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ABSTRACT

ARTICLE INFO

Pilocarpine model of epilepsy reproduces features of temporal lobe epilepsy (TLE)
associated with mossy fiber sprouting, gliosis, and extensive loss of dentate gyrus and
hippocampal pyramidal neurons. TLE is often resistant to drug treatment, proceeding from
impaired mitochondrial energy production and failure of GABAergic inhibition. In this study,
Ficus platyphylla (FP) was extracted with methanol and the methanol extract subjected to
Gas Chromatographic-Mass Spectrometric (GC-MS) and Fourier-transform infrared
spectroscopic (FT-IR) analyses. In silico molecular docking study was conducted to predict
interactions of the major compounds from FP with glutamic acid decarboxylase (GAD) and y-
aminobutyric acid aminotransferase (GABAat). Effects of FP on lithium-pilocarpine-induced
status epilepticus (SE) and neuronal cell damage were examined, and the involvement of
oxidative and GABAergic pathways investigated to define the likely target(s) for development
of the bioactive components. FP at doses of 50, 100 and 200 mg/kg, protected 8%, 27% and
20% of rats from lithium-pilocarpine-induced status epilepticus (SE), respectively. FP
alleviated lithium-pilocarpine-induced seizure severity (p < 0.01) and extended the latencies
to seizures (p < 0.001) and SE (p < 0.001) in non-protected rats. The extract ameliorated
neuronal cell damage and oxidative stress induced by lithium-pilocarpine administration. FP
significantly (p < 0.001) increased the expression of genes encoding glutathione-S-synthase
(GSS), superoxide dismutase (SOD), catalase (CAT), and glutamic acid decarboxylase
(GAD). The major compounds in the extract including octadecenoic acid,
dimethylphenylisothiocyanate, and pentadecanoic acid showed interaction with GAD and
GABAar active sites. These preliminary findings revealed the ameliorative effects of FP
against lithium-pilocarpine-induced status epilepticus, neuronal cell damage and alterations
of oxidative stress biomarkers. Bioactive compounds in the extract interacted with GAD and
GABAar active sites. Further studies are required to unravel the potential values of bioactive
constituents of FP for the management of temporal lobe epilepsy.
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INTRODUCTION

Epilepsy is a multifaceted brain disorder characterized by
periodic interruptions of normal brain function caused by
an excessive, sudden or rapid discharge of cerebral
neurons in the grey matter of the brain, culminating in brief
episodes of partial or generalized involuntary movement
that may be accompanied by loss of consciousness [1].
This family of chronic neural disorders that commonly
increased predisposition to seizures to reflect underlying
brain dysfunction [1], may result from defects in
membrane ATPase, potassium conductance and ion
channels linked to neuronal membrane instability;
metabolic, infectious, deformed, vascular, traumatic or
tumoral, conditions [2].

Status epilepticus (SE) is a state of prolonged seizure
activity that lasts for at least 30 minutes without regaining
full consciousness between the seizure episodes [3]. This
paroxysmal neurological crisis associated with significant
mortality and morbidity, results from a failure of inhibitory
pathways mediated by y-aminobutyric acid (GABA) or
increased excitatory neurotransmission mediated by
glutamate [3, 4, 5, 6]. Excessive glutamatergic and loss of
GABAergic neurotransmissions are implicated in the
pathophysiology of SE, and models of SE essentially
provide insights into the pathogenesis of TLE [7]. High-
dose pilocarpine and  Lithium-pilocarpine  models
reproduce many features of TLE in rodents, which include
an initial triggering of brain injury, culminating in epileptic
foci in the limbic system; followed by a latent period and
later by the appearance of spontaneous recurrent seizures
(SRSs), and reorganization of neuronal networks resulting
from the presence of hippocampal sclerosis [7, 8]. SE is
associated with impaired mitochondrial ~ dynamics,
bioenergetic failure and oxidative stress in both immature
and mature brains [9].

Oxidative stress and mitochondria dysfunction are critical
elements in the pathophysiology of epilepsy. Dysfunction
of mitochondrial calcium buffering, ATP generation, and
the regulation of apoptosis are crucial factors in the onset
and course of epilepsy [10]. Clinical and experimental data
have established the fundamental role that oxidative
stress plays in the initiation and progression of epilepsy
[11]. Oxidative stress results from an imbalance between
potential of antioxidant defenses and pro-oxidant species,
culminating in oxidative damage to DNA, lipids and
proteins, resulting to apoptosis and cellular damage [12].
Oxidative stress can further impair mitochondrial function
resulting to metabolic disturbances in neurons [9].
Reactive oxygen species (ROS) and reactive nitrogen
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species (RNS) are free radicals produced in the body as
byproducts of cellular metabolism [13, 14], which can
become harmful when produced in excess [15]. Elevations
in levels of malondialdehyde (MDA), a marker of lipid
peroxidation have been observed in patients with
recurrent seizures [16]. Decreased levels of antioxidant
enzymes including catalase (CAT) and superoxide
dismutase (SOD), together with elevated levels of MDA,
are suggestive that the antioxidant defense system is
overcome by ROS production [16].

Recent advances have highlighted the potential of
antioxidant therapy as a novel treatment strategy of
epilepsy [9]. Neuroprotectants, particularly antioxidants,
may have therapeutic value in epilepsy by reducing
oxidative stress and its damaging effects on neurons.
Increased levels of antioxidant enzymes such as SOD,
CAT, and glutathione (GSH) have been proposed as
potential therapeutic targets in refractory epilepsy [9, 17].
Targeting oxidative stress and mitochondrial dysfunction
represents a promising adjunctive strategy to modify the
progression and improve therapeutic outcomes for
epileptics. Synergistic effects can be achieved by
combining antioxidants that target multiple pathways,
modulating neurotransmitter systems, reducing oxidative
stress, and attenuating neuroinflammation.

Temporal Lobe Epilepsies are refractory to standard anti-
epileptic drug (AED) treatment. Impairment in
mitochondrial energy production is believed to the basis of
pharmacoresistance in epilepsy [9]. Moreover, these
traditional  anticonvulsant  medications  commonly
employed in the management of TLE cause devastating
side effects without improvement in the patient’s quality of
life. Although, surgical interventions are currently the
options used to achieve seizure control in TLE [18, 19],
research is ongoing to develop new anticonvulsant drugs
that are available, affordable, and effective to overcome
these impediments. Plants are the main sources of lead
compounds and novel medications for the management of
this devastating brain condition [20, 21, 22, 23]

Ficus platyphylla Del.-Holl, an ethnomedicinal shrub
belonging to the family moraceae, is indigenous to the
savanna localities of the coast of West Africa. Extracts
from Ficus platyphylla are utilized in Nigerian folk
medicine to manage inflammation, pain, psychoses,
depression and epilepsy. Our earlier studies revealed the
potential anticonvulsant values [2, 24, 25, 26] and safety
[27] of this ethnomedicinal plant, which validates its
utilizations in the Nigerian traditional medicine for the
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treatment of epilepsy. To complement our earlier findings
on the antiepileptic potentials of Ficus platyphylla, we
examined its ameliorative properties against lithium-
pilocarpine induced status epilepticus and alterations of
biomarkers of oxidative stress in rats. We also conducted
in silico molecular docking analysis to predict interactions
between the major bioactive compounds form FP and two
enzymatic drug targets for the treatment of epilepsy.

MATERIALS AND METHODS

Animals

Male and female Wister rats (180-200 g), aged 8-9 weeks
fed with normal feeds and water ad libitum, were obtained
from the Kaduna State University's (KASU’s) Animal
House. The rats were accommodated in clear plastic
cages cushioned with wood shavings, under normal
conditions of light/dark cycles (12/12 h), temperature (22 +
1°C) and humidity. The number of rats approved by the
Animal  Ethics  Committee  of KASU  (No.
KASU/AEC/2023/005) for this study were used according
to guidelines for the use and care of laboratory animals
(updated 2011) prescribed by the National Institute of
Health's (NIH Publications No. 80-23).

Plant Collection and Preparation of the Extract

The FP was identified, collected, cleaned and
authenticated by Mallam Ibrahim Muazzam, National
Institute for Pharmaceutical Research and Development
(NIPRD), Abuja, Nigeria; and a voucher specimen (No.
4035) is placed in NIPRD Herbarium for future reference.
The bark was sliced into pieces, air dried, crushed with
pestle and mortar, and extracted with methanol. The
preliminary phytochemical and HPLC analysis of the
extract have been conducted and reported by Chindo et
al. [25].

High Performance Liquid Chromatographic (HPLC),
Gas Chromatography-Mass Spectrometric (GC-MS),
and Fourier-Transform Infrared Spectroscopic (FT-IR)
analysis

Here, we used the ultra-model Shimadzu GC-MS
QP2010, as previously described by Beschi et al [28] to
analyze the methanol extract of FP. Helium with a split
ratio of 10:1 (99.999%) and a constant flow rate of 1
ml/minute was used as the carrier gas. A single microliter
of sample was injected into the Column Elite-1 fused silica
capillary column (30x0.25 mm IDx0.25um) with an
electron impact mode of 70 eV. The injector and ion
source temperatures were set at 250°C. The oven was
programmed to begin at 110°C (isothermal for 2 minutes),
increased by 10°C per minute to 200°C and eventually
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increased by 5°C every 15 minutes to 260°C (isothermal).
Mass spectra were acquired at 70 eV with a 0.5-second
scan interval and fragmented in the range of 40 to 550 Da
for approximately 30 minutes. The GC-MS data was
processed using electron impact ionization at 70 eV, and
the total ion count (TIC) was utilized to evaluate the data
for compound identification and quantification. NISP
Search was used to compare the component spectrums to
the GC-MS library’s database of known spectra. The
relative percentage quantity was calculated by comparing
the average peak area of each component to the total
area. The Turbo-Mass-OCPTVS-Demo SPL application
was used to process data and measure peak areas. The
Fourier-transform infrared spectroscopy (FT-IR) spectra
were run with the Perkin Elmer Spectrophotometer system
(PerkinElmer, Waltham, MA, USA), and the spectra
scanned from 4000cm-* to 400 cm-".

Lithium-pilocarpine status epilepticus induction

Rats were randomly selected, divided into five
experimental groups and treated with saline and FP (50,
100 and 200 mg/kg) orally for three days before SE
induction [29]. A significant decrease in the dosage of
pilocarpine was achieved by administering Lithium
Chloride (Li, 127 mg/kg) eighteen hours before SE
induction [30]. On the fourth day, the rats were treated
with saline and FP (50, 100 and 200 mg/kg) orally 1 h
prior to SE induction. Hyoscine (1mg/ml, ip) was
administered 30 minutes prior to SE induction to reduce
peripheral cholinergic activity associated with pilocarpine
injections [31, 32]. Following administration of pilocarpine
(40 mglkg, i.p.) to induce SE, the animals were closely
monitored for signs of seizure activity using a modified
version of Racine's scale as follows: 1 = for infrequent
face clonus and immobility; 2 = head nodding; 3 = rearing;
4 = rearing and tumbling on both sides; and 5 = for tonic
hind limbs extension. These steadily progressed into SE
within 1-2 h [33] with SE defined as uninterrupted seizures
lasting for more than 30 minutes after pilocarpine injection
[34, 35]. To reduce excitability after 2 h of SE, the rats
were injected with 4 mg/kg of diazepam; and
phenobarbitone (30 mg/kg) injected forty-five minutes later
to block the residual seizure activity [36].

Biochemical Studies

Rats were decapitated after euthanasia with ether. The
brains were rapidly removed and homogenized in
phosphate buffer prior to centrifuging at 4°C for 10
minutes at 10, 000 rpm. The following biochemical tests
were conducted. The test described by Moron et al. [37]
was utilized to evaluate the Glutathione levels. The
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absorbance of a yellow chromophore obtained from the
reaction of DTNB [5, 5—dithiobis-(2-nitrobenzoic acid)] and
brain tissues was assessed at 412 nm alongside a blank
reagent (DTNB + phosphate buffer) to give the reduced
glutathione levels. The thiobarbituric acid test described
by Ohkawa ef al. [38] was applied to estimate the
concentrations of Malondialdehyde. A pink supernatant
was obtained and its absorbance was assessed at 532 nm
with distilled water as reference blank. The method
described by Misra and Fridovich [39] was used to assess
superoxide dismutase (SOD) activity. An adrenochrome
was obtained from the mixture of adrenaline solution (1.3
mM) and EDTA (0.6 mM) with the supernatant solution,
and the adrenochrome’s absorbance was assessed at 480
nm alongside the chemicals put together without the
tissue homogenate as blank sample. The method
described by Goth [40] was used to evaluate catalase
activity. A mixture of the tissue homogenate and
potassium phosphate buffer was added to thirty millimoles
hydrogen peroxide (H20.) in 50 mM potassium phosphate
buffer to recruit a reaction; the absorbance was evaluated
at 240 nm, and activity presented as 1 pmol H0,
decomposed U/mg protein.

Histology evaluation

The method described by Chindo et al. [26] was used with
modifications to prepare the brains for analysis. The rats
were beheaded under anesthesia, the brains were quickly
removed and preserved in Bouin’s fluid for 16-24 h. The
brains were processed and fixed in paraffin, and 5 um
thick sections were made with a rotary microtome. The
sections were stained with Nisl stain. The neurons in fields
(500 pm by 500 um) of the hippocampal CA1 and CA3
regions were counted using a counting net. An average of

Table 1: Primer Sequences of Genes.

Afr J Pharm Res Dev, 18(1), 2026, 417-445

five squares were counted in the left and right
hippocampal regions of each rat.

Gene expression studies

The relative changes in gene expression from real-time
quantitative PCR experiments were analyzed using the 2(-
Delta Delta CT)) method [41, 42]. Primers for gene
expression were designed on the NCBI website with
primer blast software and their sequences were
synthesized by Integrated DNA Technologies (IDT),
Singapore. RNAs were isolated from brain tissue samples
using TRIpure Total RNA Extraction Reagent (ELK
Biotechnology, USA) and transcribed into cDNA using
ReverTra Ace™ gPCR RT Master Mix with gDNA
Remover (Toyobo, Japan) [43]. The DNase 1 reaction
solution containing 2 L of nuclease, 6 uL of RNA
template (80 ug/mL) and 2 pL of 4x DN master mix free
water was prepared for genomic DNA remover and
incubated for 5 min at 37°C. Thereafter, incubated serially
at 37°C for 15 min, 50°C for 5 min and finally at 98°C for 5
min to terminate the reaction after the addition of 2 pL of
5x RT master mix Il. The cDNA synthesized was stored at
-200C for further assay.

Quantitative Real-Time PCR (qRT-PCR) analysis
Expression of the target genes was measured by qRT-
PCR using Luna universal g°PCR master mix (M3003).
The PCR was done using the synthesized cDNA as
described in the Manufacturer’'s protocol. The conditions
were set as follows; initial denaturation at 95°C for 60
seconds, followed by 2-step cycle of 95°C for 15 seconds
and 55°C for 30 seconds. Relative quantification was
determined by normalizing the cycle threshold (CT) of
target genes with the CT of beta-actin (control gene) using
the 2-A2CT method.

Gene Forward sequence Reverse sequence

GSS TTTGACCAGCGTGCCGTAGA GGGCATGTAGCCATCTCGGA
SOD TCCGTCGGCTTCTCGTCTTG CCGCTTTCATCGCCATGCTT
CAT GAGTGGCCAACTACCAGCGT TGTCCGCACCTGAGTGACAT
GAD CCGCAGGCACGACTGTTTAC GGGACATGAGCAGTCCACCA

GSS -Glutathione Synthetase, SOD - Superoxide Dismutase, CAT —Catalase,

GAD -Glutamic Acid Decarboxylase

Molecular docking studies

In silico molecular docking analysis was performed
following established protocols [44, 45] to predict the
interactions of 2,3-Dimethylphenylisothiocyanate,
Pentadecanoic acid, and 11-Octadecenoic acid with target
proteins that are implicated in neurotransmitter
metabolism. The 3D structures of the ligands were
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retrieved from the PubChem database [46] and were
further converted into mol2 format using OpenBabel [47].
Protein  structures of gamma-aminobutyric  acid
aminotransferase (GABAar, PDB ID: 10HV) and glutamic
acid decarboxylase (GAD, PDB ID: 20KJ) were obtained
from the RCSB PDB database
(https:/iwww.rcsb.org/structure/).  Preprocessing  was
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carried out using AutoDock Tools 4.2 [48] by adding
hydrogen atoms, assigning Kollman charges, and
removing crystallographic water molecules. To validate
the docking protocol, the co-crystallized ligands—pyridoxal-
5'-phosphate (PLP) in 10HV and 4-[({3-hydroxy-2-methyl-
5 [(phosphonooxy) methyl] pyridin-4-yl} methyl) amino]
botanic acid (PLZ) in 20KJ-were re-docked into their
respective binding sites. The docking successfully
reproduced the native binding conformations, confirming
the reliability of the docking parameters. This re-docking
served as a benchmark for comparison with the test
compounds, thus, fuffiling the requirement for rigorous
validation [45]. For each ligand (2, 3-
Dimethylphenylisothiocyanate, Pentadecanoic acid, and
11-Octadecenoic acid), torsional flexibility and Gasteiger
charges were assigned. Docking simulations were
executed using the Lamarckian Genetic Algorithm with
100 independent runs per ligand. The best-scoring
conformations were selected from clustering analysis
based on binding free energy. Docking results of the test
ligands were systematically compared with the validated
re-docked controls (PLP and PLZ) in terms of binding
energies, hydrogen bonding, and  hydrophobic
interactions.  This comparative framework allowed
assessment of the test ligands relative to established
inhibitors, ensuring methodological rigor. The final docked
complexes were analyzed using Protein-Ligand Interaction
Profiler (PLIP) [49] and ProteinPlus server [50, 51, 52] for
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detailed characterization of hydrogen bonds, hydrophobic
interactions, and other non-covalent forces.

Statistical Analysis

Data were presented as mean + S.E.M. and analyzed by
one-way ANOVA, followed by Turkey post hoc tests using
Graph Prism version 4.00 (GraphPad Software, Inc., La
Jolla, CA, USA), with significant results at p < 0.05. n =
represents the number of animals per group for each
experiment.

RESULTS

Bioactive constituents of methanol extract of Ficus
platyphylla (FP)

Twenty biologically active secondary metabolites were
detected in FP by GC-MS analysis with the major
compounds being pentadecanoic acid (13.10%), 2, 3-
dimethylphenylisothiocyanate ~ (13.47%) and  11-
Octadecenoic acid (14.35%) [(Table 2; Chromatograms of
these most abundance secondary metabolites are shown
in Figure 1 (A-C)]. The FT-IR spectral data revealed the
following major functional groups: broad hydroxyl, O-Hs
(3200cm"), sharp C-Hsr (2980cm ), sharp C=Ostr
(1730cm ") corresponding to carbonyl functional group and
a strong C=C str (1602cm) peak. These functional
groups may probably be from the major constituents (11-
Octadecenoic acid, methyl ester, Pentadecanoic acid and
14-methyl-, methyl ester compounds (Figure 1D).
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34507 2.3-Dimethyiphenstisothiccyanate
#13860: Pentanoic acid, 4-methyl-, methyl ester
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Figure 1. Mass spectra of (A) Pentadecanoic acid; (B) 2, 3-dimethylphenylisothiocyanate and (C) 11-Octadecenoic acid from
methanol extract of Ficus platyphylla. (D) Fourier-transform infrared spectroscopy (FT-IR) spectra of the methanol extract of
Ficus platyphylla was run with Perkin Elmer Spectrophotometer system (PerkinElmer, Waltham, MA, USA), and the spectra
scanned from 4000cm-! to 400cm-".

Table 2: GC-MS data showing the Chemical constituents in Ficus platyphylla and their percentage compositions

Compound Retention Percentage Structure
time (min) composition

H
S

9-Oxabicyclo[6.1.0]nonane, cis- 5.1549 5.6439 o
P
H
Ethanamine, 2-chloro-N,N- ,{l
dimethyl- 12.0085 7.5948 Ccl— — "~
. N
2-Isoxazoline, 3-phenyl- 14.9849 9.0912 O/ N
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O
MOH
Benzenemethanol, 2-nitro- 15.6483 74515
O
X OH
2-Propenoic acid, 3-phenyl- 2.8909
15.9266
N
o N\
2-Isoxazoline, 3-phenyl- 16.1104 3.4859
0]
©/\)‘\OH
2-Propenoic acid, 3-phenyl- 16.3691 1.9825
O
©/\)‘\OH
2-Propenoic acid, 3-phenyl- 16.8548 2.3066
O
©/\)‘\OH
2-Propenoic acid, 3-phenyl- 17.0291 0.4334
O
©/\)‘\OH
2-Propenoic acid, 3-phenyl- 17.3589 1.1245
(0]
O/\)‘\OH
trans-Cinnamic acid 17.6838 1.0142
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2,3-Dimethylphenylisothiocyanate  19.6846

Pentadecanoic acid, 14-methyl-,
methyl ester 20.246

3,4-Octadiene, 7-methyl- 23.3196

11-Octadecenoic  acid, methyl
ester 23.4912

Pentanoic acid, 4-methyl-, methyl

ester 24.0854
Cyclopentaneundecanoic acid 26.4721
Cyclopentaneundecanoic acid 26.8739
Cyclopentaneundecanoic acid 29.329

Permethrine 332247

13.473

13.1004

4.5576

14.3511

1.5221

1.0818

0.4051

3.0758

5.4139

NISP Search was used to compare the component spectrums to the GC-MS library’'s database of known component
spectrums. The relative percentage quantity was calculated by comparing the average peak area of each component to the

total area.

Lithium-pilocarpine status epilepticus

The rats showed immobility; face clonus, head nodding;
rearing and tumbling, which steadily progressed to
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generalized seizures after lithium-pilocarpine injection,
culminating into status epilepticus (SE). FP treatment
dose-dependently protected rats from lithium-pilocarpine-
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induced status epilepticus (SE) and significantly (Fs, ss =
19.91, p < 0.0001; ***p < 0.001) increased the Latency to
status epilepticus in the non-protected rats. FP
significantly (Fs, 4 = 17.17, p < 0.0001; ***p < 0.001)
A 45
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increased the Latency to seizures; and ameliorated
seizure severity (Fs 57 = 5.704, p = 0.0018; **p < 0.01)ina
dose dependent manner (Figure 2).
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Figure 2: Effects of Ficus platyphylla (FP) on lithium-pilocarpine-induced status epilepticus (SE) in rats. (A) Latency to
seizures [(F3 40 = 17.17, p < 0.0001; ***p < 0.001 (Pilo vs FP 100mg/kg + Pilo; Pilo vs FP 200mg/kg + Pilo)]; (B) Latency to
status epilepticus [(F3 s = 19.91, p < 0.0001; ***p < 0.001 (Pilo vs FP 50mg/kg + Pilo; Pilo vs FP 100mg/kg + Pilo; Pilo vs FP
100mgl/kg + Pilo)]; (C) Severity of seizures [(F3 57 = 5.704, p = 0.0018; **p < 0.01 (Pilo vs FP 100mg/kg + Pilo; Pilo vs FP
200mg/kg + Pilo)]; (D) Percentile of rats that exhibited SE. Data expressed as Mean+ SEM. n = number of animals per group.

Biochemical studies

Glutathione (GSH) levels significantly (F4, 27 = 8.060, p =
0.0003; ++p < 0.01) depleted in lithium—pilocarpine (Li-Pc)
group and pretreatment with FP insignificantly increased
the GSH levels compare to the Li—Pc group (Figure 3A).
Malondialdehyde (MDA) levels markedly (Fs, 29 = 4.299, p
= 0.0088; ++p < 0.01) increased in rats treated with Li-Pc
only group, and pretreatment with FP attenuated the
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increase of MDA levels induced by Li-Pc (Figure 3B).
Superoxide dismutase (SOD) activity significantly (F4, 27 =
8.162, p = 0.0003; +++p < 0.001) decreased in rats
treated with Li-Pc only and pretreatment with FP markedly
(Fs 27 = 8.162, p = 0.0003; **p < 0.01) increased SOD
activity compared to the Li-Pc group (Figure 3C).
Catalase (CAT) activity significantly (Fs, 23 =10.18, p =
0.0001; ++p < 0.01) decreased in the group treated with



B. A. Chindo et al. Afr J Pharm Res Dev, 18(1), 2026, 417-445

Li-Pc only and pretreatment with FP markedly (Fs, 23 activity (Figure 3D).
=10.18, p = 0.0001; ***p < 0.001) improved catalase
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Figure 3: Effects of Ficus platyphylla (FP) on oxidative stress markers in rats’ brains after lithium-pilocarpine-induced status
epilepticus (SE). (A) Glutathione (GSH) levels [(F4,27 = 8.060, p = 0.0003; ++p < 0.01 (N/Saline vs Pilo)]; (B) Malondialdehyde
(MDA) levels [(Fa, 20 = 4.299, p = 0.0088; ++p < 0.01 (N/Saline vs Pilo)]; (C) Superoxide dismutase (SOD) activity [(s, 27 =
8.162, p = 0.0003; +++p < 0.001 (N/Saline vs Pilo), **p < 0.01 (Pilo vs FP 200 mg/kg + Pilo)]; (D) Catalase (CAT) activity [(Fa,
23=10.18, p = 0.0001; ++p < 0.01 (N/Saline vs Pilo), ***p < 0.001 (Pilo vs FP 50 mg/kg + Pilo; Pilo vs FP 200 mg/kg + Pilo)].
Data expressed as Mean + SEM. n = number of animals per group.

Gene expression (qPCR) analysis

Treatment with FP significantly increased the expression of genes encoding glutathione-S-Synthase (GSS) (Fs, 19 = 30.92, p <
0.0001; ***p < 0.001) (Figure 4A); superoxide dismutase (SOD) (Fs, 19 = 95.05, p < 0.0001; *p < 0.05, ***p < 0.001) (Figure
4B); catalase (CAT) (Fs, 10 = 460.4, p < 0.0001; ***p < 0.001) (Figure 4C); and glutamic acid decarboxylase (GAD) (Fs, 19 =
552.0, p <0.0001; ***p < 0.001) compared to the Li~Pc group (Figure 4D).
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Figure 4: Fold changes in gene expression using 2-2A¢t method. (A) Glutathione-S-Synthase (GSS) (Fs, 19 = 30.92, p < 0.0001;
***p < 0.001); (B) Superoxide dismutase (SOD) [(F3, 19 = 95.05, p < 0.0001; *p < 0.05, ***p < 0.001)]; (C) Catalase (CAT) [(Fs,
19 = 460.4, p < 0.0001; ***p < 0.001)]; (D) Glutamic acid decarboxylase (GAD) [(F3, 19 = 552.0, p < 0.0001; ***p < 0.001)]. Data

expressed as Mean £ SEM. n = 5 per group.

Histological analysis

The hippocampi of rats in the normal saline group
presented normal neural processes and neuronal cells
nuclei in CA1 and CA3 areas. Rats treated with Lithium-
pilocarpine only revealed neuronal cell degeneration with
neuroglial oedema and gliosis replacing ganglia cells. Co-
administration of Lithium-pilocarpine and FP (50 — 200
mg/kg) showed protection and restoration of the CA1 and
CA3  neural fibrillary  processes and  ganglia
(Photomicrographs | - IV). Asignificant (F4,14 = 18.81, p =
0.0001; +++p < 0.001) reduction in hippocampal neurons
was observed in CA1 of rats treated with Lithium-
pilocarpine only, while concurrent treatments with FP and
with Lithium-pilocarpine significantly (Fs 14 = 18.81, p =
0.0001; *p < 0.05) increased the neuronal cells counts
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(Figure 5A). Similarly, Treatments with Lithium-pilocarpine
only significantly [(F4,14=41.49, p < 0.0001; +++p < 0.001)
reduced the quantity of hippocampal neurons in the CA3,
which were significantly [(Fs, 14 = 41.49, p < 0.0001; **p <
0.01; *p < 0.001) increased with simultaneous
administration of FP and with Lithium-pilocarpine (Figure
5B)
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Figure 5: Effects of Ficus platyphylla (FP) on hippocampal neurons of rats treated with Lithium-pilocarpine. Photomicrographs
of the dorsal hippocampus indicating, () Normal saline group showing normal neural processes and neuronal cells nuclei in
CA1 and CA3 areas (Magnification x 400); (Il) Rats treated with Lithium-pilocarpine only showing total replacement of the
ganglia cells by neuroglial oedema and gliosis (Magnification x 400); (Ill) Rats treated with Lithium-pilocarpine and 50 mg/kg
of FP showing fair preservation of the CA1 and CA3 neural fibrillary processes and ganglia (Magnification x 400); (IV) Rats
treated with Lithium-pilocarpine and FP 100 mg/kg indicating preservation of the CA1 and CA3 neural fibrillary processes
ganglia (Magnification x 400); (V) Rats treated with Lithium-pilocarpine and FP 200 mg/kg showing good preservation and
restoration of the CA1 and CA3 neural fibrillary processes and ganglia. Effects of FP on the number of CA1 and CA3 neurons
in the hippocampi of rats treated with Lithium-pilocarpine Histograms showing, (A) CA1 [(Fs, 14 = 18.81, p = 0.0001; +++p <
0.001 (N/Saline vs Pilo), *p < 0.05 (Pilo vs FP 50 mg/kg + Pilo +; Pilo vs FP 100 mg/kg + Pilo +; Pilo vs FP 200 mg/kg + Pilo)].
(B) CA3 [(Fs, 14 = 41.49, p < 0.0001; +++p < 0.001 (N/Saline vs Pilo), **p < 0.01 (Pilo vs FP 100 mg/kg + Pilo); ***p < 0.001
(Pilo vs FP 200 mg/kg + Pilo)]. Data expressed as Mean £ SE. n number of animals per group.

Molecular docking studies GAD active sites. The docking protocol was validated by
Molecular docking techniques were employed to assess re-docking the co-crystallized ligands (PLP in GABAr,
the interactions of 2, 3-dimethylphenylisothiocyanate, PDB ID: 10HV, and PLZ in GAD, PDB ID: 20KJ). The re-
pentadecanoic acid and 11-octadecenocic acid with docking reproduced the experimental binding orientations
proteins to predict their binding manners to GABAar and with strong binding affinities (PLP: -8.00 kcal/mol, Ki =
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136 uM; PLZ: -8.97 kcal/mol, Ki = 264.97 nM,;
accompanied by hydrogen bonds), confirming the
reliability of the docking parameters (Table 3 and Figure
6A). PLP interacts with eight (8) GABA protein residues in
the active site: GLY 136, SER 137, SER 173, ASN 140,
ASP 298, GLN 301, SER 325, and LYS 329 (Table 3 and
Figure 7A). When benchmarked against these controls,
the test ligands demonstrated lower binding energies and
weaker inhibition constants. For example, 2,3-
dimethylphenylisothiocyanate bound to GABAar at —6.47
kcal/mol (Ki = 17.99 uM) and to GAD at -5.48 kcal/mol (Ki
= 96.25 pM), indicating reduced affinity compared to the
controls (Figure 6C). Similarly, Pentadecanoic acid and
Octadecanoic acid showed binding energies between —
5.25 and -5.86 kcal/mol (Figure 6B), with inhibition
constants ranging from 50.65 to 141.27 uM across both
proteins (Figure 6D and C). These compounds exhibited
hydrogen bonding and a network of hydrophobic contacts.
For instance, 2, 3-dimethylphenylisothiocyanate, H-bonds
are formed between the ligand and GLN 301 and LYS 329
of the GABA active site (Figure 7B), which is comparable
to the interaction site of the control dock. Furthermore,
octadecanoic acid demonstrated only one H-bond contact
at GLY 136 (Figures 6B and 7C), which was identical to
the interaction of its control dock. Notably, pentadecanoic
acid interacts with GABAar, with docking data indicating
primarily hydrophobic interactions (Table 3 and Figure
6DG). GAD and PLZ crystal structures (20KI) provided
the best evidence as a control dock (Table 3) for
identifying the involvement of ligands/tested molecules in
GABA synthesis. The GAD-PLZ (receptor-ligand) complex
is majorly held together by H-bond interactions with amino
acid residues GLN 190, LEU 191, GLY 252, ALA 253, HIS
291, THR 348, ASP 373, and ASN 402 (Figure 7D), with a
binding energy of -8.97 kcal/mol (Figure 6E). In contrast,
the binding energy of 2, 3-dimethylphenylisothiocyanate
was estimated to be -5.48 kcal/mol (Figure 6G), which
was lower than the 20KI control dock study but better
than the variants of the molecules tested. However, the
interacting molecule differs from the control dock, which
creates an H-bond (Table 3). Pentadecanoic acids and
octadecanoic acid, were found to have binding energies of
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about -5.31 and 5.25 kcal/mol, respectively (Figures 6F
and 6H). These molecules exhibited identical H-bond
interactions with GLN 190B and LEU 191B (Figure 7F) as
pentadecanoic acids, which is analogous to the two-site
interaction in the control dock. Furthermore, octadecanoic
acid interacts with the GAD active site via GLY 252 and
ASN 402 to create H-bonds (Figure 7E), which are also
observed in the control dock. There are several
hydrophobic interactions detected in the GC-MS
compounds that were also observed in the control dock
(Table 3). Apart from the H-bond and hydrophobic
interactions observed in this study, salt bridges did occur
in TOHV and 20KJ proteins (Table 3). Salt bridges are
known to aid stabilizing enzyme-ligand complexes by
acting as molecular clips that maintain the protein
structures’ shape together [53]. Here, a 10HV study
shows a phosphate-bridge formed between PLP with LYS
329 in the control dock. A different salt bridge carboxylate
was observed in octadecanoic acid and pentadecanoic
acid compounds formed between LYS 329 and ARG 192,
respectively. Similar interaction on the benchmark 20KJ,
but with two salt bridges phosphate and carboxylate were
formed between the compound PLZ and HIS 404 and
ARG 567, respectively. However, only octadecanoic acid
from the tested molecules formed a carboxylate salt
bridge between the compound and HIS 404 (Table 3).
Comparative interaction profiling revealed that the control
ligands established several stable hydrogen bonds and
hydrophobic interactions within the active sites. In
contrast, the test compounds formed fewer hydrogen
bonds and had less extensive hydrophobic interactions.
PLP for instance, managed to create up to eight hydrogen
bonds with residues like GLY136, SER137, and ASN140
in GABAar, while the test ligands formed one or two
hydrogen bonds at longer distances. A similar pattern
emerged with PLZ in GAD, which also formed eight
hydrogen bonds along with multiple stabilizing
hydrophobic contacts, whereas the test compounds
showed fewer interactions. These findings highlight that
the compounds studied do bind within the active sites with
notably weaker affinity and interaction networks compared
to the validated inhibitors.
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Figure 6: Figures (A-D) depict two-dimensional diagrams of complexes produced between GABAar (10HV) sites and the tested compounds, with hydrogen
bonds in dotted lines and hydrophobic interaction areas in green. Binding sites found in the PLP control dock (A), as well as interactions of octadecanoic acid (B),
2, 3-dimethylphenylisothiocyanate (C), and pentadecanoic acids (D) with GABAar protein. Figures (E-H) shows two-dimensional diagrams of complexes
generated between GAD (20KJ) sites and the tested compounds, illustrating hydrogen bonding in dotted lines and hydrophobic interaction areas in green colors.
Binding sites found in the PLZ control dock (E), as well as interactions of pentadecanoic acids (F), 2, 3-dimethylphenylisothiocyanate (G), and octadecanoic acid
(H) with GAD protein. All tested compounds demonstrated interactions with Gamma-aminobutyric acid aminotransferase (GABAar) and 20KJ: Glutamic acid
decarboxylase (GAD) (Table 3).
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Figure 7: GABAar (10HV) docking with its crystal structure ligand and tested molecules. (A) Control dock showing hydrogen
bond forming between PLZ and GLY136, SER137, SER173, ASN140, ASP298, GLN301, SER325, LYS329. (B) Hydrogen
bond formation between 2, 3-dimethylphenylisothiocyanate, GLN301, and LYS329. (C) A hydrogen bond is formed between
Octadecanoic acid and GLY136. GAD (20KI) docking with its crystal structure ligand and tested molecules. (D) Control dock
demonstrating the formation of hydrogen bonds between PLZ and GLN190, LEU191, GLY252, ALA253, HIS291, THR348,
ASP373, and ASN402. (E) Hydrogen bond formation between pentadecanoic acids, GLN190, and LEU191. (F) Hydrogen
bond formation between octadecanoic acid, GLY252, and ASN402.
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Table 3: Molecular docking results for all small molecules benchmarking GABAar and GAD.

Afr J Pharm Res Dev, 18(1), 2026, 417-445

Protein Ligand/Small molecule Binding  Inhibition/Activation ~ Molecules involved H- Molecules involved Salt Bridges
Energy Constant (Kj) in H-Bond Bond in Hydrophobic
(Kcal/Mol) interaction(s) length interaction(s)
10HV  PLP (control dock) -8.00 1.36 UM N@GLY136A- 1.89 CE1@PHE189A- NZ@LYS329B-
O1P@LIG 1.82 C4A@LIG Phosphate@LIG
N@SER137A- 2.22 CB@VAL300A-
02P@LIG 3.1 C2A@LIG
OG@SER173A- 1.96 CG1@VAL300A-
O2P@LIG 2.0 C4@LIG
ND2@ASN140A- 3.25 CD@LYS329A-
N1@QLIG 2.07 C4A@LIG
OD1@ASP298A-
N1@QLIG
NE2@GLN301A-
03@LIG
OG@SER325A-
O1P@LIG
NZ@LYS329A-
03@LIG
2,3 -6.47 17.99 uM NE2@GLN301A - 3.23 CE1@PHE189A-
dimethylphenylisothiocyanate N@LIG 3.13 C@LIG
NZ@LYS329A- CB@VAL300A-
N@LIG C@LIG
CG1@VAL300A-
C@LIG
Octadecanoic acid -5.86 50.65 uM N@GLY136A-O@LIG 2.75 CG2@ILET2A- NZ@LYS329B-
C@LIG Carboxylate@LIG
CD1@PHE189A-
C@QLIG
CZ@PHE189A-
C@QLIG
CG@ARG192A-
C@QLIG
CG@GLU265A-
C@LIG
CG@GLU270A-
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C@LIG
CB@VAL300A-
C@LIG
CG1@VAL300A-
C@LIG
CB@GLN301A-
C@LIG
CG2@THR302A-
C@LIG

Pentadecanoic acids

-5.61

76.66 uM

CG2@ILET2A-
C@LIG
CE1@PHE189A-
C@LIG
CE1@PHE189A-
C@LIG
CG@GLU265A-
C@LIG
CG@GLU270A-
C@LIG
CB@VAL300A-
C@LIG
CG2@VAL300A-
C@LIG
CB@GLN301A-
C@LIG
CE@LYS329A-
C@LIG

@ARG192A-
Carboxylate@LIG

20KJ

PLZ (Control dock)

-8.97

264.97 nM

NE2@GLN190B-
04@LIG
N@LEU191B-
04@LIG
N@GLY2528-
03P@LIG
N@ALA253B-
04P@LIG
NE2@HIS291B-
N9@LIG

2.04
1.81
1.84
2.54
2.3

2.08
2.25
2.78

CG2@THR348B-
C5@LIG
CB@ALA375B-
C2A@LIG

@HIS404B-
Phosphate
@ARG567B-
Carboxylate@LIG
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OG1@THR348B-
03@LIG
OD2@ASP373B-
N1@LIG
ND2@ASN402B-
O4P@LIG

2,3-
dimethylphenylisothiocyanate

96.25 yM

N@ASP196B-N@LIG  3.23

CD1@LEU195B-
C@LIG
CG@LEU410B-
C@LIG
CD1LEU411B-
C@LIG

Pentadecanoic acids

128.84 UM

NE2@GLN190B- 3.1
0@LIG 3.03
N@LEU191B-0@LIG

CB@LEU191B-
C@LIG
CD2@LEU191B-
C@LIG
CB@HIS291B-
C@LIG
CG2@THR344B-
C@LIG
CB@ALA375B-
C@LIG
CB@TRP376B-
C@LIG
CB@ASN402B-
C@LIG

Octadecanoic acid

141.27 yM

N@GLY252B-0@LIG  2.89
ND2@ASN402B- 2.55
0@LIG

CD2@LEU191B-
C@LIG
CB@HIS291B-
C@LIG
CG2@THR348B-
C@LIG
CB@ALA375B-
C@LIG
CB@ALA375B-
C@LIG
CB@TRP376B-

HIS404B-
Carboxylate@LIG
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C@LIG
CE3@TRP376B-
C@LIG
CB@ASN402B-
C@LIG

Key: Protein crystal structures of — 10HV: Gamma}-Aminobutyric Acid Aminotransferase (GABAar) and 20KJ: Glutamic Acid Decarboxylase (GAD).
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DISCUSSION

The present study revealed the ameliorative
properties of Ficus platyphylla’s (FP’s) extract on
lithium-pilocarpine-induced status epilepticus (SE) in
rats. The extract attenuated lithium-pilocarpine-
induced oxidative stress, seizure severity, and
neuronal cell damage, and prolonged the latencies to
seizures, and SE in non-protected rats. FP increased
the expression of genes encoding glutathione-S-
synthase (GSS), superoxide dismutase (SOD),
catalase (CAT), and glutamic acid decarboxylase
(GAD). Twenty biologically active secondary
metabolites were detected in the methanol extract of
FP by GC-MS analysis with the major constituents
being 2, 3-dimethylphenylisothiocyanat (13.473%),
pentadecanoic acid (13.1004%) and 11-Octadecenoic
acid (14.3511%) given a total of 40.924% while the
minor constituents  constituted 59.08% These
bioactive compounds play fundamental roles in
excitatory amino  acid  receptor  blockade,
enhancement of  cognitive  functions,  brain
development and protection against oxidative
damage, culminating in neuroprotective and
anticonvulsant activities [2, 54, 55]. Molecular docking
studies revealed interactions of these bioactive
compounds with GAD and y-aminobutyric acid
aminotransferase (GABAar) active sites. In the
present study, molecular docking was employed
primarily to complement our biochemical, gene
expression, and histological analyses. The docking
results shed light on the interaction of the test
compounds with the active sites of GAD and GABAar
through specific hydrogen bonds and hydrophobic
contacts. Thus, predicting the ameliorative properties
of FP on lithium-pilocarpine-induced  status
epilepticus. While additional mechanistic validation—
like electrophysiological recordings, western blotting,
or in vivo animal experiments—would certainly give
more insights into the interactions, these were outside
the scope of this study. Future research could build
on these findings with such complementary
experiments to offer a more in-depth mechanistic
understanding.

The pilocarpine paradigm fulfills the criteria for an
animal model of status epilepticus (SE). High-dose
pilocarpine and Lithium-pilocarpine models produce
indistinguishable behavioural, metabolic,
neuropathological, and electrographic symptoms akin
to human temporal lobe epilepsy [31, 56, 57].
Pilocarpine promotes uninterrupted excitatory and
seizure activities, culminating in neuronal cell damage
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in the brain [58, 59]]. Lithium activates mononuclear
cells and T-lymphocytes to potentiate the effects of
pilocarpine, culminating in increased serum IL-1B
levels, enhanced pilocarpine uptake, and altered
blood-brain-barrier permeability [60]. Pre-treatment
with LiCl increases acetylcholine release [61], with
more acetylcholine crossing the synaptic cleft to the
postsynaptic membrane where it activates M1
muscarinic receptors. The seizure initiation and
propagation in pilocarpine-induced status epilepticus
(SE) are intimately linked to increased N-methyl-D-
aspartate (NMDA) and amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid (AMPA) receptors, and
decreased synaptic gamma-aminobutyric  acid-a
receptors (GABAsRs) mediated neurotransmissions
[31, 56, 57, 62]. Maladaptive synaptic trafficking
mediated by GABAaRs and glutamate receptors
contributes to pharmacoresistance to antiepileptic
drugs and targeting these receptor complexes should
ameliorate the pathophysiological consequences of
refractory SE (RSE) [62].

In the present study, rats pretreated with Lithium
chloride (LiCl) followed by pilocarpine injections
demonstrated immobility, face clonus, head nodding,
rearing and tumbling steadily progressing to
generalized seizures, culminating in status epilepticus
(SE). FP dose-dependently protected the rats from
lithium-pilocarpine-induced status epilepticus (SE),
significantly increased the Latency to status
epilepticus in the non-protected rats, increased the
Latency to seizures; and ameliorated seizure severity.
The lithium—pilocarpine paradigm, which induces
severe neuronal damage in the mesial structures,
mossy fiber sprouting (MFS), hippocampal sclerosis,
cell dispersion in the dentate gyrus (DG), and gliosis
in the brain [7, 8], is a widely accepted model for
acute SE and chronic TLE [63]. FP ameliorates
Lithium-pilocarpine-induced SE by enhancement of
synaptic gamma-aminobutyric  acid-a  receptors
(GABA4Rs), and/or inhibition of amino-3-hydroxy-5-
methyl-4-isoxazolepropionic acid (AMPA) and N-
methyl-D-aspartate  (NMDA) receptors mediated
neurotransmissions or inhibition glutamate release
[26, 62]. The bioactive compounds in FP
demonstrated  affinity for  GABAergic  and
glutamatergic receptors, and a decrease in glutamate
release in our previous binding studies [26)].

Temporal lobe epilepsy (TLE) is associated with
gliosis, mossy fiber sprouting, neuronal loss,
expansion of the normally dense granule cell layer, or
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atrophy predominantly in the dentate gyrus. CA1 and
CAZ3 of the hippocampus [19]. The neuronal cell loss
is typical of hippocampal sclerosis in TLE patients,
and is believed to be the result of mitochondrial
dysfunction, oxidative stress and overactivation of
NMDARs culminating in excitotoxicity [64, 65, 66, 67],
besides reduced glutamate uptake, enhanced
glutamate release, calcium modulated NMDA
currents, GABA receptor alterations, increase of
cytokine expression, neuroplasticity modifications,
and declined in glucose metabolism [2, 64, 68].
Histological evaluations showed alterations in
neuronal cell densities in the CA1 and CA3 regions of
rats injected with lithium-pilocarpine. Rats treated with
Lithium-pilocarpine only revealed neuronal cell
degeneration with mature adipocytes replacing
ganglia cells, and fibrosclerosis observed in their
brains. FP protected the hippocampal neuronal cell
loss in lithium-pilocapine-induced SE rats by unknown
and yet to be determined mechanism(s).

Neuroinflammation, oxidative stress and
mitochondrial dysfunction are implicated in the
pathogenesis of epilepsy. Oxidative stress ensuing
from a disproportion between the production and
elimination of reactive nitrogen species (RNS)/
reactive oxygen species (ROS) [69, 70, 71],
accelerates neuronal damage, neuronal excitability
and seizure onset by modulating Ca?* homeostasis
[72, 73]. Antioxidants protect cells from seizures’
neurotoxic potentials [66, 74] and their combination
with traditional AEDs or as monotherapy is becoming
a major approach in the pharmacotherapy of epilepsy
[75]. Antioxidants including N-acetylcysteine (NAC),
polyphenols, lipoic acid, vitamin E, melatonin, and
vitamin C effectively ameliorate oxidative-stress-
associated neuronal damage and seizures in drug-
resistant epilepsy [76, 77]. The present study
evaluated the ameliorative properties of FP on
biomarkers of oxidative stress as they modulate
neuronal cell injury and seizure severity after lithium-
pilocarpine-induced status epilepticus in rats.
Seizures induce ROS/RNS generation, culminating in
oxidative stress and cellular damage [78, 79]. The
neuronal damage triggered by epileptic seizures is
prevented by inhibition of ROS production [80, 81].
Reduced glutathione (GSH), catalase (CAT) and
superoxide dismutase (SOD) are scavengers against
oxidative stress, while malondialdehyde (MDA)
produced by Lipid peroxidation connotes oxidative
damage [82]. Rats injected with only lithium-
pilocarpine in the present study revealed a significant
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increase in levels of MDA levels and a reduction in
the GSH, CAT and SOD levels. Concurrent Pre-
treatment with FP increased the expression of genes
encoding glutathione-S-synthase (GSS), SOD, and
CAT, decreased MDA levels and restored the
antioxidant defense systems by increasing levels of
GSH, SOD and CAT in the brains, thus demonstrating
the benefits of FP in pharmacotherapy of epilepsy.

Modulation  of y-aminobutyric acid (GABA),
synthesized from L-glutamate catalyzed by L-glutamic
acid decarboxylase and degraded by the action of
GABA aminotransferase (GABA-at), is pertinent in a
plethora of neurological disorders [83]. A decrease in
GABA levels, culminating in a down-regulation of
inhibitory neurotransmission plays a pivotal role in the
pathogenesis of epilepsy [83]. Inhibitors of GABA-ar
are known to exhibit anticonvulsant property from a
buildup of GABA concentration [84, 85]. Reduction in
GAD activity is linked to several forms of treatment
resistant epilepsy [86]. In this study, FP increased the
expression of genes encoding glutamic acid
decarboxylase (GAD), and molecular docking studies
revealed interactions of the major bioactive
compounds detected in the extract with GAD and y-
aminobutyric acid aminotransferase (GABAar) active
sites.

Failure to isolate bioactive compounds of FP, the
absence of other models of temporal lobe epilepsy
and lack of simultaneously electroencephalogram
(EEG) recordings from the hippocampus for validation
as well as inability to select more representative brain
regions associated with epileptic foci, rather than
using whole brain tissue for biochemical experiments.
Furthermore, paucity of additional evidence including
Western blotting, electrophysiological data or animal
experiments beyond seizure severity to better
elucidate mechanism(s) of action of bioactive
compounds in the extract, all constitute the limitations
of your study.

CONCLUSION

The study validated the ameliorative potentials of FP
on lithium-pilocarpine-induced status epilepticus (SE).
The extract alleviated lithium—-pilocarpine-induced
neuronal cell damage, seizure severity, and
alterations of oxidative stress biomarkers. FP
prolonged the latencies to seizures and SE in non-
protected rats, and increased the expression of genes
encoding glutathione-S-synthase (GSS), superoxide
dismutase (SOD), catalase (CAT), and glutamic acid
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decarboxylase (GAD). Furthermore, the major
bioactive compounds in the extract showed
interactions with GAD and y-aminobutyric acid
aminotransferase (GABAar) active sites. These
results are preliminary findings and additional studies
are required to unravel the potential values of FP for
the management of temporal lobe epilepsy.
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