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INTRODUCTION 
 

A Seizure is an outcome of synchronised, abnormal and 
excessive firing of group of neurons in the brain which results 
in hyperexcitability. Seizure is believed to be the most common 
neurological condition affecting approximately 3% of the 
population in the world (Sheela et al., 2010).The root cause of 
seizure is seldom understood as it occurs irrespective to the 
geographical, racial or social class boundaries.
studies it has been concluded that seizures may be caused due 
to varied conditions such as stroke, complications during 
pregnancy, fever, meningitis, etc 
 

Over the past few decades plenty of anti-seizure drugs have 
been introduced each of them possessing a different mechanism 
of action (M.F. Shaikh et al., 2003).These drugs are 
administered as monotherapy inorder to prevent and reduce 
pharmacokinetic interactions (Graeme J.S., 2014). The sole aim 
of controlling and treating seizures is solved by these drugs but 
they also result in numerous comorbid conditions (Michael 
Seidenberg et al., 2009). Out of the many comorbid conditions 
depression is found to be serious comorbid diseases observed 
with patients having seizure.In order to control the disease as 
well as the comorbid condition it is necessary to administer 
combination of drugs thus resulting in “rational polypharmacy” 
(Froscher W et al., 2013). 
 

An unconventional method of reducing the comorbidity as well 
as attenuating the efficiency to prevent seizure is herbal 
medication (Samuels N et al., 2008). Herbal drugs used for 
seizures have multiple effects on the central nervous system. 
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ABSTRACT 

Purpose: The aim of this study is to analyse the effects of combination therapy of Bacopa monnieri 
and topiramate in management of seizures and post seizure depression.
Methods: In this study, the combined effect of these two drugs on seizures and post seizure depression 
were evaluated and its efficacy were compared with phenytoin the gold standard medication used for 
managing seizures. Two different formulations were used and their effects were evaluated in mice in 
Picrotoxin induced animal model for 14 days and Maximal Electroshock model for epilepsy. Several 
behavioural parameters were conducted to study the effect of drug in ma
comorbid conditions. GABA levels were also estimated using 2D chromatography. 
Results: The results suggests marked reduction in the occurrence of seizure. The formulation with the 
elevated dose of bacopa monnieri suggested a decrease in the occurrence of seizure/seizure like 
symptoms along with a significant reduction in post seizure depression.
Conclusion: Thus this combination may prove effective to control seizures as well as post seizure 
depression. 

A Seizure is an outcome of synchronised, abnormal and 
excessive firing of group of neurons in the brain which results 
in hyperexcitability. Seizure is believed to be the most common 
neurological condition affecting approximately 3% of the 

., 2010).The root cause of 
seizure is seldom understood as it occurs irrespective to the 
geographical, racial or social class boundaries. After much 
studies it has been concluded that seizures may be caused due 

as stroke, complications during 

seizure drugs have 
been introduced each of them possessing a different mechanism 

., 2003).These drugs are 
as monotherapy inorder to prevent and reduce 

pharmacokinetic interactions (Graeme J.S., 2014). The sole aim 
of controlling and treating seizures is solved by these drugs but 
they also result in numerous comorbid conditions (Michael 

Out of the many comorbid conditions 
depression is found to be serious comorbid diseases observed 
with patients having seizure.In order to control the disease as 
well as the comorbid condition it is necessary to administer 

ing in “rational polypharmacy” 

An unconventional method of reducing the comorbidity as well 
as attenuating the efficiency to prevent seizure is herbal 

., 2008). Herbal drugs used for 
seizures have multiple effects on the central nervous system. 

There are numerous drugs that have been proven and used 
individually for treating seizures (Foram Parikh 
 

The herbal drug used here is Bacopa monni
as Brahmi. Bacopa monnieri
Scrophulariaceae. Its main constituent is triterpenoid saponins 
known as bacosides. It is traditionally known for its several 
effects in brain disorders which includes enhancing memo
learning and development and concentration. It is also known to 
decrease anxiety and exhibits antiepileptic, antipyretic and 
analgesic effect (Mathew J et al
proposed to exhibits its antiepileptic effects by modulation in 
the GABA levels in the brain. 
 

The synthetic drug with which 
Topiramate. Topiramate is considered as a contemporary 
antiepileptic drug exhibiting several mechanisms which 
contributes in treating epilepsy. It is used for treati
array of seizure types and syndromes. The drug is believed to 
act (i) by enhancing GABA levels (ii) diminishing the voltage 
gated sodium channel (iii) Inhibition of the AMPA receptors 
and (iv) by retarding the release of aspartate and glutamate 
from the nerve terminal (Kinga K. B 
 

Thus combining a synthetic drug along with a herbal drug may 
reform the treatment of seizures by two steps: (a) Both the 
herbal drug as well as the synthetic drug will act by their 
respective mechanisms to prevent seizures thereby producing a 
synergistic effect and (b) Since the herbal drugs depict many 
CNS effects it may reduce the comorbidity that is observed 
during seizures. 
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The aim of this study is to analyse the effects of combination therapy of Bacopa monnieri 
and topiramate in management of seizures and post seizure depression. 

In this study, the combined effect of these two drugs on seizures and post seizure depression 
were evaluated and its efficacy were compared with phenytoin the gold standard medication used for 

zures. Two different formulations were used and their effects were evaluated in mice in 
Picrotoxin induced animal model for 14 days and Maximal Electroshock model for epilepsy. Several 
behavioural parameters were conducted to study the effect of drug in managing seizures and other 
comorbid conditions. GABA levels were also estimated using 2D chromatography.  
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Thus this combination may prove effective to control seizures as well as post seizure 

There are numerous drugs that have been proven and used 
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contributes in treating epilepsy. It is used for treating a wide 
array of seizure types and syndromes. The drug is believed to 
act (i) by enhancing GABA levels (ii) diminishing the voltage 
gated sodium channel (iii) Inhibition of the AMPA receptors 
and (iv) by retarding the release of aspartate and glutamate 
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It is observed that both drugs Bacopa Monnieri and Topiramate 
have one mechanism in common which is modulation of 
neurotransmitter GABA. The neurotransmitter γ- Amino 
Butyric acid (GABA) is one of the key mediators in seizures. 
GABA is an inhibitory neurotransmitter which is generated 
within the GABAergic axon terminals. It is then released into 
the synapse where it binds to either of the GABA receptor i.e. 
GABAA or GABAB receptors (Mathews G.C., 2007). GABAA 

receptor is responsible for controlling the chloride entry into the 
cell and GABAB is responsible for increasing the potassium 
conductance, decreasing the calcium entry as well as blocking 
the presynaptic release of other neurotransmitters (Labrakakis 
C. et al., 1997) Both Bacopa Monnieri and Topiramate bind to 
GABAA receptor (L. John Greenfield Jr., 2013, Ali Esmail Al-
Snafi., 2013).  Binding of the drugs to this receptor results in an 
increase in the frequency of opening of the chloride channel ion 
thus hyperpolarizing the neuron linked with it. Hence the 
inhibitory effect of the GABA neurotransmitter is amplified. 
 

MATERIALS AND METHODS 
 

Drugs and Chemicals 
 

Picrotoxin was obtained from Sisco Research Laboratory 
Chemicals. Methanolic extract of Bacopa Monnieri was 
obtained as a gift sample from Sami Labs, Bangalore. 
Topiramate and Phenytoin were also obtained as a gift sample 
from Symed Labs, Hyderabad and Crest Healthcare, Vadodara 
respectively. GABA was purchased from Sigma Aldrich. 
 

Animals 
 

Male Swiss Albino mice weighing 24-30g were purchased from 
Bharat Serum Ltd., Thane and were accommodated in 
propylene cages at 22-25° c under a 12 hour light/dark cycle. 
The animals were provided ad libitum water and were fed with 
standard pellets. They were accommodated under these 
conditions and acclimatized for 7 days prior to behavioural 
experiments which were carried out between 09:00 to 17:00 
hrs. The protocols and procedures were approved by the 
Institute Animal Ethics Committee (Project Approval Number: 
CPCSEA/IAEC/P-46/2016), Government of India, New Delhi. 
Animals were divided into 5 groups, each containing 7 animals 
respectively. Group A: Control (0.9% saline), Group B: 
Phenytoin (25mg/kg i.p.), Group C: Negative Control 
(Picrotoxin 5mg/kg i.p./ MES 12 milliamperes,50 Hz for 0.2s), 
Group D: Treatment 1 (Bacopa Monnieri 27.5mg/kg p.o. and 
Topiramate 20 mg/kg i.p.) and Group E: Treatment 2 (Bacopa 
Monnieri 32.5mg/kg p.o. and Topiramate 15mg/kg i.p.). 
 

Experimental Protocols 
 

Picrotoxin Induced Chemical (PIC) Model 
 

Picrotoxin is a chemical agent known to induce seizures (Nicoll 
R.A., 2001, Dhillon S. et al., 2008).Picrotoxin is known to exert 
its convulsive effect by inhibiting the GABAA receptor linked 
chloride ion channel which under normal conditions permits 
enhanced conductance of chloride ion into the brain cells which 
apparently triggers the GABAA receptors by GABA (Rang H.P. 
et al., 2003) 
 

To investigate the effects of the combination of Bacopa 
Monnieri and Topiramate at varied concentrations the animals 
received acute treatment at repeated oral doses for 14 
consecutive days. On the last day of treatment that is on the 14th 
day 60mins after the administration of the treatment drug 

picrotoxin (5mg/kg i.p.) was administered. The following 
parameters were observed: 
 

1. Latency of Tonic Clonic Seizures 
2. Latency in occurrence of Straub Tail 
3. Occurrence of hind limb extensions 

 

Maximal Electroshock (MES) model to determine 
Anticonvulsant potency 
 

The MES test is considered to be the best substantiated pre-
clinical test which helps to foresee the effectiveness of the drug 
against generalized seizures of the tonic clonic type (Castel-
Branco et al., 2009). This test determines the seizure threshold 
for drug categories such as GABA potentiating drugs and drugs 
that antagonize the glutamate receptors. An acute model study 
was performed wherein the animals are administered the test 
compound 30mins prior to i.p. injection and 60 mins prior to 
oral administration (Agrawal R. et al., 2016). 
Electroconvulsiometer with ear electrodes is used to deliver the 
stimuli. The intensity usually used to produce stimulation is 
12Ma, 50Hz for 0.2 sec. The following parameters were 
observed: 
 

1. Latency of Tonic Clonic Seizures 
2. Latency in occurrence of Straub tail 
3. Occurrence of hind limb extension 

 

Behavioural Assays 
 

Before evaluating the biochemical assays certain behavioural 
tests were conducted to assess the combination treatments 
effects on seizures and depression. 
 

1. Chimney test: This test is performed in order to 
analyse the effect of the combination treatment on 
motor function. The animals had to climb backward up 
a plastic tube (inner diameter 3cm and length of 25cm) 
(Borowicz K. et al., 2003). Motor impairment was 
indicated by the inability of mice to climb backward 
up the tube within 60s. Results were shown as % of 
animals that failed to perform the test. 

2. Forced Swim Test: This test is mainly performed to 
analyze depression like behaviour in animals. The 
apparatus for this test consists of a cylindrical tank 
made of plexiglass. The water level in the tank is 
maintained at 15cms from the bottom of the tank and it 
must be ensured that the water level is marked. The 
mice is held by its tail and slowly placed in the water 
and observed for 6 mins. The time of immobility is 
analyzed in the 6 mins. 

3. Tail Suspension Test: This test also gauges the 
depression like behaviour in animals. Here, the 
animals are suspended from a platform top from its tail 
and observed for 5mins. The distance of the platform 
top is approximately 10cms from the ground. The time 
of immobility is estimated(Mannan A. et al., 2015). 

 

Biochemical Assays 
 

Estimation of GABA 
 

The animals were kept in fast condition for 24 hrs, they were 
then euthanized, and their brains were dissected out 
immediately and were rinsed with ice cold saline to remove any 
blood/blood clots or adhering tissues. The brain dissection was 
performed on an ice cold platform and weighed. For the 
estimation of GABA content, the whole brain which was 
dissected out was homogenized using a manual homogenizer in 
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methanol (for 10mg tissue 200 µl) in propylene tubes. The 
suspension obtained was then centrifuged at 4500 rpm for 
20mins at room temperature. The clear supernatant obtained 
after centrifugation was then transferred to micro centrifuge 
tube and were filtered through 0.45µ membrane filter to remove 
any unseen particles. The solution obtained after filtration is the 
sample solution. This sample solution was then stored in deep 
freezer (-80°c) until its estimation. For analysis this sample 
solution was evaporated to dryness. The dry sample was then 
solubilised with 0.5ml distilled water and then 2ml chloroform 
was added followed by vigorous shaking. The mixture obtained 
was then centrifuged for 2mins for 3000g which resulted in the 
separation of three separate layers. The topmost layer was then 
used for chromatography. 
 

Chromatography: The determination of GABA content from 
the supernatant solution obtained from mice brain was done 
both quantitatively and qualitatively. The qualitative 
determination was performed by 2-D paper chromatography on 
Whattman filter paper No. 1 and quantitative analysis was 
performed in UV Spectrophotometer.  
 

RESULTS 
 

Statistical Analysis: The data was analysed using paired t-test 
using Graph Pad In stat 3.0 software. The time of each seizure 
is described in all tables below as Mean± SEM.  
 

PIC Model: Picrotoxin (5mg/kg i.p.) produced tonic clonic 
seizures in animals. Phenytoin a conventional drug for seizures 
at 20mg/kg offered marked protection by delaying the onset of 
seizures when compared to negative control group. However, 
both the treatment group 1 and 2 offered significant delay in 
seizures with their results comparable to positive control group.    
MES Model: In comparison with the animals administered with 
phenytoin Treatment 1 and 2 exhibited comparable results. 
However, Treatment 2 exhibited a further improved result in 
comparison to treatment 1.   
 

Table 1 Mean duration of seizures in Picrotoxin Induced 
Chemical Model 

 

Group 
(n=7) 

Duration of 
seizures (Secs) 
(Mean ±SEM) 

Negative Control 
(Picrotoxin Induced Group 5mg/kg i.p./ MES 
treated) 

27.74±1.2857 

Control Group 
(Treated with distilled water) 

0 

Positive Control 
(Animals treated with Phenytoin 25mg/kg i.p.) 

5.285±0.420 

Treatment 1 
(Bacopa monnieri (27.5 mg/kg p.o. and Topiramate 
20mg/kg i.p.) 

10.142±0.508 

Treatment 2 
(Bacopa monnieri 32.5mg/kg p.o. and Topiramate 
15mg/kg i.p.) 

8±0.308 

 

 
Fig 1 Duration of seizures in PIC model: 

In the above figure, * indicates significance in comparison to 
Negative (picrotoxin) control group. Here p< 0.01. 
 

Table 2 Mean Duration of seizures (secs) in MES Model 
 

Groups (n=7) 
Duration of Seizures 

(secs) 
Mean±SEM 

Negative Control 
(MES treated) 

20.285± 1.12 

Control 
(Vehicle Treated) 

0 

Positive Control 
(Phenytoin treated) 

5.285± 0.420 

Treatment 1 
(Bacopa monnieri 27.5mg/kg p.o. 
and Topiramate 20 mg/kg i.p.) 

10.142± 0.408 

Treatment 2 
(Bacopa monnieri 32.5mg/kg p.o. 
and Topiramate 15 mg/kg i.p.) 

8.067± 0.3145 

 

 
 

Fig 2 Mean Duration of seizures in the MES Model 
 

In the tables and graphs above, * indicates significance in 
comparison of the Negative control group treated either with 
Pictroxin and Maximal Electroshock with the other groups that 
is Control (Vehicle treated), Phenytoin, Treatment 1 and 
Treatment 2. 
Here p < 0.01 
 

Table 3 Mean Latency in appearance of Tremors (secs) in PIC 
Model 

 

Groups (n=7) 
Latency in appearance 
of Tremors (secs) 
Mean± SEM 

Negative Control 
(Picrotoxin Induced Chemical Model) 

12.28± 0.944 

Control Group 0 
Positive Control 
(Phenytoin treated animals) 

49.26± 1.28 

Treatment 1 
((Bacopa monnieri (27.5 mg/kg p.o. and 
Topiramate 20mg/kg i.p.) 

25.714± 1.7 

Treatment 2 
(Bacopa monnieri 32.5mg/kg p.o. and 
Topiramate 15mg/kg i.p.) 

38.428± 0.751 

 

 
 

Fig 3 Mean Latency in appearance of Tremors (secs) in PIC Model 
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Table 4 Mean Latency in the appearance of Tremors (secs) of 
MES Model 

 

Group (n=7) 

Latency in the 
appearance of Tremors 

(secs) 
Mean± SEM 

Negative Control (Picrotoxin Induced 
Chemical Model) 

10.571 ± 0.57 

Control Group 0 
Positive Control (Phenytoin treated 
animals) 

48.142 ± 0.911 

Treatment 1 ((Bacopa monnieri (27.5 
mg/kg p.o. and Topiramate 20mg/kg i.p.) 

21.57 ± 1.065 

Treatment 2 (Bacopa monnieri 32.5mg/kg 
p.o. and Topiramate 15mg/kg i.p.) 

39 ± 1.463 

 

 
 

Fig 4 Mean Latency in the appearance of Tremors (secs) of MES Model 
 

Table 5 Mean duration of Hind limb extension in PIC model 
 

Groups (n=7) 
Duration of Hind limb 

extension (secs) 
Mean ± SEM 

Negative Control 
(Picrotoxin Induced Chemical Model) 

11.857 ± 0.508 

Control Group 0 
Positive Control 
(Phenytoin treated animals) 

2 ± 0.557 

Treatment 1 ((Bacopa monnieri (27.5 
mg/kg p.o. and Topiramate 20mg/kg i.p.) 

8.28 ± 0.420 

Treatment 2 (Bacopa monnieri 32.5mg/kg 
p.o. and Topiramate 15mg/kg i.p.) 

3 ± 0.816 

 

 
 

Fig 5 Mean duration of Hind limb extension in PIC Model 
 

Table 6 Mean duration of hind limb extension in MES model 
 

Groups (n=7) 
Duration of hind limb 

extension (secs) 
Mean ± SEM 

Negative Control (MES Model) 11 ± 0.53 
Control Group 0 
Positive Control (Phenytoin treated animals) 2.42 ± 0.202 
Treatment 1 ((Bacopa monnieri (27.5 mg/kg p.o. 
and Topiramate 20mg/kg i.p.) 

7.857 ± 0.260 

Treatment 2 
(Bacopa monnieri 32.5mg/kg p.o. and 
Topiramate 15mg/kg i.p.) 

4.714 ± 0.285 

 
 

 

 
 

Fig 6 Mean duration of hind limb extension in MES model 
 

Behavioral Tests 
 

Table 7 Chimney test in PIC model 
 

Groups (n=7) 
No. Of falls in one 

min. 
Mean ± SEM 

Negative Control 
(Picrotoxin Induced Chemical Model) 

7 ± 0.47 

Control Group 1 
Positive Control 
(Phenytoin treated animals) 

1.85 ± 0.487 

Treatment 1 
((Bacopa monnieri (27.5 mg/kg p.o. and 
Topiramate 20mg/kg i.p.) 

2.28 ± 0.755 

Treatment 2 
(Bacopa monnieri 32.5mg/kg p.o. and 
Topiramate 15mg/kg i.p.) 

1.714 ± 0.345 

 

Mean No. Of falls in a minute in PIC model 
 

 
 

Fig 7 No. of falls in a minute in PIC model 
 

Mean No. Of falls in a minute in PIC model 
 

Table 8 No. Of falls in a minute in MES model 
 

Groups (n=7) 
No of falls in a minute 

Mean± SEM 
Negative Control 

(MES Model) 
6.57 ± 0.480 

Control Group 0.714 ± 0.184 
Positive Control 

(Phenytoin treated animals) 
1.428 ± 0.202 

Treatment 1 
((Bacopa monnieri (27.5 mg/kg p.o. 

and Topiramate 20mg/kg i.p.) 
2.14 ± 0.260 

Treatment 2 
(Bacopa monnieri 32.5mg/kg p.o. and 

Topiramate 15mg/kg i.p.) 
1.419 ± 0.173 

 

   Mean No. Of falls in a minute in MES model 
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Fig 8 No. Of falls in a minute in MES model 
 

Mean No. Of falls in a minute in MES model 
 

Table 9 Forced Swim Test for PIC Model 
 

Groups (n=7) 
Mobility and Immobility time 
(secs)Mean± SEM 

Negative Control 
(Picrotoxin Induced Chemical 
Model) 

Mobility time (MT): 62.71± 1.21 
Immobility Time (IT): 250± 2.43 

Control Group 
MT: 250.05±2.43 
IT: 58.34± 1.17 

Positive Control 
(Phenytoin treated animals) 

MT: 157± 5.11 
IT: 144± 1.84 

Treatment 1 
((Bacopa monnieri (27.5 mg/kg 
p.o. and Topiramate 20mg/kg i.p.) 

MT: 169± 2.00 
IT: 132± 1.77 

Treatment 2 
(Bacopa monnieri 32.5mg/kg p.o. 
and Topiramate 15mg/kg i.p.) 

MT: 250± 2.43 
IT: 61± 1.20 

 

Mean Mobility and Immobility time in PIC model 
 

 
 

Fig 9 Forced Swim Test in PIC model 
 

Mean Mobility and Immobilty time in PIC model 
 

Table 10 Tail Suspension test in MES model 
 

Groups (n=7) 
Mobility and Immobility 
time (secs) 
Mean ±SEM 

Negative Control 
(MES Model) 

MT: 63.42± 5.45 
IT: 248.57± 9.11 

Control Group 
MT: 249.57± 9.6 
IT: 58.57± 4.82 

Positive Control 
(Phenytoin treated animals) 

MT: 157.28± 3.66 
IT: 142.57± 3.9 

Treatment 1 
((Bacopa monnieri (27.5 mg/kg p.o. 
and Topiramate 20mg/kg i.p.) 

MT: 168.85± 9.86 
IT: 131.71± 10.01 

Treatment 2 
(Bacopa monnieri 32.5mg/kg p.o. and 
Topiramate 15mg/kg i.p.) 

MT: 250.14± 10.26 
IT: 61± 6.67 

 

Mean Mobility and Immobility in MES model 

 
 

 
 

Fig 10 Tail Suspension Test in MES model 
 

In this test, Depression symptoms are evaluated from the time 
spent by the animal in mobility or immobility. Greater the time 
spent in immobility greater is the chances of the animal 
developing depression like symptoms. In both the models it is 
observed that the time spent in mobility of the vehicle treated 
group and Treatment 2 treated animals are equivalent which 
suggests that irrespective of the administration of the inducing 
agent the behavioural aspect of Treatment 2 group is similar to 
vehicle treated group. 
 

Although, the phenytoin treated group animals have spent more 
mobility time the time spent in immobility cannot be ignored. 
The animals administered Treatment 1 exhibit significant 
increase in the mobility time as compared to phenytoin group 
and the negative control group. 
 

In Vitro Evaluation of GABA and Brain Monoamines 
 

Estimation of GABA 
 

Table 11 Absorbance of Standard curve for GABA 
 
 

Concentration 
(ppm) 

Absorbance 
(nm) 

250 0.197 
300 0.373 
350 0.513 
400 0.694 
450 0.827 
500 0.936 
550 1.046 

 

 
 

Fig 11 Calibration Curve of GABA Standard. 
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Table 12 Concentration of GABA in samples of PIC model 
 

Group (n=7) 
Concentration (µg/g of wet 

tissue) 
Mean ±SEM 

Negative Control 
(MES Model) 

263.599 ±1.49 

Control Group 475.241 ±2.73 
Positive Control 
(Phenytoin treated animals) 

339.214 ± 1.39 

Treatment 1 
((Bacopa monnieri (27.5 mg/kg p.o. 
and Topiramate 20mg/kg i.p.) 

358.86 ± 1.407 

Treatment 2 
(Bacopa monnieri 32.5mg/kg p.o. 
and Topiramate 15mg/kg i.p.) 

449.80± 5.15 

 

Concentration of GABA in samples of PIC model 
 

 
 

Fig 12 Concentration of GABA in samples of PIC model 
 

DISCUSSION 
 

In this study the anti convulsant activity of combination of a 
synthetic drug Topiramate and a herbal drug Bacopa 
monnieri along with a marketed drug commonly used 
for treatingepilepsy was evaluated using Picrotoxin 
Induced Chemical (PIC) Model and Maximal 
Electroshock (MES) Model. 
 

These two models evaluate the anticonvulsant effect of 
combination of Topiramate (20mg/kg i.p.) and Bacopa 
monnieri (27.5 mg/kg p.o.) which is Treatment 1 and 
combination of Topiramate (15 mg/kg i.p.) and Bacopa 
monnieri (32.5 mg/kg p.o.) which is Treatment 2 to 
compare with Phenytoin. 
 

GABA is a major inhibitory neurotransmitter and 
enhancement of its neurotransmission leads to 
attenuation of convulsions. Although the exact 
mechanism of action of PIC is not clearly understood, 
it is reported that it is able to inhibit the chloride 
conductance by binding to GABAA receptor complex. 
PIC binds to the picrotoxin binding site which is 
closely related to the chloride ionophore in the GABAA 

receptor complex.  
 

MES model is the most validated experimental method 
for evaluation of antiepileptic drug effective in 
generalized tonic-clonic seizures. Hind limb extension 
is a universal feature of this model in mice, rats, 
rabbits, cats and monkeys. Increase in the threshold and 
duration to develop hind limb extension thus 

suggesting predicts the ability of the test combinations 
to prevent the spread of seizure discharges from the 
epileptic focus in the brain. MES causes several 
changes at the cellular level like facilitation of Ca 2+ or 
other positive ions like sodium entry into the cells in 
large amounts and thereby disrupting the signal 
transduction in the neurons.  
An increase in the latency and decrease in the duration 
of seizures is considered suggestive of protection 
against PIC and MES convulsions. In the current study, 
Treatment 1 and Treatment 2 have shown comparable 
results to that of Phenytoin in terms of duration of 
seizures, latency in appearance of tremors, latency in 
the appearance of hind limb extension and duration of 
hind limb extension.  
 

With respect to the behavioural parameters, Treatment 
2 have displayed good results in chimney test, Forced 
swim test and the tail suspension test as compared to 
Treatment 1 and the Standard marketed drug 
Phenytoin. 
 

Treatment 1 and Phenytoin have exhibited comparable 
results in almost all the behavioural parameters that 
have been performed. Treatment 1 is the group wherein 
the concentration of synthetic drug Topiramate is 
higher as compared to the herbal drug Bacopa monnieri 
and Treatment 2 is the group wherein the concentration 
of topiramate is reduced and that of Bacopa monnieri is 
increased. This suggests that an increase in the 
concentration of the herbal drug not only increases the 
latency of seizure occurrence but also prevents and 
reduces the comorbid conditions which usually go hand 
in hand with epilepsy.  
 

The GABAA receptor is a member of the ligand gated 
ion channel super family with GABA being the major 
inhibitory neurotransmitter in the central nervous 
system. Binding of GABA to GABAA receptors 
activate a chloride ion influx through the channel, and 
the ligands for Benzodiazepine site modulate the 
inhibitory effects of GABA.  
 

Such ligands of the benzodiazepine binding site are 
classified as positive allosteric modulators, antagonists 
or negative allosteric modulators according to their 
spectrum of intrinsic activity towards GABA. The 
activity on GABA was exhibited when quantitative and 
qualitative evaluation was performed using UV 
Spectrophotometer and 2-Dimensional Paper 
Chromatography respectively. This showed a marked 
increase in GABA levels was observed in all groups in 
comparison to the negative control group. 
 

The majority of the currently available drugs fall into 
three pharmacological categories, those that modulate 
neuronal voltage gated sodium channels, those that 
inhibit the action of excitatory neurotransmitter and 
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those drugs that modulate the inhibitory 
neurotransmitter. The ability of the combinations to 
exhibit activity against seizures suggests that it may act 
through these different mechanisms to elicit anti 
convulsant effect. These combinations reduced the 
onset of seizures and provided protection against MES 
and PIC models which is evident in the behavioural 
parameters and the invitro estimation of GABA levels.  
 

Thus indicating that the combinations act 
predominantly through the GABA receptors and/or by 
modulating the ion channels. 
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