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Abstract The experiments were designed to study the glu-

tamate gene expression during epilepsy in adult and hypoxic

insult to brain during the neonatal period and the therapeutic

role of neuroprotective supplements. We investigated the role

of metabotropic glutamate-8 receptor (mGluR8) gene

expression in cerebellum during epilepsy and neuroprotective

role of Bacopa monnieri extract in epilepsy. We also studied

the effect of NMDA receptor 1 (NMDAR1) gene expression

during neonatal hypoxia and therapeutic role of glucose,

oxygen and epinephrine supplementation. During epilepsy a

significant down-regulation (P \ 0.01) of mGluR8 gene

expression was observed which was up-regulated (P \ 0.05)

near control level after B. monnieri treatment which is sup-

ported by Morris water maze experiment. In hypoxic neonates

we observed up-regulation (P \ 0.001) of the NMDAR1 gene

expression whereas glucose and glucose + oxygen was able

to significantly reverse (P \ 0.001) the gene expression to

near control level when compared to hypoxia and epinephrine

treatment which was supported by open field test. Our results

showed that B. monnieri treatment to epileptic rats signifi-

cantly brought the reversal of the down-regulated mgluR8

gene expression toward control level. In neonatal rats, hypoxia

induced expressional and functional changes in the NMDAR1

receptors of neuronal cells which is corrected by supple-

mentation of glucose alone or glucose followed by oxygen

during the resuscitation to prevent the glutamate related

neuronal damage. Thus, the results suggest the clinical

significance of corrective measures for epileptic and hypoxic

management.
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Introduction

Neurologic depression occurs following organic brain

insult, such as trauma or infection. Survivors of traumatic

brain injury usually manifests neurobehavioral changes

which include cognitive or memory impairment, apathy,

aggressiveness, mood disorders [1] and impaired self-

awareness, which can obscure perceptions and affect the

self-reporting of depressive symptoms. Neuronal damage

in brain regions can result in disrupting neuronal circuits

directly by disrupting neurotransmitter systems such as

noradrenalin, serotonin, dopamine, and acetylcholine [2].

Such disruption forms a part of the secondary injury

cascade that has been well described following brain

injury [3] leading to neuronal damage. Glutamate cyto-

toxicity contributes to neuronal degeneration in many

central nervous system (CNS) diseases, such as epilepsy

and ischemia. Glutamate is essential for synaptic com-

munication in the CNS, but inadequate regulation of

extracellular glutamate can lead to neurodegenerative

disorders. The established model for glutamate-induced

neuronal cell death is excitotoxicity [4], a mechanism in

which excessive cell depolarization leads to apoptosis
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or necrosis. This pathological condition is caused by

prolonged stimulation of glutamate receptor subtypes,

followed by both intracellular Ca2+ overload and activa-

tion of specific genes, resulting in synthesis of enzymes

involved in cell stress response [5]. Elevation of intra-

cellular calcium can lead to cell death [6]. This

excitotoxicity model is significant during prolonged and

augmented excitation in acute traumatic events such as

ischemia [7], stroke [8], and epilepsy [9].

Temporal lobe epilepsy (TLE) is one of the most

common forms of intractable epilepsy. Pilocarpine treat-

ment which is characterized by generalized convulsive

status epilepticus (SE) in rodents well represents the

characteristic neuropathological findings in the hippo-

campus of TLE patients [10, 11]. After a latent period,

adult rats exhibit spontaneous recurrent seizures during the

remainder of their life. Activation of presynaptic metabo-

tropic glutamate receptors (mGluRs) leads to a powerful

inhibition of glutamate release from many synaptic ter-

minals throughout the CNS. mGluRs as autoreceptors are

believed to provide a negative feedback system that pre-

vents potentially toxic accumulation of glutamate in the

extracellular space during synchronous synaptic activity

such as epileptic seizures [12]. In this study we analyzed

the function of metabotropic glutamate-8 receptor

(mGluR8) gene expression in epileptic and Bacoppa

monnieri treated epileptic rats. B. monnieri (Brahmi) is

recommended in formulations for the management of a

range of mental conditions including anxiety, poor

cognition, lack of concentration, and epilepsy. Pharmaco-

logically, it is understood that Brahmi has an unusual

combination of constituents that are beneficial in mental

inefficiency and illnesses and useful in the management of

convulsive disorders like epilepsy.

Hypoxia also leads to free radical and excitotoxic neu-

rotransmitter release, which cause further neuronal damage

to these systems [2]. Hypoxia and ischemia induce changes

in NMDA receptor expression and function in the devel-

oping brain [13–16]. Open-field testing has proven useful

for evaluation of the effects of drugs on behavior. The

present work is to understand the alterations of glutamate

receptors gene expression in the cerebellum of pilocarpine

induced epileptic rats and cerebral cortex of hypoxic neo-

nates. The neuroprotective role of Bacopa monieri in

epileptic rats and of glucose, oxygen, and epinephrine

supplementation in hypoxic neonates was also studied. Our

experimental evidence showed that in epilepsy, B. monni-

eri treatment brought the reversal of the down-regulated

mGluR8 gene expression. Hypoxia induced NMDAR1

receptor expression of neuronal cell which is corrected by

supplementation of glucose alone or glucose followed by

oxygen.

Experimental procedure

Biochemicals and their sources

Biochemicals used in the present study were purchased

from Sigma Chemical Co., St. Louis, CA, USA. All

other reagents were of analytical grade purchased locally.

Tri-reagent kit was purchased from MRC, IN, USA.

Real-Time PCR Taqman probe assays on demand were

purchased from Applied Biosystems, Foster City, CA,

USA.

Wistar rats were purchased from Amrita Institute of

Medical Sciences, Cochin and used for all experiments.

They were housed in separate cages under 12-h light and

12-h dark periods and were maintained on standard food

pellets and water ad libitum. The adult rats of epileptic

experiment were sacrificed by decapitation after 15 days

treatment with B. monnieri extract. All groups of hypoxic

neonatal rat were weighed and sacrificed by decapitation

after a week. The cerebellum and cerebral cortex was

dissected out quickly over ice according to the procedure of

Glowinski and Iversen [17]. All animal care and proce-

dures were in accordance with Institutional and National

Institute of Health guidelines.

Plant material and preparation of extract

Specimen of B. monnieri (L.) Pennel were collected

from Cochin University area and were taxonomically

identified and authenticated by Mr. K. P. Joseph, Head,

Dept. of Botany (retd.), St. Peter’s College, Kollenchery

and voucher specimens was deposited at a herbarium

(No: MNCB3) of Center for Neuroscience, Cochin

University of Science and Technology, Cochin. Whole B.

monnieri plant was mixed with 100 ml of distilled water

and homogenized well. The homogenate was filtered

through cheese cloth. This crude whole plant extract was

used to study the anti-epileptic effect in pilocarpine

induced temporal lobe epilepsy. Fresh, whole B. monni-

eri plant (6–8 months old) was collected and washed.

Leaves, roots and stems of B. monnieri plant were cut

into small pieces and dried in shade. About 100 g fresh

plant dried in shade yielded *15 g powder. Homogenate

was extracted at required concentration (150 mg fresh

plant/kg body weight) by dissolving 225 mg of dried

powder in 80 ml distilled water and used to study the

anti-epileptic effect in pilocarpine induced temporal lobe

epilepsy. Bacoside A is the active ingredient present in

B. monnieri extract which facilitates memory. About

100 g of plant material contains *0.456 g of Bacoside

A [18].
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Induction of epilepsy in adult rats

Adult male Wistar rats, weighing 250–300 g, were housed

for 1–2 weeks before experiments were performed. Epi-

lepsy was induced by injecting rats with pilocarpine

(350 mg/kg i.p.), preceded by 30 min with atropine (1 mg/

kg i.p.) to reduce peripheral pilocarpine effects. Within 20–

40 min after the pilocarpine injection, essentially all the

animals developed SE. Control animals were given saline

injection. Behavioral observation continued for 5 h after

pilocarpine injection. SE was allowed to continue for 1 h

and then control and experimental animals were treated

with diazepam (4 mg/kg i.p.). Animals recovered from this

initial treatment within 2–3 days and were observed for the

next 3 weeks. Twenty-four days after pilocarpine treat-

ment, the rats were continuously video monitored for 72 h.

The behavior and seizures were captured with a CCD

camera and a Pinnacle PCTV capturing software card. One

trained technician, blind to all experimental conditions,

viewed all videos. Seizure activity was rated according to

Racine Scale [19]. Seizures were assessed by viewing

behavioral postures (i.e., lordosis, straight tail, jumping/

running, forelimb clonus and/or rearing) during fast for-

ward observation of the videos. Experimental rats which

showed continuous recurrent seizures were used for the

further experiments. Experimental rats were divided into

three groups: (1) Control (C) (2) Epileptic (E), and (3)

Epileptic rats treated with B. monnieri (E + B). Bacopa

treated rats were given extract of B. monnieri orally in the

dosage 150 mg/kg body/day for 15 days.

Induction of acute hypoxia in neonatal rats

Wistar neonatal rats of 4-days old (body weight,

6.06 ± 0.45 g) were used for the experiments and were

grouped into seven as follows: (a) Control neonatal rats

were given atmospheric air (20.9% oxygen) for 30 min

(C); (b) Hypoxia was induced by placing the neonatal rats

in a hypoxic chamber provided with 2.6% oxygen for

30 min (Hx); (c) Hypoxic neonatal rats were injected 10%

dextrose (500 mg/kg body wt) intra-peritoneally (i.p.)

immediately after induction of hypoxia (Hx + G). (d)

Hypoxic neonatal rats were supplied with 100% oxygen for

30 min immediately after induction of hypoxia (Hx + O);

(e) Hypoxic neonatal rats were injected 10% dextrose

(500 mg/kg body wt) i.p. immediately after induction of

hypoxia and then treated with 100% oxygen for 30 min

(Hx + G + O); (f) Hypoxic neonatal rats were injected

epinephrine (0.1 lg/kg body wt) i.p. immediately after

induction of hypoxia and then treated with 100% oxygen

for 30 min (Hx + E + O); (g) Hypoxic neonatal rats, 10%

dextrose (500 mg/kg body wt) and epinephrine (0.1 lg/kg

body wt) were injected i.p. immediately after induction of

hypoxia and then treated with 100% oxygen for 30 min

(Hx + G + E + O). The experimental animals were main-

tained in the room temperature for 1 week.

Morris water maze-time spent in each quadrant

Water maze experiment was conducted during post-treat-

ment. The custom-constructed water maze pool measured

100 cm in diameter by 50 cm in depth and was filled with

water to a depth of 35 cm. A 10 cm diameter white plat-

form was located 1.5 cm below the surface of the water.

Nontoxic white paint was added to the water to visually

obscure the location of the platform. The pool had been

divided into four quadrants of homogeneous size and the

platform was located in the center of one of the quadrants,

halfway between the center and the wall of the pool. All

swim latencies were recorded with a manual stopwatch, a

technique routinely employed [20]. The water maze task

consisted of 15 sessions conducted once daily over 15

successive days. Each session consisted of four trials sep-

arated by *60 s. Rats were placed manually into the pool,

facing the pool wall in the center of one of the quadrants

that did not contain the platform. For any given rat, the

location of the platform remained fixed across all trials and

all sessions. The time spent in each quadrant to find the

platform was recorded as the time from release into the

pool until the rat had reached the platform. A maximum of

60 s was allowed for each trial. Rats not reaching the

platform within 60 s were guided to the platform and a

score of 60 s was recorded for each of these experimenter-

terminated trials. The rat was allowed to remain on the

platform for the duration of the inter-trial interval. A 60-s

probe test to determine the time spent in the platform

quadrant after removing the platform from pool was con-

ducted on the 13th, 14th, and 15th day of the study (24 h

after the last hidden platform session). Rats were released

into the pool in the quadrant opposite to that previously

associated with the escape platform. A manual time-

sampling procedure (one measurement per second) was

utilized to record the swimming bias of the rat in each of

the four quadrants of the pool.

Open-field test: resting response in hypoxia induced

neonatal rats: effects of glucose, oxygen and

epinephrine

General activity in the open-field, simultaneous measure-

ment of locomotion, rearing, and stereotyped head

movements of the experimental animals were measured.

Rodents naturally avoid bright light and open spaces. When
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placed in a bright lit open-field, rats tend to remain in the

periphery of the apparatus or against the walls. Evaluation

of open-field behavior was done between 0800 and 1600 h.

Extraneous noise was minimized during testing and the

observer was the only person present. The observer hand-

carried the rat from its cage to the open field. At the

beginning of testing, the rat was placed in the center of an

open-field enclosure constructed of Plexiglas cage, 41 cm

(L) · 41 cm (W) · 38 cm (H) with four walls and floor

but no ceiling. The rats were observed for 5 min after being

placed in the open field and their behavior were evaluated

and recorded every 6 s. During testing the observer sat as

far from the open field as possible so as not to disturb the

rat and made no sudden movements or noises.

Open-field behavior: scoring criteria

Animal movements in the open-field were measured for

5 min. Each trial began with placing the animal in the

center of the open-field (to maximize the initial fear

response). At the beginning of each trial, the animal was

briefly covered by a cardboard box of similar size to the

animal’s body length and width. When the box was lifted,

the animal was allowed to freely ambulate. After each trial,

the animal was returned to its home cage, which was

placed within the testing room. In order to minimize

interference with the animal’s behavior, the experimenter

remained at the same location in the room during all trials

[21]. Data were collected as an indication of activity in the

center and periphery of the arena. The data were subse-

quently expressed with specific parameters [22].

Real-Time PCR assay

RNA was isolated from the brain regions using Tri reagent.

Total cDNA synthesis was performed using ABI PRISM

cDNA Archive kit. Real-Time PCR assays were performed

in 96-well plates in ABI 7300 Real-Time PCR instrument

(Applied Biosystems). PCR analyses were conducted with

gene-specific primers and fluorescently labeled Taq for

mGluR8 and NMDAR1 (designed by Applied Biosystems).

Endogenous control (b-actin) was labeled with a report

dye (VIC). All reagents were purchased from Applied

Biosystems.

The thermocycling profile conditions were as follows:

50�C—2 min—Activation, 95�C—10 min—Initial Dena-

turation, 95�C—15 s-Denaturation 40 cycles, 50�C—

30 s—Annealing, 60�C—1 min—Final Extension.

The DDCT method of relative quantification was used to

determine the fold change in expression. This was done by

first normalizing the resulting threshold cycle (CT) values

of the target mRNAs to the CT-values of the internal

control b-actin in the same samples (DCT = CT Target – CT

b-actin). It was further normalized with the control

(DDCT = DCT – CT Control). The fold change in expres-

sion was then obtained (2–DDCT).

Statistical methods

Latency values in the Morris water maze and Open field

test were analyzed by a three-way ANOVA within

dependent factors for treatments, days and trials (repeated

measures). Relative quantification software was used for

analyzing Real-Time PCR results.

Results

(1) Real-Time PCR analysis of mGluR8 in post-treated

epileptic rats

Real-Time PCR analysis showed that the mGluR8 mRNA

significantly decreased (P \ 0.01) in E when compared to

C and it reversed (P \ 0.05) to near control level in

(E + B) (Table 1, Fig. 1).

(2) Morris water maze experiment in the control and

epileptic rats

Time spent in the platform quadrant of the E showed a

significant decrease (P \ 0.01) when compared to C. B.

monnieri treatment (P \ 0.01) reversed the time spent in

the platform quadrant to near control level in (E + B)

(Table 2, Fig. 2) when compared to E.

Table 1 Real-Time PCR amplification of the mGluR8 mRNA from

the cerebellum of control and epileptic groups of rats

Experimental group Log RQ-value

C 0

E –3.099 ± 0.07**

E + B –1.862 ± 0.25*

Values are Mean ± SEM of 4–6 separate experiments. Each experi-

mental group contains eight groups of rats. Relative Quantification

values and standard deviations are shown in the table. The relative

ratios of mRNA levels were calculated using the DDCT method

normalized with b-actin CT-value as the internal control and Control

CT-value as the calibrator. Control rats (C), Epileptic rats (E), Epi-

leptic + Bacopa monnieri treated rats (E + B)

** P \ 0.01 when compared to Control (C)

* P \ 0.05 when compared to Epileptic (E)
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(3) Real-Time PCR analysis of glutamate NMDAR1

receptor in control and hypoxic neonates

NMDA receptor 1 subunit of glutamate receptor mRNA

showed a significant increase (P \ 0.001) in Hx, Hx + O,

Hx + E + O, Hx + G, Hx + G + O, and Hx + G + E + O

compared to C, whereas Hx (P \ 0.001), Hx + O

(P \ 0.001), Hx + E + O (P \ 0.01), Hx + G + E + O

(P \ 0.001), showed a significant increase when compared

to Hx + G + O. A significant increase (P \ 0.001) was

seen in Hx, Hx + O, Hx + E + O, and Hx + G + E + O

(P \ 0.001) when compared to Hx + G. Glucose treatment

alone (Hx + G) and glucose with oxygen (Hx + G + O)

showed a trend toward control in regulating the over-

expression of NMDAR1 compared to other experimental

groups. Hx + O showed a significantly (P \ 0.001)

increased expression compared to the other groups of

experimental neonatal rats (Table 3, Fig. 3).

(4) Resting time in open field test by control and

hypoxic groups of neonatal rats

A significant increase in the resting time were observed in

Hx (P \ 0.01), Hx + O (P \ 0.001), Hx + E + O

(P \ 0.05) and Hx + G + E + O (P \ 0.01) compared to

Fig. 1 Real-Time PCR amplification of the mGluR8 mRNA from the

cerebellum of control and epileptic groups of rats. Values are

mean ± SEM of 4–6 separate experiments. Each experimental group

contains eight groups of rats. Relative Quantification values and

standard deviations are shown in the table. The relative ratios of

mRNA levels were calculated using the DDCT method normalized

with b-actin CT-value as the internal control and Control CT-value as

the calibrator. **P \ 0.01 when compared to C; @P \ 0.05 when

compared to E

Table 2 Time spent in platform quadrant by the control and epileptic

group of rats in Morris water maze experiment

Experimental group Log RQ-value

C 20.6 ± 1.45

E 12.3 ± 1.30**

E + B 21.3 ± 0.88*

Values are mean ± SEM of 4–6 separate experiments. Each experi-

mental group contains eight groups of rats. Control rats (C), Epileptic

rats (E), Epileptic + Bacopa monnieri treated (E + B)

** P \ 0.01 when compared to Control (C)

* P \ 0.01 when compared to Epileptic (E)

Fig. 2 Time spent in platform quadrant by the control and epileptic

group of rats in Morris water maze experiment. Values are

mean ± SEM of 4–6 separate experiments. Each experimental group

contains eight groups of rats. **P \ 0.01 when compared to C;
@@P \ 0.01 when compared to E

Table 3 Real-time PCR amplification of the NMDA R1 mRNA from

the cerebral cortex of control and hypoxic groups of neonatal rats

Animal status RQ-value

C 0

Hx 0.19 ± 0.02*, **, ***

Hx + G 0.07 ± 0.02*, �

Hx + O 0.31 ± 0.02*, **, ***

Hx + G + O 0.07 ± 0.02*, �

Hx + E + O 0. 09 ± 0.04*, ��, ***

Hx + G + E + O 0.14 ± 0.01*, **, ***

Values are mean ± SEM of 4–6 separate experiments. Each experi-

mental group contains eight groups of rats. Relative Quantification

values and standard deviations are shown in the table. The relative

ratios of mRNA levels were calculated using the DDCT method

normalized with b-actin CT-value as the internal control and Control

CT-value as the calibrator. Control rats C, Hypoxic rats Hx, Hypoxic

rats glucose treated Hx + G, Hypoxic rats oxygen treated Hx + O,

Hypoxic rats glucose and oxygen treated Hx + G + O, Hypoxic rats

epinephrine and oxygen treated Hx + E + O, Hypoxic rats glucose,

epinephrine and oxygen treated Hx + G + E + O

* P \ 0.001 when compared to C

� P \ 0.001 when compared to Hx

*** P \ 0.001 when compared to Hx + G

�� P \ 0.01 when compared to Hx + G + O

** P \ 0.001 when compared to Hx + G + O
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C. Hx + G and Hx + G + O showed no significant change

in the behavior compared to C (Table 4, Fig. 4).

Discussion

In the present study, we have demonstrated that long-term

increase in stress/anxiety in rats occurs after brain injury

during epilepsy and hypoxia. Earlier studies have estab-

lished that rhythmic output from the cerebellum contributes

to the maintenance of generalized seizure [23]. Increased

glutamate dehydrogenase and decreased glutamate decar-

boxylase results in the accumulation of glutamate in rat

cerebellum [24]. Activation of mGluR8 in pilocarpine

induced epileptic rats [12] has been reported to have anti-

convulsant effect [25–27]. Consistent with these reports

our results also show a down-regulation of the mGluR8

gene expression during epileptic condition. Treatment with

B. monnieri extract caused a reversal to near control level.

Water maze experiment was conducted 27 days after

pilocarpine injection. Place navigation in the Morris water

maze consists of two distinct components: declarative

place representations and procedural learning [28]. The

procedural aspects include learning to inhibit inborn non-

adaptive behavior, such as swimming along the wall [29,

30], while selecting appropriate behavioral strategies, such

as swimming across the pool or uniformly searching its

surface. Other procedural components involved skills such

as improved distance and angle judgment that are a nec-

essary prerequisite for the cognitive demands of the task.

The hippocampal formation is critical for computing place

representations but is believed to be dispensable for pro-

cedural memories [31]. Previous reports suggest that

declarative memory is also seriously impaired by pilocar-

pine-induced SE [20]. Persinger et al. [32] described the

deterioration of the declarative and non-declarative form of

memory after seizures induced by a systemic injection of

lithium pilocarpine. Our results suggest that mGluR8 gene

expressions functional balance play an important role in the

pathophysiology of pilocarpine induced temporal lobe

epilepsy in rats and B. monnieri extracts shows a regulatory

effect on mgluR8 gene expression in epilepsy. Treatment

with crude [33] and alcoholic extract of B. monnieri plant

Fig. 3 Real-time PCR amplification of the NMDA R1 mRNA from

the cerebral cortex of control and hypoxic groups of neonatal rats.

Values are mean ± SEM of 4–6 separate experiments. Each exper-

imental group contains eight groups of rats. Relative Quantification

values and standard deviations are shown in the table. The relative

ratios of mRNA levels were calculated using the DDCT method

normalized with b-actin CT-value as the internal control and Control

CT-value as the calibrator. ***P \ 0.001 compared to C;
@@@P \ 0.001 when compared to Hx; uuuP \ 0.001 compared to

Hx + G; ��P \ 0.01, ���P \ 0.001 compared to Hx + G + O

Table 4 Open field test-resting time by control and hypoxic groups

of neonatal rats

Animal status Resting Time (seconds)

C 137.33 ± 6.74

Hx 206.67 ± 4.41**, ��

Hx + G 166.67 ± 8.81

Hx + O 245.33 ± 7.42***, ���, #

Hx + G + O 128.33 ± 26.82

Hx + E + O 192.67 ± 28.96*, �

Hx + G + E + O 207.33 ± 8.19**, ��

Values are mean ± SEM of 4–6 separate experiments. Each experi-

mental group contains eight groups of rats. Control rats C, Hypoxic

rats Hx, Hypoxic rats glucose treated Hx + G, Hypoxic rats oxygen

treated Hx + O. Hypoxic rats glucose and oxygen treated Hx + G +

O, Hypoxic rats epinephrine and oxygen treated Hx + E + O, hypoxic

rats glucose, epinephrine and oxygen treated Hx + G + E + O

* P \ 0.05 compared to C

** P \ 0.01 compared to C

*** P \ 0.001 compared to C

# P \ 0.01 compared to Hx + G

� P \ 0.05

�� P \ 0.01

��� P \ 0.001 compared to Hx + G + O

Fig. 4 Open field test-resting time by control and hypoxic groups of

neonatal rats. Values are Mean ± SEM of 4–6 separate experiments.

Each experimental group contains eight groups of rats. *P \ 0.05,

**P \ 0.01, ***P \ 0.001 compared to C; uuP \ 0.01 compared

to Hx + G ; �P \ 0.05, ��P \ 0.01, ���P \ 0.001 compared to

Hx + G + O
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has shown enhanced learning and cognition—facilitating

abilities [34]. B. monnieri extract has also been reported to

have anti-oxidant property in brain [35] and enhance pro-

tein kinase activity and 5-HT levels in the hippocampus

[36] which is most vulnerable area in epileptic brain

damage. It is reported that the B. monnieri extract reversed

the cognitive deficits in Alzheimer’s disease [37]. Several

pharmacological studies on the extract of B. monnieri have

attributed the nootropic activity of the plant to the presence

of two major saponins Bacoside A and B [38, 39]. Of these

two, Bacoside A has been reported to chiefly facilitate

memory [40] and has anxiolytic activity [18]. The

decreased expression of mGluR8 was due to vulnerability

to increased glutamate toxicity. Treatment with B. monni-

eri extract shows a therapeutic effect which is evident from

our result, has immense clinical significance in the thera-

peutic management of epilepsy.

Hypoxia during the first week of life can induce neu-

ronal death in vulnerable brain regions usually associated

with an impairment of cognitive function that can be

detected later in life [41]. Our Real-Time PCR results

showed an increased expression of the NR1 subunit of

NMDA receptors in Hx, Hx + O, Hx + E + O, Hx + G +

E + O. NMDA receptor complex in rats subjected to neo-

natal hypoxia and the toxicity showed a decrease in NMDA

receptor binding few hours after hypoxia and a functional

defect of NMDA receptors at an older age [14]. Post-natal

hypoxia increases NMDA receptor affinity for the antag-

onist MK-801 in the piglet cortex [13]. Hypoxia-induced

generation of nitric oxide (NO) free radical has been

reported to cause nitration of a number of cerebral proteins

including the NMDA receptor which is a potential mech-

anism of hypoxia-induced modification of the NMDA

receptor resulting in neuronal injury [42]. The up-regulated

gene expression was brought back to near control level by

the supplementation of glucose alone and glucose with

oxygen to the sufferers of hypoxic insult during early

neonatal period. The increased glucose entering the neu-

rons is reported to protect neurons from glutamate

neurotoxicity [43], stroke or seizure [44] and mitochondrial

toxins [45]. On supplementation of 100% oxygen alone to

hypoxic rats, there was an over activation of the NMDAR1

gene expression. The supplementation of 100% oxygen

generates reactive oxygen species (ROS) which have been

well documented as causative mediators of excitotoxicity

[46–48]. Both free radicals and glutamate has been sug-

gested to be involved in tandem in the neurotoxicity

induced by hypoxia, whereas glutamate alone is involved

in ischemic neurotoxicity [49]. NMDA neurotoxicity and

oxidative stress have also been well documented as

mechanisms underlying hypoxic–ischemic brain injuries.

Administration of epinephrine to hypoxic neonates was

found to be toxic in our studies. No studies have been

reported that demonstrates definite evidence of epineph-

rine-induced neurotoxicity during resuscitation program in

hypoxic insult. During anesthesia, addition of epinephrine

to tetracaine has shown to increase its neurotoxicity, which

sustained the increase of glutamate concentrations in the

cerebrospinal fluid. Epinephrine itself might decrease

uptake of glutamate. Large concentrations of glutamate at

the synapse of the dorsal horn activate glutamate receptors

of the secondary neurons. The persistent activation of

glutamate receptors might cause central sensitization [50],

neuronal injury [51] or both. This differential expression of

the glutamate NMDAR1 subunit correlates with the pecu-

liar behavioral profile of the experimental rats in open field

test. Abnormal behavior in 1-month old hypoxic rats was

assessed using the open field test, which is a well-charac-

terized rodent model of anxiety. Locomotion in an open

field is considered to reflect general or exploratory activity,

whereas a decrease in the overall mobility and ambulation

are considered to represent increased anxiety in the animals

[52]. Our results demonstrated a significant reduction in

resting time after glucose supplementation with and with-

out oxygen. The post-natal exposure to hypoxia specifically

modified the behavior of the 1-month old neonatal rats,

which showed an attention deficit and an increase in anx-

iety. Moreover, NMDA has also been reported to have

anxiogenic-like profile in elevated plus-maze [53].

Both epileptic and hypoxic model have proved to be

relevant for the study of glutamate receptors pathophysi-

ology arising due to neurodegenerative disorders. In both

epilepsy and hypoxia, modifications in the activity of

receptor gene expression could contribute to the long-term

altered responses to stress. In epilepsy, B. monnieri treat-

ment significantly brought the reversal of the down-

regulated mGluR8 gene expression toward control level.

The glutamatergic system, predominantly the NMDA

receptor, has important functions in the neonatal period in

neurodevelopment. It was also evident that rats subjected to

hypoxia during the early neonatal life develop behavioral

symptoms suggesting an enhanced vulnerability to excito-

toxic damage after exposure to hypoxia. Our experimental

evidence shows that hypoxia, induces expressional and

functional changes in the NMDA receptor of neuronal cell

which can be corrected by supplementation of glucose

alone or glucose followed by oxygen during the resusci-

tation program to prevent the glutamate related neuronal

death occurring in hypoxic neonates. These corrective

measures when brought to clinical practice have enormous

significance for neuroprotection against epileptic and

hypoxic neurodegeneration.
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5. Caccamo D, Campisi A, Currò M et al (2004) Excitotoxic and

post-ischemic neurodegeneration: involvement of transglutamin-

ases. Amino Acids 27:373–379

6. Choi DW (1994) Calcium and excitotoxic neuronal injury. Ann

NY Acad Sci 747:162–171

7. Zhang Y, Lipton P (1999) Cytosolic Ca2+changes during in vitro

ischemia in rat hippocampal slices: major roles for glutamate and

Na+-dependent Ca2+ release from mitochondria. J Neurosci

19:3307–3315

8. Launes J, Siren J, Viinikka L et al (1998) Does glutamate mediate

brain damage in acute encephalitis? Neuroreport 9:577–581

9. Prince HK, Conn PJ, Blackstone CD et al (1995) Down-regula-

tion of AMPA receptor subunit GluR2 in amygdaloid kindling. J

Neurochem 64:462–465

10. Covolan L, Smith RL, Mello LE (2000) Ultrastructural identifi-

cation of dentate granule cell death from pilocarpine-induced

seizures. Epilepsy Res 41:9–21

11. Mello LE, Cavalheiro EA, Tan AM (1993) Circuit mechanisms

of seizures in the pilocarpine model of chronic epilepsy: cell loss

and mossy fiber sprouting. Epilepsia 34:985–995

12. Kral T, Erdmann E, Sochivko D et al (2003) Downregulation of

mGluR8 in pilocarpine epileptic rats. Synapse 47:278–284

13. Hoffman DJ, McGowan JE, Marro PJ et al (1994) Hypoxia-

induced modification of the N-methyl-D-aspartate receptor in the

brain of the newborn piglet. Neurosci Lett 167:156–160

14. Otoya RE, Seltzer AM, Donoso AO (1997) Acute and long-

lasting effects of neonatal hypoxia on (+)-3-[125 I] MK-801

binding to NMDA brain receptors. Exp Neurol 148:92–99

15. Delivoria-Papadopoulos M, Mishra OP (1998) Mech- Delivoria

anisms of cerebral injury in perinatal asphyxia and strategies for

prevention. J Pediatr 132:30–34

16. Machaalani R, Waters KA (2002) Distribution and quantification

of NMDA R1 mRNA and protein in the piglet brainstem and

effects of inter- mitten hypercapnic hypoxia. Brain Res 951:293–

300

17. Glowinski J, Iversen LL (1966) Regional studies of catechola-

mines in the rat brain: the disposition of [3H] Norepinephrine, [3H]

DOPA in various regions of the brain. J Neurochem 13:655–669

18. Sairam K, Dorababu M, Goel RK, Bhattacharya SK (2002)

Antidepressant activity of Bacopa monniera in exprerimental

models of depresson in rats. Phytomedicene 9:207–211

19. Racine RJ (1972) Modification of seizure activity by electrical

stimulation. I. After discharge threshold. Electroencephalogr Clin

Neurophysiol 32:269–279

20. Hort J, Brozek G, Mares P et al (1999) Cognitive functions after

pilocarpine-induced status epilepticus: changes during silent

period precede appearance of spontaneous recurrent seizures.

Epilepsia 40:1177–1183

21. Cannizzaro C, Martire M, Cannizzaro E et al (2001) Long lasting

handling affects behavioural reactivity in adult rats of both sexes

prenatally exposed to diazepam. Brain Res 904:225–233

22. Kitay JI (1961) Sex differences in adrenal cortical secretion in the

rat. Endocrinology 68:818–824

23. Kandel A, Buzsaki G (1993) Cerebellar neuronal activity corre-

lates with spike and wave EEG patterns in the rat. Epilepsy Res

16:1–9

24. Ruiz A, Walker MC, Fabian-Fine R et al (2004) Endogenous zinc

inhibits GABA (A) receptor in a hippocampal pathway. J Neu-

rophysiol 91:1091–1096

25. Jiang FL, Tang YC, Chia SC et al (2007) Anticonvulsive Effect

of a Selective mGluR8 Agonist (S)-3,4-Dicarboxyphenylglycine

(S-3,4- DCPG) in the Mouse Pilocarpine Model of Status Epi-

lepticus. Epilepsia 48:783–792

26. Attwell PJ, Singh KN, Jane DE et al (1998) Anticonvulsant and

glutamate release-inhibiting properties of the highly potent

metabotropic glutamate receptor agonist (2S, 2R,3R)-2-(2,3-di-

carboxycyclopropyl) glycine (DCG-IV). Brain Res 805:138–143

27. Gasparini F, Bruno V, Battaglia G et al (1999) (R, S)–4–phosp-

horno phenylglycine, a potent and selective group III

metabotropic glutamate receptor agonist, is anticonvulsive and

neuroprotective in vivo. J Pharmacol Exp Ther 289:1678–1687

28. Morris RGM, Schenk F, Tweedie F, Jarrard LE (1990) Ibotenate

lesions of hippo-campus and subiculum dissociating components

of allocentric spatial learning. Eur J Neurosci 2:1016–1028

29. Paylor R, Rudy JW (1990) Cholinergic receptor blockade can

impair the rat’s performance on both place learning and cued

versions of the morris water task: the role of age and pool wall

brightness. Behav Brain Res 36:79–90

30. Whishaw IQ, Mittleman G (1986) Visits to starts, routes, and

places, by rats in swimming pool navigation tasks. J Comp

Psychol 100:422–431

31. Okeefe J, Nadel L (1978) The Hippocampus as a Cognitive Map.

Oxford University Press, Oxford

32. Persinger MA, Makarec K, Bradley JC (1988) Characteristics of

limbic seizures evoked by peripheral injections of lithium and

pilocarpine. Physiol Behav 44:27–37

33. Malhotra CL, Das PK (1959) Pharmacological studies of Her-

pestis monniera Linn. (Brahmi). Indian J Med Res 47:294–305

34. Singh HK, Dhawan BN (1982) Effect of Bacopa monnieri extract

on avoidance responses in rat. J Ethnopharmacol 5:205–214

35. Bhattacharya SK, Bhattacharya A, Kumar A (2000) Antioxidant

activity of Bacopa monniera in rat frontal cortex, striatum and

hippocampus. Phytother Res 14:174–179

36. Singh HK, Dhawan BN (1997) Neuropsychopharmacological

effects of the Ayurvedic nootropic Bacopa monnieri Linn

(Brahmi). Indian J Pharmachol 29:359–365

37. Bhattacharya SK, Kumar A, Ghosal S (1999) Effect of Bacopa
monnieri on animal models of Alzheimer’s disease and perturbed

central cholinergic markers of cognition in of cognition in rats.

Pharmacol Toxicol 4:111–112

38. Singh HK, Rastogi RP, Srimal RC, Dhawan BN (1988) Effect of

Bacoside A and B on the avoidance response in rats. Phyto Res

2:70–75

39. Dhawan BN, Singh HK (1996) Pharmalogical studies on Bacopa
monnieri, an ayurvedic nootropic agent. Eur Neuropsychophar-

macol 6:144

40. Rastogi S, Pal R, Kulashrestha DK (1994) Bacoside A3-A trip-

enoid saponin from Bacopa monniera. Phytochemistry 36:133–

137

41. Casolini P, Zuena AR, Cinque C et al (2005) Sub-neurotoxic

neonatal anoxia induces subtle behavioural changes and specific

abnormalities in brain group-I metabotropic glutamate receptors

in rats. J Neurochem 95:137–145

1670 Neurochem Res (2008) 33:1663–1671

123



42. Mishra OP, Zanelli S, Ohnishi ST et al (2000) Hypoxia-induced

generation of nitric oxide free radicals in cerebral cortex of

newborn guinea pigs. Neurochem Res 25:1559–1565

43. Ho DY, Saydam TC, Fink SL et al (1995) Defective herpes

simplex virus vectors expressing the rat brain glucose transporter

protect cultured neurons from necrotic insults. J Neurochem

65:842–850

44. Lawrence MS, Sun GH, Kunis DM et al (1996) Overexpression

of the glucose transporter gene with a herpes simplex viral vector

protects striatal neurons against stroke. J Cereb Blood Flow

Metab 16:181–185

45. Dash R, Lawrence M, Sapolsky R (1996) A herpes simplex virus

vector overexpressing the glucose transporter gene protects the

rat dentate gyrus from an antimetabolite toxin. Exp Neurol

137:43–48

46. Choi DW (1988) Glutamate neurotoxicity and diseases of the

nervous system. Neuron 1623–1634

47. Coyle JT, Puttfarcken P (1993) Oxidative stress, glutamate, and

neurodegenerative disorders. Science 262:689–695

48. Li Y, Sharov VG, Jiang N et al (1998) Intact, injured, necrotic,

and apoptotic cells after focal cerebral ischemia in the rat. J

Neurol Sci 156:119–132

49. Omata N, Murata T, Fujibayashi Y et al (2000) Hypoxic but Not

Ischemic Neurotoxicity of free radicals revealed by dynamic

changes in glucose metabolism of fresh rat brain slices on posi-

tron autoradiography. J Cereb Blood Flow Metab 20:350–358

50. Hudspith MJ (1997) Glutamate a role in normal brain function,

anaesthesia, analgesia and CNS injury. Br J Anaesth 78:731–747

51. Rothman SM, Olney JW (1986) Glutamate and the pathophysi-

ology of hypoxic-ischemic brain damage. Ann Neurol 19:105–11

52. Mar A, Spreekmeester E, Rochford J (2002) Fluoxetine-induced

increases in open field habituation in the olfactory bulbectomized

rat depend on test aversiveness but not on anxiety. Pharmacol

Biochem Behav 73:703–712

53. Fedosiewicz-Wasiluk M, Hoy ZZ, Winiewska1 RJ (2005) The

influence of NMDA, a potent agonist of glutamate receptor, on

behavioral activity of rats with experimental hyperammonemia

evoked by liver failure. Amino Acids 28:111–117

Neurochem Res (2008) 33:1663–1671 1671

123


	Neuroprotective Role of Bacopa monnieri Extract in Epilepsy �and Effect of Glucose Supplementation During Hypoxia: �Glutamate Receptor Gene Expression
	Abstract
	Introduction
	Experimental procedure
	Biochemicals and their sources
	Plant material and preparation of extract
	Induction of epilepsy in adult rats
	Induction of acute hypoxia in neonatal rats
	Morris water maze-time spent in each quadrant
	Open-field test: resting response in hypoxia induced neonatal rats: effects of glucose, oxygen and epinephrine
	Open-field behavior: scoring criteria
	Real-Time PCR assay

	Statistical methods
	Results
	(1) Real-Time PCR analysis of mGluR8 in post-treated epileptic rats
	(2) Morris water maze experiment in the control and epileptic rats
	(3) Real-Time PCR analysis of glutamate NMDAR1 receptor in control and hypoxic neonates
	(4) Resting time in open field test by control and hypoxic groups of neonatal rats

	Discussion
	Acknowledgment
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


