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ABSTRACT

The primary aim of our study was to delve into the neuroprotective potential of an ethanolic extract sourced
from Alternanthera sessilis, particularly in alleviating behavioral impairments induced by reserpine in rat
models simulating stroke and seizures. Our investigation involved categorizing rats into five distinct groups,
each consisting of six individuals, with separate sets allocated for different experimental interventions.
seizures and stroke-like symptoms were induced by administering reserpine, after which the rats
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INTRODUCTION

underwent treatment with varying doses of A. sessilis ethanolic extract. We conducted a comprehensive
assessment of various behavioral parameters, including antiepileptic activity, motor function, overall well-
being, rota rod performance, closed-field activity, and grip strength. Significantly, our results uncovered
substantial improvements in antiepileptic activity, motor function, and overall health of the intervention
group, which received the extract, to the control group after the administration period. Additionally,
enhancements were noted in rota rod performance, closed field activity, and grip strength, indicative of
a marked enhancement in neuroprotective effects. These encouraging findings highlight the potential
therapeutic efficacy of A. sessilis extract in managing stroke and seizure disorders. Nevertheless, further
extensive investigations are imperative to unravel the precise mechanisms underlying these observed
enhancements. Furthermore, future research endeavors should focus on delineating the specific therapeutic
applications of A. sessilis extract, thus facilitating its potential integration into clinical practice for the
management of stroke and seizure-related conditions. This would pave the way for a more comprehensive
understanding of its therapeutic benefits and broaden its scope for clinical utility.

A seizure is a temporary change in behavior caused
by the synchronized and rhythmic firing of groups of
neurons in the brain.[!! Epilepsy is a neurological condition
characterized by the intermittent and unexpected onset
of seizures.?! Seizures may be classified as “non-epileptic”
when they are induced in a healthy brain using treatments
like electric shock or pharmacological convulsants. On
the other hand, seizures are considered “epileptic” when
they occur without any apparent cause. The treatment
of epilepsy with modern medications is hindered by the

treatments’ incapacity to effectively manage seizures in
some people, as well as the variety of side effects that
vary in severity from mild impairment of the central
nervous system (CNS) to life-threatening conditions
such as aplastic anemia or hepatic failure. Hence, the
achievement of an efficient and secure treatment still poses
a difficulty. Scientific studies have shown that medicinal
plants traditionally used in the treatment of epilepsy have
substantial anticonvulsant properties in animal models
used for screening anticonvulsant activity. These plants
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could be a promising resource for creating new types of
anticonvulsant drugs.!

Stroke stands as the second most prevalent cause of
death globally and a chief contributor to disabilities.[*!
It’s typically categorized into two types: Ischemic
stroke, occurring from blocked cerebral blood vessels,
and hemorrhagic stroke, resulting from vessel rupture.
Hemorrhagic stroke further branches into intracerebral
hemorrhage (ICH) and subarachnoid hemorrhage (SAH),
depending on where the bleeding happens. Ischemic
stroke makes up about 87% of cases, while hemorrhagic
stroke accounts for roughly 10%. Despite being less
common, hemorrhagic stroke presents a higher mortality
rate, reaching up to 67.9%, and a graver outlook. Both
types, whether ischemic or hemorrhagic, disrupt central
nervous system function, causing a cascade of neurological
impairments, especially affecting sensory, motor, and
coordination functions. Moreover, research indicates that
stroke leads to enduring cognitive decline.[®]
Alternanthera sessilis, referred as Ponnanganni leaves
in local parlance, has been examined for its diverse
biological characteristics.l®! A. sessilis is a member of
the Amaranthaceae family and is often found in the
most sweltering areas of India and Southeast Asia.
In traditional medicine, various ailments are treated
with preparations made from the plant’s leaves. These
ailments include indigestion, liver issues, skin conditions,
and eye diseases. The leaves’ effectiveness is attributed
to their richness in bioactive compounds, which act
as galactagogues, cholagogues, abortifacients, and
febrifuges.l”"”) Additionally, it serves as a remedy for snake
bites and scorpion stings.

The pharmaceutical advantage of utilizing plant extracts
intreating reserpine-induced stroke and seizures inratsis
gaining significant attention and recognition. Reserpine, a
drugknown to induce stroke and seizures in experimental
models, poses a challenge in the development of effective
treatments. However, plant extracts, rich in bioactive
compounds such as flavonoids, alkaloids, and polyphenols,
exhibit promising neuroprotective properties. These
extracts demonstrate multifaceted pharmacological
actions, including antioxidant, anti-inflammatory, and
neurogenic effects, thereby mitigating the detrimental
effects of reserpine-induced neurotoxicity. Moreover, their
natural origin offers a safer alternative to synthetic drugs,
potentially minimizing adverse effects. The utilization of
plant extracts represents a novel avenue in pharmaceutical
research, offering hope for the development of innovative
therapies for neurological disorders like stroke and
seizures.

MATERIAL AND METHODS

Ethics Committee Approval for Use of Animals

In the present study, Albino rats weighing around 170
to 200 g were chosen. During the experiments, food and
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water were given to the rats on the ad libitum. This study
was approved by the Institutional Animal Ethical Review
Committee of Vinayaka Mission’s Kirupananda Variyar
Medical College and Hospital, Salem, in accordance with
established ethical guidelines. This committee, composed
of specialistsin research ethics, meticulously reviewed and
endorsed the study protocol (IAEC No-VMKVMC/01/2023).

Experimental Design

We randomly divided the rats into five groups of at least
six animals each. No individual rat participated in more
than one experiment.

Group I, acting as the control, was given saline injections
for seven consecutive days.

Group 1I, acting as the reserpine (1-mg/kg) was
administered on the seventh day.

On the seventh day, group I1I, which served as the positive
control, received levodopa and carbidopa.

Groups IV and V, were administered dosages of 200 and
400 mg/kgofthe ethanolicextract of A. sessilis, respectively.
After being treated with a medication dosage, the animals
were monitored for 30 minutes on the seventh day. During
this time, their latencies to myoclonicjerks and generalized
tonic seizures (GTS) were recorded, along with the length
of GTS. After administering reserpine and treatment
groups, the first latency (IL) was observed in groups I1-V
24 hours later. Then, on the ninth day, 48 hours after the
first observation, the retention latency (RL) was measured
using a one-trial passive avoidance task. The rats were
then euthanized to determine levels of oxidative stress
indicators, including MDA, catalase, and glutathione.

Behavioural Parameters

The behavioural assessment was done 24 hours later and
animals were sacrificed.

Antiepileptic Effect

To assess the antiepileptic effect, rats were treated with
reserpine, levodopa and carbidopa, ethanolic extract of A.
sessilis. After 15 minutes of treatment, the animals were
observed for 30 m for latencies to myoclonic jerks and GTS
as well as duration of GTS.

Assessment of Motor Performance in Rats

The motor activity of rats was evaluated through a range of
tests, including the grip test, the rota rod test, the general
observation test, and the closed field activity test.

General Observation

After a period of 24 hours after treatment, the animals
underwent a neurological assessment using a six-point
scale. In summary, the score was as follows: The numerical
scale used to assess the severity of the deficiencies is as
follows: 0 indicates the absence of any deficits, score of
one was assigned for complete failure to extend the left
forepaw, two for a tendency to circle left, and three for
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indicates a weakness or partial paralysis on the left side,
four indicates the inability to walk spontaneously, and
five indicates death.

Rota Rod

To evaluate the rats’ motor coordination, we employed
a rotarod apparatus set to a constant training speed
of 8 revolutions per minute (rpm), with the objective
of teaching the rats to meet the criteria of maintaining
their position on the revolving spindle for a duration of
60 seconds. Subsequently, each rat had a solitary first
trial on the accelerating rota rod. Test session involved a
gradual increase in the rotarod’s speed, accelerating from
4to 40 rpm over a five-minute period. After 24 hours after
therapy, each rat had another test run.

Closed Field Activity Test

Spontaneous locomotor activity (SLA) was evaluated the
day before to medication and 24 hours before the sacrifice.
The rats were individually placed in a square, enclosed
arena equipped with infrared photo beam sensors for
a 15 minutes observation period. Observations were
made utilizing a digital photoactometer manufactured by
Techno, India Ltd. The equipment was located in a testing
room that was darkened, soundproofed, and ventilated to
reduce light and sound interference.

Grip Test

The experiment utilized a custom apparatus. Two vertical
supports stood at a fixed distance, with a taut 50 cm thread
stretched between them. Elevated 40 cm above a flat
surface, the string served as the testing platform for the
rat. A five-point scale assessed the rat’s interaction with
the string: 0 - falls, 1 - grasps with forepaws, 2 - attempts
to climb, 3 - holds with some hindpaws, 4 - secures itself
with all forepaws and tail, 5 - flees.

RESULTS

Effect of Ethanolic Extract of A. sessilis on Latency
of Myoclonic Jerks

All animals that received a dosage of ethanolic extract
from A. sessilis showed myoclonic jerks. However, the
time it took for these jerks to develop increased with
each tested dose. A substantial rise (p <0.001) was
seen in the average duration of myoclonic jerks as the
dosage of ethanolic extract of A. sessilis increased in
comparison to reserpine. The highest latency increase of
myoclonicjerks was seen while administering a dosage of
400 mg/kg, intraperitoneally, of A. sessilis ethanolic
extract. Substantial myoclonicjerks were observed in Rats
that were given levodopa and carbidopa.

Effect of Ethanolic Extract of A. sessilis on Latency
and Duration of Generalized Tonic Seizures

Generalized tonic seizures (GTS) were detected in rats
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that had prior treatment with levodopa and carbidopa.
The administration of ethanolic extract of A. sessilis
(200 & 400 mg/kg) did not eliminate the frequency of
GTS. However, there was a notable improvement in the
occurrence of GTS compared to the effects of reserpine (p
<0.001). Nevertheless, the ethanolic extract of A. sessilis F
significantly increased the latency of the rotarod test (GTS)
in a dose-dependent manner. Additionally, the extract
caused a substantial reduction in GTS duration (p <0.001)
compared to reserpine.

Antiepileptic Effect of Ethanolic Extract of A. sessilis
This study investigated the antiepileptic effects of an
ethanolic extract from A. sessilis in rats. The delay of
myoclonic jerks was significantly reduced in a dose-
dependentway (p < 0.001). The A. sessilis ethanolic extract
(200 & 400 mg/kg) completely eliminated the GTS,
but treatment with reserpine effectively prevented the
antiepileptic effect.

Effect of Ethanolic Extract of A. sessilis on the
Levels of MDA

Levels of MDA in the brain were evaluated on the 8™ day
after the evaluation of behavior. The levels of MDA in the
rat brain were measured for the control group, as well as
for groups treated with reserpine, levodopa and carbidopa,
and an ethanolic extract of A. sessilis (200 & 400 mg/kg).
Reserpine administration significantly elevated brain
malondialdehyde (MDA) levels in rats compared to the
control group (p <0.001). In contrast, treatment with
the ethanolic extract of A. sessilis (at 200 and 400 mg/kg)
caused a dose-dependent decrease in MDA levels,
effectively reversing the reserpine-induced increase.

Effect of Ethanolic Extract of A. sessilis on the
Levels of GSH

Brain tissue was collected on day eight post-behavioral
testing to assess glutathione (GSH) levels. Levodopa and
carbidopa, as well as an ethanolic extract of A. sessilis
(200 & 400 mg/kg). The concentration of glutathione in
the brain was considerably lower in the control group
and the reserpine group (p <0.001). Ethanolic extract of
A. sessilis (200 & 400 mg/kg), a substantial drop in brain
GSH levels was seen, which was dependent on the dosage.
This decrease was compared to the effects of reserpine.

Effect of Ethanolic Extract of A. sessilis on the
Levels of catalase

Levels of brain catalase were also measured on the 8" day
after the completion of behavioral testing. The catalase
levels in the rat brain were examined for reserpine,
levodopa and carbidopa, as well as the ethanolic extract of
A. sessilis (200 & 400 mg/kg). Catalase activity in the brain
was significantly lower in the reserpine group compared
to the control group (p <0.001). Ethanolic extract of A.
sessilis atboth 200 and 400 mg/kg significantly increased
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brain catalase levels compared to the reserpine group (p
<0.001). This effect was dose-dependent.

Effect of Ethanolic Extract of A. sessilis on Motor
Function Tests

Effect of ethanolic extract of A. sessilis on general
observation test

Rats treated with ethanolic extract of A. sessilis (at both
200 and 400 mg/kg) showed a significant dose-dependent
decrease in neurological score in the general observation
test, compared to the Reserpine group (p < 0.001).

Effect ethanolic extract of A. sessilis on rota rod

In a dose-dependent manner, rats administered 200 or
400 mg/kg of ethanolic extract of A. sessilis spent
significantly more time on the accelerating rotarod
compared to the Reserpine group.

Effect ethanolic extract of A. sessilis on grip test

A grip test utilizing a 6-point scale was employed to
assess the effects of ethanolic extract of A. sessilis (200 &
400 mg/kg) on motor function.Compared to the reserpine
group, the extract significantly improved (p <0.001) the
neurological score in a dose-dependent manner.

Effect ethanolic extract of A. sessilis on locomotor activity

The spontaneous locomotor activity of rats was
continuously monitored for ten minutes using a digital
photoactometer. administration of ethanolic extract of A.
sessilis (200 or 400 mg/kg) significantly increased activity
compared to the reserpine group.

DISCUSSION

Ethanolic extract of A. sessilis is gaining interest for its
potential to protect the nervous system (neuroprotective)
and prevent seizures (anticonvulsant) in conditions like
stroke. Several studies have explored the phytochemical
composition of this extract, revealing the presence of
bioactive compounds such as flavonoids, alkaloids,
and phenolics, which possess antioxidant and anti-
inflammatory properties. These constituents have been
implicated in attenuating neuronal damage associated
with ischemic stroke by scavenging free radicals and
reducing oxidative stress. Moreover, experimental
evidence suggests that A. sessilis extract may exert its
effects by influencing neurotransmitter systems, such as
gamma-aminobutyric acid (GABA) and glutamate, thereby
exerting antiepileptic effects. Research into the effects of
various plant extracts on reserpine-induced seizures and
strokes has shown promise in preclinical studies. Extracts
from plants like Bacopa monnieri, Withania somnifera
(Ashwagandha), and Passiflora incarnata (Passion flower)
have demonstrated potential anticonvulsant properties in
animal models, while compounds found in Ginkgo biloba,
Curcuma longa (Turmeric), and Panax ginseng have shown
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neuroprotective effects against stroke-induced damage.
These plant extracts may exert their effects through
mechanisms such as modulation of neurotransmitter
systems, reduction of oxidative stress, anti-inflammatory
actions, and enhancement of cerebral blood flow. While
these results are promising, further investigations,
particularly clinical trials in humans, are needed to
confirm the extract’s safety and effectiveness for this
purpose. It’s important to consider potential limitations
such as variability in potency, interactions with other
medications, and the need for standardized preparations.
Investigations in animal models using ethanolic extract
of A. sessilis, particularly the observation of myoclonic
jerks, present intriguing findings. The increase in latency
of these jerks with escalating doses of the extract suggests
a dose-dependent relationship, highlighting a potential
modulation of neurological responses. The comparison
with reserpine and the substantially higher latency
observed with the maximum dose of the extract indicates
a distinct effect of A. sessilis. The induction of myoclonic
jerks in rats pre-treated with levodopa and carbidopa
further underscores the neurological impact of the
extract, potentially interacting with dopamine pathways.
These results imply a complex interplay between the
extract’s components and neurological mechanisms,
warranting deeper exploration for potential therapeutic
or neuroprotective implications. The present study results
were supported by the previously published by Alrashdi
etal, 2023,1' Ralta et al,, 2023.1""]

The present study indicates that the extract did not
completely abolish GTS. It demonstrated a notable
improvement in reducing the occurrence of seizures
compared to reserpine, a known compound used in various
neurological studies. The increase in latency of GTS with
higher doses of the A. sessilis extract suggests a possible
mechanism where the extract might delay or modulate the
onset of seizures. This delay in the onset of seizures could
be pivotal in seizure management, potentially providing a
window of opportunity for intervention or minimizing the
severity of seizures. Additionally, the observed reduction
in the duration of GTS with the extract, especially
in a dose-dependent manner, further emphasizes its
potential therapeutic effect. Shortening the duration
of seizures is crucial as prolonged seizures can lead to
various complications and negatively impact neuronal
health. The present study results were supported by the
previously published by Olurankinse et al. 2023,['? Kargar
et al. 2023."31 The study on A. sessilis extract in seizure
rats showed promising antiepileptic effects, reducing
myoclonicjerks substantially in a dose-dependent manner.
Higher doses abolished generalized tonic-clonic seizures
(GTS). Interestingly, the extract’s effects were blocked
by reserpine, suggesting a possible interaction with
neurotransmitter systems. These results were supported
by previously published studies by Salile et al. 2023,1'*
Oubella et al. 2023.1°]
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This study investigated the effects of various substances
on brain levels of MDA, GSH, and catalase in rats. The
findings revealed significant changes in these biomarkers
following reserpine administration and the subsequent
influence of A. sessilis extract. Reserpine treatment
significantly elevated malondialdehyde (MDA) levels
while reducing glutathione (GSH) and catalase activity in
the brain compared to the control group. Importantly, the
ethanolic extract of A. sessilis exhibited a dose-dependent
protective effect. Administration of the extractat 200 and
400 mg/kg significantly reversed the reserpine-induced
changes in these biomarkers. The findings regarding MDA
levels are particularly intriguing. The elevation of MDA
following reserpine administration suggests heightened
oxidative stress or lipid peroxidation in the brain.
Conversely, the decrease in MDA levels with A. sessilis
extract indicates its potential antioxidant properties,
which could mitigate oxidative damage. The alterations
in GSH and catalase levels also highlight the impact on the
antioxidant defense system in the brain. The decrease in
GSH and catalase due to reserpine administration might
signify compromised antioxidant capacity. However, the
dose-dependent increase in catalase levels following the
administration of A. sessilis extract suggests its potential
to enhance antioxidant enzyme activity, potentially aiding
in cellular defense mechanisms. These findings collectively
suggest that reserpine induces oxidative stress in the
brain, altering critical antioxidant parameters, but the
administration of A. sessilis extract exhibits a promising
ability to counteract these changes, potentially through
its antioxidant properties. The present study results were
supported by the previously published by Rashidi et al,
(2023),11%1 Alkhudhayri et al., (2023),"7! and Mansouri et
al., (2022).118]

This investigation in rats examining the effects of
ethanolic A. sessilis extract on neurological function and
motor skills provides promising results. The results
showed a noteworthy decrease in the neurological score
in general observation tests among rats treated with
the extract compared to those administered reserpine.
Rats administered the ethanolic extract of A. sessilis
displayed a dose-dependent decline in neurological scores,
indicatingalink between dose and effect. Conversely, time
spent on the accelerating rotarod by rats given 200 and
400 mg/kg doses of the extract showed a substantial
dose-dependent increase compared to the reserpine
group. This suggests a positive influence on motor function
attributed to the extract. Moreover, the evaluation of
motor performance through a 6-point scale score in the
grip test demonstrated a remarkable improvement in the
neurological score for rats administered with 200 and
400 mg/kgofA. sessilis ethanolic extract. This improvement
was found to be substantially higher than that observed
withreserpine, further supporting the extract’s beneficial
impact on motor skills. The assessment of spontaneous
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locomotor activity using a digital photoactometer revealed
promising results. 200 and 400 mg/kg of rats treated with
the extract exhibited substantially enhanced locomotor
activity compared to those administered reserpine,
highlighting the extract’s potential in positively affecting
physical movement and activity levels. Overall, these
findings underscore the potential neuroprotective and
motor performance-enhancing impacts of A. sessilis
ethanol extract on rats. The observed dose-dependent
improvements in neurological scores, motor function,
and locomotor activity suggest a promising avenue
for further exploration of this extract as a potential
therapeutic agent for neurological disorders or conditions
affecting motor skills. The present study’s behavior
parameters were supported by previously published
articles by Patel et al., (2023),*%I Nguyen et al., (2023),12]
Nakyam et al., (2022).121)

Effects of plant extracts on conditions like strokes and
seizures induced by reserpine in rats involve intricate
scientific and logical considerations. Reserpine, a
compound known for inducing symptoms akin to
stroke and seizures, provides a reliable model for
studying these conditions. Plant extracts, often rich
in bioactive compounds, are investigated for their
potential neuroprotective and anticonvulsant properties.
Scientists meticulously analyze various parameters
such as biochemical markers, neuronal activity, and
histopathological changes in the brain to understand
the mechanisms underlying the observed effects.
Through controlled experiments and statistical analyses,
researchers aim to elucidate the efficacy and safety
profiles of these extracts, offering insights into potential
therapeutic avenues for mitigating the detrimental effects
of stroke and seizures. This multidisciplinary approach
integrates elements of pharmacology, neurology, and
botany, underscoring the importance of evidence-based
inquiry in advancing our understanding of plant-based
interventions for neurological disorders.

CONCLUSION

This study suggests that ethanolic extract of A. sessilis
may be a promising therapeutic candidate for improving
various behavioral symptoms in a rat model of reserpine-
induced stroke and seizures. The observed antiepileptic
effect, improved motor performance, and alterations in
general observations, the rotarod, closed field activity,
and grip tests support the potential neuroprotective and
neuromodulatory properties of the extract. Additional
investigation is necessary to clarify the fundamental
mechanisms at play and to assess its effectiveness
and safety within clinical environments. Nonetheless,
these preliminary findings highlight the potential of A.
sessilis as a natural remedy for neurological disorders,
providing a basis for future investigations and therapeutic
developments.
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