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ABSTRACT

Background: Grewia bicolor (G. bicolor) root is used in traditional medicine in Sudan to treat
diseases of the nervous system such as anxiety and epilepsy and also to tranquilize agitated patients.
Objectives: To explore the anticonvulsant and anxiolytic activities of this medicinal plant in rats.
Materials and Methods: The ethanolic extract of the root of G. bicolourat (200, 400 and 800
mg/kg, i.p was studied for its anticonvulsant effect on four in vivo rat models (Maximal
Electroshock Seizure (MES), Pentylenetetrazole (PTZ)-, picrotoxin (PIC)- and Strychnine (STR) -
induced seizures). Simple activity meter was used for the evaluation of the anxiolytic properties.
Sodium valproate (400 mg kg) was used as a reference anticonvulsant drug for all models. The
protection from tonic convulsions and the number of protected animals from seizures were noted.
The numbers of movements between the squares in the activity meter were counted in the
consecutive 5 minutes and the motor activity was observed.

Results: G. bicolourroot extract showed marked anxiolytic effect and significant decrease in the
motor activity (p< 0.05) since the first dose (200mg/kg) in a dose-dependent manner. The doses
(400-800 mg/kg) of the extract significantly (p < 0.01 - p < 0.001) reduced the duration of seizures
induced by maximal electroshock (MES) and delayed the onset of tonic-clonic seizures produced by
strychnine, whereas, all the tested doses significantly protected the animals (up to 100%) from
pentylenetetrazole- and picrotoxin- induced seizures.

Conclusion: G. bicolourroot seemed to possess anticonvulsant and anxiolytic effect in rats.
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raditional medicine in many areas of

the world relies on the use of a wide

variety of plant species. Only 10% of
plants have been studied for their
pharmacological  properties’. In  folk
medicine, a number of species of genus
Grewia have been used as medicinal agents to
treat several diseases in different parts of the
globe. The extract and preparation from
various species exhibited various biological
effects, e.g. antioxidant, anti- bacterial and
analgesic effect’. G. bicolor is one of the
medicinal plants used in Africa and Sudan.
The Petroleum ether extract of G.bicolor is

1. Assistant Professor, Department of Pharmacology,
Faculty of Pharmacy, OIU, Khartoum, Sudan.

2. Prof. of Pharmacy, Department of Pharmacology,
Faculty of pharmacy, OIU, Khartoum, Sudan.

3. Associate Professor, Department of Pharmacology,
Faculty of Pharmacy, Al- Ahfad University, Khartoum,
Sudan.

*Correspondence to: maysashamoun@yahoo.com

© Sudan JMS Vol. 9, No.3. Sept 2014

used for treating postulant skin lesions and
sometimes also as a tranquilizer’. The three
alkaloids: Harman, 6-methoxyharman and 6-
hydroxyharman isolated from the methanol
extract of this plant, have antibacterial
properties’. Mohammed et al* reported
pharmacological activities of G. bicolour
roots and proved that the active compound,
apparently a peptide, exerted a serotonin-like
effect on rat uterus, rat fundus and rabbit
jejunum.

This research work aimed to assess and
evaluate the anticonvulsant and anxiolytic
activity of G. bicolour root extract through
using different animal models.

MATERIALS AND METHODS:

Plant material:

G. bicolourroots were purchased from its
natural homeland at Kurdufan Province,
southwest Sudan. The plant was authenticated
by Taxonomy Department of Medicinal and
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Aromatic Herb Research Institute, National
Council for Research, Khartoum, Sudan.

The roots were then washed and allowed to
dry in open air for 7 days. The dried plant
material was crushed manually using manual
grinder into a fine powder.

Ethanolic extraction process was followed
according to Pavia et al’. 100g of the
grounded roots were transferred into a round
bottom flask and submerged in 80% ethanol.
The flask was stoppered and left for 24 hours.
The extract was then filtered using sterile
cotton pieces. The filtrate was re-submerged
in the re-collected ethanol (from the previous
step) and left again for 24 hours. This process
was repeated 7 times till the remaining
solvent became clear. Then, the filtrate was
concentrated to a powdered form through
complete evaporation of the extraction
solvent at 80°C, using gentle heat. The
resultant residue was dried by dry air to a
constant weight.

Chemicals:

Pentylenetetrazole, sodium valproate,
picrotoxin and strychnine were used to induce
seizers and all were from Sigma Chemical,
USA.

The experimental animals:

Adult male rats, Wister Albino Rats (WAR),
weighting 110-125g were housed in standard
cages under controlled conditions at
temperature (25°C) and relative humidity
(40%) with a 12h light cycle beginning at 7
am. The rats were provided with standard diet
(laboratory rodent's chow) and tap water. All
experiments were carried out between 8 a.m.
and 12 noon’. Rats were divided into five
groups; each group received 3 different doses
(200, 400 and 800 mg/kg. i.p) of the plant
extract as one dose for one rat in each group.
One group was given 400 mg/ kg. i.p sodium
valproate as a reference drug (positive
control). The last group was given 10ml/kg.
1.p distill water (negative control).
Phytochemical screening:

Preliminary phytochemical characterization
of the extract was done using methods already
described for the determination of alkaloids,
anthraquinones,  flavonoids,  glycosides,
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phenols, saponins and tannins by Harbone’
with many few modifications.

Measurement of anxiolytic activity in rats:
An anxiety model, simple activity meter test,
was used to explore the anti- anxiolytic effect
of the tested extracts®. The simple activity
meter is a box composes of two glassy and
two wooden sides stand on 625 cm® wooden
plane board divided into 25 squares, each
square was 25 cm’. A rat was placed on the
center of the board and left to move freely for
a period of 5 minutes. The number of
movements between the squares were counted
in the consecutive 5 minutes. Decrease in
number of movements/5 minutes was taken as
an indication of anti-anxiety activity and
reflected the decrease in motor activity.
Pharmacological tests and assessment of
anticonvulsant activity:

Pentylenetetrazole (PTZ) -induced seizure
test: Myoclonic jerks seizures were induced
in male rats by subcutaneous injection of 70
mg/kg pentylenetetrazol (PTZ) * !0 11and 12,
The protective effect of the different doses of
the extract was recorded. The tested extract
was given 45 minutes before PTZ injection.
The positive control group received
400mg/kg. ip sodium valproate.

Picrotoxin (PIC) - induced seizure test:
This model acts to  disrupt the
inhibition/excitation balance and creates an
epileptogenic focus'?.

Clonic seizures were induced in male rats by
subcutaneous injection of 10 mg/kg/i/p
picrotoxin. The various doses of the decoction
were given 45 minutes before picrotoxin
administration while sodium valproate was
given 15 minutes before picrotoxin injection.
The protective percentage was then recorded.
Maximal electroshock test (MES): Tonic
convulsions of the hind extremities of mice
were induced by passing an alternating
electrical current (50 mA, of 100 Hz
frequency pulse/sec.) for 0.5 sec. duration
through ear electrodes ' '* 2% One group
of five rats received distilled water and served
as a negative control group. Another group of
five rats received sodium valproate 400
mg/kg ip and served as a positive control
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group. The other three groups received the
three different doses of the extract. The
number of animals protected from tonic hind
limb extension was determined in each dose
group.

Strychnine (STR) test:  Convulsions
followed by death were induced in male mice
by the subcutaneous injection of 2.5 mg/kg
strychnine (STR) nitrate. The protective effect
of different intraperitoneal treatments given
45 minutes prior to STR was recorded.
Animals that survived more than10 minutes
were classified as protected. The positive
control group received 400 mg/kg. ip sodium
valproate > ',

Statistical analysis:

Anticonvulsant and Anxiolytic Properties of the Roots of Grewia bicolor in Rats

The values are expressed as mean + standard
error mean (M = SEM) and the data were
analyzed using one way ANOVA followed by
Tukey-Krammer test. The level of
significance was set at P < 0.05. Median
anticonvulsant dose (EDsg) was calculated
according to the method of Litchfield and
Wilcoxon'®. A computer program was used to
calculate 95% confidence limit of EDsg.

RESULTS:

Phytochemical characterization: Chemical
characterization showed that the extract of G.
bicolor contained alkaloids, anthraquinones,
flavonoids, glycosides, phenols, saponins and
tannins.

Table (1): The effects of Grewia bicolor extract on the motor performance in the simple activity

meter test in the studied rats.
Dose (mg/kg) i.p

400 (mg/kg) 800 (mg/kg)

| 200 (mg/kg)

Movements 394+3.67 394+3.67 39.4+3.67

count/5 minutes

Mean +SEM Control group

Mean +SEM treated group |28.6+3.97 12.4+1.54""  10.4+£1.63

Treatment was compared with control group. ~ p< 0.05, ~ p< 0.001

Table (2): The effect of G. bicolor on Pentylenetetrazole (PTZ) — induced convulsions among the
studied rats.

Treatment | Sodium valproate Grewia bicolor
EDsg 162 167.20
(95% C.L.), mg/kg (140-185) (107.91 —201.37)

Three to 5 doses were used to calculate EDsg (in mg/kg).

Table (3): The effect of G. bicolor against Picrotoxin (PIC)- induced convulsion in the studied rats

Treatment ’ Sodium valproate Grewia bicolor
EDsg 192.6 208.78
(95% C.L.),mg/kg (159-207) (123.43 — 385.79)

3 to5 doses were used to calculate EDsg (in mg/kg).

The effects of G. bicolourextract on the
motor performance in the simple activity
meter test: The plant showed marked
anxiolytic effect and significant decrease in
the motor activity (p< 0.05) since induction of
the first dose (200mg/kg) in a dose-dependent
manner (Table (1)).

Effect of G. bicolor on pentylenetetrazol-
induced seizures: G. bicolorextract exhibited
appreciable anticonvulsant protection to the
rats against PTZ-induced seizures. All the
tested doses (200,400 and 800 mg/kg. ip) as
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well as sodium valproate 400 mg/kg. ip
provided 100% protection to rats against
PTZ-induced seizures as shown in table (2).

The Effect of G. bicolor against Picrotoxin
(PIC)- induced convulsion: The plant extract
proved a potent anticonvulsant activity
against PIC-induced seizures. A dose of 200
mg/kg, ip appeared 40% protection against
PIC-induced seizures while the protection
ratio increased up to 80% after the
administration of 400mg/kg ,ip. 100%
protection was observed in the group that

139



Shamoun et al.  Anticonvulsant and Anxiolytic Properties of the Roots of Grewia bicolor in Rats

Table (4): The effect of G.bicolor extract on maximal electroshock (MES)- induced seizures among the
studied rats.

Type of treatment | Dose rate  Protection rate Time (sec) for duration of  Recovery/ death
(mg/kg) against MES % recovery (Mean = SEM)
Saline (Control) (1 ml/rat) 0% 174.20+£23.01 Recovery
Standard valproate | 400 100% 0.00 +0.00™" Recovery
G.bicolor 200 0 % 95.80+4.48" Recovery
400 60 % 12.2049.89"" Recovery
800 80 % 4.00+4.00"" Recovery

*p < 0.05 significant, ***p < 0.001 highly significant (compared with the respective control).

Table (5): The effect of G. bicolor extracts on strychnine (STR) - induced seizuresin the studied rats.

Type of treatment | Dose rate  Protection rate Time (Min) of the latency Survive/ death
(mg/kg) against STR % of convulsions (Mean +
SEM)
Saline (Control) (1mlrat) 0% 3.20+0.86 Death
Standard valproate | 400 100% 0.00 +0.00"" Survive
G. bicolor 200 0% 9.00+1.22 Death
400 40% 22.60+1.77 Death
800 60% 45.60+3.14" Death

"p < 0.05 significant, ~ p < 0.001 highly significant (compared with the respective control).

administered 800 mg/kg, ip. (Table (3)). Al
the affected animals were recovered and no
incidence of deaths was recorded.

Effect of G. bicolor on maximal
electroshock (MES) -induced seizures: The
anticonvulsant compound sodium valproate
completely protected rats against MES-
induced seizures (P < 0.001). The dose of 800
mg/kg showed 80% protection in the tested
group and significantly (p< 0.001) decreased
the recovery period by (4.00 + 4.00)
compared to the control group (174.20 +
23.01 sec ). 400 mgkg induced 60%
protection against the MES with significant (p
<0.001) decrease in the recovery period by
(12.20+ 9.89 sec) compared to the control.
200 mg/kg,ip showed significant (p <0.05)
reduction in the recovery period which was
(95.80+4.48 sec) (Table (4)).All the animals
recovered and no deaths were recorded.

Effect of G.bicolor on strychnine (STR)-
induced seizures: Sodium  valproate
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completely protected the rats against STR-
induced seizures (p< 0.001). In the same way,
G. bicolor significantly increased the number
of protected rats by increasing the delay of
convulsions  occurrence  induced by
strychnine. 800 mg/kg, ip of the plant extract
appeared significant (p< 0.001) increase in
the latency of seizures by (45.60 + 3.14 min)
compared to the negative control (3.20 + 0.86
min), whereas, 400mg/kg significantly
(p<0.05) increased the latency of seizures by
(22.60+1.77 min) (Table (5)).

DISCUSSION:

The results of the current study indicate that
G. bicolourhave  potential  anxiolytic
properties. This potentiation of anti-anxiety
suggests the presence of anxiolytic-sedative
properties in the extract of G. bicolor'> "
The result corresponds to the finding of Tijani
et al'® who reported that the methanolic
extract of G. lasiodiscus root at 25, 50 and
100 mg/kg prolonged duration of sleep in
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pentobarbitone-induced hypnosis in mice
when compared with the control groups. This
prolongation of pentobarbitone induced
hypnosis observed in this study, strongly
suggests that the genus Grewia possess
central depressant activity'*and supports our
study suggestion that G. bicolor root extract
may depresses the motor activity performance
and induce anxiolytic- sedative effect.

The anxiolytic- sedative properties found here
could explain the use of this plant in
traditional medicine in Africa, particularly in
Sudan, in the treatment of the nervous system
diseases such as insomnia, anxiety and
epilepsy and also to tranquilize agitated
patients.

G. bicolour also showed significant
anticonvulsant  properties by  inhibiting
convulsions  induced  chemically  or
electrically.

The extract protected rats against PTZ-, PIC-
and STR-induced seizures in a dose- depend
manner. As PTZ has been shown to interact
with the gamma amino butyric acid (GABA)
neurotransmitter’, the antagonism of PTZ-
induced seizures suggests that G. bicolor
interacts with GABA ergic neurotransmission
since PTZ 1is a selective blocker of the
chloride ionophore complex to the GABA-A
receptor. Picrotoxin (PIC)- induced seizures is
known to be a non-competitive GABA
antagonist, exerting its effect by blocking the
chloride channel in the GABA, receptor
complex®®” ?' 2 Tt is used to induce acute
simple partial seizures and generalized tonic-
clonic seizures™. The antagonism of PIC-
induced seizures suggests the interaction of
the plant extract with the GABA-ergic
neurotransmission.

The inhibition of STR-induced seizures by G.
bicolor extract suggests that it possesses
anticonvulsant properties®** and that glycine
neurotransmission is involved®®.G. bicolor
completely antagonized =~ MES-induced
seizures probably by prolonging the
inactivation of sodium channels'.
Correspondingly, many previous studies on
Grewia species proved that the genus Grewia
has a potential depressant effect on the CNS.
The ethanolic extract of G. elastic, G.
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microcos, G. tiliaefolia, G. emarginata, G.
rothii and G. rotundifolia showed CNS
depressant activity when tested against MES-
induced seizures assay and exhibited
§i2g7n3ilﬁcant decrease in the tonic-clonic phase
Besides, the genus Grewia contains harman
alkaloids which belong to the class of -
carbolines which stimulate the GABAergic
axons and act strongly as a benzodiazepine
agonist in the brain and thus enhance the
effect of the neurotransmitter (GABA) at the
GABA,A receptor, resulting in sedative,
hypnotic, anxiolytic, anticonvulsant, and
muscle relaxant properties™~. These alkaloids
implicated in a number of human diseases
including Parkinson's disease, tremors and
addiction due to its depressant effect on the
CNS®.

Mohammed et al * reported that the active
compound of G. bicolour possesses a
serotonin-like  effect. Many studies in
experimental ~models have  suggested
apotential role for serotonergic transmission
in epilepsy. Serotonin plays an important role
and enhances the action mechanism of some
antiepileptic drugs like carbamazepine and
valproate which release 5-HT as a part of
their mechanism of action®. Agents that
elevate extracellular serotonin (5-HT) levels,
such as 5-hydroxytryptophan and serotonin
reuptake blockers, inhibit both focal and
generalized seizures’. Another relation
between the GABA receptors and the
serotonin  receptors was reported by
Chintawar et al’® who reported that the extract
of  Albizzialebbeck was found to be
anticonvulsant in mice as well as it decreased
the brain concentrations of GABA whereas
the 5-HT level was increased.

Also, reduced 5HT;n binding, without
significant neuronal loss, induced seizures in
animal models®’. Finally, the phytochemical
screening of tested extract revealed the
presence of alkaloids, tannins, triterpenes,
flavonoids, phenols, saponins and glycosides.
The phytochemicals such as tannins,
triterpenes and glycosides were reported as
active  substances  for  anticonvulsant
activity’>’. Also, many animals’ models
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showed that flavonoids exerted their effects
through the central benzodiazepine receptors
as well as GABAA receptor ligands** *' 442,
Hence, these phytochemicals might be
contributing to the anticonvulsant activity of
the tested extract.

These findings and facts about the genus
Grewia and particularly G. bicolor strongly
support the suggestion in this study that G.
bicolor root extract may  possesses
anticonvulsant activity and it may induce this
action through the GABAergic
neurotransmission and by prolonging neurons
sodium channels inactivation with probably
serotonin modulating.

CONCLUSION:

In conclusion, it could be suggested that G.
bicolour seems to possess anticonvulsant and
anxiolytic properties in rats. These properties
could explain the use of this plant in
traditional medicine in Africa, especially in
Sudan, in the treatment of anxiety and

epilepsy.

Acknowledgments:

The authors cordially appreciate the
assistance rendered to them by Al-Ahfad
University and Department of Medicinal and
Aromatic Herb Research Institute, National
Council for Research, Khartoum, Sudan and
they are commendable by providing
apparatuses and drugs.

REFERENCES:

1. Hamburger M, Hostettman K. Bioactivity in
plants: The link between phytochemistry and
medicine. Phytochemistry 1991; 30: 3864-3874.

2. Goyal K. Phytochemical and pharmacological
properties of the genus grewia: a review.
International ~ journal of  pharmacy and
pharmaceutical sciences 2012; 4, (1): 72-78.

3. Jaspers WJ, Bashir AK, Zwerving JS, Malingre
TM. Investigation of Grewia bicolor Juss. J.
Ethnopharmacol. 1986;17 (3): 205-211.

4. Mohamed AE, Karrar MA, Salih AE, Bashir AK,
Ali MB,Khalid SA. Pharmacological activities of
Grewiabicolor roots. J Ethnopharmacol1990; 28 (3)
: 285-92.

5. Pavia DL, Lampman GM, Kriz GS. Introduction to
organic laboratory technique, W.B. Saunders Co.,
Philadelphia; 1976. P. 50-54.

6. Loscher W, Fassbender CP, Nolting B. The role of
technical, biological and pharmacological factors in
the laboratory evaluation of anticonvulsant drugs.

© Sudan JMS Vol. 9, No.3. Sept 2014

Anticonvulsant and Anxiolytic Properties of the Roots of Grewia bicolor in Rats

III. Pentylenetetrazole seizure models. Epilepsy Res
1991;8: 171-189.

7. Harbone JB. Phytochemical methods. A guide to
modern techniques of plant analyses. Chapman and
hall, London; 1976. P. 150.

8. Turner RA. General methods. In: Screening
methods in pharmacology. Academic Press, New
York and London; 1965. Vol.1, pp. 42.

9. Ngo Bum E, Schmutz M, Meyer C.
Anticonvulsant properties of the methanolic extract
of Cyperusarticulatus (Cyperaceac).
JEthnopharmacol 2001; 76:145-50.

10.Ngo Bum E, Dawack DL, Schmutz M,
Rakotonirina A, Rakotonirina SV, Portet C, Jeker
A, Olpe HR, Herrling P. Anticonvulsant activity of
Mimosa pudica decoction. Fitoterapia 2004; 75(3-
4): 309-314.

11.Smith M, Wilcox KS, White HS. Discovery of
antiepileptic drugs. Neurotherapeutics 2007; 4: 12-
17.

12. Holmes GL. Animal model studies application to
human patients. Neurology 2007; 69(24) : 28-32

13. GhanimUllah, Steven J. Schiff. "Models of
Epilepsy". Scholarpedia 2009; 4(7): 1409.

14.Kruse HJ,Kuch H. Etifoxine: evaluation of its
anticonvulsant profile in mice in comparison with
sodium valproate, phenytoin and clobazam.
Arzneimittelforschung1985; 35(1):133-5.

15.Ngo Bum E, Taiwe GS, Moto FC, Ngoupaye GT,
Nkantchoua GC, Pelanken MM, Rakotonirina SV,
Rakotonirina A. Anticonvulsant, anxiolytic and
sedative properties of the roots of Nauclealatifolia
in mice. Epilepsy & Behavior 2009; 15(4) 434—440.

16. Litchfield JT , Wilcoxon FA. A simplified method
of evaluating dose-effect experiments. J.
Pharmacol. Exp. Ther. 1949; 96: 99-113.

17. Rakotonirina SV, Ngo Bum E, Rakotonirina A,
Bopelet M. Sedative properties of the extract of the
rhizome of Cyperusarticulatus. Fitoterapia 2001;
72 (1): 22-29.

18. Tijani AY, Okhale SE, Oga FE, Tags SZ, Salawu
OA, Chindo B A. Anti-emetic activity of
Grewialasiodiscusroot  extract and fractions.
African Journal of Biotechnology 2008; 7 (17):
3011-3016.

19.Perez GRM, Perez IJA, Garcia D, Sossa MH.
Neuropharmacological activity of Solanumnigricum
fruits. J. Ethnopharmacol 1998; 62: 43-48.

20.0lsen  RW. GABA-benzodiazepine-barbiturate
receptor interactions. J. Neurochem1981; 37(1): 1-
13.

21.Nicol RA. Introduction to the pharmacology of the
central nervous system (CNS). In: Basic and
ClinicalPharmacology. Katzung BG, McGraw-Hill,
New York; 2007. P. 489-507.

22.Gale K. GABA and epilepsy: Basic concepts from
preclinical research. Epilepsia 1992;5(33): S3-S12.

23.Lucindo J, Quintans J, Jackson R, Julianeli T,
Xirley P, Jullyana S, Leandra E, Reinaldo N,
Petronio F, José M. Plants with anticonvulsant

142



Shamoun et al.

properties-a  review. Brazilian Journal of
Pharmacognosy 2008; 18: 78-819.

24. Fisher RS. Animal models of the epilepsies. Brain
Res Rev 1989; 14:245-78.

25.Mustafa AM, Ali AM. Substance in broad beans
(Viciafaba) is protective against experimentally
induced convulsions in mice. Epilepsy Behav 2008;
12:25-9.

26.Findlay GS, Wick M.J, Mascia MP, Wallace D,
Millier GW, Harris RA, Blednov YA. Transgenic
expression of a mutant glycine receptor decreases
alcohol sensitivity of mice. Journal Pharmacology
Experimental Therapeutics 2002; 300 (2): 526-534.

27.Aswal BS, Goel AK, Kulshrestha DK, Mehrotra
BN, Patnaik GK. Screening of Indian plants for
biological activity: Part XV. Indian Journal of
Experimental Biology 1996; (34): 444-467.

28.Bhakuni DS, Dha ML, Dhar MM, Dhawan BN,
Mehrotra BN. Screening of Indian plants for
biological activity. II. Indian J ExpBioll1969;
7(4):250-62.

29. Goel AK, Kulshreshtha DK, Dubey MP, Rajendran
SM. Screening of Indian plants for biological
activity: Part XVI. Indian J ExpBiol2002;
40(7):812-27.

30. Dhar ML, Dhar MM, Dhawan BN, Mehrotra BN,
Srimal RC, Tandon JS. Screening of Indian plants
for biological activity: Part IV Indian J. Exp. Biol
1973; 11: 43.

31.Dhar ML, Dhar MM, Dhawan BN, Mehrotra BN,
Srimal RC, Tandon JS. Screening of Indian plants
for biological activity: Part XV Indian J. Exp. Biol
1974; 12: 512.

32.Dolzhenko AT, Komissarov IV. GABA-ergic
effects of harman independent of its influence on
benzodiazepine receptors. BiullEkspBiol Med1984;
98(10):446-8.

33.Pfau W, Skog K. Exposure to beta-

© Sudan JMS Vol. 9, No.3. Sept 2014

Anticonvulsant and Anxiolytic Properties of the Roots of Grewia bicolor in Rats

carbolinesnorharman and harman. Journal of
Chromatography B 2004; 802: 115.

34. Theodore WH. Does Serotonin Play a Role in
Epilepsy? EpilepsyCurr2003; (5): 173-177.

35.Bagdy G, Kecskemeti V, Riba P,Jakus R. Serotonin
and epilepsy. J Neurochem2007; 100(4):857-73.

36. Ashish M, Sunita P. Anticonvulsant study of
pongamiapinnatalinn against pentylenetetrazole
induced convulsion in rats. International Journal of
Pharma and Bio Sciences 2010; V1(2).

37.Van Bogaert P, De Tiege X, Vanderwinden JM,
Damhaut P, Schiffmann SN, Goldman S.
Comparative study of hippocampal neuronal loss
and in vivo binding of 5-HT), receptors in the Ka
model of limbic epilepsy in the rat. Epilepsy Res
2001; 47: 127-139.

38. Ambawade SD, Kasture VS,Kasture SB.
Anticonvulsant activity of roots and rhizomes of
Glycyrrhizaglabra. Indian J Pharmacol 2002; 34:
251-255.

39.Ganga R M, Jennnifer F, Vijayanarayana K.
Evaluation of Antiepileptic activity of the
Alcoholic extract of Adhatodavasica leaves in rats.
Research Journal of Pharmaceutical, Biological and
Chemical Sciences 2011; 2 (3) : 5-10.

40.Reza HM, Mohammad H, Golnaz E, Gholamreza S.
Effect of methanolic extract of HyoscymusnigerL.
on the seizure induced by picritoxin in mice. Pak J
Pharm Sci2009; 22(3): 308-312.

41.Griebel G, Perrault G, Tan S, Schoemaker H,
Sanger DJ. Pharmacological studies on synthetic
flavonoids: comparison with diazepam.
Neuropharmacology 1999; 38: 965-977.

42. Marder M, Estiu G, Blanch LB, Viola H, Wasowski
C, Medina JH, Paladini AC. Molecular modeling
and QSAR analysis of the interaction of flavone
derivatives with the benzodiazepine binding site of
the GABA(A) receptor complex. Bioorg. Med.
Chem 2001; 9, 323-335.

143



