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Background. Ficus benjamina L. is an evergreen tree, native to Southeast Asia, and often known as a weeping fig. Its latex and fruit
extracts are used by indigenous cultures to cure skin conditions, inflammation, vomiting, leprosy, malaria, and nasal ailments. The
aqueous extract of the figs of Ficus benjamina L. has various therapeutic values, including biological activities on the central
nervous system. Materials and Methods. The extract of the dried figs of Ficus benjamina L. (FBE) was prepared by defatting with
petroleum ether for 16 h followed by soxhelation with 70% methanol (1:10 w/v) for 24 h, and standardization of the extract was
carried out using HPLC with 5-HT as a standard. Electroconvulsions were induced by the maximal electroshock model, and
chemoconvulsions were induced by picrotoxin. Results. The HPLC chromatogram of the Ficus benjamina L. extract showed an
absorption peak with a retention time of 1.797 min, similar to that observed with standard serotonin (5-HT) solution. In the
maximal electroshock model, FBE significantly reduced the duration of the tonic hind limb extensor and extensor-to-flexor ratio
(E/F ratio) in a dose-dependent manner. Moreover, in the picrotoxin-induced seizure model, FBE increased the seizure latency
and decreased the duration of tonic-clonic convulsions dose-dependently. We confirmed the anticonvulsant activity of the FBE
extract as it attenuated both maximal electroshock and picrotoxin-induced convulsions. Conclusion. The in vivo studies revealed
that the Ficus extract was found to protect the animals in electroshock-induced and picrotoxin-induced convulsions.

1. Introduction

Epilepsy is a neurological disorder, primarily caused by an
imbalance between excitatory and inhibitory neurotrans-
mission, which leads to abnormally synchronized firing of
groups of neurons [1]. Approximately 50 million individuals
worldwide suffer from epilepsy, which is a serious global
health issue. It is one of the most widespread chronic
neurological conditions in the world and, in some regions,

has detrimental physical, financial, and discriminatory ef-
fects [2]. After a stroke and Alzheimer’s disease, epilepsy is
the third most frequent neurological condition [3]. Based on
suspected underlying causes, epilepsy is divided into genetic
and acquired epilepsy. Genetic epilepsy results from a ge-
netic predisposition of the brain to produce seizures, while
acquired epilepsy is due to acute insult or a lesion that alters
the cellular, molecular, and physiological properties that give
origin to seizures [4]. It has been suggested that altered
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neuronal membrane permeability, decreased inhibitory
neuronal regulation, or neurotransmitter imbalance may be
the probable initiators of seizures, though the precise cellular
effect is not fully clear [2].

Current anticonvulsant medicines can effectively manage
epileptic seizures in approximately 50% of patients; 25% of
cases may improve, while the remaining patients do not
benefit appreciably [2]. Furthermore, unwanted side effects of
clinically used medications frequently make therapy difficult
[5, 6]. Benzodiazepines have dependence liability, along with
an increased risk of glaucoma and respiratory depressive
effects [5]. Moreover, drugs like carbamazepine cause upset
stomach, serious skin reactions, and may reduce sodium
levels. Phenobarbital and its derivative treatment can lead to
memory loss, sedation, depression, and also possess chances
of birth defects [6]. Pregabalin, a2¢ calcium channel subunit
ligand, is often associated with trouble in concentration,
sedation, weight gain, and swelling of hands and feet [7].

Medicinal plants are used for the treatment of different
infections. These plants contributed as a source of inspi-
ration for novel therapeutic compounds. The medicinal
value of plants is due to the presence of a wide variety of
secondary metabolites including alkaloids, glycosides, tan-
nins, volatile oil, and terpenoids [8, 9]. Several medicinal
plants have been explored for their anticonvulsant activity in
various animal models. These include Carum copticum [10],
Erythrina mulungu [11], Anisomeles malabarica [12], Ana-
cyclus pyrethrum [13], Zizyphus jujuba, Passiflora incarnata
[14], Acorus calamus, Crocus sativus, Emblica officinalis,
Ginkgo biloba, Hypericum perforatum, Matricaria recutita,
and Panax ginseng [15]. Ficus is a large genus with as many as
800 species [16]. The methanol extract from leaves of Ficus
hispida has been reported to inhibit chemically induced
convulsions in mice [17]. The aqueous extract of roots of
F. religiosa has been studied for its protective action in
strychnine and pentylenetetrazole-induced seizures [18].
Figs of F. religiosa have also been documented to have
anticonvulsant activity [19]. The anticonvulsant action of
most of the Ficus species has been attributed to the rich
content of serotonin (5-HT) in these plants [18, 19]. The
most common cause of mortality in people with refractory
epilepsy is sudden unexpected death. The pathophysiology
of sudden unexpected death in epilepsy patients is heavily
influenced by defects in central respiratory regulation and
serotonin (5-HT) system malfunction [20]. Furthermore, it
has been reported that the increased serotonin level is as-
sociated with a reduced incidence of seizure-related
breathing problems in epilepsy patients [21].

Literature evidence delineates that its latex and fruit
extracts are used by indigenous cultures to cure skin con-
ditions, inflammation, vomiting, leprosy, malaria, and nasal
ailments [22]. Moreover, many parts of the plant have long
been widely utilized in traditional medicine to treat skin
problems and dysentery [23]. A preliminary investigation of
the Ficus benjamina L. fig extract revealed the presence of 5-
HT. However, to date, no studies have been reported for its
anticonvulsant potential. Therefore, the present study is
designed to investigate the anticonvulsant effect of ripe figs
of Ficus benjamina L.
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2. Material and Methods

2.1. Drugs and Chemicals. Picrotoxin (Cat No. P1675) and
serotonin (Cat No. 14927) were purchased from Sigma
Aldrich, USA. All other solvents and chemicals were of
analytical grade and purchased from local suppliers.

2.2. Collection of Plant Materials and the Extraction
Procedure. Ripe figs of Ficus benjamina L. (Moraceae) were
collected from the campus of Guru Nanak Dev University,
Anmritsar, between March and April, washed with water, and
shade dried. Dried figs were then ground into a coarse
powder. The powdered material was defatted with petroleum
ether for 16 h and then extracted by soxhelation with 70%
methanol (1:10 w/v) for 24h. The hydroalcoholic extract
FBE obtained was filtered, and the solvent was evaporated
under reduced pressure using a rotary evaporator (Heidolph
Laborota 4001) to obtain a semisolid mass that was stored in
an airtight container in a refrigerator till further use. The
yield was found to be 15%, w/w. The extract was recon-
stituted by dissolving it in 10% (v/v) dimethyl sulfoxide.
Thereafter, it was suspended in 0.5% carboxymethylcellulose
(DMSO 1: CMC 9) for a treatment purpose [19].

2.3.  Preliminary Phytochemical Screening of FBE.
Preliminary phytochemical screening of FBE was carried out
to detect the presence of alkaloids, glycosides, tannins, sa-
ponins, etc.

2.4. HPLC Characterization of FBE. FBE was standardized
w.r.t. the content of 5-HT as discussed in other species of
Ficus [24]. 2mg of pure 5-HT was dissolved in 100 mL of
methanol and used as a standard; 50 mg of the F. benjamina
extract was dissolved in 50ml of methanol to prepare a
sample solution (1mg mL™'). The solution was then
centrifuged at 4500 x g for 10 min, and the supernatant was
used for further detections. The standard and sample so-
lutions were filtered through a 0.45um membrane filter
separately. The UV spectrum of pure 5-HT was determined
by using a spectrophotometer with a scanning wavelength of
200-400nm.  Separation was performed on a
250 mm x 4.6 mm (5 ym particles) Hypersil GOLD C-18 RP
column from Thermo Incorporated using 25 mM phosphate
buffer (pH 2.5) and acetonitrile at 95: 5 (v/v) at a flow rate of
1 mL min~". The injection volume was 10 4L, and the peaks
were identified by comparison with the retention times of
the standard solution.

2.5. Animals. Swiss albino mice of either sex were used in
the present study. The animals were procured from Guru
Angad Dev Veterinary and Animal Sciences University,
Ludhiana, Punjab, and housed in the central animal house of
Guru Nanak Dev University, Amritsar. Animals had free
access to food (standard laboratory chow diet) and water and
were maintained at a temperature of 24 +4°C in a 12-hour
dark-light cycle. The protocol (Approval no. 1009/BT/Dated
Aug 2011, Protocol No. 20) was approved by the institutional
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animal ethics committee and was in accordance with the
guidelines of the Committee for the Purpose of Control and
Supervision of Experiments on Animals (CPCSEA).

2.6. Assessment of Anticonvulsant Activity. 'The animals were
divided into 11 groups (n=6) for the anticonvulsant study
using maximal electroshock and picrotoxin-induced con-
vulsion models as described below. FBE, picrotoxin, diaz-
epam, and phenytoin were suspended in freshly prepared 1%
carboxymethylcellulose (CMC). All the drugs were ad-
ministered intraperitoneally. The schematic protocols are
shown in Figure 1.

2.7. Maximal Electroshock-Induced Convulsions. A total of
five groups (Figure 1) were studied according to the method
in [25]. In each group, animals received the respective
treatment for 30 min before an electric shock of 50 mA for
0.2s through corneal electrodes using an electro-
convulsiometer (INCO, Ambala, India); the duration of
tonic hind limb extension was determined followed by re-
covery or death.

2.8. Picrotoxin-Induced Convulsions. A total of five groups
(Figure 1) were included in picrotoxin-induced seizures
according to the method described by [25]. Picrotoxin
(5mg kg™') was injected 30 min after the respective treat-
ment in each group. The onset of mild jerks, tonic-clonic
convulsion, and duration of convulsions were noted in all
groups and compared with those in the vehicle-treated
control.

2.9. Statistical Analysis. All results are expressed as the
mean + standard error of the mean (SEM). Statistical
analysis was performed by the one-way analysis of variance
(ANOVA), followed by post hoc analysis and Tukey’s test
using InStat software version 3.05 (Graphpad Inc., San
Diego, USA). The Design-Expert 10.0 software (Stat-Ease,
Inc.) was used to analyze the results of the response surface
design.

3. Results

3.1. Preliminary Phytochemical Analysis of FBE. The
hydroalcoholic extract of F. benjamina was found to contain
saponins, flavonoids, tannins, alkaloids, and carbohydrates.

3.2. HPLC Standardization of FBE. The HPLC chromato-
gram of the standard 5-HT solution showed an absorption
peak with a retention time of 1.797 min (Figure 2(a)). A
similar peak was observed in the HPLC chromatogram of
FBE at the same retention time, indicating the presence of
5-HT in the extract (Figure 2(b)) (Table 1).

3.3. Effect of Various Pharmacological Interventions on
Maximal Electroshock-Induced Seizures. The treatment of
mice with an electric shock of 50 mA for 0.2 s was found to

produce the flexor and tonic hind limb extensor, followed by
stupor or death. Maximal electroshock produced a tonic
hind limb extensor of an average duration of 11.2+0.8 s in
the vehicle-treated control with a percentage mortality of
83.3%. Treatment with phenytoin was found to completely
abolish the extensor phase with no mortality. The treatment
with FBE was found to produce a decrease in the duration of
the tonic hind limb extensor and the extensor-to-flexor ratio
(E/F ratio) significantly and in a dose-dependent manner
(Figures 3(a) and 3(b)). The percentage protection with FBE
400mg kg™ treatment was found to be 92.8+11.6%
(Figure 3(c)).

Treatment of animals with picrotoxin was found to
precipitate  tonic-clonic  (T/C)  convulsions after
11.9 + 2.6 min in the vehicle-treated control group, and the
duration of T/C convulsions was found to be 16.6+1.5s.
Treatment with diazepam was found to completely abolish
picrotoxin-induced convulsions (zero convulsions). There-
fore, no latency was observed in the diazepam group,
whereas FBE was found to produce a dose-dependent in-
crease in seizure latency and a decrease in the duration of T/
C convulsions at doses of 100, 200, and 400mg kg’
(Figures 4(a) and 4(b)). The respective percentage of pro-
tection was found to be 22.8, 44.5, and 66.2% (Figure 4(c)).
The effect was statistically significant as compared to the
vehicle control.

4. Discussion

Conventional anticonvulsant therapy is marred by several
adverse drug reactions including cognitive deficits, terato-
genicity, and behavioral and cosmetic side effects [26, 27].
These problems have led to a renewed interest in plant-based
medicines due to their better tolerability and lower number
of side effects. Plants have been used as medicine to maintain
human health for ages and are also major natural sources of
medicinal compounds in current pharmacopoeias [28, 29].
The current study demonstrated the protective effect of the
hydroalcoholic fig extract of Ficus benjamina L. (FBE) on
picrotoxin and maximal electroshock-induced convulsions
in mice. FBE was found to produce a dose-dependent re-
duction in convulsions.

The HPLC investigation revealed the presence of 5-
hydroxytryptamine (5-HT) in the extract. Earlier studies
have revealed the presence of 5-HT in the figs of Ficus
religiosa [30]. Although there are conflicting reports on the
role of 5-HT in epilepsy [24], there is sufficient evidence in
the literature that supports the inhibition of 5-HT reuptake
to have beneficial effects in epilepsy. Selective serotonin
reuptake inhibitors (SSRIs) have been documented to help
treat epilepsy [31, 32]. Some agents like 5-hydroxy-
tryptophan that increases the extracellular level of 5-HT
have been found to inhibit focal and generalized seizures,
and depletion of 5-HT evokes seizures [33]. Serotonergic
neurotransmission has been documented to modulate a
variety of experimentally induced seizures and drugs that
increase the concentration of 5-HT to have an anticonvul-
sant effect [34]. It is reported that serotonergic agonists can
directly affect the firing of cerebellar neurons and can
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FI1GURE 1: Schematic protocols for anticonvulsant activity of Ficus benjamina L. in (a) maximal electroshock-induced convulsions and (b)

picrotoxin-induced convulsions in mice.
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FiGUre 2: (a) HPLC of the 5-HT standard; (b) HPLC of the Ficus benjamina L. extract.

modulate the effect of excitatory amino acids [35]. In the
genetic model of absence epilepsy, it is found that there is an
interaction of glutamatergic and serotonergic mechanisms

in the regulation of epileptic activity [33]. All the brain areas
that are involved in epilepsy have an expression of 5-HT
receptors, and currently, the role of 5-HT 4, 5-HT,c, 5-HT3,
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TaBLE 1: HPLC data depicting the comparison of the standard and the extract.
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FiGure 3: Effect of various pharmacological interventions on maximal electroshock-induced seizures. (a) Duration of the extensor, (b)
extensor/flexor ratio, and (c) % protection. All values are expressed as the mean + SEM. “p < 0.001 compared to the vehicle control. The
effect of various pharmacological interventions on picrotoxin-induced seizures.

and 5-HT; receptors has been described in epilepsy [33]. In
general, hyperpolarization of glutamatergic neurons by 5-
HT; A receptors and depolarization of GABAergic neurons
by 5-HT, receptors, as well as antagonists of 5-HT; and 5-
HT; receptors, decrease neuronal excitability [32]. Various
studies on experimental animals have reported that the
activation of 5-HT,c and 5-HT; receptors have an

anticonvulsant effect [34]. The postictal phase is marked by a
decrease in the 5-HT transporters in the brain and a decrease
in the brain levels of tryptophan, the precursor of 5-HT,
which is suggested to be related to some types of epilepsy
[31]. The conventional antiepileptic therapy with drugs such
as phenytoin and valproic acid is effective in treating the
episodes of convulsions but is insufficient to manage
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postictal depression. 5-HT present in FBE may act to re-
plenish the depleted 5-HT levels in the brains of epileptic
patients. The current study only screened the anticonvulsant
activity of the Ficus benjamina L. extract along with de-
termination of serotonin in the extract. One of the limita-
tions of the current study is that only the activity of the
hydroalcoholic extract was performed, and second, apart
from serotonin, the estimation of other components of
interest was not carried out. However, this study will give a
base for researchers to perform the isolation of molecules of
interest from this plant and further explore their potential in

epilepsy.

5. Conclusion

Opverall, the outcomes of the current investigation delineate
that the hydroalcoholic fig extract of Ficus benjamina
L. (FBE) exerted a protective effect against picrotoxin and
maximal electroshock-induced convulsions in mice dose-
dependently. The anticonvulsant effect of the Ficus benja-
mina L. extract might be attributed to the presence of 5-HT
in the extract. However, this needs more direct and detailed
studies to prove this contention. In terms of future pros-
pects, it is necessary to continue the development of effi-
cacious anticonvulsant agents that are cost-effective with
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minimal side effects. Based on the outcome of the current
study, it seems logical to presume that Ficus benjamina
L. may contain some molecules which might have anti-
convulsant activity. Characterization of secondary metab-
olites will reveal further health benefits.

Data Availability

Data used in this study are available on request to the
corresponding author.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

References

[1] D. C. Patel, B. P. Tewari, L. Chaunsali, and H. Sontheimer,
“Neuron-glia interactions in the pathophysiology of epi-
lepsy,” Nature Reviews Neuroscience, vol. 20, no. 5,
pp. 282-297, 2019.

[2] M. Lawal, H. Omobayo, and K. Lawal, “Epilepsy: patho-
physiology, clinical manifestations and treatment options,”
British Journal of Neuroscience Nursing, vol. 14, no. 2,
pp. 58-72, 2018.

[3] K. M. Fiest, K. M. Sauro, S. Wiebe et al., “Prevalence and
incidence of epilepsy: a systematic review and meta-analysis of
international studies,” Neurology, vol. 88, no. 3, pp. 296-303,
2017.

[4] W. Loscher, L. J. Hirsch, and D. Schmidt, “The enigma of the
latent period in the development of symptomatic acquired
epilepsy-traditional view versus new concepts,” Epilepsy and
Behavior, vol. 52, pp. 78-92, 2015.

[5] S.C.Licataand]. K. Rowlett, “Abuse and dependence liability
of benzodiazepine-type drugs: GABAA receptor modulation
and beyond,” Pharmacology Biochemistry and Behavior,
vol. 90, no. 1, pp. 74-89, 2008.

[6] K.G.Bathand H. E. Scharfman, “Impact of early life exposure
to antiepileptic drugs on neurobehavioral outcomes based on
laboratory animal and clinical research,” Epilepsy and Be-
havior, vol. 26, no. 3, pp. 427-439, 2013.

[7] C. Toth, “Pregabalin: latest safety evidence and clinical im-
plications for the management of neuropathic pain,” Thera-
peutic Advances in Drug Safety, vol. 5, no. 1, pp. 38-56, 2014.

[8] A. S. Algahtani, R. Ullah, and A. A. Shahat, “Bioactive
constituents and toxicological evaluation of selected antidi-
abetic medicinal plants of Saudi Arabia,” Evidence-based
Complementary and Alternative Medicine, vol. 2022, Article
ID 7123521, 23 pages, 2022.

[9] R. Ullah and A. S. Algahtani, “GC-MS analysis, heavy metals,
biological, and toxicological evaluation of reseda muricata
and marrubium vulgare methanol extracts,” Evidence-based
Complementary and Alternative Medicine, vol. 2022, Article
1D 2284328, 9 pages, 2022.

[10] M. E. Rezvani, A. Roohbakhsh, M. H. Mosaddegh,
M. Esmailidehaj, F. Khaloobagheri, and H. Esmaeili, “Anti-
convulsant and depressant effects of aqueous extracts of
Carum copticum seeds in male rats,” Epilepsy and Behavior,
vol. 22, no. 2, pp. 220-225, 2011.

[11] D. Santos Rosa, S. A. Faggion, A. S. Gavin et al., “Erysothrine,
an alkaloid extracted from flowers of Erythrina mulungu
Mart. ex Benth: evaluating its anticonvulsant and anxiolytic

potential,” Epilepsy and Behavior, vol. 23, no. 3, pp. 205-212,

2012.

N. Choudhary, K. R. V. Bijjem, and A. N. Kalia, “Antiepileptic

potential of flavonoids fraction from the leaves of anisomeles

malabarica,” Journal of Ethnopharmacology, vol. 135, no. 2,

pp. 238-242, 2011.

M. Pahuja, J. Mehla, K. Reeta, S. Joshi, and Y. K. Gupta, “Root

extract of Anacyclus pyrethrum ameliorates seizures, seizure-

induced oxidative stress and cognitive impairment in ex-

perimental animals,” Epilepsy Research, vol. 98, no. 2-3,

pp. 157-165, 2012.

[14] M. Nassiri-Asl, S. Shariati-Rad, and F. Zamansoltani, “An-
ticonvulsant effects of aerial parts of Passiflora incarnata
extract in mice: involvement of benzodiazepine and opioid
receptors,” BMC Complementary and Alternative Medicine,
vol. 7, no. 1, pp. 26-6, 2007.

[15] S. Kumar, R. Madaan, G. Bansal, A. Jamwal, and A. Sharma,

“Plants and plant products with potential anticonvulsant

activity—a review,” Pharmacognosy Communications, vol. 2,

no. 1, pp. 3-99, 2012.

A. Chawla A, R. Kaur, and A. K. Sharma, “Ficus carica Linn.: a

review on its pharmacognostic, phytochemical and phar-

macological aspects,” International Journal of Pharmaceutical

& Phytopharmacological Research, vol. 1, no. 4, pp. 215-232,

2012.

[17] D. Sivaraman and P. Muralidaran, “Sedative and anticon-

vulsant activities of the methanol leaf extract of ficus hispida

linn,” Drug Invention Today, vol. 1, pp. 27-30, 2009.

M. S. Patil, C. Patil, S. Patil, and R. Jadhav, “Anticonvulsant

activity of aqueous root extract of Ficus religiosa,” Journal of

Ethnopharmacology, vol. 133, no. 1, pp. 92-96, 2011.

D. Singh and R. K. Goel, “Anticonvulsant effect of Ficus

religiosa: role of serotonergic pathways,” Journal of Ethno-

pharmacology, vol. 123, no. 2, pp. 330-334, 2009.

[20] G. F. Buchanan, N. M. Murray, M. A. Hajek, and
G. B. Richerson, “Serotonin neurones have anti-convulsant
effects and reduce seizure-induced mortality,” The Journal of
Physiology, vol. 592, no. 19, pp. 4395-4410, 2014.

[21] A. Murugesan, M. R. S. Rani, L. Vilella et al., “Postictal se-
rotonin levels are associated with peri-ictal apnea,” Neurology,
vol. 93, no. 15, pp. e1485-e1494, 2019.

[22] M. Imran, N. Rasool, K. Rizwan et al., “Chemical composition
and biological studies of Ficus benjamina,” Chemistry Central
Journal, vol. 8, no. 1, p. 12, 2014.

[23] M. L. Dhar, M. M. Dhar, B. N. Dhawan, B. N. Mehrotra, and

C. Ray, “Screening of Indian plants for biological activity: I,”

Indian Journal of Experimental Biology, vol. 6, no. 4,

pp. 232-247, 1968.

M. Leopoldo, E. Lacivita, F. Berardi, R. Perrone, and

P. B. Hedlund, “Serotonin 5-HT7 receptor agents: structure-

activity relationships and potential therapeutic applications in

central nervous system disorders,” Pharmacology & Thera-

peutics, vol. 129, no. 2, pp. 120-148, 2011.

[25] H. S. White, M. Johnson, H. H. Wolf, and H. J. Kupferberg,
“The early identification of anticonvulsant activity: role of the
maximal electroshock and subcutaneous pentylenetetrazol
seizure models,” The Italian Journal of Neurological Sciences,
vol. 16, no. 1-2, pp. 73-77, 1995.

[26] M. S. Yerby, P. Kaplan, and T. Tran, “Risks and management
of pregnancy in women with epilepsy,” Cleveland Clinic
Journal of Medicine, vol. 71, pp. 25-37, 2004.

[27] E. Perucca and K. J. Meador, “Adverse effects of antiepileptic
drugs,” Acta Neurologica Scandinavica, vol. 112, no. s18l,
pp. 30-35, 2005.

[12

(13

(16

(18

(19

[24



[28] A. Kabra, R. Sharma, S. Singla, R. Kabra, and U. S. Baghel,
“Pharmacognostic characterization of Myrica esculenta
leaves,” Journal of Ayurveda and Integrative Medicine, vol. 10,
no. 1, pp. 18-24, 2019.

[29] M. Ayaz, A. Nawaz, S. Ahmad et al., “Underlying anticancer
mechanisms and synergistic combinations of phytochemicals
with cancer chemotherapeutics: potential benefits and risks,”
Journal of Food Quality, vol. 2022, Article ID 1189034,
15 pages, 2022.

[30] N. Vyawahare, A. Khandelwal, V. Batra et al., “Herbal anti-
convulsants,” Herbal Medicine and Toxicology, vol. 1, pp. 9-14,
2007.

[31] C. Albano, A. Cupello, P. Mainardi, S. Scarrone, and E. Favale,
“Successful treatment of epilepsy with serotonin reuptake
inhibitors: proposed mechanism,” Neurochemical Research,
vol. 31, no. 4, pp. 509-514, 2006.

[32] K. M. Igelstrom, “Preclinical antiepileptic actions of selective
serotonin reuptake inhibitors—implications for clinical trial
design,” Epilepsia, vol. 53, no. 4, pp. 596-605, 2012.

[33] G. Bagdy, V. Kecskemeti, P. Riba, and R. Jakus, “Serotonin
and epilepsy,” Journal of Neurochemistry, vol. 100, no. 4,
pp. 857-873, 2007.

[34] F. M. Werner and R. Covenas, “Classical neurotransmitters
and neuropeptides involved in generalized epilepsy: a focus on
antiepileptic drugs,” Current Medicinal Chemistry, vol. 18,
no. 32, pp. 4933-4948, 2011.

[35] A. Krishnakumar, P. M. Abraham, J. Paul, and C. Paulose,
“Down-regulation of cerebellar 5-HT2C receptors in pilo-
carpine-induced epilepsy in rats: therapeutic role of Bacopa
monnieri extract,” Journal of the Neurological Sciences,
vol. 284, no. 1-2, pp- 124-128, 2009.

Journal of Chemistry





