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Abstract Methyl mercury (MeHg) is a ubiquitous envi-
ronmental pollutant leading to neurological and develop-
mental deficits in animals and human beings. Bacopa
monniera (BM) is a perennial herb and is used as a nerve
tonic in Ayurveda, a traditional medicine system in India.
The objective of the present study was to investigate
whether Bacopa monniera extract (BME) could potentially
inhibit MeHg-induced toxicity in the cerebellum of rat
brain. Male Wistar rats were administered with MeHg
orally at a dose of 5 mg/kg b.w. for 21 days. Experimental
rats were given MeHg and also administered with BME
(40 mg/kg, orally) for 21 days. After the treatment period,
we observed that MeHg exposure significantly inhibited the
activities of superoxide dismutase, catalase, glutathione
peroxidase, and increased the glutathione reductase activity
in cerebellum. It was also found that the level of thiobar-
bituric acid-reactive substances was increased with the
concomitant decrease in the glutathione level in MeHg-
induced rats. These alterations were prevented by the
administration of BME. Behavioral interference in the
MeHg-exposed animals was evident through a marked
deficit in the motor performance in the rotarod task, which
was completely recovered to control the levels by BME
administration. The total mercury content in the cerebellum
of MeHg-induced rats was also increased which was
measured by atomic absorption spectrometry. The levels of
NO,™ and NO;™ in the serum were found to be signifi-
cantly increased in the MeHg-induced rats, whereas treat-
ment with BME significantly decreased their levels in
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serum to near normal when compared to MeHg-induced
rats. These findings strongly implicate that BM has
potential to protect brain from oxidative damage resulting
from MeHg-induced neurotoxicity in rat.
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Introduction

Methyl mercury (MeHg) is a highly neurotoxic compound
leading to neurological and developmental deficits in ani-
mals and human beings (Clarkson et al. 2003). Even though
MeHg-induced neurotoxicity is a widely reported phe-
nomenon, the molecular mechanisms related to its toxicity
are not completely understood. The most important mech-
anisms involved in MeHg neurotoxicity currently being
explored are the impairment of intracellular calcium
homeostasis (Sirois and Atchison 2000), oxidative stress,
and the alteration of glutamate homeostasis (Ou et al. 1999;
Aschner et al. 2000; Farina et al. 2003; Manfroi et al. 2004).
Of particular importance, MeHg has been reported to
increase the extracellular levels of glutamate (Juarez et al.
2002), and glutamate receptor antagonists have been
reported to prevent MeHg-induced damage in the central
nervous system of rodents (Juarez et al. 2005). It is note-
worthy that MeHg-induced oxidative stress and MeHg-
induced glutamate dyshomeostasis appear to be connected
phenomena affecting each other (Aschner et al. 2007).
Despite massive efforts in the search for new drugs that
counteract mercurial toxicity, there are no effective treat-
ments available that completely abolish its toxic effects. In
MeHg poisoning, supportive care is given when necessary
to maintain vital functions. In addition, the use of chelating

@ Springer



980

Cell Mol Neurobiol (2012) 32:979-987

agents assists the body’s ability to eliminate mercury from
the tissues. However, these drugs are of limited use because
of their adverse side effects (Tchounwou et al. 2003).

Methyl mercury (MeHg) intoxication is noted for
Hunter—Russell syndrome (Minamata disease), the clinical
manifestations of which are cerebellar ataxia, concentric
constriction of visual fields, and sensory and auditory dis-
turbances (Hunter et al. 1940; Hunter and Russell 1954).
Among these disturbances, cerebellar ataxia is one of the
most important clinical signs for diagnosis of this disease,
and cerebellar degeneration is one of the most outstanding
histopathological findings upon autopsy (Takeuchi 1968,
1982). The disease occurs worldwide because of industrial
pollution, and many animal models of the disease have
been developed (Nagashima 1997). However, the mecha-
nism of cerebellar degeneration during MeHg intoxication
is not well known, and an effective therapy for MeHg
intoxication has not been established. Growing evidence
suggests the involvement of oxidative stress in the brain
and the cerebellum in neurodegenerative diseases such as
Alzheimer disease and spinocerebellar degeneration
(Rosen 1993; Yamashita et al. 2000). The cerebellum is a
nitric oxide synthase-rich organ in which nitric oxide (NO)
is produced. NO reacts with superoxide to form perox-
ynitrite and hydroxyl radicals, which are highly reactive
free radical species inducing oxidative stress (Beckman
et al. 1990). It has been suggested that NO production in
the cerebellum may be strongly correlated with cerebellar
degeneration during MeHg intoxication (Ikeda et al. 1999;
Shinyashiki et al. 1998). Recently, a major target molecule
of MeHg toxicity was reported in yeast cells (Miura et al.
1999). However, in mammalian cells, the target molecules
causing MeHg toxicity have not yet been identified.

Recently, many studies have focused their effects on the
protective effects of plants on diverse neuropathological
conditions. In this regard, the plant Bacopa monniera (BM)
has been shown to possess protective effects on several
aspects of learning and mental function (Singh and
Dhawan 1982, 1997; Vollala et al. 2010). Several clinical
studies have confirmed the beneficial actions of BM (Russo
and Borrelli 2005). Although studies have documented the
various pharmacological activities of BM, very little is
known about its interaction with MeHg-induced neuro-
toxicity. To gain more insight into the interaction of BM
with MeHg toxicity, the oxidative stress, behavioral inter-
ference, and the level of NO,™ and NO3~ were studied.
Taking into account of the absence of effective treatments
for MeHg toxicity, the aim of this study was to determine
the possible in vivo protective effects of BM against
MeHg-induced neurotoxicity in rats.

Bacopa monnieri (Brahmi, Family: Scrophulariaceae), a
traditional Ayurvedic medicinal plant, is extensively used
for centuries for treatment of epilepsy, insomnia, and
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anxiety and also as a mild sedative and memory enhancer
(Tripathi et al. 1996; Kishore and Singh 2005; Ernst 2006).
Besides, BM displays antioxidant, antistress, and anxiolytic
properties in experimental animals (Shanker and Singh
2000; Chowdhuri et al. 2002). Further, it improves the
performance of rats in various learning situations such as
shock-motivated brightness discrimination reaction, an
active conditioned flight reaction, continuous avoidance
response (Singh and Dhawan 1982), and attenuates
experimentally induced amnesia in experimental animals
(Kishore and Singh 2005; Saraf et al. 2008). Several clin-
ical studies have confirmed the beneficial actions of BM
(Russo and Borrelli 2005), and the pharmacological actions
are mainly attributed to the saponin compounds present in
the alcoholic extract of the plant. The major chemical
constituents isolated and characterized from Bacopa are
dammarane-type of tri terpenoid saponins. Several phar-
macological (Singh et al. 1988; Singh and Dhawan 1997)
and clinical studies (Nathan et al. 2001; Stough et al. 2001)
on the extracts of BM standardized to the bacosides A and
B have been reported. Bacoside A is shown to alleviate the
amnesic effects of scopolamine (Russo and Borrelli 2005)
and provide protection against phenytoin-induced deficit in
cognitive function in mice (Vohora et al. 2000). Earlier
studies have reported that BM revitalizes the intellectual
functions among children (Sharma et al. 1987). Recently,
preclinical studies have demonstrated cognitive enhancing
effects with various BM extracts, although the precise
mechanism(s) of its action is not clear (Stough et al. 2001;
Roodenrys et al. 2002; Russo and Borrelli 2005). The
neuroprotective and cognitive enhancing effects of BM
extracts are explained to be due to several mechanisms
such as chelation of metal ions (Tripathi et al. 1996),
scavenging of free radicals (Russo et al. 2003), and
enhanced antioxidative defense enzymes (Bhattacharya
et al. 1999, 2000; Russo et al. 2003). Further, the antistress
activity of BM in experimental animals is attributed to its
propensity to modulate Hsp70 expression, cytochrome
P450 levels, activity of SOD (Chowdhuri et al. 2002),
enhanced kinase activity, neuronal synthesis coupled with
restoration of synaptic activity, and nerve impulse trans-
mission (Kishore and Singh 2005). Other biological effects
of BM reported in animal model include hepatoprotection
against morphine (Sumathy et al. 2001) and anti-ulcero-
genic activity (Sairam et al. 2001).

Protective role of many compounds like melatonin (Kim
et al. 2000), a-tocopherol (Yamashita et al. 2004), and
docosahexaenoic acid (Parvinder et al. 2007) have been
reported for MeHg-induced neurotoxicity. Plant extracts
like Cipura paludosa (Greice et al. 2007) and Polygala
paniculata (Farina et al. 2005) have also been reported for
MeHg neurotoxicity. However, to the best of our knowl-
edge, there are no data available in the scientific literature
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regarding the protective role of BM against MeHg-induced
oxidative stress. The aim of this study was to determine for
the first time the protective effects of BM against MeHg-
induced oxidative stress in rats.

Materials and Methods
Chemicals

Methyl mercuric chloride was purchased from Sigma
Chemicals. Glutathione reductase (GR), glutathione
(GSH)-reduced form, glutathione oxidized form (GSSG),
tert-butyl hydroperoxide, 5,5'-dithiobis-(2-nitrobenzoic
acid (DTNB) were purchased from SRL. fS-Nicotinamide
adenine dinucleotide phosphate reduced (NADPH) was
purchased from CDH. All the other chemicals used were of
the analytical grade.

Preparation of BME

The plant material was collected at Chennai, Tamil Nadu,
India, and was authenticated by Dr. A. Sasikala, Captain
Srinivasa Murti Drug Research Institute for Ayurveda,
Arumbakkam, Chennai, Tamil Nadu, India. The plant was
shade dried, and coarsely powdered plant material (1 kg)
was extracted with 90% ethanol in the cold (48 h). The
extract was filtered and distilled on a cold water bath to
obtain a dark green syrupy mass. It was finally dried in
vacuo.

Dose Selection

A pilot study was conducted to establish the optimal dose
of BME by evaluating behavioral and biochemical
parameters. Rats were randomly divided into four groups
of six animals each as follows: (1) control (double distilled
water); (2) experimental group I (20 mg/kg BME); (3)
experimental group II (40 mg/kg BME); and (4) experi-
mental group III (80 mg/kg BME). The freshly prepared
aqueous suspension was orally administered to the rats
every day. After the treatment period, control and experi-
mental rats were subjected to rotarod and other biochemi-
cal parameters. The optimal dosage for the present study
was fixed as 40 mg/kg b.w.

Animals

Male Albino rats weighing 250-300 g were obtained from
Central Animal House, Dr. ALMPGIBMS, University of
Madras, Taramani campus, Chennai 113, Tamil Nadu,
India. Rats were housed separately in polypropylene cages
and fed standard pellet diet, kept under hygienic

conditions. Rats were kept on a 12-h light and dark cycles
with free access to water ad libitum. All experiments and
protocols described in the present study were approved by
the Institutional Animal Ethics Committee (IEAC) of Dr.
ALMPGIBMS, University of Madras, Taramani campus,
Chennai 113, Tamil Nadu, India. Rats were divided into
four experimental groups of six animals each. Group I:
control; group II: MeHg (5 mg/kg, b.w.) (Yamashita et al.
2004) orally for 21 days; group III: MeHg + BME
(40 mg/kg, b.w.) orally 1 h prior to the administration of
MeHg for 21 days; group IV: BME alone (40 mg/kg, b.w.)
orally for 21 days.

Rotarod Task

The rats were subjected to rotarod task, which was based
on the study of Duham and Miya (1957). Briefly, the
apparatus consisted of a bar with a diameter of 2.5 cm,
subdivided into four compartments by disks, 25 cm in
diameter. After treatments, the rats were subjected to the
rotarod task, and the time of permanence on the apparatus
was recorded. The maximum time allowed on the rotarod
apparatus was 60 s. Each rat was subjected to three dif-
ferent trials with 3 min of interval between each trial, and
the mean of their falling latency values was used in the
statistical analysis as actual value.

Tissue Preparation

After treatment period, experimental animals and control
animals were killed by cervical dislocation. Brains were
immediately taken out and washed with ice cold saline to
remove blood and kept at —80°C. The cerebellum was
rapidly dissected from the intact brain carefully on ice plate
according to the stereotaxic atlas of Paxinos and Watson
(1982). The cerebellum was homogenized individually in
Tris buffer (pH 7.4). The tissue homogenate (10%) was
made (w/v), which was centrifuged at 3,000x g for 10 min.
The resulting pellet (P;) consisting of nuclear and cellular
material was discarded. The supernatant (S;) containing
mitochondria, synaptosomes, microsomes, and cytosol was
further ultracentrifuged at 25,000xg for 1 h. Pellet
had membrane fraction, while the supernatant had cytosol
fraction. In this study, all biochemical estimations were per-
formed in the cytosol fraction. Homogenates were kept at
—80°C and thawed just before the start of biochemical esti-
mation. All processes were carried out in cold conditions.

Total Mercury Determination

The tissues were weighed and wet-ashed in a Pyrex tube with a
mixture of nitrate/sulfate/perchloric acids (1:4:1 v/v) at
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160°C for 30 min. The concentrations of mercury in the cer-
ebellum were determined by atomic absorption spectrometry
(AAS), using stannous chloride as the reducing agent
(Kim et al. 1995). The concentrations are expressed in pg/g
tissue.

Biochemical Determinations

Thiobarbituric acid-reactive substances (TBARS), an index of
lipid peroxidation, were estimated by the method of Okhawa
et al. (1979). The amount of TBARS was determined spec-
trophotometrically at 532 nm and expressed as pmoles of
TBARS/mg protein. Protein carbonyl levels were measured
by the method of Levine et al. (1990) and expressed as nmoles/
mg protein. The level of reduced glutathione (GSH) was
measured by the method of Moron et al. (1979) on the basis of
the reaction of 3,5'-dithiobis-2-nitrobenzoic acid which is
readily reduced by sulthydryls forming a yellow substance
which was measured at 412 nm and expressed as pmoles/mg
protein. The enzyme glutathione peroxidase (GPx) was
assayed according to the method of Rotruck et al. (1973). The
assay takes advantage of concomitant oxidation of NADPH
by GR, which was measured at 340 nm. Enzyme activity was
expressed as pig/min/mg protein. GR activity was assayed by
the method of Carlberg and Mannervik (1985). The enzyme
activity was quantitated at room temperature by measuring the
disappearance of NADPH at 340 nm and was calculated as
nmol NADPH oxidized/min/mg protein. Superoxide dismu-
tase (SOD) activity, expressed as units/mg of protein, was
based on the inhibition of superoxide radical reaction with
pyrogallol (Marklund and Marklund 1974). Catalase (CAT)
activity was determined by following the decrease in 240 nm
absorption of hydrogen peroxide (H,0,). It was expressed as
nanomoles of H,O, reduced/min/mg of protein (Aebi 1984).
The protein content was measured by Lowry et al. (1951).

Changes in NO, ™ and NO;~ Levels in Serum
The NO, ™ and NO; ™ levels in the serum were measured by

commercially available nitrite nitrate assay kit (Sigma
Aldrich, USA) and were expressed as uM.

Statistical Analysis

Data represent mean £ SD. Statistical comparisons were
performed by one-way analysis of variance (ANOVA)
followed by Student’s ¢ test using SPSS 10 version. If
ANOVA analysis indicated significant differences, Tukey’s
post hoc test was performed to compare mean values
between treatment groups and control. A value of p < 0.05
was considered as statistically significant.

Results

Protective Effect of BME on Rotarod Task Describing
Muscular Coordination

The performance of rats in the rotarod task before and after
treatment was noted (Table 1). A marked deficit (p < 0.05)
in the motor performance was observed for MeHg exposed
animals when compared to control rats, whereas treatment
with BME significantly (p < 0.01) abolished the deficit in
the motor performance. The performance of BME alone
treated resembled to that of control group.

Determination of Total Mercury Content in Cerebellum
of Control and MeHg-Treated Rats

Experimental rats were given MeHg orally, and the content
of mercury in the cerebellum was assayed and expressed in
ng/g tissue (Fig. 1). The mercury concentration in the
cerebellum of MeHg-treated group was found to be sig-
nificantly higher (p < 0.05) than that of the control group

Effect of BME on MeHg-Induced Oxidative Changes
on the Level of TBARS, Protein Carbonyls, and GSH
in Cerebellum

To assess neuroprotection, MeHg-treated rats were given
BME orally 1 h prior to the administration of MeHg. The
levels of TBARS and protein carbonyl content were found
to be significantly increased (p < 0.05), whereas the level
of GSH was significantly decreased in MeHg-induced rats

Table 1 Effects of BME on the rotarod performance of control and experimental rats

Task Time on the rotarod (s)

Control MeHg MeHg + BME BME
Phase 1 54.3 £ 0.27 53.6 £ 0.35 54.6 + 0.26 534 +£0.20
Phase 2 55.1 £ 0.26 34.3 + 0.20%* 504 + 0.17** 524 +0.38

Phases 1 and 2 represent the animals’ time of permanence on the rotarod task obtained before the beginning of treatments and after the treatment
period, respectively. Data are expressed as mean = SD of six rats in each group. The time of permanence on the rotarod expressed as seconds.
* p < 0.05 significantly different from control group; ** p < 0.01 significantly different from MeHg-induced group, using one-way ANOVA
with Tukey’s post hoc test
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Fig. 1 Concentration of mercury in the cerebellum of control and
experimental rats. Data represent mean = SD of six rats in each
group. *p < 0.05 significantly different from control group, using
one-way ANOVA with Tukey’s post hoc test. Concentration of
mercury expressed as pg/g tissue
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Fig. 2 Effect of BME on the levels of TBARS, protein carbonyls,
and GSH in the cerebellum of control and experimental rats. Data
represent mean £ SD of six rats in each group. TBARS units
expressed as pmoles of TBARS/mg protein. Protein carbonyls units
expressed as nmoles/mg protein. GSH units expressed as pM/mg
protein. *p < 0.05 significantly different from control group;
** p < 0.01 significantly different from MeHg-treated group, using
one-way ANOVA with Tukey’s post hoc test. TBARS thiobarbituric
acid-reactive substances, GSH reduced glutathione

when compared to control rats. Administration of BME
significantly decreased the levels of the TBARS and pro-
tein carbonyl content, and the reduced GSH was com-
pletely restored. BME alone treated did not show any
marked changes and resembled similar to control group
(Fig. 2).

MeHg-Induced Oxidative Damage on the Activities
of GPx and GR in Cerebellum—Protective Effect
of BME

MeHg administration caused a significant decrease in GPx
activity (p < 0.05), whereas the activity of GR was found
to be significantly increased (p < 0.05) when compared to
control rats. These alterations in the activity of GPx and
GR activity were observed to be maintained at near nor-
malcy when the rats were treated with BME (Fig. 3). Rats
treated with BME alone did not show any alterations and
was similar to that of control.

Amelioration of MeHg-Induced Oxidative Impairments
on the Activities of SOD and CAT by BME Treatment

The activity of SOD and CAT was found to be significantly
reduced (p < 0.05) in MeHg-treated rats, whereas the
activity of SOD and CAT was observed to be increased
after treatment with BME (Fig. 4). There were no signifi-
cant changes in the activities of SOD and CAT in the BME
alone treated group.

Protection of BME against MeHg-Induced Alterations
in NO,~ and NO5;~ Level in Serum

To investigate the changes in the free radical formation after
MeHg administration, the levels of NO, ™~ (Fig. 5) and NO5;™~

45
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N
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[
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15

GPx GR

Fig. 3 Effect of BME on the activities of GPx and GR in the
cerebellum of control and experimental rats. Data represent
mean £ SD of six rats in each group. GPx units expressed as pg/
min/mg protein. GR units expressed as nmol NADPH oxidized/min/
mg protein. *p < 0.05 significantly different from control group;
** p < 0.01 significantly different from MeHg-treated group, using
one-way ANOVA with Tukey’s post hoc test. GPx glutathione
peroxidase, GR glutathione reductase
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Fig. 4 Effect of BME on the activities of SOD and CAT in the
cerebellum of control and experimental rats. Data represent
mean + SD of six rats in each group. SOD units expressed as
enzyme activity to inhibit 50% of pyrogallol auto-oxidation. CAT
units expressed as nmol of H,O, reduced/min/mg protein. *p < 0.05
significantly different from control group; **p < 0.01 significantly
different from MeHg-treated group, using one-way ANOVA with
Tukey’s post hoc test. SOD superoxide dismutase, CAT catalase
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Fig. 5 Effect of BME in the NO,  level in serum of control and
experimental rats. Data represent mean £ SD of six rats in each
group. *p < 0.05 significantly different from control group;
**p < 0.01 significantly different from MeHg-treated group, using
one-way ANOVA with Tukey’s post hoc test. NO,™ level expressed
in uM

(Fig. 6) in the serum of control and experimental rats were
measured. The levels of NO,™ and NO3™ in serum were
found to be significantly increased (p < 0.05) in MeHg-
treated rats when compared to control rats. These levels
were observed to be significantly reduced in the rats treated
with BME. There were no significant changes noticed in the
levels of serum NO,™ and NO3~ in BME alone adminis-
tered rats.
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Fig. 6 Effect of BME in the NO;~ level in serum of control and
experimental rats. Data represent mean £ SD of six rats in each group.
*p < 0.05 significantly different from control group; **p < 0.01
significantly different from MeHg-treated group, using one-way
ANOVA with Tukey’s post hoc test. NO3 ™ level expressed in pM

Discussion

Although MeHg-induced neurotoxicity is a well-described
phenomenon, there are still no effective treatments avail-
able for MeHg poisoning. In fact, treatments with chelating
agents in order to eliminate mercury from the tissues are of
limited use because of their adverse side effects (Tchoun-
wou et al. 2003). We have shown for the first time that
BME possesses protective effects against MeHg-induced
neurotoxicity in rats. From a toxicological point of view, it
is important to state that no visible signs of toxicity in the
BME-treated rats were detected.

From our study, we found that the mercury concentra-
tion in the cerebellum of the MeHg-treated group was
greater than that of the control group. Mercury levels in the
cerebellums of MeHg-exposed dams were about ninefold
higher than those found in the cerebellums of control dams
(Franco et al. 2006). This type of exposure is much more
common in humans. Recently, Passos et al. (2008)
described the typical daily intake of MeHg in traditional
riparian populations of the Tapajos River in Brazil as being
about 70 pg/day. This level is much lower than that usually
evaluated adverse effects of MeHg in animal models
(Stringari et al. 2006).

Elevated levels of TBARS and protein oxidation as
evaluated by protein carbonyl formation in the cerebellum
after MeHg administration also indicate that lipid peroxi-
dation and protein degeneration by oxidative stress are
produced in the cerebellum during MeHg intoxication. It
has been previously reported by Yamashita et al. (2004)
that the elevation of TBARS and protein carbonyls were
due to oxidative injury by free radicals. It is important to
state that MeHg is able to react with and deplete thiol
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compounds such as GSH (Farina et al. 2005). In accor-
dance with the Farina et al. results, our results also sug-
gested that the level of GSH in rat cerebellum was
decreased after MeHg exposure. This may lead to elevated
levels of lipid and protein oxidative products. From our
study, we found that the MeHg exposure also decreased the
activity of cerebellar GPx. Because GPx is crucial for the
detoxification of endogenous peroxides, one might suggest
the occurrence of oxidative stress in this encephalic
structure (Greice et al. 2007). Furthermore, oxidative and
xenobiotic insults can lead to an increase in GSH synthesis,
an effect that can mask thiol consumption by MeHg
(Moskaug et al. 2005). It is interesting to note that BME
abolished these changes in the antioxidant status treated by
MeHg. Bacopa monniera extract (BME) significantly pre-
vented the decrease in the activity of SOD, GPx, and CAT.
These antioxidants play a pivotal role in preventing both
free radical damage and generating oxidative stress-like
conditions. Hence, we could presume that the elevation of
these enzymes could be one mechanism by which BME
counters MeHg neurotoxicity. Under the oxidative stress
conditions, SOD has a crucial role in detoxifying super-
oxide radical to hydrogen peroxide (H,O,), which is then
converted to H>O by GPx at the expense of GSH. GR is an
important enzyme involved in the reduction of glutathione
disulfide (GSSG) to glutathione (GSH), using NADPH as a
reducing cofactor (Gul et al. 2000). Here, we showed that
MeHg exposure increased GR activity in the cerebellum.
Although studies on the effects of MeHg on GR activity are
lacking in the literature, evidence shows that mercury is
able to increase GR activity under in vivo conditions (Lash
and Zarups 1996). This increment could be related, at least
in part, to the direct oxidative effects of mercury on
endogenous GSH, which leads to the enhancement in GR
activity. In fact, the increase in GR activity could be
interpreted as a protective response to preserve the
homeostasis of intracellular thiol status. It is suggested that
oxidative injury, especially lipid peroxidation, via a pow-
erful oxidant (e.g., hydroxyl radicals), may play an
important role in cerebellar degeneration during MeHg
intoxication, and that BME may be one of the most useful
nervine tonic and a protective antioxidant against the
neurotoxicity of MeHg in the cerebellum.

The presence of free radical species including NO has
been implicated in various forms of neurotoxicity (Dawson
et al. 1991). NO can also react with superoxide anions from
the electron transfer system at the mitochondria to generate
peroxynitrite and hydroxyl radical, which are extremely
reactive and cytotoxic (Beckman et al. 1990). Abnormally
highly produced NO can be toxic to neurons as a free
radical (Yamashita et al. 2004). From our study, we found
that the levels of NO,™ and NO3™ in serum were elevated
after MeHg administration, and BME administration

decreased these levels to the extent when compared to the
MeHg-treated rats, suggesting that these metabolites may
become a marker of free radical injury and that NO pro-
duction may play an important role in MeHg intoxication
in the cerebellum.

Collectively, our findings provide reasonable evidence
on the neuroprotective effect of BME in cerebellum, which
is suggestive of the broad neuro therapeutic potential of
this Ayurvedic herb in mitigating oxidative stress-mediated
neuronal dysfunctions.

Conclusion

Bacopa monniera extract might be a potential candidate for
reducing MeHg-induced oxidative stress in rats. These
results provide evidence for the first time that BME exerts
significant protection against MeHg-induced neurotoxicity.
Although to date its precise site of action remains unclear,
it can be presumed that the neuromodulatory properties of
BME are likely to be responsible for the greater part of its
protection against MeHg-induced neurotoxicity. However,
these issues need further investigations.
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