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Abstract

Objective(s)

Fabaceae is the third largest family of flowering plants. Lack of essential oils in the plants of this family can
be considered as an advantage and can favor them in search for safe and antiepileptic medicines. The effects
of Fabacea family plants including Ebenus stellata (E. stellata), Sophora alopecuroides and Caesalpinia
gilliiesii were evaluated in pentylenetetrazole (PTZ) and maximal electroshock (MES) seizure tests.
Materials and Methods

The hydroalcoholic extracts were obtained by percolation of 100 g aerial parts of each plant in 900 ml
ethanol 80%. Acute toxicity of the extracts was assessed. Non-toxic doses of the extracts were injected to the
mice intraperitoneally (i.p.) and occurrence of clonic seizures induced by PTZ (60 mg/kg, i.p.) or tonic
seizures induced by MES (50 mA, 50 Hz, 1 sec), were monitored up to 30 min after each administration. The
anticonvulsant extract was then fractionated by dichloromethane and water. Phytochemical screening of the
effective extract was also carried out by thin layer chromatography to verify active constituents.

Results

Among the extracts used, only E. stellata had no toxicity and inhibited clonic seizures in a significant and
dose-dependent (3-7 g/kg) manner with EDs, of 4 g/kg. Fractionation of the extract resulted in dose-
dependent (1-5 g/kg) anticonvulsant activity, which was observed in aqueous fraction with EDs, of 1.74
g/kg. Phytochemical screening revealed the presence of terpens/sterols, alkaloids, flavonoids, tannin and
saponins in the extract.

Conclusion

The presence of anticonvulsant compounds in E. stellata suggests further activity-guided fractionation and
analytical studies to find the potential of this plant as a source of anticonvulsant agents.
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Introduction

Epilepsy is the third most common neurological
disorder after stroke and Alzheimer's disease (1).
Current available anticonvulsant drugs are able
to efficiently control epileptic seizures in about
50% of the patients; 25% of the cases may show
improvement, whereas the rest of the patients do
not benefit significantly (2). Furthermore,
undesirable side effects of the drugs used
clinically often render treatment difficult; so that
a demand for new types of anticonvulsants
exists. One of the approaches to search for new
antiepileptic drugs is the investigation of
naturally-occurring compounds, which may
belong to new structural classes.

Fabaceae or Leguminosae is a large and
economically important family of flowering
plants, which is commonly known as the legume
family, pea family or bean family. Fabaceae is
the third largest family of flowering plants,
behind Orchidaceae and Asteraceae (3). Several

plants from Fabaceae family including
Tetrapleura  tetraptera, Albizia  lebbeck,
Seshania grandiflora, Butea monosperma,
Afrormosia laxiflora, Erythrina  velutina,

Erythrina mulungu, Sutherlandia frutescens,
Vicia faba, Astragalus mongholicus, and
Glycyrrhiza glabra have shown anticonvulsant
activity in animal models (4-15).

Essential oils often have high toxicity and
narrow therapeutic indices. Furthermore, their
particular chemical structure has low potential
for modification, which renders them unsuitable
candidates for drug design. Most of the plants of
Fabaceae family have no or negligible amount of
the essential oils. This can be considered as an
advantage and can favor the plants of this family
in search for safe and effective medicines
pertaining to new structural classes.

In this study the possible anticonvulsant and
toxic effects of three plants of Fabaceae family
including Ebenus stellata, Sophora
alopecuroides and Caesalpinia gilliiesii, were
evaluated in mice.

Materials and Methods

Plant materials

The plants were collected in May 2008.
E. stellata was collected from Maharloo lake in
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southeast of Shiraz. C. gilliiesii was collected
from Karaj. S. alopecuroides was collected from
sides of Natanz on Isfahan road. The plants were
authenticated and the voucher specimens
(No.74-8, 74-87 and 85-6, respectively) were
deposited in the Herbarium of Pasteur Institute
of Iran, Tehran.

Chemicals

Pentylenetetrazole (PTZ), phenytoin sodium
and ethosuximide were purchased from Sigma-
Aldrich  (Germany). Tween 80, dimethyl
sulfoxide (DMSO), ethanol, dichloromethane,
antimony trichloride, dragendorrf's reagent,
potassium hydroxide, glacial acetic acid,
vanillin, sulphuric acid, ferric chloride,
hydrochloric acid and sodium hydroxide were
purchased from Merck (Germany). PTZ,
phenytoin sodium and ethosuximide were
dissolved in saline solution (0.9% w/v). The
extract and its fractions were dissolved in Tween
80 (25%): DMSO (2:1v/v) mixture and used
freshly.

Extract preparation

One hundred grams of air-dried aerial parts of
each plant were grounded and extracted at the
room temperature for 48 hr by percolation
method using 80% ethanol (900 ml). The
extracts were then concentrated with a rotary
evaporator apparatus (IKA-RV 05 basic,
Germany) at temperature not exceeding 50 °C.
The yields of the extracts were 45% (w/w). The
extracts were stored at 4 °C throughout
experiments.

Fractionation

The crude extract of E. stellata was suspended in
200 ml distilled water and extracted with
dichloromethane (three times, 150 ml each). The
dichloromethane and the aqueous fractions were
collected separately, dried by rotary evaporator
at 40 °C and stored at 4 °C throughout
experiments (Figure 1).

Preliminary phytochemical screening

The crude extract of E. stellata was screened for
the presence of triterpens/sterols, alkaloids,
flavonoids, anthraquinones, anthrones,
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coumarines, valepotriates, essential oil and
tannins by thin layer chromatography using
silica gel G (Merck) plates of 0.25 mm thickness
(16). The extract was dissolved in Tween 80
(25%): DMSO (2:1v/v). Development was
carried out with ethyl acetate: methanol: water
(100: 13.5: 10 v/v/v) and ethyl acetate: toluene
(93: 7). After development, the plates were
sprayed with the following reagents for detection
of the respective classes of compounds:
antimony trichloride (triterpens/sterols),
Dragendorrf's reagent (alkaloids), potassium
hydroxide (anthraquinones, anthrones and
coumarins), hydrochloric acid and glacial acetic
acid mixture (valpotriates), vanillin and sulfuric
acid mixture (essential oil), and ferric chloride
(tannins). Reagents were prepared according to
Stahl method (17). Detection was carried out
visually in visible light and under UV light
(A =365 nm).

Animals

A total number of 350 male NMRI mice
(20-28 g, Pasteur Institute of Iran) were used.
The animals were housed in standard cages

(ten mice in each cage) with free access to
food (standard laboratory rodent's chow) and
water. The animal room temperature was
maintained at 2341 °C with a 12 hr light/12 hr
dark cycle (light on from 06:00 a.m.). The
study was approved by the Ethics Committee
of Pasteur Institute of Iran and conforms to the
European Communities Council Directive of
24 November 1986 (86/609/EEC). All animal
experiments were carried out in such a way to
minimize the number of animals and their
suffering. Each animal was tested once. All
injections were done intraperitoneally (i.p.) in
volume of 0.1 ml/10 g of mice body weight.

Acute toxicity

Mice (thirteen different groups, ten mice in
each group) were treated i.p. with the solvent
of the extracts (10 ml/kg), different doses of
the extracts (C. gilliiesii: 0.5, 1 and 4 g/kg, S.
alopecuroides: 0.2, 0.5 and 1 g/kg; E. stellata:
5, 6 and 7 g/kg) or the fractions (fl: 5 and 7
gkg, f2: 3 g/kg). The mortality rate was
recorded after 24 hr.

100 g dried aerial parts of Ebenus stellata

|

Percolation (Ethanol 80%, 900 ml)

Crude extract

Suspended in H,O (200 ml)

Extracted with CH,Cl, (3%150 ml)

Aqueous fraction
(f1, 18 g, 40%)

l

CH, CI, fraction
(2,32 g, 60%)

Figure 1. Flow diagram of fractionation of the crude extract obtained from the aerial parts of Ebenus stellata
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Figure 2. Effect of hydroalcoholic extract and fractions (f1: aqueous fraction, f2: dichloromethane fraction) of Ebenus stellata
on clonic seizures induced by pentylenetetrazole in mice. n= 10. *P< 0.05 and **P< 0.01 compared to control value

PTZ-induced seizures

The minimal i.p. dose of PTZ at which 99%
of the animals showed general clonus was
determined by a dose-percent effect curve
(18). General clonus was considered as the
criteria of clonic seizure, which was
characterized by clonus of four limbs with
transient loss of righting reflex (19). The
extracts (C. gilliiesii: 0.5 g/kg, S.
alopecuroides: 0.2 g/kg; E. stellata: 2, 3, 5, 6
and 7 g/kg) and fractions (f1: 0.5, 1, 3 and 5
g/kg, £2: 3 and 6 g/kg), the solvent of the
extracts and the fractions Tween 80 (25%):
DMSO (2:1, v/v) 10 ml/kg, as control),
ethosuximide (150 mg/kg, as positive control)
and saline (10 ml/kg, as control) were injected
to the mice (sixteen different groups, ten
animals in each group). After 30 min, PTZ (60
mg/kg) was injected to the animals. If no
general clonus occurred during a 30-min
period of observation, the animals were
considered protected.

MES-induced seizure

Electro-convulsive shock, inducing hind limb
tonic extension (HLTE) in 99% of the animals
(18) was determined by a current intensity-
percent effect curve. The electrical stimulus
(50 mA; 50 Hz; 1-sec duration) was applied
(15) through ear-clip electrodes (using a
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stimulator apparatus (MGH-777, Development
of Electronic Industry, Iran). Six groups of 10
mice, each were pretreated i.p. with the different
doses of the extracts (C. gilliiesii: 0.5 g/kg, S.
alopecuroides: 0.2 g/kg; E. stellata: 7 g/kg),
phenytoin (25 mg/kg, as positive control), saline
(10 ml/kg, as control) and the solvent of the
extracts (10 ml/kg, as control). After 30 min the
animals received transauricular electroshock. If
no HLTE was observed within 10 sec after
delivery of the electroshock, the animals were
considered protected.

Data analysis

The dose of the extract required to produce an
anticonvulsant effect (EDs) in 50% of the
animals was calculated by the method of
Litchfield and Wilcoxon (18) wusing a
commercial computer program (GRAPHPAD
INSTAT 3, version 2003). Data obtained from
convulsive tests were expressed as the
percentage of the animals showing
convulsions and Fisher's exact test was used to
analyze the data. P-value less than 0.05 was
the critical criterion for statistical significance.

Results
Mortality
The crude extracts of S. alopecuroides and C.
gilliiesii showed lethal effects at the doses of
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Figure 3. Effect of hydroalcoholic extract and fractions (f1: aqueous fraction, f2: dichloromethane fraction) of Ebenus
stellata on latency to occurrence of clonic seizures induced by pentylenetetrazole in mice. n=10. *P<0.05 and **P<0.01

compared to control value.

0.5 and 1 g/kg, respectively. However,
E. stellata crude extract and fractions had no
toxicity up to the dose of 7 g/kg (Table 1).

Anticonvulsant activity

The  hydroalcoholic  extracts of S.
alopecuroides and C. gilliiesii up to the
maximum non-toxic doses did not show any
anticonvulsant effect against seizures induced
by PTZ and MES (Tables 2 and 3). The
extract of E. stellata up to the dose of 7 g/kg

did not show any anticonvulsant effect against
tonic seizures induced by MES (Table 3). It
however inhibited clonic seizures induced by
PTZ and ED;, of 4 g/kg was obtained for the
extract (Figure 2, Figure 3).

Fractionation of E. stellata crude extract by
dichloromethane and water led to increase in
anticonvulsant potency that was observed in
aqueous phase and ED, of 1.74 g/kg was
obtained (Figure 2, Figure 3).

Table 1. Acute toxicity of Ebenus stellata, Sophora alopecuroides and Caesalpinia gilliiesii hydroalcoholic extracts and

fractions in mice

Treatment Dose Incidence of mortality %
Control 10 ml/kg 0

C. gilliiesii 0.5 g/kg 0
C. gilliiesii 1 g/kg 40
C. gilliiesii 4 g/kg 90Q***
S. alopecuroides 0.2 g/kg 0

S. alopecuroides 0.5 g/kg 50%
S. alopecuroides 1 g/kg 100%**
E. stellata 5 g/kg 0

E. stellata 6 g/kg 0

E. stellata 7 g/kg 0

f1 5 g/kg 0

f1 7 g/kg 0

2 3 g/kg 0

n=10. *P< 0.05 and ***P< 0.001 compared to control value. Control: Tween 80 (25%): DMSO (2:1, v/v), solvent of
the extract and the fractions. fl: aqueous fraction of Ebenus stellata hydroalcoholic extract, f2: dichloromethane

fraction of Ebenus stellata hydroalcoholic extract.
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Table 2. Effect of hydroalcoholic extracts of Sophora alopecuroides and Caesalpinia gilliiesii on clonic seizures

induced by pentylenetetrazole in mice.

Treatment Dose Incidence of clonic Latency to occurrence of clonic
seizures (%) seizures (sec)
Control 1 10 ml/kg 100 176.2 £40.3
Control 2 10 ml/kg 90 180.2 £20.3
Ethosuximide 25 mg/kg O*** -
C. gilliiesii 0.5 g/kg 100 344.7 + 54.8*
S. alopecuroides 0.2 g/kg 100 176.8 +27.3

n=10, *P< 0.05 and ***P< 0.001 compared to control value. Control 1: Saline, solvent of Ethosuximide; control 2:
Tween 80(25%): DMSO (2:1, v/v), solvent of the extracts and fractions.

Preliminary phytochemical analysis

The constituents of the crude extract of E.
stellata are demonstrated in Table 4. The
extract contains triterpens/sterols, flavonoids,
alkaloids, saponins, and tannin. Coumarins,
anthrones, valepotriates, anthraquinones and
essential oil were absent in the extract.

Discussion

PTZ and MES are the most commonly used
preliminary tests for screening of potential
anticonvulsant drugs. The MES test is
considered to be a predictor of likely therapeutic
efficacy against generalized tonic-clonic seizures
whereas the PTZ test represents a valid model
for human generalized myoclonic and also
absence seizures (19).

Fabaceae, which is the third largest family
of flowering plants, has been widely studied in
search for safe and effective antiepileptic
medicines (4-15). The genus Ebenus belongs
to this family and has more than 100 species
(3). However, there is no report regarding the
biological effects of the plants in this genus,
such as E. stellata. The present study is the
first report in this regard demonstrating that
the crude hydroalcoholic extract of E. stellata
possesses protective effect against clonic
seizures induced by PTZ. Fractionation of the
extract by dichloromethane resulted in 2.5
times augmentation in the anti-seizure
potency, as EDsg of 1.74 g/kg was obtained for
the aqueous fraction. This finding indicates
that fractionation has been capable of
separating the anticonvulsant components
from the crude extract. It seems that acceptable
potency as well as no toxicity of the aqueous
fraction makes it worthy for further studies.
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Our results indicated that the active
anticonvulsant principle(s) present in E. stellata
are polar compounds, since the activity was
observed in aqueous fraction and not in the
dichloromethane fraction. The phytochemical
tests performed in this study showed the
presence  of triterpens/sterols,  alkaloids,
flavonoids, tannin, and saponins in the crude
extract of E. stellata. The anticonvulsant activity
of ftriterpens (20), flavonoids (21), saponins
(22-23) and alkaloids (24) has been
demonstrated  previously.  Therefore, the
anticonvulsant activity of the extract and its
aqueous fraction could be attributed to the
activity of triterpens, flavonoids and alkaloids
present in the plant.

It has been proved that reduction of T-type
Ca®" currents by drugs such as ethosuximide can
prevent seizures induced by PTZ (25).

Table 3. Effect of Ebenus stellata; Sophora
alopecuroides; Caesalpinia gilliiesii hydroalcoholic
extracts on tonic seizures induced by maximal
electroshock in mice

Treatment Dose Incidence of tonic
seizures (%)

Control 1 10 ml/kg 100
Control 2 10 ml/kg 90
Phenytoin 150 OF**

mg/kg
C. gilliiesii 0.5 g/kg 100
S. 0.2 g/kg 100
alopecuroides
E. stellata 7 g/kg 100

n=10, ***P< 0.001 compared to control value. Control
1: Saline, solvent of phenytoin; control 2: Tween 80
(25%): DMSO (2:1, v/v), solvent of the extracts.
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Table 4. Components of the hydroalcoholic extract of
the leaves of Ebenus stellata

Compound Hydroalcoholic extract
Triterpens/sterols +

Alkaloids -+
Flavonoides ++

Saponins +

Tannin ++
Anthrones -
Anthraquinones -
Coumarines -
Valepotriates -

Essential oil -

+: positive; -: negative

Drugs that enhance gamma amino butyric

acid-type A (GABA,) receptor-mediated
inhibitory  neurotransmission,  such  as
benzodiazepines and phenobarbital can also
prevent PTZ-induced seizures (26).
Furthermore, activation of N-methyl-D-
aspartate receptor appears to be involved in the
initiation and generalization of the PTZ-
induced seizures (27). Accordingly, drugs that
block glutamatergic excitation mediated by
NMDA receptor such as felbamate have
anticonvulsant activity against PTZ-induced
seizures (26). Flavonoids, as one of the major
components present in E. stellata, are reported
to potentiate GABA-induced currents in native

GABA, receptors expressed in cortical
neurons (28) and also to selectively modulate
GABA receptor subtypes (29-30). Moreover,
flavonoids block NMDA receptors in a
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Acknowledgment
We appreciate Pasteur Institute of Iran for
their financial support by grant no. 374.

1. Vezzani M, French J, Bartfai T, Baram TZ. The role of inflammation in epilepsy. Nat Rev Neurol 2011; 7:31-
40.

2. Schmidt D, Loscher W. Drug resistance in epilepsy: putative neurobiologic and clinical mechanisms. Epilepsia
2005; 46:858-877.

3. Schrire BD, Lewis GP, Lavin M. Biogeography of the Leguminosae. In: Lewis G, Schrire G, Mackinder B,
Lock M, editors. Legumes of the world. First ed. Kew: Royal Botanic Gardens; 2005. p. 21-54.

4. Ojewole JA. Analgesic and anticonvulsant properties of Tetrapleura tetraptera (Taub) (Fabaceae) fruit aqueous
extract in mice. Phytother Res 2005; 19: 1023-1029.

5. Ojewole JA. Anticonvulsant property of Sutherlandia frutescens R. BR. (variety Incana E. MEY.) (Fabaceae)
shoot aqueous extract. Brain Res Bull 2008; 75: 126-132.

6. Kasture VS, Chopde CT, Deshmukh VK. Anticonvulsive activity of Albizzia lebbeck, Hibiscus rosa sinesis and
Butea monosperma in experimental animals. J Ethnopharmacol 2000; 71:65-75.

7. Kasture VS, Deshmukh VK, Chopde CT. Anxiolytic and anticonvulsive activity of Sesbania grandiflora leaves
in experimental animals. Phytother Res 2002; 16:455-460.

Iran J Basic Med Sci, Vol. 15, No. 3, May-Jun 2012 817



Ayeh Khodaparast et al

8. Kasture VS, Kasture SB, Chopde CT. Anticonvulsive activity of Butea monosperma flowers in laboratory
animals. Pharmacol Biochem Behav 2002; 72:965-972.

9. Haruna AK. Depressant and anticonvulsant properties of the root decoction of Afrormosia laxiflora
(Leguminosae). Phytother Res 2000; 14:57-59.

10. Vasconcelos SM, Lima NM, Sales GT, Cunha GM, Aguiar LM, Silveira ER. Anticonvulsant activity of
hydroalcoholic extracts from Erythrina velutina and Erythrina mulungu. J Ethnopharmacol 2007; 110:271-274.
11. Van Wyk BE, Albrecht C. A review of the taxonomy, ethnobotany, chemistry and pharmacology of

Sutherlandia frutescens (Fabaceae). J Ethnopharmacol 2008; 119:620-629.

12. Salih MA, Mustafa AA. A substance in broad beans (Vicia faba) is protective against experimentally induced
convulsions in mice. Epilepsy Behav 2008; 12:25-29.

13. Aldarmaa J, Liu Z, Long J, Mo X, Ma J, Liu J. Anti-convulsant effect and mechanism of Astragalus
mongholicus extract in vitro and in vivo: protection against oxidative damage and mitochondrial dysfunction.
Neurochem Res 2010; 35: 33-41.

14. Ambawade SD, Kasture VS, Kasture SB. Anticonvulsant activity of roots and rhizomes of Glycyrrhiza glabra.
Indian J Pharmacol 2002; 4:251-255.

15. Yazdi A, Sardari S, Sayyah M, Hassanpour Ezzati M. Evaluation of the anticonvulsant activity of the leaves of
Glycyrrhiza glabra var. glandulifera grown in Iran, as a possible renewable source for anticonvulsant
compounds. Iran J Pharm Res 2011; 10:75-82.

16. Wagner H, Bladt S. Plant Drug Analysis. 2nd ed. Berlin: Springer; 1996. p. 299-304.

17. Stahl E. Thin Layer Chromatography. 2nd ed. Berlin: Springer; 1969. p. 52-85.

18. Litchfield ST, Wilcoxon F.A simplified method of evaluating dose-effect experiments. J Pharmacol Exp Ther
1949; 96:99-105.

19. Loscher W, Schmidt D. Which animal models should be used in the search for new antiepileptic drugs? A
proposal based on experimental and clinical considerations. Epilepsy Res 1988; 2:145-181.

20. Gareri P, Condorelli D, Belluardo N, Gratteri S, Ferreri G, Donato Di Paola E, et al. Influence of
carbenoxolone on the anticonvulsant efficacy of conventional antiepileptic drugs against audiogenic seizures in
DBA/2 mice. Eur J Pharmacol 2004; 484:49-56.

21. Nassiri-Asl M, Shariati-rad S, Zamansoltani F. Anticonvulsant effects of intracerebroventricular
administration of rutin in rats. Prog Neuropsychopharmacol Biol Psychiatry 2008; 32:989-993.

22. Pal D, Sannigrahi S, Mazumder UK. Analgesic and anticonvulsant effects of saponin isolated from the leaves
of Clerodendrum infortunatum Linn. in mice. Indian J Exp Biol 2009; 47:743-747.

23. Chindo BA, Anuka JA, McNeil L, Yaro AH, Adamu SS, Amos S, et al. Anticonvulsant properties of saponins
from Ficus platyphylla stem bark. Brain Res Bull 2010; 78:276-282.

24. Bhutada P, Mundhada Y, Bansod K, Dixit P, Umathe S, Mundhada D. Anticonvulsant activity of berberine, an
isoquinoline alkaloid in mice. Epilepsy Behav 2010; 18:207-210.

25. Coulter DA, Hugenard JR, Prince DA. Characterization of the ethosuximide reduction in low-threshold
calcium current in thalamic neurons. Ann Neurol 1989; 25:582-593.

26. Macdonald RL, Kelly KM. Antiepileptic drugs mechanisms of action. Epilepsia 1995; 36:S2-S12.

27. Velisek L, Kusa R, Kulovana M, Mares P. Excitatory amino acid antagonists and pentylenetetrazole-induced
seizures during ontogenesis. I. The effects of 2-amino-7-phosphonoheptanoate. Life Sci 1990; 46:1349-1357.

28. Ren L, Wang F, Xu Z, Chan WM, Zhao C, Xue H. GABA(A) receptor subtype selectivity underlying
anxiolytic effect of 6-hydroxyflavone. Biochem Pharmacol 2010; 79:1337-1344.

29. Wang F, Xu Z, Ren L, Tsang SY, Xue H. GABA, receptor subtype selectivity underlying selective anxiolytic
effect of baicalin. Neuropharmacology 2008; 55:1231-1237.

30. Nilsson J, Sterner O. Modulation of GABA (A) receptors by natural products and the development of novel
synthetic ligands for the benzodiazepine binding site. Curr Drug Targets 2011; 12:1674-88. Review.

31. Zhang XN, Li JM, Yang Q, Feng B, Liu SB, Xu ZH, et al. Anti-apoptotic effects of hyperoside via inhibition
of NR2B-containing NMDA receptors. Pharmacol Rep 2010; 62: 949-955.

32. Huang R, Singh M, Dillon GH. Genistein directly inhibits native and recombinant NMDA receptors.
Neuropharmacology 2010; 58:1246-1251.

33. Faggion SA, Cunha AO, Fachim HA, Gavin AS, dos Santos WF, Pereira AM, et al. Anticonvulsant profile of
the alkaloids (+)-erythravine and (+)-11-a-hydroxy-erythravine isolated from the flowers of Erythrina mulungu
Mart ex Benth (Leguminosae-Papilionaceae). Epilepsy Behav 2011; 20:441-446.

34. Bhutada P, Mundhada Y, Bansod K, Dixit P,Umathe S, Mundhada D. Anticonvulsant activity of berberine, an
isoquinoline alkaloid in mice. Epilepsy Behav 2010; 18:207-210.

35. Longhi-Balbinot DT, Pietrovski EF, Gadotti VM, Martins DF, Facundo VA, Santos AR. Spinal
antinociception evoked by the triterpene 3beta, 6beta, 16beta-trihydroxylup-20(29)-ene in mice: evidence for the
involvement of the glutamatergic system via NMDA and metabotropic glutamate receptors. Eur J Pharmacol
2009; 623:30-36.

818 Iran J Basic Med Sci, Vol. 15, No. 3, May-Jun 2012



Anticonvulsant Activity of Ebenus stellata

36. Kim S, Kim T, Ahn K, Park WK, Nah SY, Rhim H. Ginsenoside Rg3 antagonizes NMDA receptors through a
glycine modulatory site in rat cultured hippocampal neurons. Biochem Biophys Res Commun 2004; 323:416-424.
37. Fiilep GH, Hoesl CE, Hofner G, Wanner KT. New highly potent GABA uptake inhibitors selective for GAT-1
and GAT-3 derived from (R)- and (S)-proline and homologous pyrrolidine-2-alkanoic acids. Eur J Med Chem
2006; 41: 809-824.

38. Chindo BA, Anuka JA, McNeil L, Yaro AH, Adamu SS, Amos S, et al. Anticonvulsant properties of saponins
from Ficus platyphylla stem bark. Brain Res Bull 2009; 78:276-282.

Iran J Basic Med Sci, Vol. 15, No. 3, May-Jun 2012 819



