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Abstract

Objective: Epilepsy affects over 1% of the global population. Polypodium vulgare L. has emerged in studies, suggesting its potential antiepileptic effect. This
study evaluated the anticonvulsant efficacy of the hydroalcoholic extract of Polypodium vulgare L. in a pentylenetetrazole (PTZ)-induced epilepsy model in
rats. This research aimed to determine the optimal dosage for delaying seizure onset and reducing seizure severity. This study investigated whether the active
compounds offer a viable alternative for epilepsy management, mainly through their potential interaction with GABAergic mechanisms.

Methods: We randomly selected four groups of 10 and 2 groups of 8 male Wistar laboratory rats. The reference and control groups received PTZ and distilled
water, respectively. In contrast, experimental groups 1 and 2 received the hydroalcoholic extract of Polypodium vulgare L. at doses of 300 and 500 mg per kg
of body weight. Experimental groups 3 and 4 received 150 and 300 mg per kg dose. Chemical kindling was induced in all groups via intraperitoneal injection
of PTZ. Data analysis was conducted using Statistical Package for the Social Sciences version 20 software.

Results: The hydroalcoholic extract of Polypodium vulgare L. exerted a pronounced mitigating effect on convulsions induced by PTZ administration, specifically
at a dosage of 300 mg/kg of body weight. It effectively prolonged the time necessary for seizure onset.

Conclusion: The administration of a 300 mg dose of the hydroalcoholic extract of Polypodium vulgare L. demonstrated superior efficacy compared with its 500
mg counterpart and both the 300 and 150 mg doses of sodium valproate in addressing PTZ-induced epilepsy. The results suggest that the hydroalcoholic extract
of Polypodium vulgare L. has promise as an effective treatment for epilepsy.
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INTRODUCTION

Neurological disorders are the second leading cause of global mortality, accounting for 11.6% of disability-adjusted life years and contributing
to 16.5% of all deaths.! Epilepsy is a notable neurological disorder characterized by its prevalence, and the risk of its occurrence notably
increases with the progression of age.? The global prevalence of this disease has been reported to encompass nearly 46 million individuals.?
Epilepsy is a chronic central nervous system (CNS) disorder that affects individuals of all ages and exhibits a global distribution. Despite
the existence of various disease mechanisms that can contribute to epilepsy, the cause remains unknown in approximately 50% of cases
globally.* Seizures resulting from epilepsy are linked to various complications and issues, including diminished quality of life,’ job-related
challenges and difficulties,’ cognitive disorders,® depression,” and bone fractures.® Therefore, given the numerous consequences associated
with epilepsy, the management of epilepsy should prioritize the prescription of anticonvulsant drugs, addressing the underlying causes, and
mitigating the systemic consequences to prevent damage induced by seizures.”!?

In recent years, numerous antiepileptic drugs have been tested and utilized, with over 80% of patients experiencing epileptic seizures
receiving at least one of these medications." Sodium valproate is a commonly prescribed medication widely used for the treatment of
epileptic seizures. Nevertheless, the use of this drug is linked to various side effects, including digestive problems (nausea, vomiting,
diarrhea, etc.), drowsiness, headache, and dizziness. Several complications have been identified, leading to non-adherence by patients.!?
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The most common animal model is chemical kindling, which
is used to study epilepsy. The kindling model shares strong
similarities with different types of human epilepsy.'* When applied
repetitively and intermittently, a subconvulsive stimulus (either
chemical or electrical) leads to a process called Kindling. It can
eventually produce full-blown convulsions."* Goddard'® first
proposed the kindling model in the late 1960s. The kindling model
is usually used for seizure development and epilepsy. Then, the
behavioral involvement and duration of induced seizures increase
repeatedly.’® PTZ kindling finally leads to potentially irreversible
long-lasting changes in the structure of neuronal networks.'

Nature is a rich source of diverse biological and chemical
substances, with numerous plants exhibiting anti-anxiety, analgesic,
anti-depressant, and anti-convulsant effects.'” Among these plants,
Bisfaij (Polypodium vulgare L.) stands out, and its antiepileptic
effects have been mentioned in a few studies.'™® Bisfaij plant
has been reported to possess various antioxidant, antimicrobial,
analgesic, and antibiotic characteristics.!” Additionally, it has been
demonstrated that Polypodium vulgare L. exerts an effect on nerve
activity by reducing the activity of the CNS."

Polypodium vulgare L. contains organic substances such as resin,
tannin, steroids, flavonoids, alkaloids, glycosides, proteins, and
reducing sugar. Moreover, studies have shown that this plant also
contains minerals such as calcium, magnesium, potassium, iron,
sulfur, and chloride.?*?' It has been reported that Polypodium
vulgare L. exhibits a protective effect against drug-induced
catalepsy. This suggests that it may enhance the transmission of
dopamine in the CNS and could be explored for its potential impact
on Parkinsonism disorders. Furthermore, considering the activity
and reduction of the effect of Bisfaij plant extract on the CNS, the
possibility of an antiepileptic impact on this plant has also been
raised.?"?> On the one hand, the butyric acid present in the stem and
root of Bisfaij serves as a precursor to the neurotransmitter gamma-
aminobutyric acid (GABA). On the other hand, sodium valproate
exerts its anticonvulsant effects by increasing the levels of this
neurotransmitter. Therefore, it seems plausible that the bisfaij stem
extract, which contains butyric acid, could potentially contribute to
seizure control through a similar mechanism.?

Pentylenetetrazole (PTZ) is employed as a selective antagonist
of GABA, receptors, whereas phaclofen serves as a selective
antagonist of GABA, receptors.* GABA receptors function
as target sites for drugs such as benzodiazepines. Classical
benzodiazepines exert their therapeutic effects by binding to the
benzodiazepine site of the GABA receptor, promoting chloride
flow through the ion channel complex. However, this mechanism
is linked to a broad spectrum of side effects.”> Considering that

MAIN POINTS

* One strength of our research lies in the use of the animal kindling
method. To enhance the scope of our investigation, we administered two
distinct doses of Polypodium vulgare L. extract and compared them with
a standard anticonvulsant medication commonly used for this condition.

* Another highlight of our study was the thorough observation and precise
recording of animal behaviors, which ensured detailed behavioral
analysis.

* Additionally, a comparison between intervention groups treated with the
hydroalcoholic extract of Polypodium vulgare L. and those treated with
an anticonvulsant drug revealed a novel aspect of our approach.

antiepileptic drugs often require prolonged usage, sometimes
for a lifetime, and acknowledging the potential side effects and
risks associated with chemical drugs, their extended use may
result in adverse effects and even drug poisoning. However, these
limitations could compromise the efficacy of these treatments in
achieving the desired therapeutic outcome.

Considering the medicinal and therapeutic properties traditionally
attributed to the Bisfaij plant for the treatment of epilepsy, as well
as the side effects associated with chemical drugs commonly used
for this purpose, this study explored the therapeutic effects of the
Bisfaij plant in alleviating symptoms and treating epilepsy.

METHODS

Plant Collection

The study was approved by the Fasa University of Medical
Sciences Research Ethics Committees (approval number: €-9210,
date: 01.10.2013). The plant was obtained from a local perfumery
in Shiraz city and was subsequently submitted to the Department
of Pharmacy at Shiraz University for purity confirmation. The
pharmaceutical department endorsed and assigned voucher number
PM12983- to this plant, identifying it as Polypodium vulgare L. of
the family Polypodiaceae.

Extraction

The Department of Pharmacy at Shiraz University prepared the
hydroalcoholic extract. After cleaning and drying in the air, the
resulting solution was ground and powdered. The second step in
preparing hydro-alcohol extract was percolation with 70% ethanol,
which was poured into the percolator device. The extract was then
concentrated using a rotatory evaporator and dried in a vacuum
oven. The Bisfaij hydroalcoholic extract was diluted with distilled
water to produce two different concentrations for this study. The
Bisfaij group 300 received an oral gavage of 300 mg/kg of body
weight, whereas the Bisfaij group 500 received a concentration of
500 mg/kg. These doses are administered to rats.

Laboratory Animals

For this study, 56 Wistar male rats, aged between 2 and 3 months,
were randomly chosen. The rats’ weights fell within the range of
180 to 220 g. The rats were housed in containers and provided
ample food and water. They were subjected to a 12-hour light
and 12-hour dark cycle with suitable temperature and humidity
conditions.

Pentylenetetrazole

PTZ with the commercial formula C6H10N4 was procured from
Kiagene (IRAN) for use in this study.

Sodium Valproate

The pharmacy dispenses sodium valproate in 500-mg tablets.
Subsequently, it undergoes crushing using a designated mortar and
is diluted in two distinct ratios with distilled water for application
in the research investigation.
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In vivo Treatments

No manipulation was executed on the control group. The
reference group was administered seven complete doses of PTZ
at varying levels (25, 30, 35, 40, 45, and 50 mg per kilogram of
rats’ weight). These doses were dissolved in distilled water at a
volume percentage of 1% and administered through subcutaneous
injections every other day.

The Bisfaij group 300 received 300 mg/kg of the Bisfaij
hydroalcoholic extract for body weight 30 minutes before PTZ
administration. This dosage was prepared by diluting it with
distilled water to a concentration of 1%.

Bisfaij group 500 received a dosage of 500 mg/kg hydroalcoholic
extract of Bisfaij ofbody weight 30 minutes before the administration
of PTZ. This dosage consisted of the hydroalcoholic extract of
Bisfaij, which was orally administered using a gavage syringe and
diluted to 1%. Similarly, sodium valproate groups 150 and 300
received 150 and 300 mg sodium valproate, respectively, diluted
with distilled water at a concentration of 1% per kilogram of body
weight 30 minutes before PTZ injection. Oral administration was
performed using a gavage syringe. Subsequently, the movements of
the rats within 30 min were meticulously recorded by a camera and
subjected to behavioral assessments focusing on seizure severity
and seizure onset time.

The severity of seizures was evaluated according to the following
criteria:?’

- Score 0: Absence of any observable reaction.

- Score 1: Facial and ear twitches.

- Score 2: Myoclonic jerks of the body.

- Score 3. Clonic movements involving the front limbs.

- Score 4: Generalized clonic seizures, leading to the animal
turning to one side.

- Score 5: Generalized tonic-clonic seizure.
- Score 6. Equivalent to animal demise.

Ultimately, all rats were anesthetized via intraperitoneal injection
of 80 mg/kg ketamine (Sigma Aldrich Co.) and sacrificed under the
Helsinki Declaration of 1975.

Statistical Analysis

Data are presented as meanststandard error of the mean. The
comparison between groups was done with a one-way analysis
of variance (ANOVA) test, followed by Tukey’s post-hoc test.
P values <0.05 were considered as statistically significant.
The data were analyzed using IBM Statistical Package for the
Social Sciences software version 22 (IBM Co. Armonk, NY).
Additionally, Microsoft Excel (version 2013) was used to create
tables and graphs to represent the results visually.

RESULTS

Upon examining the relationship between the average seizure
onset time across the studied groups, the results indicated a lack of

106

significant differences in seizure onset time between the second and
third injections (p value >0.05). However, in the fourth iteration,
the findings revealed a substantial increase in seizure onset time
for the Bisfaij 300 (p value=0.007) and 500 (p value=0.004)
compared to group sodium valproate 300. This disparity did not
reach significance for any of the groups compared to the reference
group. In the fifth injection round, a notable reduction in the mean
and standard deviation of seizure onset time was observed in the
sodium valproate 150 group compared with the bisfaij 300 group,
and this difference was statistically significant (p value=0.006).

In the sodium valproate 150, the seizure onset time was 7.50+9.38
minutes. However, even during this time, there was no significant
reduction in the seizure onset time compared with the reference
time. In the sixth injection, groups of sodium valproate 150 and
sodium valproate 300 exhibited a significant decrease in seizure
onset time compared with group Bisfaij 300 (p values of 0.03 and
0.02, respectively). Moving on to the seventh injection, group
Bisfaij 300 displayed a prolonged seizure time compared with group
sodium valproate 150, and a statistically significant difference was
observed between these two groups (p value=0.002). Furthermore,
significant differences were reported between group Bisfaij 300
and the reference group and between group sodium valproate 300
and the reference group. Detailed information on seizure onset and
its intergroup relationships is presented in Figure 1.

In the current investigation, seizure intensity was assessed using
a rating scale ranging from 0 to 6, and the study aimed to explore
the correlation between average seizure intensity across different
groups. In the second injection round, the findings indicated no
significant difference in seizure severity among the groups (p
value >0.05). In the third injection round, the seizure intensity in
group Bisfaij 300 was notably lower than in the sodium valproate
150 (p value=0.03). However, this difference was not statistically
significant when comparing Bisfaij 300 with the reference group.
During the fourth injection round, the intensity of seizures in the
Bisfaij 500 group was significantly lower than that in the sodium
valproate 150 and 300 (p value=0.01). There were no significant
differences in seizure severity among the intervention groups for
the fifth and sixth injections. However, in the seventh injection,
the intensity of seizures in group Bisfaij 300 was significantly
lower than in the reference group and the Bisfaij 500 and sodium
valproate 150. The graphical representation illustrates that group
Bisfaij 300 exhibited the lowest seizure intensity during the fifth
and seventh injections compared with the other groups (0.7+0.47
and 0.6+0.42, respectively) (Figure 2).

DISCUSSION

Sodium  valproate is a  relatively  side-effect-free
compound routinely used.?® However, its side effects, especially
its teratogenicity, are attracting increasing attention. The
term “fetal valproate syndrome” indicates that multiple organ
malformations have been observed.” In one study, the authors
further confirmed the teratogenetic effects of sodium valproate
on fetuses when pregnant mice were exposed to this compound
during the gestational period of organ formation, i.e., gestational
day 6 to day 9 in mice.’® A hypoplastic right ventricle has been
reported in a fetus exposed to valproate.’!

Sodium valproate has a broad spectrum of anticonvulsive
properties. The most commonly reported side effects involve
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the gastrointestinal tract, including nausea, vomiting, abdominal
cramps, and diarrhea. Sodium valproate can also have transient
effects on the CNS, such as drowsiness and sedation. Most patients
report an overall feeling of increased alertness. Sodium valproate
inhibits the secondary phase of platelet aggregation. Consequently,
prolonged bleeding times and thrombocytopenia have been
reported in some cases, primarily in children.*?

The advent of newer anticonvulsants has expanded therapeutic
options, with new drugs showing fewer interactions and reduced
hypersensitivity compared to older medications. However, these
newer drugs have not been effective in decreasing the prevalence

risk individuals. There is an urgent need for renewed efforts
in antiepileptic drug development to discover more effective
treatments for drug-resistant epilepsy, including severe and
catastrophic forms.*

The use of complementary and alternative medicine, including
among patients with epilepsy, is increasing. Herbal medicines, one
of the most popular alternative medicines, are perceived by many
users as safe and effective.?* Although herbal treatments are widely
employed in epilepsy management, solid evidence supporting their
efficacy and toxicity profiles is lacking. Therefore, herbal remedies
must undergo evidence-based evaluation.®

of drug-resistant epilepsy or in preventing epilepsy in high-
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The current study, employing a behavioral approach, investigated
the impact of the hydroalcoholic extract of Polypodium vulgare
L. (Bisfaij) on PTZ-induced epilepsy using the kindling method.
The findings suggest that administration of a 300 mg dose of
Polypodium vulgare L. extract per kilogram of body weight
and time at the onset of seizures demonstrated greater efficacy
regarding both the onset time and intensity of convulsive attacks
than other intervention groups. The study’s outcomes regarding
the average seizure onset time revealed that group 1 exhibited
a longer average seizure onset time than the other intervention
groups. Consequently, group 1, which received a 300 mg dose
of Polypodium vulgare L. hydroalcoholic extract, demonstrated
more favorable results than the other drug groups and notably
outperformed group 2. Moreover, the mean intensity of epilepsy
was lower in group 1 than in the other four groups.

In light of these findings, it can be concluded that the therapeutic
efficacy of the hydroalcoholic extract of Polypodium vulgare L is
more pronounced at a dose of 300 mg/kg than at a dose of 500 mg/
kg. Additionally, behavioral observations from this study indicate
that the 300 mg dose of hydroalcoholic extract of Polypodium
vulgare L. resulted in a lower average epilepsy score among the
animals in the intervention groups. This suggests a more significant
reduction in the intensity of explosive attacks than in the other
intervention groups.

Based on these findings, it can be deduced that the therapeutic
effects of the 300 mg dose of Polypodium vulgare L. surpass those
of the 500 mg dose. Within the sodium valproate intervention
groups, the study results indicated that a dose of 300 mg per
kilogram exhibited greater therapeutic efficacy than a 150 mg per
kilogram dosage concerning the onset time of seizures and intensity
of convulsive attacks in animals. Ultimately, the 300 mg dose of
Polypodium vulgare L. demonstrated superior effectiveness to its
500 mg dose and the 300 and 150 mg doses of sodium valproate
in treating PTZ-induced epilepsy. This superiority was reflected in
the reduction of convulsive attack intensity and its delayed onset.

The research on the antiepileptic effects of the Bisfaij plant is
notably limited. Phytochemical investigations have revealed that the
rhizome of the Bisfaij plant harbors various medicinal compounds,
such as Polypodin A and Polypodin B. These compounds exert
protective effects against neurological and neurodegenerative
disorders. Furthermore, it has been noted that the caffeine content
of Bisfaij exhibits a stimulating effect on adrenergic receptors and
possesses antioxidant properties. While these findings suggest the
potential therapeutic benefits of Bisfaij, further comprehensive
studies are warranted to elucidate and validate its antiepileptic
properties.3

One study suggested that Polypodin A, a compound found in the
Bisfaij plant, reduces the neuroleptic effect of apomorphine in
laboratory animals. This implies that Polypodin A may modulate
or mitigate the neuroleptic effects induced by apomorphine in
experimental settings.”” GABA is a gamma-amino acid with a
molecular structure that includes a butanoic acid backbone, where
the amine group is substituted at the C-4 position. GABA is a
neurotransmitter that plays a pivotal role in human metabolism.
It serves as an inhibitory neurotransmitter in the CNS, exerting
influence over diverse physiological processes, such as regulating
neuronal excitability and modulating mood. GABA’s inhibitory
actions contribute to maintaining a balance in neural activity

108

and preventing excessive neuronal firing.*® Given the existence
of butyric acid within the rhizomes of the Bisfaij plant'® and its
structural correlation with the neurotransmitter GABA, there
may be a linkage between the presence of this compound and the
mechanism underlying the anticonvulsant effects attributed to the
Bisfaij plant. This observation paves the way for future research
investigations, emphasizing the importance of exploring this
connection in subsequent studies.

Study Limitations

A notable strength of this study lies in its use of the animal kindling
method, which provides a robust foundation for investigations.
Additionally, including two distinct doses of the Bisfaij plant
juxtaposed against conventional anticonvulsant drugs for disease
management adds depth to the research design. However, certain
limitations should be acknowledged. The present study did not
examine serum factors implicated in epilepsy development,
suggesting the need for subsequent laboratory analyses in future
research.

CONCLUSION

This study demonstrated that the hydroalcoholic extract of
Polypodium vulgare L. (Bisfaij) has significant therapeutic
potential for treating PTZ-induced epilepsy in animal models.
These findings suggest that Polypodium vulgare L. may offer a
promising alternative treatment for epilepsy, possibly because of
its active compounds, such as Polypodin A and caffeic acid, which
may interact with GABAergic mechanisms. However, further
studies are needed to elucidate the precise mechanisms of action
and explore this extract’s potential clinical applications in epilepsy
management. The mechanism underlying the anticonvulsant effects
of bisfaij plants remains unexplored in this study, representing
another avenue for future investigation.

Ethics

Ethics Committee Approval: The study was approved by the
Fasa University of Medical Sciences Research Ethics Committees
(approval number: e-9210, date: 01.10.2013).

Informed Consent: Animal experiment.
Footnotes

Authorship Contributions

Surgical and Medical Practices: S.S., A.E.B., M.S., Concept: S.S.,
M.S., Design: S.S., M.S., Data Collection or Processing: A.E.B.,
M.S., Analysis or Interpretation: A.E.B., M.S., Literature Search:
S.S.,A.E.B., M.S., Writing: S.S., A.E.B., M.S.

Conflict of Interest: No conflict of interest was declared by the
authors.

Financial Disclosure: The project number that the Fasa University of
Medical Sciences has approved is 92032.

References

1. Feigin VL, Nichols E, Alam T, et al. Global, regional, and national burden
of neurological disorders, 1990-2016: a systematic analysis for the Global



Shaker et al. Influence of Polypodium vulgare L. on Seizures

10.

11.

12.

13.

14.
15.
16.

17.

18.

19.

20.

Burden of Disease Study 2016. Lancet Neurol. 2019;18(5):459-480.
[Crossref]

Beghi E, Giussani G, Costa C, et al. The epidemiology of epilepsy in older
adults: A narrative review by the ILAE Task Force on Epilepsy in the
Elderly. Epilepsia. 2023;64(3):586-601. [Crossref]

Beghi E, Giussani G, Nichols E, et al. Global, regional, and national burden
of epilepsy, 1990-2016: a systematic analysis for the Global Burden of
Disease Study 2016. Lancet Neurology. 2019;18(4):357-375. [Crossref]
Neligan A, Hauser WA, Sander JW. The epidemiology of the epilepsies.
Handb Clin Neurol. 2012;107:113-133. [Crossref]

Karakis I, Boualam N, Moura LM, Howard DH. Quality of life
and functional limitations in persons with epilepsy. Epilepsy Res.
2023;190:107084. |Crossref]

Nau AL, Mwape KE, Wiefek J, et al. Cognitive impairment and quality of
life of people with epilepsy and neurocysticercosis in Zambia. Epilepsy
Behav. 2018;80:354-359. [Crossref]

Qin S-k, Yang Z-x, Guan Z-w, et al. Exploring the association between
epilepsy and depression: A systematic review and meta-analysis. PLoS
One. 2022;17(12):0278907. [Crossref]

Grzonka P, Rybitschka A, De Marchis GM, Marsch S, Sutter R. Bone
fractures from generalized convulsive seizures and status epilepticus--a
systematic review. Epilepsia. 2019;60(5):996-1004. [Crossref]

Sutter R, Dittrich T, Semmlack S, Riiegg S, Marsch S, Kaplan PW. Acute
systemic complications of convulsive status epilepticus—a systematic
review. Crit Care Med. 2018;46(1):138-145. [Crossref]

Golarai G, Cavazos JE, Sutula TP. Activation of the dentate gyrus
by pentylenetetrazol evoked seizures induces mossy fiber synaptic
reorganization. Brain Res. 1992;593(2):257-264. [Crossref]

Brodie M, Barry S, Bamagous G, Norrie J, Kwan P. Patterns of treatment
response in newly diagnosed epilepsy. Neurology. 2012;78(20):1548-1554.
[Crossref]

LiJ, Yang D, Zhao D, Li N, Lin W. Efficacy of phenobarbital and sodium
valproate in treating convulsive epilepsy in rural northeast China. Seizure.
2019;71:207-213. [Crossref]

Aghdash SN, Foroughi G. Chemical Kindling as an Experimental Model to
Assess the Conventional Drugs in the Treatment of Post-traumatic Epilepsy.
CNS Neurol Disord Drug Targets. 2023;22(10):1417-1428. [Crossref]
Dhir A. Pentylenetetrazol (PTZ) kindling model of epilepsy. Curr Protoc
Neurosci. 2012. [Crossref]

Goddard GV. Development of epileptic seizures through brain stimulation
at low intensity. Nature. 1967;214(5092):1020-1. [Crossref]

Bertram E. The relevance of kindling for human epilepsy. Epilepsia.
2007;48(Suppl 2):65-74. [Crossref]

Quintans Janior LJ, Almeida JR, Lima JT, et al. Plants with anticonvulsant
properties: a review. Rev Bras Farmacogn. 2008;18(Supl):798-819.
[Crossref]

Mannan A, Khan RA, Asif M. Pharmacodynamic studies on Polypodium
vulgare (Linn.). Indian J Exp Biol. 1989;27(6):556-560. [Crossref]

Naz H, Nawaz H, Ayub MA, Mushtaq A, Khan S. A review on
phytopharmacological properties of Bisfaij. /nt J Chem Biochem Sci.
2016;9:111-115. [Crossref]

Kalam M, Munshi Y, Karim S. Bisfayej (Polypodium vulgare L.): A review
on medicinal importance of rhizome with Unani prospective and modern
pharmacology. Int J Unani Integr Med. 2017;1(2):4-6. [Crossref]

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Jizba J, Herout V. Plant substances. XXVI. Isolation of constituents of
common polypody rhizomes (Polypodium vulgare L.). Collect Czech
Chem Commun. 1967;32(8):2867-2874. [Crossref]

Dar PA, Sofi G, Jafri M. Evaluating The Effect of Extract of Halela Siyah
(Terminalia Chebula Retz) On Chemically Induced Catalepsy In Mice. Int
J Pharm Sci Res. 2012;3(8):2873-2879. [Crossref]

Shetty AK, Upadhya D. GABA-ergic cell therapy for epilepsy: Advances,
limitations and challenges. Neurosci Biobehav Rev. 2016;62:35-47.
[Crossref]

Soltesz I, Haby M, Leresche N, Crunelli V. The GABAB antagonist
phaclofen inhibits the late K+-dependent IPSP in cat and rat thalamic and
hippocampal neurones. Brain Res. 1988;448(2):351-354. [Crossref]
Welbat JU, Chaisawang P, Chaijaroonkhanarak W, et al. Kaempferia
parviflora extract ameliorates the cognitive impairments and the reduction
in cell proliferation induced by valproic acid treatment in rats. Ann Anat.
2016;206:7-13. [Crossref]

Mahmoudi T, Lorigooini Z, Rafieian-Kopaei M, et al. Effect of Curcuma
zedoaria hydro-alcoholic extract on learning, memory deficits and oxidative
damage of brain tissue following seizures induced by pentylenetetrazole in
rat. Behav Brain Funct. 2020;16(1):7. [Crossref]

Erkeg Ergiil O, Arthan O. Pentylenetetrazole Kindling Epilepsy Model.
Arch Epilepsy. 2015;21(1):6-12. [Crossref]

Gerstner T, Bell N, Konig S. Oral valproic acid for epilepsy-long-term
experience in therapy and side effects. Expert Opin Pharmacother.
2008;9(2):285-292. [Crossref]

Kozma C. Valproic acid embryopathy: report of two siblings with further
expansion of the phenotypic abnormalities and a review of the literature.
Am J Med Genet. 2001;98(2):168-75. [Crossref]

Wu G, Nan C, Rollo JC, Huang X, Tian J. Sodium valproate-induced
congenital cardiac abnormalities in mice are associated with the inhibition
of histone deacetylase. J Biomed Sci. 2010;17(1):16. [Crossref]

ten Berg K, van Oppen AC, Nikkels PG, et al. Complex cardiac defect
with hypoplastic right ventricle in a fetus with valproate exposure. Prenat
Diagn. 2005;25(2):156-158. [Crossref]

Pinder R, Brogden R, Speight T, Avery G. Sodium valproate: a review of
its pharmacological properties and therapeutic efficacy in epilepsy. Drugs.
1977;13(2):81-123. [Crossref]

Schmidt D, Schachter SC. Drug treatment of epilepsy in adults. BMJ.
2014;348:254. [Crossref]

Samuels N, Finkelstein Y, Singer SR, Oberbaum M. Herbal medicine and
epilepsy: proconvulsive effects and interactions with antiepileptic drugs.
Epilepsia. 2008;49(3):373-380. [Crossref]

Liu W, Ge T, Pan Z, Leng Y, Lv J, Li B. The effects of herbal medicine on
epilepsy. Oncotarget. 2017;8(29):48385-48397. [Crossref]

Neal-Beliveau BS, Joyce JN, Lucki I. Serotonergic involvement in
haloperidol-induced catalepsy. J Pharmacol Exp Ther. 1993;265(1):207-
217. [Crossref]

Jung UJ, Lee M-K, Park YB, Jeon S-M, Choi M-S. Antihyperglycemic and
antioxidant properties of caffeic acid in db/db mice. J Pharmacol Exp Ther.
2006;318(2):476-483. [Crossref]

Boonstra E, De Kleijn R, Colzato LS, Alkemade A, Forstmann BU,
Nieuwenhuis S. Neurotransmitters as food supplements: the effects of
GABA on brain and behavior. Front Psychol. 2015;6:1520. [Crossref]

109


http://doi.org/10.1016/S1474-4422(18)30499-X
http://doi.org/10.1111/epi.17494
http://doi.org/10.1016/S1474-4422(19)30120-6
http://doi.org/10.1016/B978-0-444-52898-8.00006-9
http://doi.org/10.1016/j.eplepsyres.2023.107084
http://doi.org/10.1111/epi.14738
http://doi.org/10.1212/WNL.0b013e3182563b19
http://doi.org/10.1016/j.yebeh.2017.10.042
http://doi.org/10.1371/journal.pone.0278907
http://doi.org/10.1097/CCM.0000000000002843
http://doi.org/10.1016/0006-8993(92)91316-7
http://doi.org/10.1016/j.seizure.2019.06.012
http://doi.org/10.2174/1871527322666221128155813
http://doi.org/10.1002/0471142301.ns0937s58
https://pubmed.ncbi.nlm.nih.gov/6055396/
http://doi.org/10.1111/j.1528-1167.2007.01068.x
https://www.scielo.br/j/rbfar/a/SJqQgYyNVSTcQxqtWfC9fjc/?format=pdf&lang=en
https://pubmed.ncbi.nlm.nih.gov/2583745/
www.iscientific.org/wp-content/uploads/2019/10/14-IJCBS-16-09-14.pdf
https://www.unanijournal.com/articles/10/1-1-10-865.pdf
http://cccc.uochb.cas.cz/32/8/2867/
http://doi.org/10.13040/IJPSR.0975-8232.3(8).2873-79
http://doi.org/10.1016/j.neubiorev.2015.12.014
http://doi.org/10.1016/0006-8993(88)91275-9
http://doi.org/10.1016/j.aanat.2016.04.029
http://doi.org/10.1186/s12993-020-00169-3
http://doi.org/10.5505/epilepsi.2015.08108
http://doi.org/10.1517/14656566.9.2.285
https://pubmed.ncbi.nlm.nih.gov/11223853/
http://doi.org/10.1186/1423-0127-17-16
http://doi.org/10.1002/pd.1098
http://doi.org/10.2165/00003495-197713020-00001
http://doi.org/10.1136/bmj.g254
http://doi.org/ 10.1111/j.1528-1167.2007.01379.x
http://doi.org/10.18632/oncotarget.16801
https://pubmed.ncbi.nlm.nih.gov/8386235/
http://doi.org/10.1124/jpet.106.105163
http://doi.org/10.3389/fpsyg.2015.01520

