25% glycerol,
0.05M phosphate buffer) at 4.C until use for
immune histochemical study.

Immunohistochemistry
Fixed mesencephallic cells on cover slips and
sections were washed in phosphate buffered saline
before immune staining, they were pre-treated with
1% hydrogen peroxide for 15 minutes then they
were incubated with rabbit anti tyrosine hydroxylase
antibody overnight at 25.C in the presence of 0.3%
Triton X 100 and normal goat serum.   They were
incubated with antirabbits IgG for 90 minutes at
room temperature.  Samples were mounted on
gelatine coated slices dehydrated and cover slipped
in histomount medium.
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RESULTS

Effect on behavioral patterns (phase1)
Haloperidol treatment showed increase in Vacuous
Chewing Movements (VCM), tardive dyskinesia,
facial jerking and catalepsy. Pretreatment with S-
Allylcysteine inhibited the increase of haloperidol
induced vacuous chewing movements, tardive
dyskinesia, facial jerking and catalepsy (Table 1).

Open field Assessment:
Significant reduction in peripheral movements and
central movements along with rearing and grooming
in haloperidol injected mice (group III) compared to
controls mice (group I). Pretreatment of S-
Allylcysteine to haloperidol administered mice
(group IV), made them to exhibit increased
peripheral movements and central movements along
with rearing and grooming significantly (Table1).

Swim Test Assessment:
Haloperidol treatment decreased swimming ability
of mice. Pretreatment with S-Allylcysteine inhibited
the haloperidol induced swimming impairment
(Table2).

Effect on the levels of TBARS and Antioxidants:
Table 3 depicts the levels of Thio Barbutiric Acid
Reactive Substances (TBARS) and antioxidants in
midbrain of the control and experimental groups.
Lipid peroxidation levels in midbrain region were
significantly elevated in haloperidol treated animals
(group II) relative to the control mice (group I).
Prior treatment of S-Allylcysteine to haloperidol
administered mice (group III) significantly reduced
the levels of lipid peroxidation.The levels of reduced
glutathione, superoxide dismutase, catalase,

glutathione peroxidase decreased in midbrain region
in haloperidol treated animals (group II) compared
to the control mice (group I).  Prior treatment of S-
Allylcysteine to haloperidol administered mice
(group III) significantly increased the reduced
glutathione, superoxide dismutase, catalase and
glutathione peroxidase levels (group I).

Neurochemical Estimations
 Haloperidol injection to the mice showed
significant reduction in the levels of dopamine, 3, 4,
dihydoxyphenyl aceticacid and homo vallinic acid
(GroupII). The S-Allylcysteine pretreated and
Haloperidol administered mice showed a significant
increase in level of dopamine and its
metabolites(3,4,dihydoxyphenyl acetic acid and
homo vallinic acid) compared to haloperidol
intoxicated mice (Table3).

Immuno histochemical Analysis
Injection of haloperidol to the mice (Group II)
showed the decrease in the dopaminergic neuron
number, which is indicated by immuno
histochemistry of Tyrosine hydroxylase positive
cells. Tyrosine hydroxylase were normal in control
(Group I) and S-Allylcysteine pretreated lesioned
mice, the damage was reduced (Group III) (Fig.1)

Expression of neurotensin
Injection of haloperidol (GroupII) showed the
increase in the expression of neurotensin, which is
indicated by immunohistochemical analysis.
Expression of neurotensin was normal in control and
S-Allylcysteine (Group IV) pretreated mice.
(Fig.2).

Table: 1. Changes in the behavior patterns of control and experimental mice.

Values not sharing a common superscript letter differ significantly at p<0.05(DMRT).
Values are given as mean ± S.D for 4 mice in each group

Parameter Group I Group II Group III Group IV
Vacuous Chewing Movement 3.1 ± 0.12 23.4 ±2.89 12.9 ±1.48 2.61 ± 0.25

Tarsive Dyskinesia 1.1 ± 0.01 6.4 ± 0.39 3.11 ± 0.29 1.06 ± 0.01
Facial Jerking 0.06 ± 0.001 7.41 ± 0.69 3.98 ± 0.19 1.06 ± 0.05

Catalepsy 4.12 ± 0.08 15.41 ± 1.19 7.98 ± 1.39 4.89 ± 0.09
Peripheral movements

(PMs/5Min.)
70 ± 7.0 30 ± 2.9 50 ± 4.8 70 ± 6.8

Central movements (CMs/5Min.) 60 ± 5.7 20 ± 1.9 40 ± 3.7 60 ± 5.6
Rearing 15 ± 1.4 7 ±0.69 13 ± 1.2 17 ± 1.6

Grooming 6.5 ± 0.62 4.0 ± 0.39 5.0 ± 0.48 6.0 ± 0.56
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Table 2: Swim Test Assessment of Control and Experimental mice.

Values not sharing a common superscript letter differ significantly at p<0.05 (DMRT).
Values are given as mean ± S.D for 4 mice in each group

Table 3: Effect on the levels of TBARS, Reduced glutathione,Super oxide dismutase,
Catalase , Glutathione peroxidase, Neurochemical substances in midbrain

Values not sharing a common superscript letter differ significantly at p<0.05 (DMRT).
Values are given as mean ± S.D for 4 mice in each group

Fig.1.Tyrosine hydroxylase expression in striatum

Group I                                                                     Group II

Group III              s                               Group IV

SWIM TEST (Scoring method)
Group I Group II Group III Group IV
3.9 ± 0.37 3.8 ± 0.36 3.2 ± 0.30 2.8 ± 0.26
3.0 ± 0.29 2.8 ± 0.25 2.0 ± 0.16 1.8 ± 0.16
3.7 ± 0.32 3.4 ± 0.31 2.5 ± 0.21 2.0 ± 0.19
4.0 ± 0.38 4.4 ± 0.39 3.0 ± 0.28 3.1 ± 0.29

Group TBARS Reduced
glutathione

Super
oxide

dismutase
Catalase Glutathione

peroxidase
Dopamine

  Dihydroxy
phenyl acetic

acid

Homo
vallinic

acid

Group I 1.64±0.12 13.4±1.32 1.56±0.15 1.94±0.1 13.2±1.30 19.11±1.9 2.17±0.14 1.79±0.15

Group
II 3.49±0.31 6.8±0.65 0.89±0.08 0.9±0.09 8.69±0.82 8.34±0.8 1.12±0.11 1.05±0.07

Group
III 2.07±0.21 9.6±0.92 1.04±0.10 1.31±0.1 10.74±1.7 12.17±1.2 1.78±0.11 1.41±0.04

Group
IV 1.61±0.11 13.03±1.30 1.63±0.6 1.97±0.2 13.86±1.5 20.14±2.1 2.19±0.15 1.83±0.11
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Fig. 2. Expression of striatal neurotensin

                                           Group I                                                                  Group II

Group III                                                     Group IV

DISCUSSION

In the present study, chronic haloperidol treatment
significantly increased vacuous chewing movement
and tardive dyskinesia as compared to control
animals.  Neuroleptics act by blocking dopamine
receptors [22]. Such blockage results in increased
dopamine turnover, which in turn leads to increased
production of hydrogen peroxide, resulting in
oxidative stress [23,24]. Existing evidence indicates
that excessive production of free radicals is
associated with chronic neuroleptic use and might
contribute to the onset of tardive dyskinesia and
other movement disorders, such as dystonias and
Parkinsonism[25].Swim test is an efficient method to
examine motor damage for direct measurement of
motor impairment with bilateral lesions in animal
models [26].

Rats with vacuous chewing movements had
significantly higher thiobarbituric acid reactive

substances (TBARS) in the striatum, suggesting the
possible involvement of lipid peroxidation and free
radical production in the pathophysiology of
Parkinson’s disease. Dopamine is primarily
metabolized through oxidation by monoamine
oxidase to 3, 4-dihydroxyphenyl acetic acid. This
reaction produces hydrogen peroxide. Dopamine 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 free
radicals. Increased dopamine turnover by
neuroleptics could lead to excessive production of
these potentially damaging free radicals [27].Oxygen
free radicals are also reported to diminish the
dopamine transporter function further increasing the
extracellular dopamine levels.
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Galili[28] et al., reported that the direct neurotoxic
effects of haloperidol and its metabolites on mouse
neuronal cultures and PC-12 cells were reversed by
antioxidants. Burkhardt[29] et al., reported that,
haloperidol inhibited complex I of the electron
transport chain, this might be one of the possible
mechanisms for the development of Parkinson’s
disease . Administration of single dose of
haloperidol to mice led to increase oxidized
glutathione (GSSG) levels in the striatum indicating
generation of oxidative stress by the drug [30-32].  The
histochemical analysis of  Tyrosine hydroxylase,
rate limiting enzyme in dopamine synthesis, was
evaluated in mouse brain treated and untreated with
S-allylcysteine. Haloperidol induce dopaminergic
neuronal death, formation of TBARS and are
selectively toxic to dopaminergic neurons that
express the dopamine transporter. In the present
study S-allylcysteine significantly protected
dopaminergic neurons from haloperidol, resulting in

an increase in the number of tyrosine hydroxylase
positive cells.

CONCLUSION

In the present study, the activity of antioxidant
enzymes, Tyrosine hydroxylase and the levels of
dopamine, 3, 4, dihydroxy phenyl acetic acid and
homo vallinic acid gets reduced after the
administration of haloperidol. Oral administration of
S-Allylcysteine protect haloperidol induced
neurotoxicity through an inhibition of reactive
oxygen species and increases the activities of
antioxidant enzymes, Tyrosine hydroxylase and the
levels of dopamine, 3, 4, dihydroxy phenyl acetic
acid and homo vallinic acid. The findings of the
present study suggested for the involvement of free
radicals in the development of neuroleptic induced
Parkinson’s disease and point to S-Allylcysteine as a
possible therapeutic option to treat this hyperkinetic
movement disorder.
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