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Background: Epilepsy is a neurodegenerative condition characterized by uncontrollable convulsions
caused by a misalignment of the central nervous system’s inhibitory and excitatory branches. Vateria
indica is a medicinal herb with anti-inflammatory, anthelmintic, antiulcer, antitumor, and anticancer
properties.
Objectives: To investigate the antiepileptic activity of Vateria indica using maximal electrical shock (MES),
pentylenetetrazole (PTZ), and isoniazid (INH) induced experimental animal models.
Methodology: Vateria indica bark was subjected to Soxhlet extraction using ethanol and quantitative and
qualitative analysis was performed. The antiepileptic activity of Vateria indica bark extract (VIE) was
investigated using different animal models in mice. GABA levels in the brain and antioxidant capacity
in vitro were estimated.
Results: Treatment of mice with VIE significantly reversed the MES-induced convulsions, which was
reflected by the decrease in the duration (sec) of all the phases of MES-induced convulsions, with an
increment in the GABA levels. In the PTZ and INH models, pretreatment with VIE delayed the latency
to clonic convulsions (p 0.001), reduced the intensity and duration of clonic convulsions, and reduced
the mortality rate in the treatment groups in a dose-dependent manner. VIE intervention dose-
dependently restored brain GABA levels. VIE also exhibited significant in-vitro antioxidant activity.
Conclusion: Overall, the findings imply that Vateria indica has substantial antiepileptic activities, medi-
ated by positive GABAergic neurotransmission and antioxidant capabilities. To summarize, Vateria indica
may provide adequate protection against epileptic seizures, suggesting that it could be used to treat petit-
mal and grandmal epilepsy. We plan to provide pure lead compounds derived from Vateria indica in the
future in order to better understand the role it could play in the development of natural anticonvulsant
drugs.
� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Epilepsy is a prevalent disease marked by spontaneous seizures
that occur due to an asymmetry amid inhibitory and excitatory
branches of the CNS—created by an elevation in glutamatergic
and a decline in GABAergic activity (Meldrum, 1999). It is predicted
that 50 million humans worldwide have epilepsy, with low-
income countries accounting for more than 85 percent of cases.

The most common focal seizures are associated with Temporal-
lobe epilepsy (TLE), which has been linked to approximately 60% of
all epilepsy patients. TLE is related to hippocampal sclerosis and is
often resistant to conventional medicines. Management of TLE is
complex, and often, surgery is the last option (French et al., 1993).

In Saudi Arabia, epilepsy is one of the most prevalent neurolog-
ical disorders, with a rate of 6.54 per 1000. According to a previous
study, the majority (28%) have partial seizures, followed by gener-
alized seizures (21%), and 3.55 /1000 children under six years of
age had febrile convulsions (Al Rajeh et al., 2001).
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Conventional antiepileptic medicines (AEMs) are used in the
current epilepsy treatment regimen. However, AEMs are known
to produce congenital anomalies and other long-term adverse
effects, including weight gain, hepatotoxicity, colitis, nephrolithia-
sis, metabolic acidosis, paresthesia, glaucoma, agranulocytosis, and
neurological symptoms (Walia et al., 2004). With the existing
AEMs, about one-third of the people with epilepsy do not have
complete control over seizures (Pithadia et al., 2013). As a result,
there is a pressing need to discover and test new antiepileptic
alternatives that can effectively tackle the actual molecular events
of epilepsy while avoiding significant side effects. Plants were used
as a treatment source for various diseases all over the world during
the prehistoric era. The history of nutraceuticals can be traced back
to alternative medicine, including phytotherapy, apothecary,
herbalism, and ethnopharmacology (Makkar et al., 2020). There
are a plethora of undiscovered natural products and nutrients with
beneficial biological properties. Nutraceuticals have been shown to
have neuroprotective effects in the treatment of neurodegenera-
tive and psychotic disorders (van der Burg et al., 2021).

Several animal models have been developed for the screening of
antiepileptic drugs. Status Epilepticus and kindling are mainly used
to study TLE. The key advantage of these two models is that they
provide a persistent induction of epileptic-like conditions. Gener-
ally, repeated electrical stimulations of low intensity induce focal
seizure discharge, leading to a highly reliable and progressive
increase in epileptic response (French et al., 1993; Abdel-Wahab
et al., 2015; Lopes et al., 2015). Nevertheless, the employment of
synthetic inducing agents, such as pentylenetetrazole, is equally
effective for kindling induction in animal models (Corda et al.,
1990).

A high dose of acute administration of pilocarpine in rats and
mice is extensively utilized to investigate seizures’ pathophysiol-
ogy (Lopes et al., 2015; Turski et al., 1983). This model is used to
study seizures’ behavioural and electroencephalographic charac-
teristics, which mimic the TLE. Similarly, Kainic acid is used to pro-
duce similar status epilepticus or TLE state in various species
through administration by either an intrahippocampal, systemic,
or intra-amygdaloid route (Lévesque and Avoli, 2013).

There is sufficient experimental evidence implicating brain neu-
rotransmitters and oxidative stress in the aetiology of epilepsy. The
significance of GABA in the pathophysiology and management of
epilepsy has been well established. GABA counterbalances neu-
ronal excitability in the cerebral cortex and sustains an inhibitory
tone, and any imbalance can precipitate epileptic seizures
(Meldrum, 1999).

It is undeniable that the botanical kingdom is a rich source of
bioactive chemicals (Magaji et al., 2012). Contemporary scientific
research is focused on isolating, identifying, and characterization
of the bioactive components of medicinal plants that could be used
as ‘‘lead” molecules in therapeutic drug discovery and develop-
ment (Quintans et al., 2014). Flavonoids, which are structurally
related to benzodiazepines, exert an antiepileptic effect by altering
the GABAA-Cl-channel complex (Choudhary et al., 2011).

One such plant rich in flavonoids and polyphenols is Vateria
indica Linn, also known as White Dammar, a tropical tree grown
in East-Asian countries. This tree is leathery, has glabrous leaves,
and can reach up to 40 m in height. It has been used as a remedial
agent for ages, and it possesses anthelmintic, anti-inflammatory,
antiulcer, and anticancer properties. The bark extract is abundant
in flavonoids and polyphenols, rendering it a potential neuropro-
tective agent, as polyphenols are known as neuroprotective
(Spagnuolo et al., 2016).

Previously, our research team has evaluated the protective
effect of V. indica on memory retention and consolidation
(Alshabi et al., 2020). Our results revealed that pretreatment with
V. indica improved cognition and conferred neuroprotection in
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young amnesic mice. The promising results urged us to further
investigate the V. indica ethanolic extract for antiepileptic activity
through modulation of brain GABA levels and oxidative stress in
mice.

The current study evaluated Vateria indica (VI) for its antiepilep-
tic potential in MES and Isoniazid induced seizures as well as
Pentylenetetrazole (PTZ) kindling models of TLE. There is no exper-
imental data available in the literature for V. indica bark extract’s
antiepileptic activity. Hence, we thought it worthwhile to perform
systemic research to evaluate V. indica bark for its antiepileptic and
antioxidant potential.

2. Methodology

2.1. Research design

This study was conducted in the Pharmacology Department,
Faculty of Pharmacy, Najran University, KSA, from May to June
2021.

2.2. Animals

Mice of both sexes (20–25 g, 4–5 months old) were used in this
study. Animals were housed in groups of 6 mice in standard cages.
Ad libitum, clean drinking water and food were provided. The mice
were treated to a 12-hour light-dark schedule. Because mice are
superior genetic models, researchers have increasingly used mice
models rather than rats over the last two decades. Mice and
humans have brains that have been evolutionarily conserved,
which means that they have very similar brain architectures made
up of similar types of brain cells.

2.3. Ethical

The Scientific Ethical Committee of Najran University, Saudi
Arabia, approved the proposed work, and an ethical clearance cer-
tificate was obtained with reference number 443-41-29343-DS.
The experiments were performed following international protocol
for the humane handling of animals (NIH Publications No. 8023,
revised 1978).

2.4. Chemicals

Pentylenetetrazole, Isoniazid, Diazepam, and Phenytoin were
bought from Sigma Aldrich, United States of America. Assay Kits
for biochemical parameters like GABA were purchased from Cay-
man’s Chemical Company, USA. All the other reagents and chemi-
cals were of standard analytical grade.

2.5. Collection and extraction of V. indica stem bark

The present study utilized the ethanolic extract of V. indica stem
bark. The stem bark was collected from the western ghat forests of
Dharwad, Karnataka, India. The bark was harvested in early spring
season. The inner bark, which is often juicy, green, and aromatic,
was harvested, since, the inner bark, not the outer bark, is the
medicinal part of the bark. It was identified by a pharmacognosist,
Dr Shastri Rajesh, Pharmacognosy Department, Faculty of Phar-
macy, Soniya Education Trust, Dharwad, Karnataka, India, and a
herbarium specimen is deposited with vide number: SETCPD/Ph.
cog/herb/04/2017.

The collected bark was cleaned, split into short segments,
shade-dried, crushed, and extracted with 100% ethanol using a
Soxhlet apparatus for 12 h at 50 �C. The extract was evaporated
using a rotary evaporator before being lyophilized into powder.
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The dried extract was dehydrated, and the yield was estimated in
terms of dried plant material. After that, a suspension of the extract
was made with 0.5 percent gum tragacanth and administered to
the experimental animals.

2.6. Phytochemical evaluation and standardization

The VIE was investigated qualitatively for the presence of flavo-
noids, phenols, glycosides, tannins, alkaloids, saponins, steroids,
and carbohydrates, among other phytochemicals. Furthermore,
total phenols and total flavonoids content were quantified using
the previously described procedure (Doss, 2009; Gupta et al.,
2012). Mass Spectroscopy and FTIR were done as per standard pro-
cedures (Dharmender et al., 2010; Tine et al., 2017; Ayalew, 2020).

2.7. Acute toxicity study

The OECD-423 principles were followed for the acute toxicity
investigation. Before dosing, the animals fasted for a night
(OECD, 2002). VIE doses ranging from 5 mg/kg b.w. to 5000 mg/
kg b.w. were given in a single dose via an oral feeding cannula.
Each animal was monitored for the first 24 h following medication,
with the first four hours receiving special attention, and then daily
for the next 14 days. Hyperactivity, sedation, seizures, convulsions,
hypothermia, grooming, and death were all observed toxicity fac-
tors. The selection of test doses for the current study was based
on the results of the toxicity study. The extract was tolerated by
the mice up to a level of 5000 mg/kg, hence we selected its one
tenth part (500 mg/Kg p.o) as higher test dose; and one twentieth
part (250 mg/kg p.o) as the lower test dose.

2.8. Experimental protocol

The mice were grouped randomly into the following groups
(n = 6).

I) Determination of anticonvulsant activity
1. PTZ-induced convulsions:

Group I: Normal control (NC) was administered only vehicle
(Normal saline).

Group II: Standard group (Diazepam 5 mg/kg p.o).

Group III: Positive control PTZ induced (PTZ 60 mg/ kg).

Groups IV: PTZ induced + VI Bark extract (low dose p.o).

Groups V: PTZ induced + VI Bark extract (high dose p.o).

2. Maximal electro shock (MES) induced convulsions:

Group I: NC (vehicle only).

Group II: Standard (Phenytoin 25 mg/kg p.o).

Group III: Positive control MES induced.

Group IV: MES induced + VI Bark extract (low dose p.o).

Group V: MES induced + VI Bark extract (high dose p.o).

3. Isoniazid (INH) induced convulsions:

Group I: NC (vehicle only).

Group II: Standard (Diazepam 5 mg/kg p.o).

Group III: Positive control INH induced (300 mg/kg).

Group IV: INH induced + VI Bark extract (low dose p.o).

Group V: INH induced + VI Bark extract (high dose p.o).
All the experimental models were performed as per standard

procedures for Pentylenetetrazole (PTZ) induced convulsions
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(Koutroumanidou et al., 2013), Maximal electroshock (MES)
induced convulsions (Swinyard et al., 1952), and Isoniazid (INH)
induced convulsions (Bernasconi et al., 1985). On the last day of
the experiments, mice were sacrificed by cervical dislocation fol-
lowed by decapitation for isolation of the brains, and biochemical
estimation and histopathology study of the brain tissue for all
groups was carried out.

2.8.1. Brain GABA estimation (Maynert et al., 1962)
Detached brains were homogenized in ice-cold 0.01 N HCl in a

tube (5 ml). The homogenate was transferred directly to a tube
containing cold 100% alcohol (8 ml) and kept at 0 �C for 1 h before
centrifugation at 16,000 rpm for 10 min and collection in a Petri
dish. The precipitate was rinsed three times with 75 percent alco-
hol (5 ml), and the supernatant was mixed with it. Evaporation on
a water bath (70–90 �C) under a stream of air-dried the resulting
supernatant. The dried product was dissolved in 2 ml chloroform
plus 1 ml water, then centrifuged at 2000 rpm. The GABA-
containing supernatant was collected, and 10 ml was used to make
a spot on Whatman paper (No. 41).

2.8.2. Chromatographic conditions
A paper chromatogram with an ascending method was utilized.

For 30 min, the chromatographic chamber was saturated with n-
butanol: acetic acid: water (50 ml: 12 ml: 60 ml) mobile phase.
The Whatman paper was dried in a hot air oven before spraying
a ninhydrin solution (0.5 percent in 95 percent ethanol) and dried
for 60 min at 90 �C. The formed paper spot (blue colour) was sliced
and placed in a beaker containing ninhydrin solution (2 ml), which
was heated on a water bath for 5 min before adding 5 ml water and
storing for 60 min. The resultant supernatant was collected, and
the absorbance at 570 nm was measured.

2.8.3. Standards and calculations
GABA (marketed) stock solution (1 mg/ml) was produced in

0.01 N HCl. Serial dilutions (1 ng/10 ll to 1000 ng/10 ll) were
made from this stock solution. The preceding technique was
repeated, except that the brain homogenate was replaced with
commercially available GABA solutions to achieve the standard
concentration curve for GABA.

2.8.4. Histopathology
The isolated brain tissue was cut and immediately fixed in for-

malin solution (10%) for 24 h. The brain sections were dehydrated,
fixed with paraffin, cut into 5 lm thick slices, and stained with
hematoxylin and eosin dye. The prepared brain tissue sections
were visualized under a light microscope (Kazmi et al., 2020).

2.9. In-Vitro antioxidant assay

2.9.1. DPPH assay
Blois (1958) established a method for measuring test drugs’ free

radical scavenging activity (Blois, 1958). The test drug in multiple
concentrations (20 to 200 mg/ml) were added to a 0.2 mM DPPH
solution (100 ll). After 30 min, the absorbance was checked at
517 nm. Similarly, Ascorbic acid was used to plot a standard curve.
Using the following equation, the scavenging activity was
calculated:

Percentage of scavenging activity = (A0 � A1/A0) � 100.
A0: Control absorbance.
A1: Test absorbance.

2.9.2. Reducing power assay
The previously mentioned standard method was used to esti-

mate reducing power activity (Yildirim et al., 2001). The test drug
in multiple concentrations (50 to 450 mg/ml) were introduced to a
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test tube containing 1 ml of 200 mM sodium phosphate buffer (pH
6.6) and 1 ml of 1 percent potassium ferricyanide solution and
incubated for 20 min at 50 �C. One milliliter of 10% trichloroacetic
acid was added to it, and centrifuged for 10 min (3000 rpm). To the
subsequent supernatant ferric chloride (0.5 ml) and distilled water
(2 ml), was added and incubated for 10 min before the absorbance
was measured (700 nm). Greater absorbance indicates that the test
compounds have a more substantial reductive power (Jamuna
et al., 2012).

2.9.3. Hydroxyl radical scavenging activity
The �OH scavenging activity was determined using the deoxyri-

bose protocol (Halliwell et al., 2006). 10 mM 2-deoxyribose
(0.15 ml), 0.2 M Na3PO4 buffer (0.45 ml), 10 mM H2O2
(0.15 ml), 10 mM FeSo4-EDTA (0.15 ml), distilled water
(0.525 ml), and test drug (0.075 ml) were added to the reaction
mixture and incubated for 4 h at 37 �C. After incubation, 2.8% tri-
chloroacetic acid (0.75 ml) and 1.0% thiobarbituric acid (0.75 ml)
were added, and the mixture was simmered for 10 min before
being cooled and the absorbance measured at 520 nm. For compar-
ison, mannitol (0.5–4.5 mg/ml) was employed as a standard, and a
standard curve was constructed.

Percentage of �OH radical scavenging = (A0 � A1/A0) � 100.
A0: Control absorbance.
A1: Test absorbance.

2.9.4. Statistical analysis
The data were presented in the form of mean SEM. One-way

ANOVA was used to analyze statistical differences, followed by
the Post-Tukeys test. P < 0.05 was judged statistically significant
for all comparisons. Graph-Pad Prism software was used for all sta-
tistical analyses.

3. Results

3.1. Phytochemical evaluation

The presence of flavonoids, phenolics, glycosides, tannins,
polysaccharides, saponins, and steroids was confirmed by qualita-
tive analysis in the ethanol extract of V. indica bark. The quantita-
tive estimation revealed total phenol and flavonoid concentrations
of 580.96 mg GAE/g extract and 66.89 mg RE/g extract,
respectively.

3.2. FTIR and Mass spectroscopy

The spectral analysis data confirmed several compounds by
searching NIST/EPA/NIH Mass Spectral Library (NIST 17) mass
spectral library in ChemData.NIST.GOV. The spectral analysis
results corroborate with previous reports (Fig. 1). The list of com-
pounds confirmed by MS are depicted in Table 1.

3.2.1. Acute toxicity study
The extract was tolerated by the mice up to a level of 5000 mg/

kg. They all survived the test, and there were no noticeable changes
in their appearance or general behaviour.

3.2.2. VIE protects mice from convulsions caused by maximal electrical
shock (MES)

VIE significantly decreased all convulsive phases caused by MES
(tonic flexion phase, tonic extensor phase, clonic convulsion phase,
and stupor) compared to MES control. Likewise, mice given pheny-
toin (25 mg/kg) were protected from MES-induced convulsions, as
evidenced by the lack of all convulsion stages. Fifty percent of ani-
mals recovered in the MES control group, while treatment with
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phenytoin provided significant recovery (100%) to all mice. At the
same time, two-thirds of mice treated with VIE showed recovery
against MES (Table 2 and Fig. 2).
3.2.3. VIE protects against INH- induced convulsions in mice
As depicted in Table 3, administration of INH (300 mg/kg) pro-

duced convulsions and death in all the experimental animals in the
positive control group (mortality rate 100%). However, VIE inter-
vention showed significant protection (P < 0.001) against INH
induced seizure activity and reduced the mortality rate up to
16.6% compared to INH alone group (mortality rate 100%). Further-
more, VIE treatment significantly delayed the onset of seizure epi-
sodes and reduced the duration of seizure activity. Similarly,
Diazepam (standard drug) treatment substantially reduced seizure
occurrences and provided complete protection since none of the
animals died following INH treatment in this group. (Fig. 3).
3.2.4. VIE protects against PTZ- induced convulsions
PTZ elicited hind- and fore limb myoclonic twitches in all ani-

mals 60–70 s after i.p. administration. This was proceeded by a col-
lapse with one side or the back, which was followed by generalized
clonic discharges. In a dose-dependent way, VIE pretreatment con-
siderably delayed the latency to clonic convulsions (Table 4).
Moreover, VIE intervention demonstrated a significant reduction
in the intensity and duration of clonic convulsions. In addition, pre-
treatment with VIE showed protection against the PTZ-induced
seizures and reduced the mortality rate (Fig. 4).
3.3. VIE restored the brain GABA content

PTZ, INH, and MES administration significantly reduced brain
GABA levels in positive control mice compared to normal control
animals. VIE intervention dose-dependently restored brain GABA
levels (Table 5).
3.3.1. VIE incurs protection against oxidative stress
Free radical scavenging activity (DPPH�): VIE’s DPPH� scaveng-

ing action was concentration-dependent, increasing linearly from
20 to 200 mg mL�1. VIE scavenging activity peaked at 200 mg mL�1

(86.36% inhibition), and standard antioxidant ascorbic acid scav-
enging activity peaked at 200 mg mL�1 (95.40% inhibition). VIE
and ascorbic acid showed IC50 values of 96.91 mg/ml and
68.13 mg/ml, respectively.

Reducing power assay: The reduction power of VIE was dose-
dependent, and at a concentration of 500 mg mL�1, VIE had the
most significant reducing power. VIE and ascorbic acid had IC50
values of 419.16 mg/ml and 374.24 mg/ml, respectively.

Hydroxyl radical scavenging activity: VIE prevented deoxyri-
bose decomposition, with 500 mg mL�1 exhibiting the maximum
hydroxyl scavenging activity. VIE and mannitol IC50 values were
determined to be 293.75 mg mL�1 and 175.3 mg mL�1, respectively.
3.3.2. Histopathology
Fig. 5 depicts the photomicrographs of the brain sections of

mice. Normal control animal brains showed normal neuronal cells
without cerebral congestion or edema. Brain tissue from the posi-
tive control group showed marked cerebral congestion, cerebral
edema, meningeal congestion and neuronal eosinophilia. Brain tis-
sue in animals treated with standard drugs and VIE 500 mg/Kg did
not reveal cerebral congestion, cerebral edema, meningeal conges-
tion, neuronal eosinophilia and meningeal inflammation. Brain
from animals treated with VIE 250 mg/kg exhibited relatively less
cerebral congestion, cerebral edema, meningeal congestion and
meningeal inflammation.

http://ChemData.NIST.GOV


Fig. 1. FTIR and Mass spectra of Vateria indica ethanolic extract.
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4. Discussion

Epilepsy is a collection of syndromes marked by repeated spon-
taneously occurring seizures that appear to be caused by compli-
cated mechanisms involving numerous neurotransmitter
pathways in the brain, including GABAergic, cholinergic, and gluta-
matergic systems (De Almeida et al., 2011). Epilepsy affects
approximately 50 million individuals worldwide, making it one
of the most prevalent neurodegenerative disorders, affecting an
3604
estimated 1.5% of the world population (Beghi, 2020). For epilepsy
management, numerous antiseizure medications are being used.
They do, however, have dangerous side effects like ischemia,
depression, motor disability, and impaired cognition. In addition,
conventional medications are synthetic, resulting in severe adverse
effects and drug dependence.

Furthermore, approximately 30% of epilepsy patients are refrac-
tory to treatment with the antiepileptic drugs that are presently
available.



Table 1
Mass Spectra of Vateria indica confirming the presence of several phytochemicals.

S.
No

Compound Name Reported Mol.
Wt

Obtained Mol.
Wt

Vaticanol C 906.9 906.96
Epsilon Viniferin 454.97 454.47
Stilbenes 180.25 179.28
Vaterioside A 614.603 613.35
Bergenin 328.27 328.98
Vaticanol B 906.9 906.10
Resveratrol 220.35 219.25
Veterioside E 614.603 613.35
Isocumarin 146.14 147.23
Viniferin 454.47 453.08
Viniferol 680.7 678.39
Kaempferol-3-O-rhamnoside 432.4 432.73
Kaempferol-3-O-
rhamnopyranosyl

740.7 741.30

Quercitrin 448.4 447.89
Diterpenes (Columbin) 358.4 358.91
Diterpenes (Palmarin) 374.4 374.67
L-Fisetinidol 274.26 275.18
Vaticanol B 906.9 906.10
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Herbal drugs derived from folkloric medicine have played an
essential role in developing modern medications. They can serve
as a source of antiepileptic drugs with unique structures and
improved efficacy and safety profiles. In the context of ongoing
drug discovery for novel antiepileptic lead candidates, the current
study seeks to analyze the prospective antiepileptic and antioxi-
dant capabilities of Vateria indica and its influence on the brain’s
GABAergic system.

In the present study, we used the MES, INH, and PTZ models for
screening antiepileptic drugs. The application of electrical stimuli
in the MES model generated considerable seizure activity in the
MES-control group, as evidenced by increased clonic convulsions,
tonic hind limb extension, tonic flexion, and stupor in the positive
control group. In addition, the GABA levels in the MES-control
group were low compared to normal control animals, and all ani-
mals (100%) in the MES-control group had seizure activity, with a
50% death rate.

As evidenced by a decline in the duration of all stages of MES-
induced seizures, as well as elevated brain GABA levels, VIE inter-
vention considerably reduced MES-induced convulsions. Further-
more, VIE intervention rendered protection to all the animals,
as none of the animals died. These results are consistent with
Alkahtani et al. (2021), who reported that treating mice with Gar-
cinia mangostana significantly reversed the MES-induced convul-
sions and had significant antiepileptic potential modulated
through positive GABAergic neurotransmission and antioxidant
properties.

Moreover, in the INH and PTZ-induced seizure models, VIE
significantly delayed clonic convulsions’ latency (min) and lowered
clonic convulsions’ duration (min). When compared to positive-
control mice, VIE exhibited a dose-dependent beneficial effect on
GABAergic neurotransmission, as evidenced by a substantial rise
in brain GABA levels. The VIE intervention demonstrated a
Table 2
Effect of VIE on maximal electroshock (MES) induced convulsions.

Groups Tonic Flexion (s) Tonic hind limb extension: THL

MES control 18.17 ± 1.42 21 ± 0.57
STD Phenytoin 25 mg/kg 3.5 ± 0.42*** 1.33 ± 0.49***
VIE 250 mg/kg 12.33 ± 0.98** 16 ± 1.15**
VIE 500 mg/kg 6.5 ± 0.76*** 4.83 ± 0.79***

Values are expressed as Mean ± SEM for 6 animals per group.
*P < 0.05; **P < 0.01; ***P < 0.001 compared with controls (ANOVA followed by post ho
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significant neuroprotective effect on the treated mice, parallel to
the protective effect exhibited by the standard drug diazepam.
These findings are consistent with recent research that reported
the therapeutic potential of herbal medicines to be protective
against INH, PTZ, and MES-induced convulsion models (Alkahtani
et al., 2021; Gupta et al., 2014; Sun et al., 2019; Vijayalakshmi
et al., 2011). For the study of absence seizures and generalized
myoclonic siezures, the PTZ model is appropriate. On the other
hand, the MES and INH-animal models are good predictors of gen-
eralized tonic-clonic seizure treatment efficacy.

It is well established that in several animal models (INH, PTZ,
and MES models) employed to screen antiepileptic agents, a
decrease in GABAergic neurotransmission is responsible for the
epileptogenic actions. The main inhibitory neurotransmitter in
the brain is GABA, and increasing GABA neurotransmission has
been shown to mitigate convulsions (Vijayalakshmi et al.,
2011). PTZ is thought to work at the molecular level through
noncompetitive antagonism of the GABAA receptor complex
(Hansen et al., 2004). It has been suggested that medications
that suppress T-type Ca2 + currents, such as ethosuximide,
and compounds that promote GABAA receptor-mediated inhibi-
tory neurotransmission, such as benzodiazepines and phenobar-
bital, can prevent PTZ-induced seizures (De Sarro et al., 1999).
In addition, INH’s epileptogenic activity is linked to disruption
in GABAergic neurotransmission by blocking the vital enzyme
glutamic acid decarboxylase, which is responsible for GABA pro-
duction from glutamic acid (Drug Discovery and Evaluation,
2014).

Furthermore, the pathophysiology of epilepsy has been linked
to neuronal hyperexcitability and the excessive generation of free
radicals. The brain is susceptible to free radical damage due to its
high rate of oxidative metabolism, limited antioxidant defences,
and high polyunsaturated fatty acid content (Devi et al., 2008).
Both oxidative and nitrosative stress are thought to play a role in
the pathogenesis of epilepsy. Several studies (animal models and
genetic studies) have shown that persistent seizures cause an
increase in mitochondrial oxidative stress and subsequent cell
damage (Waldbaum et al., 2010; Liang and Patel, 2006; Gluck
et al., 2000).

Consequently, antioxidant agents that aim to minimize oxida-
tive stress have garnered considerable interest in the treatment
modality of epilepsy (Devi et al., 2008). In the current study, the
phytochemical investigation revealed a high content of total phe-
nols and flavonoid concentrations in the VIE extract. Thus, any
compound which acts by countering the oxidative stress is consid-
ered to be an effective treatment modality in the management of
epileptic disorders, as demonstrated in the current study. In addi-
tion, histology of brain tissue showed that animals treated with VIE
did not reveal cerebral congestion, cerebral edema, meningeal con-
gestion, neuronal eosinophilia, or meningeal inflammation com-
pared to positive-control animals. Thus, VIE’s ability to improve
GABAergic neurotransmission as well as its antioxidant potential,
as evidenced by its DPPH- and hydroxyl radical scavenging ability
and reducing power activity, can be linked to its seizure-protective
action.
E (sec) Clonic Convulsion (sec) Stupor (sec) Recovery/Death

16.83 ± 0.6 49.33 ± 2.01 50% recovered
8 ± 0.57*** 9.83 ± 0.6*** All recovered
13.5 ± 0.67** 40.67 ± 2.48* 66.66% recovered
9.66 ± 0.66*** 20.33 ± 1.76*** 83.33% recovered

c tests for multiple comparisons).



Fig. 2. Effect of VIE on MES-induced convulsions and GABA. Values are expressed as Mean ± SEM for 6 animals per group.*P < 0.05; **P < 0.01; ***P < 0.001 compared with
positive control; # P < 0.001 compared to normal control.
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Table 3
Effect of VIE on Isoniazid-induced seizure episodes.

Groups No. of animals showing
convulsions

Animals
protected (%)

Mortality
(%)

Latency to Clonic convulsions
(minutes)

Duration of Clonic convulsions
(minutes)

Positive control INH
(300 mg/kg)

6/6 0% 6/6 (100%) 26.98 ± 2.46 4.227 ± 0.24

INH + Diazepam 5 mg/kg i.
p.

0/6 100% 0/6 (0%) 77.75 ± 3.8 *** 0.885 ± 0.21***

INH + VIE 250 mg/kg p.o. 2/6 66.6% 2/6
(33.3%)

45.45 ± 2.17 ** 2.718 ± 0.22**

INH + VIE 500 mg/kg p.o. 1/6 83.3% 1/6
(16.6%)

51.91 ± 4.18 *** 2.135 ± 0.39***

Values are expressed as Mean ± SEM for 6 animals per group. **P < 0.01; ***P < 0.001compared with controls (ANOVA followed by post hoc tests for multiple comparisons).

Fig. 3. Effect of VIE on INH-induced seizure activity and GABA levels in mice. Values are expressed as Mean ± SEM for 6 animals per group.*P < 0.05; **P < 0.01; ***P < 0.001
compared with positive control; # P < 0.001 compared to normal control.

Table 4
Effect of VIE on PTZ-induced seizure episodes.

Groups No. of animals showing
convulsions

Animals
protected (%)

Mortality
(%)

Latency to Clonic convulsions
(Seconds)

Duration of Clonic convulsions
(Seconds)

Positive control PTZ (80 mg/
kg, i.p)

6/6 0% 6/6 (100%) 99.30 ± 13.98 225.0 ± 22.91

PTZ + Diazepam 5 mg/kg i.p. 0/6 100% 0/6 (0%) 474.3 ± 11.97 *** 51 ± 12.73 ***
PTZ + VIE 250 mg/kg p.o. 3/6 50% 3/6 (50%) 186.8 ± 18.24 ** 154.6 ± 15.71 **
PTZ + VIE 500 mg/kg p.o. 2/6 66.6% 2/6

(33.4%)
257.4 ± 19.73 *** 105.2 ± 12.89 ***

Values are expressed as Mean ± SEM for 6 animals per group. **P < 0.01; ***P < 0.001compared with controls (ANOVA followed by post hoc tests for multiple comparisons).

Fig. 4. Effect of VIE on PTZ-induced seizure activity and GABA. Values are expressed as Mean ± SEM for 6 animals per group.*P < 0.05; **P < 0.01; ***P < 0.001 compared with
positive control; # P < 0.001 compared to normal control.
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Table 5
Effect of VIE on GABA levels in mice brains.

Treatment Groups GABA levels (ng/g of brain tissue)

MES INH PTZ

Normal control 47.5 ± 3.8 47.83 ± 3.7 52.50 ± 3.81
Positive control 23.83 ± 1.9 # 21.83 ± 2.12 # 24.50 ± 2.93 #

Phenytoin 25 mg/kg i.p. 45.5 ± 2.93 *** – –
Diazepam 5 mg/kg i.p. – 43.33 ± 2.24 *** 49.67 ± 2.90 ***
VIE 250 mg/kg p.o 34.67 ± 1.3 * 35.17 ± 2.7 * 39 ± 2.44 *
VIE 500 mg/kg p.o 41 ± 1.52 *** 39.17 ± 2.18 *** 42.50 ± 3.81**

Values are Mean ± SD, n = 6 in each group. **P < 0.01,***P < 0.001 when compared with positive control groups. # P < 0.001 compared to normal control.

Fig. 5. Photomicrographs of mice brain tissue (40x) in PTZ-model (A-series); INH-model (B-series); MES-model (C-series). 1) Normal control; 2) Positive control; 3) Standard;
4) VIE 250 mg/Kg; 5) VIE 500 mg/Kg.
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5. Conclusion

To conclude, Vateria indica may provide adequate protection
against epileptic seizures, suggesting that it could be used to treat
petitmal and grandmal epilepsy. Our findings are preliminary, and
more research is needed before animal data can be applied to
humans. We plan to provide pure lead compounds derived from
Vateria indica in the future in order to better understand the role
it could play in the development of natural anticonvulsant
therapies.
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