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Abstract—This review performs an exhaustive evaluation of present epilepsy treatment alternatives which include drug medications together
with surgery and additional supportive methods. Before focusing on modern therapeutic approaches, the manuscript first addres ses epilepsy
types and prevalence as well as how medical treatment has evolved for this condition. The article describes antiseizure medic ations with
detailed assessments based on both generational groups and operational principles. The review analyzes drugs which influence voltage-gated
ion channels as well as GABAergic pharmaceuticals and medication that manage synaptic release processes and glutamate recepto rs. The
essay explores both the outcome success of temporal lobe resection and investigates the brain's cognitive modifications after the procedure. The
evaluation examines vagus nerve stimulation along with the ketogenic diet as alternative options in conjunction with planned research on
herbal medicine treatments. Additionally, the paper explores recent uses of artificial intelligence in the diagnosis and clinical management of
epilepsy. New medical findings from different epilepsy treatments merge into an extensive compilation of modern epilepsy therapy methods that
outlines possible future research directions.
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. INTRODUCTION Il.  METHODS
he neurological disease epilepsy shows itself We searched multiple databases including PubMed and
through abnormal brain electrical signals between Scopus starting from 15 years ago up to current available
its neurons. Epilepsy has multiple triggers that  publications. Our research focused on these specific terms:

include head injuries, cerebrovascular accidents, infections epilepsy studies, traditional Chinese medicine research, herbal
between meningitisand encephalitis and genetic elements as drugs for epilepsy, GABA system, ion channels and oxidative
well as birth injury.ll1Nevertheless worldwide over 50 million stress effects. Researchteamsincluded both experimental and
people suffer from epilepsy according to the World Health medical studies as long as they analysed TCM-derived herbs
Organization.[Z The epilepsy classification follows parameters ~ for preventing seizures. The research included only papers
such as seizuretype and age of onset and genetic factors and offering clear mechanisms and consistent protocols on a
EEG results combined with MRI findings and additional particular topic. We reviewed findings related to therapeutic
diagnostic and clinical information. The International League aims, experimental models of seizures, and drug effectiveness
Against Epilepsy (ILAE) created a new classification  to determine drug testing significance.
approach for seizure types and epilepsy syndromes when they s
released it in 2017. This modified classification system allows Anti Se!zure Drugs o )
better understanding and classification of epilepsy through Antiseizure drugs (ASDs) are divided into three
solving previous ambiguities in seizure type definitions. Since ~ generations: older first generation and more recent second-
its 2010 updated version it has become essential for medical ~ and third-generation medications. The initial group of ASDs
practice to accurately identify and assign seizure types to  introduced more than 40 years ago included phenobarbital,
patients. The 2010 version replaced the previous 1981,1989  Phenytoin,  primidone,  ethosuximide,  valproate,
editions. The introduction of phenobarbital in 1912 established ~ carbamazepine, clonazepam, and clobazam. Beginning in the
currentepilepsy treatment standards. The animal-based seizure  late 1980s, a new wave of ASDs was approved for epilepsy
test models used for antiepileptic effectiveness evaluations  treatment. These second-generation drugs include, in order of
allowed scientists to develop phenytoin in the late 1930s. The ~ introduction, vigabatrin, —oxcarbazepine, ~lamotrigine,
treatment options comprise two main categories of herbal ~ gabapentin, felbamate, topiramate, tiagabine, levetiracetam,
medicine and surgical interventions as well as  and zonisamide. The most recent third-generation ASDs
neurostimulation equipment and dietary control strategies and ~ Category comprises pregabalin, rufinamide, eslicarbazepine,
artificial intelligence systems. [3-10] retigabine (also called ezogabine), perampanel, brivaracetam,
cannabidiol, stiripentol, cenobamate, and fenfluramine.[11-14]
The categorization of the ASDs currently in use is shown in
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Fig. 1. Up-to-date details regarding other medications under
development can be accessed from the epilepsy foundation

( Anti epileptic drugs
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website.[15]
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Fig. 1. Antiseizure drugs (ASDs) classification.
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Fig. 2. Classification of antiepileptic drugs based on mechanism of action.

The antiepileptic medications that are widely used are
described in the scientific literature to be mediated primarily
by four mechanisms of actions. The first relates to the
regulation of voltage dependent ion channels including
sodium, calcium and potassium channels that are necessary to

the initiation and conduction of neuronal signals. The second
category comprises drugs that boost inhibitory
neurotransmission, mainly by targeting the gamma-
aminobutyric acid (GABA) system, either by increasing
GABA production, decreasing GABA reuptake, or directly

Gabapentin (HVA calcium channels)

Pregabalin (HVA calcium channels)
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stimulating GABA receptors. The third category of
antiepileptic agents work by reducing excitatory
neurotransmission, typically by modulating ionotropic
glutamate receptors. The fourth category includes medications
that influence neurotransmitter release at the presynaptic level,
thus altering the overall equilibrium between excitatory and
inhibitory signals within neural networks.[16.17 IClassification
of antiepileptic drugs based on their mechanism of action is
shown in Fig. 2.

Mechanism of Action of Anti-Epileptic Drugs

Voltage-Gated lon Channel
Voltage-gated sodium channel

Voltage-gated sodium channels are essential for initiation
and propagation of neuronal action potentials.['8] Minor
depolarization, often triggered by glutamate receptor
activation (AMPA and NMDA), opens sodium channels,
allowing sodium influx along the electrochemical gradient.
These channels are inactivated within milliseconds, generating
a depolarization phase of the action potential. However, ~1%
of the current persists (INaP). This lowers the action potential
threshold and allows sustained firing and so promotes
epileptic burst firing). Some antiseizure drugs (ASDs), such as
phenytoin, inhibit INaP and contribute to its therapeutic
effects.[*]

Sodium channels are composed of a large a-subunit
(forming four homologous domains) and B-subunits, which
modulate kinetics and trafficking.[29211 Among the ten known
a-subunits, Nav1.l, Nav1l.2, Nav1l.3, and NaV1.6, are
predominant in the brain.[22.231 Mutations in these channels
have been linked to genetic epilepsy.[24
Sodium Channel-Blocking ASDs

ASDs that target sodium channels, such as phenytoin,
carbamazepine, lamotrigine, oxcarbazepine, rufinamide, and
lacosamide, are used to treat focal and generalised tonic-clonic
seizures. These drugs exhibit use-dependent and voltage-
dependent blocking, inhibiting high-frequency action potential
trains, while sparing normal activity. They also reduce
glutamate release by preventing the action potential invasion
of nerve terminals, although their therapeutic role remains
unclear.[2sl

The sodium-binding site of ASDs coincides with the local
anaesthetic binding site within the channel pore, stabilizing the
inactivated state.['8.26] This inactivation is prolonged during
rapid firing, allowing drug accumulation, which explains their
seizure-preventing effects.

Lacosamide, unlike classical ASDs, does not inhibit rapid
spike firing but rather affects longer spike trains (1-2 sec). It is
thought to enhance slow inactivation or to bind more gradually
to inactivated sodium channels.[2”] This slower action may
enable selective targeting of pathological seizure-like firing,
while sparing normal neural activity.

T-type voltage-gated calcium channels

T-type calcium channels, activated at low voltages, are
essential for thalamocortical oscillations that underlie spike-
wave discharges in generalized absence seizures-[28-30] These
channels are encoded by three genes: Cav3.l (alG) in
thalamic relay neurons is crucial forabsence seizures; Cav3.2
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(alH) is located in thalamic reticular neurons and cortical
layer V; Cav3.3 (all) exists in the thalamus and cortex but in
lower amounts.[311 During non-REM sleep, thalamocortical
circuits switch from tonic to oscillatory firing, producing &
waves, spindles, and K complexes. During wakeful episodes
epilepsy causes abnormal neurological oscillations because
thalamic reticular nucleus GABAergic neurons trigger a shift
which suppresses relay neuron activity then activates burst
firing.[3234Medical research demonstrates that ethosuximide
effectively hinders all three T-type calcium channel variants
and shows stronger efficacy during high-frequency neuronal
activity which makes it an effective anti-seizure treatment.
Early intake of ethosuximide as a treatment option may reduce
long-term seizure risk by potential epigenetic effects but its
primary mechanism involves blocking INaP, calcium-
activated potassium and inward rectifier potassium currents. >
391 Continual administration leads to better remission results
than valproate. Additional antiseizure drugs possibly affect T-
type calcium channels.[*042 The main activity of Zonisamide
occurs through sodium channels though T-type channel
blockage also contributes to its effectiveness in controlling
absence epilepsy.*344Additional actions of valproate
treatment involve T-type channels suppression.[3¢]
HVA Calcium Channels

Gabapentin and pregabalin, although originally created to
mimic GABA, do not exhibit GABAergic activity. Instead,
they attach to the a23-1 subunits of voltage-gated calcium
channels, whichis likely the basis for their therapeutic effects.
Recent structural research indicates that this binding induces
conformational changes in 028-1, influencing its interactions
with proteins other than calcium channels. While 026-1
facilitates the insertion of a.1-subunits into membranes, the
absence of 025-1 does not alter calcium currents in neurons,
and gabapentinoids do not consistently affect calcium
channels. Although they might decrease the release of
excitatory neurotransmitters by modulating presynaptic
calcium channels, there is limited experimental evidence to
support this. Some studies suggest that a23-1 might interact
with NMDA receptors, but this interaction alone does not fully
account for theirantiseizure effects, implying the existence of
other unidentified targets. In contrast, other antiepileptic drugs
(ASDs) such as lamotrigine, levetiracetam, phenobarbital, and
topiramate inhibit high-voltage-activated calcium channels
(e.g., N-, P/Q-, and L-type), which contributes to a reduction
in glutamate release. Although the significance of these effects
varies, they indicate a broader and more conventional
mechanism of calcium channel inhibition among ASDs.
[45,46,47]
K7 Voltage-Gated Potassium Channels

Voltage-gated potassium (Kv) channels are activated upon
membrane depolarization, facilitating the efflux of K+ ions to
induce hyperpolarization, thereby reducing excitability. In
1998, the first genes associated with epilepsy, KCNQ2 and
KCNQs3, were identified. These genes encode the Kv7.2 and
Kv7.3 subunits, which are analogous to the cardiac Kv7.1
channel (KCNQ1/LQT1).[81In the brain, these Kv7 channels
generate the M current, which increases as the membrane
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approaches the action potential threshold, thus limiting
excitability.[*9]

Kv7 channels are involved in regulating after-
hyperpolarization ~ (AHP),  counterbalancing after-
depolarization caused by persistent sodium currents (INaP),
and preventing bursting.[5 The Kv7 family comprises five
members: Kv7.1, present in the heart, and Kv7.2-Kv7.5,
located in the nervous system, particularly in the hippocampus
and neocortex (Brown & Passmore, 2009).51 Kv7.2/Kv7.3
heterotetrametric channels, which are prevalent in axons,
nodes of Ranvier, and initial segments, are crucial for
controlling neuronal excitability.4 Kv7.5 also contributes to
the M current and AHP in the hippocampus. (53]

Ezogabine (Retigabine) & Its Mechanism

Ezogabine, an activator of Kv7 potassium channels, is
effective in treating focal seizures by modulating Kv7.2—
Kv7.5 channels without affecting Kv7.1 (; Gunthorpe et al.,
2012).154551 Ezogabine shifts Kv7 activation to more
hyperpolarized potentials, enhancing the M current near the
resting potential.[] It promotes channel opening without
altering single-channel conductance. Kv7.2/Kv7.3 channels
are particularly sensitive to ezogabine (EC50 = 1.6 pM).[5]
Therapeutic plasmaconcentrations range from 1.2 to 2.4 uM,
likely providing moderate enhancement of Kv7 activity.[57]
The bindingsite is located between the S5 and S6 segments of
adjacent subunits, stabilizing the open-state conformation. (5859
Kv7 Channels & Antiseizure Activity

Mice genetically modified to have Kv7 channel defects
exhibit reduced sensitivity to ezogabine. The Kv7 inhibitor
XE-991 partially reversesthe effects of ezogabine (Gunthorpe
et al., 2012).551 Ezogabine inhibits the release of
neurotransmitters, including GABA and possibly glutamate. 5!
However, its impact on excitatory versus inhibitory neurons is
still debated: Some studies suggest a reduction in glutamate
release, which aligns with seizure protection, while others
report increased glutamatergic transmission through sodium
channel modulation, potentially explaining proconvulsant
effects at high doses (>61.9 mg/kg).[1
Ezogabine & GABAergic Mechanisms

In addition to modulating Kv7 channels, ezogabine also
affects GABAergic transmission: At high concentrations (>10
M), The substance fulfills a positive allosteric potential on
GABAA receptors.[821 The compound enhances only extra
synaptic GABAA receptors which contain 3-subunits, which
may contribute to seizure protection.[%3] Ezogabine may
increase GABA synthesis, though the exact mechanism
remains unclear.l%4 Kv7-independent GABAergic effects
could be crucial to its antiseizure activity.[831 While
ezogabine's primary antiseizure action is through Kv7
activation, its influence on GABAergic transmission may also
play a role. Its paradoxical proconvulsant activity at high
doses suggests a complex interaction between Kv7 activation,
neurotransmitter modulation, and sodium channel effects.
GABA Inhibition

The neurotransmitter GABA, generated by local inhibitory
interneurons, functions through GABA A and GABA B
receptors. The following discussion emphasizes GABA A
receptors since they represent Cys loop-type ligand-gated
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chloride channels and serve as critical targets for ASDs. In
contrast, GABA B receptors, structurally and functionally
distinct heterodimeric G-protein-coupled receptors that
activate potassium channels and inhibit calcium channels, are
not targeted by ASDs. Despite GABAergic neurons
comprising only about 20% of cortical neurons, they play a
crucialrole in regulating the firing rate and timing of principal
(excitatory) neurons. Furthermore, these neurons synchronize
local neuronal groups and inhibit the development of
abnormal epileptic activity. As a result, enhancing GABAergic
inhibition is a fundamental mechanism of ASD action.[%3]
GABAA Receptors

GABA<sub>A</sub> receptors are pentameric proteins
found on the postsynaptic membrane of inhibitory synapses,
playing a role in both rapid and tonic neuronal inhibition.
These receptors consist of 19 subunits (a1-6, B1-3,y1-3, 3, ¢,
0, m, and p1-3), with the a1B2y2 configuration being the most
prevalent in synaptic settings. Meanwhile, a4pxd and a5-
containing receptors are associated with tonic signalling in
brain regions linked to epilepsy. Benzodiazepines, such as
diazepam and lorazepam, and barbiturates, like phenobarbital,
function as  positive allosteric  modulators  of
GABA<sub>A</sub> receptors. Benzodiazepines specifically
target receptors with y2 subunits, enhancing synaptic
inhibition by increasing the frequency of channel opening. In
cases of absence epilepsy, they influence o3-containing
receptorsin the thalamic reticular nucleus, thereby disrupting
pathological oscillations. Barbiturates, although less selective,
prolong channel open time and also affect other ion channels,
such as calcium and sodium, but their non-specific action can
exacerbate absence seizures.[%6.67]
GAT1 GABA Transporter

The neurotransmitter GABA leavesthe extracellular space
after its removal by transport mechanisms located on neurons
and glial cell membranes. There are four different GABA
transporter families which comprise GAT1 and BGT1 together
with GAT2 and GAT3. The expression of GAT1 results from
the SLC6AL gene while this transporter exists primarily in the
forebrain structures such as the neocortex and hippocampus.
GAT1 operates from GABAergic terminal parts together with
glial processes that sit near GABA synapses. Tiagabine
functions as a precise blocking agent of GAT1 in glial cells
and neurons.[%8 By blocking GAT1, tiagabine prevents the
movement of extracellular GABA into cells, resulting in
increased extracellular GABA concentrations. This leads to
extended GABA-mediated inhibitory synaptic responses. The
significant increase in extracellular GABA caused by
tiagabine may also trigger the activation of extra synaptic
GABA receptors.[69]
GABA Transaminase

GABA transaminase (The enzyme 4-aminobutyrate
aminotransferase catalyzes GABA breakdown through a
reaction which converts it with 2-oxoglutarate into succinic
semialdehyde and glutamate. By blocking GABA
transaminase with Vigabatrin (y-vinyl GABA) brain GABA
concentrations rise.[’%1 Since enzyme inhibition relates to
seizure reduction the compound does not boost GABA A
receptor-mediated synapse transmission like tiagabine.[71-72]
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Instead it decreases inhibitory postsynaptic currents of both
miniature and evoked scale. This occurs when synaptic vesicle
GABA content decreases. The antiseizure mechanism of
vigabatrin primarily depends on its effect of increasing tonic
GABA A receptor currents by reversing GABA transporters to
elevate extracellular GABA. The drug reduces seizure
threshold first before its late protective effects become evident
because it suppresses synaptic GABA activity while spilling
GABA into the space surrounding synapses.[’3741 Genetic
deficiency of GABA transaminase leadsto refractory seizures
which supports the theory of increased proconvulsant activity
through GABA transaminase inhibition.[7s!

Synaptic Release Machinery

SV2A

SV2A, a membrane glycoprotein located in the secretory
vesicles of neurons and other cells, serves as the main target
for levetiracetam (LEV). There is a significant correlation
between LEV's binding affinity for SV2A and its success in
seizure prevention, as demonstrated by the reduced
effectiveness of LEV in SV2A+/—mice. Although the precise
role of SV2A is not fully understood, it is thought to be
involved in vesicle priming, neurotransmitter loading, and
exocytosis. LEV attaches to SV2A without significantly
changingits shape but may subtly influence its function. The
absence of SV2A leads to fatal seizures, highlighting its
importance in controlling seizures. LEV reduces the release of
excitatory  (glutamate) and inhibitory (GABA)
neurotransmitters during high-frequency activity, selectively
suppressing epileptic discharges. This supports the "supply-
rate depression” concept—a form of short-term synaptic
plasticity during intense activity—that LEV enhances, relying
on SV2A. LEV's effect necessitates prolonged high-frequency
neuronal activation, indicating a use-dependent mechanism.
Besides binding to SV2A, LEV also inhibits high-voltage-
gated calcium channels, modifies calcium release from
internal stores, influences GABA turnover, affects neuronal
activity in critical brain regions, and counteracts zinc-induced
inhibition of GABA<sub>A</sub> receptors. The precise
significance of these additional actions in relation to LEV's
antiseizure effects is still being explored.[76.77]
Ampa Receptors

Approximately 80-90% of brain synapses are excitatory,
predominantly involving the release of glutamate at synapses
between presynaptic terminals and postsynaptic dendritic
spines. lonotropic glutamate receptors, particularly AMPA
receptors, facilitate rapid excitatory postsynaptic potentials
(EPSPs), which are essential for fast synaptic transmission and
epileptic synchronization, especially within the hippocampal
CA3 region. Epilepsy frequently results from inadequate
GABAergic inhibition, with chronic inhibitory alterations
implicated in its pathogenesis. AMPA receptors play a pivotal
role in epileptic activity, as their inhibition suppresses
synchronization. In contrast, kainate receptorsare less critical,
and NMDA receptor blockade alone does not eliminate
seizures and may exacerbate them clinically. AMPA receptor
antagonists demonstrate broad antiseizure effects in models,
and increased AMPA receptor expression in epileptic brain
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tissue suggests a role in the hyperexcitability associated with
focal epilepsy. Perampanel, the sole clinically approved
AMPA receptor antagonist, is a selective, noncompetitive
inhibitor that exhibits antiseizure efficacy without affecting
NMDA receptorsor other ion channels at therapeutic levels.
Even minimal AMPA blockade is sufficient for seizure
control, although side effects such as dizziness and
somnolence are common at higher doses. Despite their potent
antiseizure activity, AMPA antagonists lack antiepileptogenic
effects. In generalized seizures, extensive cortical and
subcortical involvement, including the thalamus and basal
ganglia, is facilitated by glutamatergic transmission. AMPA
receptors mediate rapid excitation in these circuits, accounting
for the efficacy of AMPA antagonists in treating secondarily
and primarily generalized tonic-clonic seizures. These drugs
also suppress EEG abnormalities in photosensitive
epilepsy_[78,79,80]

Mixed Targets

Valproate

Despite being one of the most commonly prescribed
antiseizure drugs (ASDs), valproate's mechanism of action in
preventing seizures remains unclear. The drug exhibits
multiple pharmacological effects, and it has been suggested
that its broad spectrum of clinical efficacy may result from a
combination of these actions on various targets. While
valproate's impact on GABA systems is complex, its effects
on GABA-related mechanisms are considered among the most
likely to contribute to its antiseizure properties. For example,
valproate specifically boosts GABA turnover in certain areas
of the brain,[81] which may enhance synaptic or extrasynaptic
inhibition. Although high concentrations of valproate affect
voltage-gated sodium channels, recent brain slice recording
studies have not supported sodium-channel blockade as a
significantmechanism for its clinical effectiveness. Similarly,
despite its efficacy in treating absence epilepsy, there is
limited evidence for valproate's effects on T-type calcium
channels. It is evident that some of valproate's The
pharmacological mechanisms that contribute to its antiseizure
effects have yet to be identified..[82
Felbamate

The substance behaves as a GABA A receptor enhancer
while simultaneously disabling NMDA receptors. The
compound binds to a GABA A receptor site unique from
benzodiazepine recognition sites and this allows effective
treatment of patients in clinical settings. The effectiveness of
felbamate blocking NMDA receptors remains unknown for
both focal and generalized seizures since evidence
demonstrates these receptors are not proven targets for seizure
treatment, [83]
Topiramate

Topiramate works through several recognized drug actions
yet doctors still must discover how all these effects block
seizures. Topiramate blocks sodium channels in addition to
acting on GABA A receptor subtypes and several other
receptor types like AMPA/kainate and carbonic anhydrases |l
and IV. Instead of directly controlling ion channels topiramate

Sankula Shanmukha Manoj Kumar and Rajashekar S Chavan, “Modern Approaches to Epilepsy Treatment: A Comprehensive Review of
Pharmacological, Surgical, and Alternative Therapies,” International Research Journal of Pharmacy and Medical Sciences (IRJPMS),

Volume 8, Issue 3, pp. 54-72, 2025.



makes its impact by altering how protein molecules become
activated.[®4

Topiramate works similarly to other antiseizure drugs by
blocking sodium channels while also inhibiting I_NaP just like
phenytoin. At therapeutic levels. Although it does not work in
PTZ models that respond to GABA A regulation it shows
activity in absence epilepsy models and increases resistance to
PTZ effects which demonstrates a role for GABA A
receptors.[85-88]

In experiments with neurons topiramate showed it blocks
kainate and blocks AMPA/kainate receptor activity at relevant
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dosages.[®9but recent research points away from targeting
kainate receptors as antiseizure therapy.[891 Despite initial
scepticism of its carbonic anhydrase inhibition role in epilepsy
it now seems to explain some of its effect in animal models
because of lack of cross-tolerance with acetazolamide in
mice.[%0]

Headache and reduced attention memory skills emerge
when oral carbamazepine reaches certain blood levels. Science
has not found the exact reason for this yet.[91]

TABLE 1. Anti-epileptic drugs and their side effects

Drug

psychotropic effect

Carbamazepine (CBZ)

No effect on mental state or mood.”®”

increased anxiety, irritability, sleep disturbance, compared with PTH and VPA. %

Sleepiness, depression.®

agitation, depression, insomnia, somnolence.[™

Diazapam (DZP)

euphoria, nervousness, somnolence. ™™

nervousness, somnolence.[*%

Felbamate (FBM)

increased anxiety. ™

Depression. 4

Gabapentin (GBP)

Drowsiness. !

somnolence, emotional liability.[*%)

improving mental health, especially emotional well-being. "%

decreased depression.[**7

Lacosamide (LCS)

Somnolence. %

doesn’t alter mental state or cognition.**

Lamotrigine (LTG)

sleepiness, depression.[*!

doesn’t affect mental state or cognition.'™

Insomnia [**1

anxiety, somnolence.[*'?

emotional liability, somnolence, insomnia.*®!

irritability, anxiety, depression, pyschosis."®¥

Levetiracetam (LEV)

depression, aggression, insomnia, somnolence.[™

affective disorder, aggression, psychosis.**

sleep disturbances.!

Oxcarbazepine

emotional liability.[*”

Sedation.[™t"]

Somnolence.t®!

depression, anxiety, behaviour change.**!

Perampanel

behaviour change, dizziness, slurred speech, confusion. ™

ataxia, irritability, cognitive slowing.™

Phenobarbitone

hyperactivity, aggression.*?!

Phenytoin (PHT)

anxiety, depression.*?

Sedation [

Pregabalin

somnolence, depression, anxiety, insomnia 2!

Retigabine

somnolence, headache, dizziness, vertigo.['*!

Tiagabine (TGB)

Psychosis, somnolence.[*?"]

irritability, anxiety, depression.[t*!

Topiramate

somnolence, mood disturbance, aggression, nervousness.!?"]

Psychosis.!*?")

aggression, anxiety, sleep disturbance.?!

irritability, behavioural change.™¥

Valproate (VPA)

Drowsiness.’%

Hyperactivity,[*2!

Somnolence. ™™

insomnia, irritability. ™%

Vigabatrin (VGA)

aggression, anxiety, depression, psychosis.4

agitation, somnolence.**

zonisamide (ZNS)

Somnolence, abnormal thinking, nervousness.™2

Psychosis.

irritability, anxiety, depression, abnormal behaviour.™

Fate of synthetic drugs
Antiepileptic drugs (AEDs) are widely used for treating
epilepsy, but they come with various side effects that can

significantly impact patients’ quality of life. Common adverse
effects of AEDs include dose-related issues, idiosyncratic
reactions, behavioural and psychiatric comorbidities, and
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chronic problems.[921  Antiepileptic drugs (AEDs) are
associated with various adverse effects that can significantly
impact patient outcomes and quality of life. A cross-sectional
study of 354 adult epileptic patients found that about one-sixth
of patients reported adverse drug effects, with fatigue (5.08%),
gastrointestinal disturbance (4.24%), and sedation/depression
(4.24%) being the most common.[9%! These adverse effects
were more prevalent in patients with low educational status,
increased number of AEDs, and certain seizure patterns.
Interestingly, a randomized controlled trial comparing AED
treatment with and without therapeutic drug monitoring found
no clear evidence that routine serum concentration
measurement improved outcomes or reduced adverse
effects.[% This suggests that individualizing drug dosages
based on serum levels may not necessarily lead to better
tolerability. While AEDs are essential for seizure control, their
adverse effects remain a significant concern. Newer AEDs
have been “developed with the aim of improving the benefit-
risk balance, but evidence suggests they may only be
somewhat better tolerated than older molecules. 93! Clinicians
should carefully consider patient characteristics,
comorbidities, and specific medication toxicities when
prescribing AEDs to minimize adverse effects and optimize
treatment outcomes.[%! Few of the anti-epileptic drugs and
their side effects are given in the Table 1.

Current treatment approach

Brivaracetam- Brivaracetam (BRV) is a high-affinity ligand
for synaptic vesicle protein 2A, demonstrating a binding
capacity that is 10 to 30 times greater than that of
levetiracetam (LEV).[13413%] |n early randomized controlled
trials (RCTs), BRV demonstrated significant efficacy in
reducing focal-onset seizuresand was associated with a well-
tolerated safety profile.[136.1371 BRV has been shown to
effectively reduce seizure frequency in individuals with
epilepsy, achieving a >50% responder rate of 35.1%, with
8.8% of patients attaining complete seizure freedom.[*38]
Experiments with SV2A knockout mice confirmed that BRV
specifically targets SV2A, as no binding was observed in the
brains of these mice. Additionally, BRV does not significantly
interact with other receptors, channels, or enzymes, even at
concentrations much higherthanthose needed to bind SV2A.
This suggests that BRV's primary mechanism of action is
through its interaction with SV2A.

Ganaxolone GNX stands out as a medication well known
for its effective seizure suppression performance in human
patients. The Food and Drug Administration recognizes
neurosteroid as the sole compound for epilepsy treatment.
Ganaxolone contains a 3p-methyl group in its chemical
structure so that back-conversion cannot occur thus
minimizing unwanted side effects while minimizing
breakdown andtolerance development. Results from Phase 2
clinical testing demonstrated that ganaxolone possesses
potential to be used independently in treating patients with
refractory status epilepticus. Medical staff conducted a trial to
test intravenous administration of ganaxolone for patients who
did not respond to benzodiazepinesor at least one intravenous
antiseizure medication. Treatment started with an initial bolus
dose and included a continuous infusion with dropping
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concentration rates spanning 48 to 96 hours before an 18-hour
ending fase. The research divided participants into three
dosage groups consisting of 500 mg each day for the low dose
and 650 mg each day for the medium dose as well as 713 mg
each day for the high dose. The onset of seizure cessation
from ganaxolone infusion therapy lasted approximately five
minutes on average. The treatment with ganaxolone did not
lead any patient to require a third-line anesthetic medication
within 24 hours after treatment application thus demonstrating
potential value in refractory status epilepticus treatment. [13%-
142]

Cenobamate (YKP3089)-

Cenobamate, an antiepileptic medication approved by the
FDA on November 21, 2019, shows promising
neuroprotective effects.[14%] Its action mechanism includes
decreasing neuronal excitability by enhancing both fast and
slow sodium channel inactivation and inhibiting the persistent
sodium current component.[44l In an extensive eight-year
study with 49 patients suffering from drug-resistant focal-
onset seizures, cenobamate proved highly effective: 16% of
participants were seizure-free for more than six months, 29%
saw a reduction in seizure frequency by 90% or more, and
45% experienced a reduction of at least 75% in seizure
frequency.*1 Furthermore, a real-world study assessing one-
year treatment outcomes in adults with highly drug-resistant
epilepsy found seizure freedom rates of 8% at three months,
5% at six months, and 19% at twelve months, with a median
dose of 250 mg/day. Remarkably, effectiveness was also noted
at a lower median dose of 100 mg/day.[461These results
underscore cenobamate's potential as a viable treatment for
drug-resistant focal epilepsy, with long-term benefits evident
in both clinical and real-world contexts.

Herbal Medicine: Traditional Knowledge, Therapeutic
Potential and Contemporary Applications

Despite the availability of 30 antiepileptic drugs (AEDs),
their administration is frequently linked to adverse side
effects. These side effects can greatly affect a patient's quality
of life, sometimes even more than the seizures they aim to
control. This creates a therapeutic dilemma for healthcare
providers, as the mostpotent AEDs are often associated with
notable side effects. Additionally, some AEDs might trigger
severe adverse reactions without offering significant
therapeutic advantages.[!41 Herbal medicines, which rank
among the most commonly used forms of complementary and
alternative medicine (CAM), are acknowledged for their
safety and efficacy. Their role in managing neurological
diseases and disorders is gaining prominence. Herbal
formulations provide polypharmacological effects by engaging
multiple biological pathways due to their multi-component
nature.[148]

Herbal pharmacological agents frequently interact with
GABA receptors and ion channels, with some also affecting
AMPA and NMDA receptors. GABA receptors, especially
GABAA receptors, are pentameric ligand-gated chloride-ion
channels  that are essential for  inhibitory
neurotransmission.[#® These receptors are targeted by various
pharmacologically active compounds, including certain herbal
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drugs, which can modulate their function by enhancing
GABA-mediated inhibition. Interestingly, while many herbal
drugs primarily target GABA receptors, some also interact
with voltage-sensitive ion channels, such as sodium channels.
This mechanism is similar to that of certain antiepileptic
drugs, like lamotrigine, which prolongs the inactivation of
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voltage-dependent sodium channels.[*5%] Additionally, some
herbal compounds may influence glutamate receptors,
including AMPA and NMDA receptors, which play a critical
role in excitatory neurotransmission and have been associated
with various neurological disorders.'51 Few herbal anti-
epileptic drugs are given in the table no.2.

TABLE 2. Herbal anti-epileptic drug models and their mechanism of action

Drug

Animals / Humans

seizure model

target action

mechanism of action

Acorus calamus

In vivo animal model
(cerebral cortex from rats)

Ferric chloride

antioxidant enzyme
(SOD, CAT, LPO)

Modulating oxidative stress to prevent
epileptogenesis. >

Albizzia lebbeck

In vivo animal model

Maximal Electric shock
(MES), Pentylenetetrazole
(PTZ), Lithium-pilocarpine

GABA-A

Increased GABA and serotonin levels in the
brain 1%

Aloe vera

In vivo animal model

Maximal Electric shock
(MES), Pentylenetetrazole
(PTZ), Increased current
electroshock seizure (ICES)
test,

NMDA, COX

By modulating NMDA receptors, inhibiting
COX enzymes, and utilizing antioxidant
properties, an anticonvulsant effect is
achieved.**

Asparagus
recemosus

Invivo animal model (cortex
and hippocampus from mice)

Pentylenetetrazole (PTZ)

Monoaminergic
system, cholinergic

a multifaceted approach involving
monoaminergic and cholinergic systems,
decreasing nitrosative stress, and inhibiting the

system development of epilepsy.™**
Increases the density of GABA receptors and
Bacopa monnieri In vivo animal model Pilocarpine GABA A, GAD upregulates the GAD (Glutamate

(hippocampus from rat)

decarboxylase) gene expression required for
the GABA synthesis.[**®]

Boerhaavia diffusa

In vivo animal model
(hippocampusand cortex from
rat)

Pentylenetetrazole (PTZ),
BAY k-8644

\bltage gated
calcium channel,
GABAergic system

Blocks voltage gated calcium channels and
modulates GABAergic neurotransmission
contributing to it anti-epileptic activity.**"!

Butea monosperma

In vivo animal model
(hippocampusand cortex from
rat and mice)

Maximal electric shock
(MES),
Pentylenetetrazole(PTZ),
Lithium-pilocarpine

\bltage gated ion
channels

Inhibits voltage gated sodium and calcium
channels, enhances inhibitory
neurotransmission. 5

Calotropis gigantea

Invivo animal model
(hippocampusand cortex from
rat)

Pentylenetetrazole (PTZ)

GABAergic system,
voltage gated ion
channels

enhancement of GABAergic
neurotransmission.*5%

Calotropis procera

In vivo animal model
(hippocampusand cortex from
mice)

Pentylenetetrazole (PTZ),
Pilocarpine, strychnine

GABA-A, NMDA

Enhancement of GABA-Areceptor activity,
potential NMDA inhibition.!6%

Carum copticum

In vivo animal model
(hippocampus, amygdala and
cortex from rat)

Pentylenetetrazole (PTZ)

GABA-A, Calcium
channel, H3 receptors

Enhances GABAergic activity, calcium
channel blockage.™*®4

Cedrus deodara

In vivo animal model
(hippocampusand cortex from
mice and rat)

Pentylenetetrazole (PTZ),
Maximal electric shock
(MES), Pilocarpine

GABA-A, NMDA

BDNF increases brain GABA levels, less
effective towards NMDA inhibition.[*62

Curcuma longa

In vivo animal model
(hippocampusand cortex from
rat)

Pilocarpine

GABA-A,
Glutamate, Calcium
channels

Increases GABAergic activity while reducing
glutamatergic excitability, thereby restoring
exitatory-inhibitoy balance. Prevents neuronal
damage by reducing oxidative stress and
calcium mediated excitotoxicity. 26!

Ferula assa-foetida

In vivo animal model
(hippocampusand cortex from
mice)

Pentylenetetrazole (PTZ)

GABAergic system,
voltage gated calcium
channels

GABAergic and calcium channel modulation
leading to reduced excitability and
neuroprotection.[*%!

Moringa oleifera

In vivo animal model (ventral
tegmental area, nucleus
accumbens, ventral pallidum)

Pentylenetetrazole (PTZ),
picrotoxin, strychnine

GABAergic sytem,
Dopaminergic
system, Serotonergic
system, cholinergic
and adrenergic
system

Enhances GABAergic and inhibits glycinergic
pathways, also inhibits noradrenaline and
acetylcholine. (16

Nardostachys
jatamansi

In vivo animal model
(hippocampusand cortex from
rat)

Maximal Electric shock
(MES), Pentylenetetrazole
(PTZ)

GABA-A, \Wltage
gated sodium channel

enhancing GABAergic nerve transmission,
modulatingvoltage-gated sodium channels and
increasing the seizure threshold, while exiting
minimal neurotoxicity. ™!

Ocimum
gratissimum

In vivo animal model (cortex
and hippocampus from mice)

Maximal Electric shock
(MES), Pentylenetetrazole
(PTZ)

GABA-A, voltage
gated ion channels

Essential oil obtained in spring season showed
strongest anticonvulsant activity, due to higher
percentage of sesquiterpenes. 67

Passiflora incarnata

In vivo and Invitro animal
model (hippocampus and
cortex from rats)

Pentylenetetrazole (PTZ)

GABA-A,
serotonergic system

Direct GABA-A agonist, modulate
benzodiazepine sites on GABA-A
receptors.!*¢¢!
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Punica granatum

In vivo animal model
(hippocampusand cortex from
mice)

Pentylenetetrazole (PTZ),
Strychnine(STR)

GABA-A,
Glycenergic system

Enhances GABAergic neurotransmission,
reduces oxidative stress, delays seizure
onset.[*%

Rubia cordifolia

In vivo animal model
(hippocampusand cortex from
rat and mice)

Pentylenetetrazole (PTZ),
Maximal electric shock
(MES), Lithium-Pilocarpine,
Electric Kindling

GABA-A,
serotonergic system

Increases brain GABA and serotonin levels,
increases inhibitory neurotransmission. %

Sesbania
grandiflora

In vivo animal model
(hippocampusand cortex from
rat and mice)

Pentylenetetrazole (PTZ),
Maximal electric shock
(MES), Lithium-Pilocarpine,
Electric kindling

GABA-A,
serotonergic system

Enhances GABAergic and serotonergic
activity, reduces seizure severity, CNS
depressant effects.[t™]

Trichosanthes
tricuspidata

In vivo animal model
(hippocampus from mice)

Pilocarpine

GABAergic system

Reduces oxidative stress, increases antioxidant
enzyme activity, and preventing hippocampal
neurodegeneration.*?

Vitex negundo

In vivo animal model
(hippocampusand cortex from

Maximal Electric shock
(MES), Pentylenetetrazole

GABAergic system,
voltage gated ion

Increases GABA activity, modulates voltage-
gated ion channels.'"®

rat) (PTZ) channels
In vivo animal model GABAergic system, Mogngsaﬁtl\ifliA ;e:g;zjt:crézr;g;lolrl ,t;nr;:]raefeses
Withania somnifera | (hippocampusand cortex from Pilocarpine AMPA receptors, Y g

rat)

GLAST

excitotoxicity by improving motor
coordination.™

Zingiber officinale

In vivo animal model
(hippocampusand cortex from

Pentylenetetrazole (PTZ)

GABAergic system,
voltage gated calcium

Modulates excitatory and inhibitory
neurotransmission, reduces oxidative stress,

mice) channels inhibits calcium channels.!*’™
_ ) GABA-A Increases GABAergic neurotransmission,
In vivo animal model Neuroinflamm’ato reduces neuroinflammation (TNF-ALPHA

Piper longum (hippocampus, striatum and Pilocarpine athwavs (TNF-ry expression) in the hippocampus, and mitigating

cortex from mice) P Al yha) oxidative stress, thereby increasing seizure

P latency and survival rates.*’®

. In vivo animal model Maximal Electric shock .
Caesalpinia (hippocampus and cortex from (MES), Pentylenetetrazole _GAB_A-A, Increase in the (_SABA levels a1r717d modulates
bonducella Glycinergic system glycine receptors.[t’”!

mice)

(PTZ), Strychnine, picrotoxin

Ficus platyphylla

In vivo animal model (cortex
and hippocampus from mice)

Maximal Electric shock
(MES), Pentylenetetrazole
(PTZ), Picrotoxin, isoniazid,

GABA-A

Increases the GABA neurotransmission likely
through GABA-A receptor modulation,
reduces locomotory activity, prolongs sleep

strychnine, aminophylline

duration and delays seizure onset."7®

Herbal drug under use and clinical trail

Several herbal drugs despite of their good effect towards
management of epilepsy only few drugs are under clinical trial
and currently used for treatment of epilepsy.
Cannabinoids: Cannabinoids, particularly cannabidiol (CBD),
show promise in treating refractory epilepsy in humans. CBD
has demonstrated efficacy in reducing seizure frequency in
patients with Dravet syndrome, as evidenced by a randomized
clinical trial. In preclinical studies, CBD exhibited
anticonvulsanteffects in several animal models, including the
Pentylenetetrazole (PTZ) and maximal electroshock (MES)
tests.’?1  Additionally, cannabidivarin (CBDV) showed
anticonvulsant properties in mouse and rat models of
seizures.['®] Cannabidiol (CBD) has shown promising results
in treating refractory epilepsy in human patients, particularly
in children with Dravet syndrome. In a randomized clinical
trial, CBD demonstrated significant efficacy in reducing
seizure frequency. Specifically, 43% of patients taking CBD
experienced at least a 50% reduction in seizure frequency,
compared to 27% in the placebo group. Moreover, 5% of
patients became seizure-free during the treatment period. CBD
has also shown potential in treating other forms of epilepsy. In
an open-label interventional study involving patients with
varioustypes of treatment-resistant epilepsy, including Dravet
and Lennox-Gastaut syndromes, CBD administration resulted
in a 36.5% reduction in motor seizures, with 4% of patients
becoming seizure-free over a 12-week follow-up period.[18]
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Bacopa monnieri This improves memory performance but
experts claim it helps manage conditions related to heart
health and  respiratory  system problems and
neuropharmacological disorders which include insomnia and
insanity as well as depression and psychosis and epilepsy
alongside stress indications..18] Individuals with epilepsy
often face cognitive impairments. These can result from
multiple factors, including the cause of seizures, pre-existing
brain lesions, seizure type, age of onset, frequency, duration,
and severity of seizures. Cognitive function is also affected by
interictaland ictal brain dysfunction, recurrent or prolonged
seizures, genetic predisposition, psychosocial factors, and
treatments like antiepileptic drugs or surgery.[1818% |n a triple
blinded randomized control trail Bacopa monnieri had shown
significantimprovement cognitive performance score whereas
it has no significant improvement in sleep quality.[86]

Surgical Approach:

Vagus Nerve Stimulation:

About two-thirds of epilepsy patients achieve seizure
control with anti-seizure medications. Drug resistance in the
remaining cases may stem from non-adherence, misdiagnosis,
incorrect medication choice or dosage, or lifestyle factors.
Accordingto the International League Against Epilepsy, drug-
resistant epilepsy is defined as the failure of two appropriate
and well-tolerated medications to sustain seizure freedom.
Temporal lobe resection has shown promising outcomes, with
many patients achieving remission and improved quality of
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life (HRQOL), even if minor memory decline occurs. Seizure
freedom, even partial, was linked to better HRQOL. Studies
showed that 62% of patients reached cure or near-cure status
without significant cognitive decline, and some improved in
intelligence scores. In patients with low-grade temporal lobe
tumours, 81% were completely seizure-free post-lobectomy,
and 10% had minimal seizures. Memory issues were mild and
seen in 32%. A longitudinal study comparing surgical and
medical treatments found 63% of surgical patients became
seizure-free versus 12% of medically treated ones. However,
memory decline occurred in 60% of surgical and 50% of
medical cases. Surgery enhanced cognition in seizure-free
individualsbut could worsen it if seizures persisted. Seizure
freedom is crucial for better cognitive, psychosocial, and
quality of life outcomes. Despite its benefits, surgery can lead
to complications like depression, psychosis, visual
impairments, hemiparesis, and meningitis, highlighting the
need for careful patient selection and follow-up.[187-203]
Ketogenic Diet

Around 400 BC, Hippocrates noted that some believed
certain sea and farm animals could influence seizures.
Traditional epilepsy treatments include medication, surgery,
and vagus nerve stimulation. However, one-third of patients
do not respond to drugs, prompting neurologists to consider
dietary changes like the ketogenic diet. This diet is typically
introduced after two antiepileptic drugs fail. It's a widely
recognized non-pharmacological option, especially for
children with drug-resistant epilepsy, and has been in use
since 1921 with minor adaptations. The ketogenic diet affects
GABA transaminase enzyme levels and boosts energy
production, helping counteract temporary GABAergic
inhibition. Its seizure control is largely attributed to changesin
the GABAergic system. A 1998 study found that after six
months on the diet, 55% of patients saw seizures reduced by
over 50%; at one year, 40% reported similar benefits. Despite
its effectiveness, side effects like fatigue, dehydration,
behavioural changes, and gastrointestinal issues were noted,
particularly in the first three months. Recent research links gut
microbiome changes to drug-resistant epilepsy. People with
uncontrolled seizures often exhibit abnormal gut bacteria. The
ketogenic diet appears to influence these microbes,
contributing to its anti-seizure effects. While studies in
animals show promise, human trials remain limited. [204-209]

Future studies ought to concentrate on extensive, regulated
clinical trials. Nevertheless, securing funding poses a
difficulty since the diet does not generate commercial returns.
More studies are needed to identify ideal candidates and
potentially shift from strict ketogenic diets to microbiome-
focused dietary therapies using probiotics and prebiotics.
Artificial Intelligence In Epilepsy

Acrtificial Intelligence (Al) is playing a crucial role in
modern healthcare, significantly altering the ways in which
diseases are diagnosed, treated, and managed. Al encompasses
a range of computational techniques, including machine
learning, deep learning, and natural language processing.[210]
Despite extensive research effortsin epilepsy treatmentacross
variousfields, one of the most significanthurdles remains the
variability in treatment outcomes among different individuals.
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Treatment results can differ greatly from one patient to
another, influenced by intrinsic factors such as the specific
types and characteristics of seizures, brain lesions, or
accompanying neuropsychological disorders, as well as
extrinsic factors like the stage at which treatment is initiated
and the conditions under which it is administered.
Consequently, it is essential to adopt personalized strategies
that accurately assess each patient's condition and select the
most suitable treatment approach for them.[211-213]

Machine learning helps programs make automated
improvements by analysing statistics and science rules over
raw data sets (Efficient Learning Machines: Theories,
Concepts, and Applications for Engineers and System
Designers). Study methods mainly exist as supervised or
unsupervised types. Supervised learning algorithms work with
labelled datasets through k-NN, regression models, naive
Bayes, random forest and SVM. With unused data input the
system finds patterns by implementing k-means, k-medoids,
fuzzy C-means, Gaussian mixtures, and hidden Markov
models.

ANNSs imitate brain processes by changing network
connections when processing supervised or unsupervised
learning data. ANN technology becomes deep neural networks
(DNNs) when there are more than two hidden layers that
enable them to detect features automatically for deep learning
applications. Deep learning utilizes CNNs for image analysis
and RNNs for handling time-dependent datasets (Efficient
Learning Machines: Theories, Concepts, and Applications for
Engineers and System Designers).[214-216]

Several significant applications of artificial intelligence were
discovered to provide useful benefits

. Automatic seizure detection

. Diagnosis and classification of epilepsies
. Understanding the epileptogenesis

. Wearable electronic devices for PWE.

Automatic seizure detection

The key components of a seizure prediction system are
data acquisition followed by EEG signal preprocessing and
feature extraction next to classification then evaluation of
results. The initial preprocessing step removes noise and
increases signal-to-noise ratio by finding faulty channels and
applying referencing methods.[27 Engineers create surrogate
channels by implementing common spatial pattern filters and
averaging EEG signals. The detection of seizures in EEG data
relies on three kinds of noise elimination techniques:
Butterworth bandpass filtering, notch filtering, wavelet
transforms, and empirical mode decomposition. Supervised
learning methods including k-NN, SVM, and deep learning
approaches complete the detection process.[218-223]

EEG monitoring through scalp and invasive recordings
enables researchers to identify when patients experience
seizures along with determining non-seizure states. A neural
network operated by Daoud and Bayoumi analyzed [224] EEG
recordings of eight pediatric patients by using five-second
non-overlapping segments which allowed CNN to handle
spatial features and RNN to handle temporal data. Both groups
received 80% of training content and 20% for validation.
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During one-hour forecasting the model demonstrated a 99.6%
accuracy level and a false alarm occurrence rate of 0.004/hour.
Modern studies focus on personalized seizure prediction
because patients demonstrate different patterns that demand
several seizure recordings. The monitoring technology now
extends beyond EEG by incorporating video and EMG in
addition to mobile systems. Neural networks evaluating
newborn limb motions in video recordings produced detection
outcomes with 90% accuracy and precision when combined
with electroencephalogram analysis.[225-226] The addition of
SVM processing limb accelerometer data led to a detection
accuracy reaching 90% alongside rare daily erroneous results
and 10-30 second reaction speeds. The use of detection
models based on CNN achieved more than 70% accuracy for
seizure identification.[227-228]

Diagnosis and classification of epilepsies

Correct identification and categorization of seizures
together with epilepsy and epilepsy syndromes stands as the
core element for successful epilepsy treatment. Epileptologists
who have experience with such analysis must handle the
extensive examination of clinical history, imaging, EEG and
genetic information but it proves time-consuming as a
traditional method. The process of diagnosis might become
faster through implementation of machine learning techniques.
Researchers now investigate deep learning algorithms
including CNN together with hybrid models that unite CNN
and RNN to address this task apart from older machine
learning methods such as SVM and kNN. The CNN/RNN
hybrid modelanalysed time Fourier transform features from
ictal EEG data to achieve 97.4% and 97.2% F1 scores in
separate datasets.[?29.230]

When fMRI data of resting-state was submitted to the
SVM algorithm researchers obtained a brain network
differentiation success rate of 85% sensitivity together with
82.5% specificity between epileptic patients and control
subjects. The combination of diffusion tensor imaging with
SVM led to effective patient classification between active
epileptic and remission and control groups.[231.2321 The
scientists combined resting-state MEG data with an ANN to
detect focal from generalized seizures in one study which
reached a 88% sensitivity and 86% specificity level.[23]
Understanding epileptogenesis

Modern medical research identifies epilepsy as a
neurological condition which materializes because brain
network functions fail to operate properly. Network behavior
exploration with evolutionary aspects remains an essential
scientific pursuit because it strengthens knowledge about
epilepsy emergence. Researchers have employed three main
strategies for theirwork: animal modelsand lesional models in
addition to cell-based models. The models present
fundamental restrictions because they show incomplete
aspectsof an epileptic brain. The implementation of machine
learning technology enables us to merge different brain
measurement data collected from neuroimaging and EEG and
MEG and functional imaging sessions. The combined data
allows researchers to build virtual laboratory simulation
platforms for brain epilepsy interventions. [234-238]
Wearable devices for PWE
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People with epilepsy show high acceptance for wearable
devices as seizure-monitoring tools. [239-2401 However,
acceptance depends on device accuracy and masks necessity
of discreet design and comfort development since this phase is
generally ignored. Rudimentary form of sleep discomfort
stands as the prime factor driving PWEs to quit their
monitoring devices. [241-2451 By contrast stable device
operations throughout daily activities remain necessary for
seizure recording.[?#81 Wristbands and EEG headsets together
with ECG monitors received endorsement from eight adult
PWEs in interviews. The medical function of wearables goes
beyond healthcare support since they intensify safety
mechanisms and reinforce trust bonds between patients and
providers. These devices simultaneously affect social
dynamics and personal self-consciousness. [247:2481 A seizure
detection algorithm benefited from bigger data sets which
particularly recognized daily seizure patterns better while
demonstrating maximum accuracy for tonic-clonic shakes.[24]

This review studied all current treatment ways for epilepsy
including medications, surgery, and other treatment options.
The main discovery shows antiseizure drugs keep serving as
main therapy while newer drugs work better and cause less
side effects. These drugs affect ion channels while supporting
calming GABA signals and decreasing excitatory glutamate
activity.

The removal of seizure areas from the brain helps control
epilepsy when other medications fail yet doctors must weigh
how the treatment affects thinking skills.

Clinicians use vagus nerve stimulation along with the
ketogenic diet and several herbal treatments as supplementary
therapeutic approaches for epilepsy treatment.

Using artificial intelligence to identify and forecast
seizures will better assist in epilepsy treatment. Research still
faces hurdles in giving every patient complete seizure control
with less medicine side effects. Researchers must work on
creating specific medical treatments and identifying how
patients respond to care whilealso checking if treatments can
change the progress of epilepsy. When patients receive
medical interventions that include pharmaceuticals with
distinctive surgeries alongside alternative methods which
doctors customize for each person they get their best possible
medical benefits.

CONCLUSION
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