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ABSTRACT

Bacopa monnieri (BM), an ayurvedic medicinal plant, has attracted considerable interest owing
to its diverse neuro-pharmacological properties. The standardized extract of Bacopa monniera
(BM) is a multifarious mixture of ingredients with a uniquely wide spectrum of
neuropharmacological influences upon the central nervous system including enhanced learning
and memory with known antioxidant potential and protection of the brain from oxidative damage.
The present study demonstrates the therapeutic efficacy of standardized ethanolic extract of
BM against MPTP induced oxidative damage, in Parkinson’s disease mice model. This
experimental study comprises of twenty four Swiss albino mice (30-45grams) grouped as follows:
Control (A), MPTP (B), BM (C), and MPTP+ BM (D), 6 mice in each. Experimental mice were
given 40mg/kg bodyweight BM treatment orally for one month with prior use of 15mg/kg b.w of
MPTP treatment for two weeks (total duration was 45 days). After that, behavioral study was
performed and assessment of neuroprotective effect was studied via biochemical analysis. Our
study shows that BM extract treatment reduces the oxidative stress, prevent dopaminergic
neurodegenration through increase in antioxidants SOD and Catalse, thereby proving its
antioxidant properties. These results support further investigations on this plant, and its active
constituent compounds, as possible therapeutic intervention against Parkinson’s disease.
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INTRODUCTION

      Brain is more prone to undergo oxidative
damage due to its relatively low content of
antioxidant enzymes and high content of iron,
which becomes easily released when cells are
injured and cannot be safely bound because
cerebro-spinal fluid (CSF) has no significant iron
binding capacity. Because of the sensitivity of the
nervous system to oxidative damage, oxidants
are involved in the pathology of
neurodegenerative diseases. Parkinson’s
disease (PD or simply idiopathic Parkinsonism,
primary Parkinsonism or paralysis agitans) is one
of the most widespread progressive
neurodegenerative disease found in the aging
population [1]. The selective loss of the neurons
in the midbrain area called the substantia nigra
pars compacta which contains the
neurotransmitter dopamine (DA), and their

projecting nerve fibers reside in the striatum. The
degeneration of these dopaminergic neurons
leads to four cardinal, debilitating symptoms:
resting tremor, muscular rigidity, bradykinesia,
and postural imbalance. At current research, the
etiology of PD is stil l not clearly known.
Evidences suggest massive oxidative stress
leading to the formation of free radical. Familial
forms of PD involving mutations in a number of
genes and the mechanism by which mutation of
these genes lead to degeneration of the nigral
neurons [2]. In both idiopathic and genetic cases
of PD, oxidative stress is thought to be the
common underlying mechanism that leads to
cellular dysfunction. As such, the substantia nigra
of PD patient’s exhibit increased levels of
oxidized lipids [3], proteins and DNA [4] and
decreased levels of reduced glutathione (GSH)
[5]. Oxidative stress occurs when an imbalance
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is formed between production of reactive oxygen
species (ROS) and cellular antioxidant activity.
Because of the presence of ROS-generating
enzymes such as tyrosine hydroxylase and
monoamine oxidase, the DAergic neurons are
particularly prone to oxidative stress. In addition,
the nigral DAergic neurons contain iron, which
catalyzes the Fenton reaction, in which
superoxide radicals and hydrogen peroxide can
contribute to further oxidative stress [6].

1-methyl-4-phenyl-1, 2, 3, 6-tetrahyd-
ropyridine (MPTP), is a potent neurotoxin & highly
lipophilic. After systemic administration it rapidly
crosses the blood-brain barrier, enters astrocytes
and is metabolized to its active metabolite MPP+
by monoamine oxidase-B (MAO-B) [7, 8]. MPP+ is
able to inhibit complex 1 of the mitochondrial
electron transport chain, resulting in the formation
of ROS & leading to reduced ATP production.

 Neuroprotection suggests preventing or
slowing disease progression. Nevertheless,
despite advances toward this goal, all current
treatments are symptomatic; none halt or retard
dopaminergic neuron degeneration. L-dopa
treatment produces many distressing side
effects, and its possible that metabolism of
excess dopamine by the monoamine oxidase
enzymes in the brain produces too much H

2
O

2
.

An initial good response to symptomatic
pharmacological treatment declines with time,
and severe side effects develop and later on
surgical interventions are to be used. The
progressive neurodegeneration in PD is not
arrested by the currently used drug therapies.
Hence, recent researches are focusing on finding
therapies, preferentially herbal drugs.

In recent existence, a number of natural
compounds have been identified that could
potentially help in prevention and treatment of
diseases. One plant that has been used in mental
conditions and illnesses is Bacopa monnieri
Wettst. (syn Herpestis monniera). It is commonly
known as Indian water hyssop or Brahmi and
belongs to the family Scrophulariaceae and
useful in increasing the sharpness of perception
by the sense organs and in the promotion of
memory in children [9]. Extracts of Bacopa
monnieri have been reported to exert cognitive
enhancing effects in animals [10]. Research on
anxiety, epilepsy, bronchitis and asthma, irritable

bowel syndrome, and gastric ulcers also support
the Ayurvedic uses of Bramhi [9, 11].

Therefore, in view of the above mentioned
multiple beneficial qualities of Bacopa, in this
study, an effort has been made to demonstrates
the therapeutic efficacy of standardized ethanolic
extract of BM against MPTP induced oxidative
damage, in Parkinson’s disease mice model.

MATERIALS AND METHODS

1-methyl-4-phenyl-1, 2, 3, 6-tetrahydrop-
yridine (MPTP) neurotoxicant was purchased
from Sigma Aldrich (St. Louis, MO, USA).
Prepared Ethanolic plant extract of Baccopa
monnieri was purchased from Natural remedies
private limited, Bangalore for treatment of
animals. Thiobarbituric acid (TBA), trichloroacetic
acid (TCA), Malonaldialdehyde (MDA), EDTA,
Phenazine methosulphate (PMS),
nitrobluetetrazolium (NBT) and NADH etc were
procured from Sigma Chemicals Co., St. Louis,
USA. All other chemicals used in study were of
highest purity grade available.

        Healthy male Swiss albino mice (8-10
weeks old, 30-45g) were used for the study.
Animals were obtained from the breeding colony
of IITR (Indian Institute of Toxicological Research)
Lucknow and were used throughout the study
with the permission of the Institutional Animal
Ethics Committee in accordance with the
CPCSEA guideline. All the mice were maintained
on Hindustan Lever LTD (Mumbai; India) Pellets
diet and water ad libitium. The cages were kept
in temperature and humidity controlled room with
12-hr light–dark cycle.

EXPERIMENTAL DESIGN

Male Swiss albino mice with weight 30-
45grams were segregated into 4 groups with six
animals in each group. Group A (Control)
received normal saline water 10 ml/kg body
weight orally. Group B (MPTP) was injected i.p.
with MPTP (15mg/kg b.wt.) [12] for 15 consecutive
days. Group C (BM) received 40 mg/kg body
weight [13] of Bacopa monnieri extracts (BM) orally
for a period of one month. Group D (MPTP+BM)
received MPTP treatment for 15 days thereafter
BME treatment for 30 consecutive days. Next to
entire dosing, neuro-behavioral studies were
performed again to understand motor skill
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abnormalities by Spontaneous loco-motor activity
(SLA) in each group. On completion of
experimental period, animals were sacrificed by
euthanasia under ketamine anaesthesia.

Neurobehavioral analysis

Spontaneous locomotor activity (SLA)

SLA was monitored in a computerized
Actimot (TSE, system Columbus Instruments
Ohio USA). The Actimot system is a horizontal 2
D-activity meter, consisting of two arrays of 15
infrared beams, which are placed perpendicular
to each other. The beams are spaced about 1
inch and each beam is very narrow (3 mm
diameter). It has an activity monitor with a set of
programmer/processor. This system helps in
eliminating observer’s bias in quantification of
motility following previously described method [14].
Mice were individually placed in the chamber,
acclimatized for 5 min and their locomotor activity
scores were recorded for 5 min.  Effect on
different parameters including total distance
travelled, resting time, stereotypic time and time
moving was studied in all the control and treated
groups.

Biochemical analysis

To evaluate free radical mediated effects
following MPTP neurotoxicity and scavenging
potential of standardized ethanolic extract of
Bacopa Monnieri, estimation of lipid peroxidation
(LPO) and Conjugated dienes (CD), Superoxide
dismutase (SOD) and Catalase was carried out
in tissue homogenate [Ten percent (w/v)] of
striatum region of mice brain. Mice were
sacrificed by cervical dislocation followed by
decapitation and brains were dissected quickly
on ice pack according to region required.
Regions were then, weighed and processed fresh
for preparation of tissue homogenate. Ten
percent (w/v) homogenate of Straitum regions
was prepared with the aid of York’s homogenizer
fitted with Teflon plunger in cold KCl (0.15M) or
0.1 M phosphate buffer (pH 7.1), as per
requirement. The whole homogenate was first
centrifuged at 2500 x g for 10 minutes in a
refrigerated centrifuge. The pellet consisting of
nuclear fraction and cell debris was discarded.
The supernatant was further centrifuged at
11,000 x g for 15 minutes and mitochondrial

fraction was separated. The clear supernatant
was further centrifuged at 105,000 x g in ultra
centrifuge for 90 minutes and the resultant
supernatant (cytosolic fraction) was used for
estimation of oxidative stress. LPO was
measured by estimating malonaldialdehyde
(MDA) levels following the method of Ohkawa et
al [15]. Conjugated dienes (CD) were measured
by the method of Racknagel and Ghosal [16].
Catalase activity was determined spectrophoto-
metrically by the method of Aebi [17]. SOD activity
was determined spectrophotometrically
according to the method of McCord and
Fridovich[18].

Statistical analysis

All data were expressed as means +
standard deviation. The test of one-way variance
(ANOVA) followed by Student Newman Keuls
test  Compare experimental vs. Control in InStat3
package program was used to detect the
significant difference between the treated groups
and the control. The p-value less than 0.05 were
considered statistically significant.

RESULTS

Effect of Standardized ethanolic extract of
BME on Neurobehavioral studies-

To recognize the motor skill abnormalities
caused by neurotoxicant MPTP and to see the
efficacy of BM, we have studied neurobehavioral
changes by Spontaneous locomotor activity
(SLA). Exposure of MPTP in mice causes a
significant decrease (p < 0.001) in total distance
travelled, stereotypic time, time moving and an
increase in resting time as compared to mice in
the control group (Table1). Simultaneous treat-
ment with Bacopa monnieri extract (BM)  in MPTP
treated mice (D)  increases the total distance
travelled, stereotypic time, time moving and
decrease in  the resting time as compared MPTP
treated groups (B). Although distance travelled,
stereotypic time and time moving decreased in
the only BME treated group (C) as compared to
control group (A). But no significant change was
observed between the control (A) and BM (C)
group. Results are given in the table-1.
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Values are mean ±SE of six animals in each group. * p- value <0.01 considered as significant
** p- value <0.001 considered as highly significant.

Table-1 Showing effect of Standardized ethanolic extract of BME on different parameters of locomotor

activity in mice: Neurobehavioral studies

A was observed (p < 0.001) in MDA and Catalase
levels. No significant change was observed
between the control (A) and BM (C). The results
are summarized in Fig -1, 2, 3, 4.

Biochemical analysis

MPTP treatment produced significant
changes in oxidant parameters (LPO and CD)
and antioxidant parameters (SOD and Catalase)
as compared to control (p < 0.001). BM
administration in MPTP treated animals (group
D) brought the levels of SOD, Catalase levels
close to control values. Activities of enzymes
were attenuated in group D as compared to group
B. Statistical significance between groups D and

DISCUSSION

       Our results reveal that Bacopa monnieri
(BM) can be regarded as a neuroprotective agent
in view of its facilitators effect on retention of
locomotion activity, preventing neurodegenera-
tion and promoting neurogenesis. A decrease in
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locomotor activity in MPTP treated animals has
been observed, which could be closely linked to
the degree of dopaminergic dysfunctioning and
deterioration of motor performance. However, the
animals treated with BME have shown marked
protection in the neuro-behavioral activity.

Oxidative stress, associated with increased
formation of reactive oxygen species (ROS),
modifies phospholipids and proteins leading to
lipid per-oxidation and oxidation of thiol groups
[19]. Results of the present  study clearly
demonstrates that MPTP causes significant
oxidative damage in mice brain, as evidenced
by significant increase in brain malondialdehyde
(MDA – an end product of lipid per-oxidation) and
Conjugated dienes levels whereas decrease in
antioxidant status in brain. There is growing
evidence that generation of reactive oxygen
species and mitochondrial dysfunction in the
substantia nigra pars compacta (SNpc) neurons
are implicated in the neuronal death in PD [20].
Dopaminergic neurons provide fertile
environment for the generation of ROS, as the
metabolism of DA produces hydrogen peroxide
and superoxide radicals, and auto- oxidation of
DA produces DA-quinone a molecule that
damages protein by reacting with cysteine
residues. ROS generation also causes
peroxidation of the mitochondria-specific lipid
cardiolipin, which results in release of
cytochrome c to the cytosol, triggering apoptosis
[21]. Thus ROS scavenging antioxidants may play
an important role in the prevention of PD and
combat against OS-induced progressive loss of
neurons. Studies have also shown that 1-methyl-
4-phenyl-1,2,3,6-tetrahydropyridine (MPTP)
causes marked depletion of dopamine (DA)
levels by reducing the activity of tyrosine
hydroxylase (TH) in the nigrostriatal DA pathway.
In the brain, the enzyme monoamine oxidase B
converts MPTP to 1-methyl-4-phenylpyridinium
(MPP+) which enters DA terminals via DA uptake
sites. Within the DA terminals, MPP+ blocks the
mitochondrial complex I and causes ATP
depletion. Reactive oxygen species (ROS)
generated after blockade of the complex I as well
as those generated due to DA oxidation could
be the main cause of MPTP-induced terminal
degeneration [21, 22]. Certain brain regions like
hippocampus & straitum are highly enriched with
non heme iron, which is catalytically involved in

the generation of ROS. There are similar reports
claiming oxidative damage in nervous tissue in
PD disease [21]. Oxy free radicals are removed
by superoxide dismutase in healthy organisms,
but during degeneration, the lowered activity of
SOD is caused by inhibition of the enzyme by
excess H

2
O

2. 
This excess H

2
O

2
, besides inhibiting

SOD, can cause degradation of heme rings of
hemoglobin and releasing iron which is capable
of free radical production via Fenton reaction [23].
Catalase (CAT) is a heme enzyme which
removes hydrogen peroxide. CAT has been
suggested to provide important pathway for H

2
O

2

decomposition into H
2
O and O

2
. Superoxide

radicals generate hydrogen peroxide as
metabolites, which in the presence of transition
metals like iron, leads to the generation of the
highly toxic hydroxyl ions, known to induce lipid
peroxidation. As such, an effective antioxidant
agent should be capable of augmenting
intracellular concentrations of not only SOD, but
also Catalase in finally reducing lipid
peroxidation.

Bacopa monnieri (BM) is a well-known
memory booster herbal plant and contains
Alkaloids, Glycosides, Flavonoids and Saponins;
however, saponins are considered to be the
principal active constituents of the plant. The
saponins consist of numerous subtypes
designated as bacosides, bacopasides and
bacopasaponins. Bacosides, the major
components of Bacopa monnieri extract are
known to improve memory by modulating
acetylcholinesterase activity. BM have
antioxidant properties due to sulfhydryl and
polyphenol components which scavenges
reactive oxygen species [9, 24]. Here, we used BM
extract for its neuroprotective effect. The result
of the present study demonstrates the beneficial
effect of Bacopa monnieri extract   in MPTP model
of Parkinson’s disease. MPTP administered
mice, when treated with BME (group D)  reversed
back to near normal condition indicating that BME
have capacity for preventing the
neurodegeneration in PD. Similar results were
shown by various other study [24, 25]. Studies have
shown that treatment with BM extract increased
the antioxidant enzyme activity such as
superoxide dismutase, catalase, glutathione
peroxidase and levels of GSH and also inhibited
the content of lipid peroxidation in the frontal
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cortex, striatum, and hippocampus [26, 27]. BM
extract has shown neuroprotective effect against
aluminium-induced oxidative stress in the
hippocampus of rat brain [28].  Abnormalities in
the cellular regulation and expression of
antioxidant enzymes could have a role in the
mechanisms of all the central nervous
neurodegeneration. Our conclusions were in line
to previous study of BM in neuroprotection. BME
showed neuroprotective effect on dopaminergic
neurons which could be as a result of its
promising antioxidant capacity.
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