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SUMMARY

The brain is extremely complicated three dimensional structures made up of interconnected neurons and neuroglia cells.
It entails all type of functions of our body whether we are healthy or in disease conditions. Brain is accountable for our
connectivity with the surroundings; all this is performed by an organized and systemic electrical activity of neurons by
which they communicate messages to and from the brain. The abnormal electrical activity leading to the intense outburst of
impulses, results in the development of epilepsy. Epilepsy is typified by recurrent, unprovoked seizures as a result excessive,
hypersynchronous discharge of neurons occurs in the brain. Nearly 1% of the population throughout the worldwide is suffering
from epilepsy and almost 75% begins at childhood. The patients almost one third are resistant to current available antiepileptic
drugs. We don’t have the deep knowledge of the pathophysiology of the disease which can prove useful in further research for
drugs with new mechanisms of action for diseases. This paper covers the role various neurotransmitters and neuropeptides
in the pathophysiology of epilepsy. Our objective is to introduce the scientists with that aspect of the disease which may prove
useful for further development of new drugs of epilepsy to overcome the resistance shown by the patientsorithm.
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PE3HOME

Mo3r npeacTasnser co60M YPe3BbIYANHO CIIOXKHYI0 TPEXMEPHYIO CTPYKTYPY, COCTOSILLYI0 U3 B3aUMOCBA3AHHbLIX HEPOHOB
11 KNETOK HEMPOrNIK, KOTOPbIE ONPe/ieNstoT BCe NPOSBIeHUS (PYHKLNIA OpraHM3Ma YenoBeka B HopMe 1 npu natonoruu. Bsau-
MOJIBNCTBIE C OKPYKAIOLLeil CPefoit 0CYLLECTBNABTCA 6r1aroaaps opraHU30BaHHOM U CUCTEMHOI ANEKTPUYECKON aKTUBHOCTY
HENPOHOB, C MOMOLLLIO KOTOPOW OHU NepeaatoT COOGLLEHUA B MO3T 1 OT Hero. MaTonoruyeckas anekTpUYeckas akTUBHOCT,
NPUBO/AALLAN K NHTEHCUBHOI BCMbILLKE BO3GYXXAEHUA, NPUBOANUT K PA3BUTUIO anunencui. [Ins anunencuu xapakTepHsl no-
BTOPSIOLLMECS HECMPOBOLIMPOBAHHbIE NPUCTYMbI B PE3yNbTaTe YPE3MEPHOro rMNepCUHXPOHHOTO pPa3psaaa HeipOHOB B FOMOB-
Hom Mo3re. OKono 1% HaceneHus BO BCeM MUPE CTPaAaeT anunencueil, npu aToM noyTn y 75% 60NbHbLIX OHA HAYNHABTCS
B neTcTee. Moyti y 1/3 nauueHToB 3a60/eBaHNe PE3UCTEHTHO K COBPEMEHHbLIM NPOTUBO3NUNENTUYECKUM NpenapaTtam. B Ha-
CTOSLLEe BPeMs 0TCYTCTBYET rnyGoKoe NoHUMaHue NaTonU3nonorum JaHHon 60183HU, KOTOPOE MOrNO Gbl GbiTh NONE3HBIM
B [aNbHEALINX NCCNE0BaHNAX NeKapPCTBEHHbLIX CPEACTB C HOBbIMU MexaHu3MaMu feiicTBus. B cTaTbe paccmaTpuBaeTcs
PONb PA3NYHBIX HERPOTPAHCMUTTEPOB W HENPONENTUA0B B NaTo(U3noNoruy anunencun. 3agada 0630pa — NO3HaKOMUTb
YYEHbIX C HAKOMN/EHHbIMI NPeACTABNEHUAMI 06 3NUENCUN, KOTOPbIE MOTN Gbl NOMOYb B JaNbHelLle pa3paboTKe HOBbIX
npenaparos, HaLeNeHHbIX HA NPE0/0IeHNEe TepaneBTUYeCKON PE3UCTEHTHOCTY Y NALUEHTOB C ANUNENCUe.

KJTHOYEBDIE CJIOBA
Anunencns, HEMPOTPAHCMUTTEPbI, NATOGN3NONIOT A, HEWPONENTUAbl, MO3T, HEWPOH, raMMa-aMuHomMacnsHas kucnota, TAMK.

MHPOPMALNA 0 CTATbE
MocTtynuna: 14.03.2023. B popa6otanHom Bupe: 20.06.2023. Mpunata k neyatu: 28.07.2023. Ony6nukosana: 20.09.2023.

KoHthnukT uuTepecos
ABTOpbLI 3a4BNAT 06 OTCYTCTBMU HEOOXOAUMOCTY PACKPbLITUA KOHMDNNKTA MHTEPECOB B OTHOLLEHMMN aHHON Ny6nuKauuu.

Bknap asTopos
ABTOpPbI CAeNanu 9KBMBAJIEHTHbIA BKNAA B MOArOTOBKY Ny6nuKauuu.

Ans uuTupoBaHus

Oxann M., Kaguan P., WWapwma M., Xooaa A., Kymap I., Magran M., Cunrx K., Apbsa A., Pann H. Bbixoa 13 HEAPOXMMUNYECKO-
ro nabupuHTa: HepOTPAHCMUTTEPBI, HeiponenTuabl 1 OCHOBAHHbIE HA NATOMU3NONOrUN ANNUENCUN MEXAHU3MbI JeNCTBUA
HOBbIX JIEKAPCTBEHHbIX CPEACTB. dnunencus n napokcudmasbHsie cocTosiHns. 2023; 15 (3): 282-293 (Ha aHrn. a3). https:/doi.
org/10.17749/2077-8333/epi.par.con.2023.152.

INTRODUCTION / BBEAEHHUE

Epilepsy is typified by the tendency to have repeated
seizures, which in Latin means ‘to strike’ as a result of
sudden synchronous discharges in cerebral cortical
neurons leading to troubled movements, sensation and
consciousness. In epilepsy, the main focuses, there is an
imbalance between the excitatory neurotransmitter such as
dopamine, noradrenalin and glutamate when compare with
inhibitory such as of serotonin and gamma-aminobutyric
acid (GABA) via GABAA receptors, modified sodium,
chloride, calcium and potassium currents.

anunencus n NapokcnamMasibHble COCTOSAHUS

Epilepsy is usually identified through a combination
of electroencephalographic (EEG) testing and a complete
examination of the state of a patient by a skilled expert of
epilepsy disorder. Adults are identified with disorder merely
when they have revealed recurring incidents of seizures,
those who have encounter a seizure episode just one time
are not thought to be epileptic [1]. Following diagnosis,
patients are categorized based on the type of seizures they
are exhibiting and after this treatment is given. Seizures
might stay restricted to their region of starting point (“focal”
or “partial” seizures) or extend to the complete hemispheres
of cerebrum (“generalized” seizures).
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Symptoms of the seizures firmly depend on the portions
of brain which are influenced by hyperactivity. Seizures
have been usually described as anunevenness between
dopaminergic and serotonergic neurons and between
glutamatergic (excitatory) and GABAergic (inhibitory)
transmission. The neuropeptides perform an important
function in modifying the brain excitability by modulating
the role neurotransmission such as dopamine and
serotonin. Many neuropeptides have been described to
perform a function as an anticonvulsant. Irregularity in the
concentration of certain neuropeptides is also reported in
patients suffering from epilepsy. The classification of types
of epileptic seizures are represented in the Figure 1 [3].

The living life of most adults with epilepsy still is badly
influenced due to lack of awareness, support, not timely
diagnosis, improper and irregular treatment, illiteracy,
regulation, and improper research [2]. The deep study of the

Seizures / Mpuctynbl

Generalized / Focal / ®okanbHble

Aware / B co3HaHum

role of neurotransmitters, neuropeptides, and their receptors
can serve as an important target for the development of new
antileptic drugs. In this review article it has been updated
the role of altered neurotransmitters and neuropeptides in
epilepsy. Currently pharmacological treatment is effective
only in two third patients and thus new drug targets are
required [3, 4].

PATHOPHYSIOLOGY / TIATO®HU3HUOJIOTUA

GABAA receptors, which regulate excitability, and GABA,
an inhibitory neurotransmitter performs a significant part
in the pathophysiology and progress of epilepsy [5, 6].
Serotonin receptors by altering binding functions have been
reported to ensure a robust association with anxiety and
epilepsy. Currently, the Ca® channels which regulate the
secretion at the synapse of neurotransmitters is anticipated

Awareness is retained. Jerking, muscle
rigidity, spasms, unusual sensations
memory or emotional disturbances /

Co3HaHnue coxpansertcs. llogeprusanus,

MbILIEYHAs PUTUAHOCTb, CYA0POrH,

NamATb 0 HEOObIYHbIX OLYYLEHNUAX UK

3MOLMOHANbHbIE PACCTPOACTBA

Impaired awareness /

—>» Diminished awareness / YTpaTa co3Hanus

leHepanu3oBaHHble Co3HaHue HapyLIeHo
Secondary generalized / Bilateral tonic-clonic evolved from the
Broputbie > focal seizures / BunatepanbHble TOHHKO-
I NERUELTTEE KNOHWYECKHUE NpUCTYNbI, Pa3BUBAIOLYNECSH
13 (DOKaNbHbIX NPUCTYNOB
v v v v v v
Tonic clonic / Atonic / Myoclonic / Clonic / Tonic /
Absence / A6caHcbl
ToHUKO-KNOHUYECKUe AToHu4eckue MuoknoHu4yeckne Knonuyeckue Tonuyeckue
Convulsive seizures: body stiffening Brief loss of Bilateral, Repetitive, MUSC|9 Disturbed muscle tone
with jerky movements / Cygopox- consciousness and sporadic jerks rhythmic jerks i spffness, (more common in children
Hble NPUCTYNbI: PUTUAHOCTD Tena staring, sudden (isolated), jerking that involve both rigidity / Mbi- and usually starts between
Npu pe3KUX ABUKEHNAX and general loss movements / sides of the body Lie4Has CKo- the age of 4-12). A patient
Premonitory symptoms (aura): of muscle tone / LiBycTopoHHwe, at the same time / BaHHOCTb, pu- typically interrupts
unusual visual, auditory, olfactory KpaTkoBpemeHHas cnopajuyeckue MoBTOpAtOLLMECS TMAHOCTL activities and stares blankly.
or general sensation / noTeps CO3HaHMA noAepruBanus PUTMUYHbIE NO- Brief unconsciousness /
MNpepwecTByHLWNE CUMATOMbI 11 LWNPOKO Packpbi- (M30NMPOBaHHbIE), AepruBaHus, Bo- HapyLieHne MbILe4YHOro

(aypa): HeoObl4HbIe 3pUTENbHbIE,
CNYX0BbIE, 060HATENbHbIE NN

obume o

Wy LeHns

Tonic and clonic phase: stiffing,
sudden loss of consciousness and
muscles contraction /
ToHuko-KnoHnyeckas thasa: purna-
HOCTb, BHE3aMHas NOTePst CO3HAHMS
11 COKPALLEHNE MbiLLL

Thble rnasa c guk-
cauuen B3rnaaa,
BHEe3anHas 1 06-
L1as noTeps mMbl-
LUIEYHOr0 TOHYCa

pe3kue OBUXeHUA

Figure 1. Classification of epileptic seizures types (adapted from [3])

BreKatoLyue 06e
CTOPOHbI TeNa 0A-
HOBPEMEHHO

TOHycCa (4aLle BCTpeyaeTcs
y leTeil n 06bI4HO HaYMHa-
eTcs B Bo3pacTe 4-12 ner).

bonbHON, Kak npasuno,
npepbIBaeT AedTeNbHOCTb
N CMOTPUT OTPELLEHHO.
KpaTkoBpemeHHas noteps
CO3HaHus

Pucynoxk 1. Kiaccupukanya TUIOB AMMIENTHYECKUX IPUCTYIIOB (AJaIITUPOBAHO U3 [3])
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to be concerned in the beginning of anxiety in the patients
of epilepsy. The disturbance in the inhibitory control or
imbalance of both is recognized to perform a chief regulatory
role in disease progress [7].

The interval of excitation due to glutamate can be
controlled by clearing the synaptic cleft which controls the
extracellular levels, thus thwarting hyperexcitability. So the
neurotransmitter transport can be seen as the important
possible mechanism to decrease the concentration of
the excitatory neurotransmitter in the synaptic cleft [8].
There are five types of glutamate receptors which have
been identified some of them are reported to reside on
neurons and the rest on to glial membranes [9]. Glutamate
transporters help in the removal of excessive glutamate from
the synaptic cleft resulting in synaptic inactivation [10].

By exploring the role of neurotransmitter transporters
and their role in excitatory and inhibitory neurotransmission
and the participation of the preeminent level of glutamate-
glutamine shuttle operation for constant epileptic activity,
may expose the novel perceptions that suggest that the
therapeutic variations in the supply of neurotransmitters
may cause reduction in seizure activities [11].

Ion channels interaction / B3aumopgeiicrsue
HOHHBIX KAHAJIOB

Voltage gated ion channels proper functioning is very
important for the synchronous generation and propagation
of action potential. So they definitely perform a function in
the origin and mitigation of epilepsy. Mainly the channel
involved are voltage gated sodium channels as we see that
many antiepileptic drugs (AEDs) also act by suppressing
these channels [12]. Other ionic channels involve are
potassium, chloride, and calcium [13]. Epileptogenic
agents act through voltage-gated ion channels by modifying
excitatory and inhibitory neurotransmission [14].

Glutamate is the chief excitatory amino acid neuro-
transmitter present in the brain. The glutamate receptors
can be present presynaptically, postsynaptically, and on
specific types of glial cells. The ionotropic subcategories
are namely alpha-amino-2,3-dihydro-5-methyl-3-0x0-4-
isoxazolepropanoic acid (AMPA), N-methyl-D-aspartate
(NMDA) and kainate receptors, are considered to perform
a main function in epilepsy [15]. Agonist of these receptors
induce epilepsy and antagonist suppress seizures. GABA,
receptors which present postsynaptically in the neurons
act as inhibitory receptors when treated with their agonists
suppress the seizures in epilepsy [15].

Calcineurin / KaJxsIiHHEeBpHH

Calcineurin (CaN) is a calcium-calmodulin-dependent
pervasive protein phosphatase. It curb NMDA receptor
activity and synaptic plasticity [16]. Cerebral cortex,
hippocampus, and cerebellum are the main area of the
brain where this phosphatase can be found in abundance
[17]. Several animal models confirm the relation between
CaN and epileptic seizures. It has been studied that the
CaN expression was found to be enhanced in epileptic

anunencus n NapokcnamMasibHble COCTOSAHUS

patients [18, 19]. Calcineurin inhibitors namely FK-506
and cyclosporin A found to show neuroprotective effect.
In status epilepticus CaN activity has been found to be
enhanced in both hippocampus and cortex, further FK-506
and cyclosporin A both shown to impede the progression of
kindling [20]. The pathophysiologic mechanisms of seizures
are represented in Figure 2 [7, 19].

Extra synaptic transmission in epilepsy /
BuecuHanTHYeCKasd epesada Ipu IHICIICHH

There are many studies which gives evidence for the
involvement of synaptic transmission disturbances of
excitatory and inhibitory neurotransmitters in epilepsy.
Recently, it has been evident these receptors are also
expressed extrasynaptically [20]. Main extrasynaptic
neurotransmitter involved are glutamate and GABA
[21]. Certain ionotropic glutamate receptor are present
extracellularly. The main sites where they are found to be
located are cell stomata and piramidal cells. The lower
level of GABA is thought to always present in extrasynaptic
spaces, the receptor recognized is GABA A subtype and are
specifically responsible for tonic inhibition. But recently it
has been hypothesized that extra cellular receptors have
a distinct existence and have a specific role in various brain
functions [22]. Thus, these receptors can be further explored
for new treatment strategies.

Intracellular signaling pathways /
BHYTpPHUKIETOYHBIE CHTHAIBHEIC ITyTH

Certain recent studies gives the evidences of an enhanced
level of extracellular regulated kinase (ERK) at the time of
spontaneous seizure in both human and animals [23]. These
ERK kinases are copiously directed in the hippocampus,
although it is the part of the brain involved mainly in memory
and learning but most epileptogenic also [24]. These
pathways are also activated during pathological conditions
namely epilepsy and brain ischaemia. p38 and ERK are
included in hippocampal seizure capable to initiate epilepsy
in certain animal models [25].

NEUROTRANSMITTERS INVOLVED

IN EPILEPSY / HEUPOTPAHCMHTTEPDI,
YYACTBYIOIIHME B PASBBUTHU
SIIUJIEIICHHA

Hippocampus is the main site for epileptogenic activity:
GABA an inhibitory neurotransmitter and serotonin under-
goes decreased activity and glutamate and catecholamines
shows hyperactivity. The glutamate exerting an excitotoxic
action at postsynaptic neuron [26].

Gamma-aminobutyric acid / Tamma-
AMHUHOMAC/ISTHAS KHCIOTA

GABA is presynaptic inhibitory neurotransmitter having
a vast distribution throughout the whole nervous system act
mainly via GABA, receptors [27]. At the developmental stage

https://epilepsia.su
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Neuronal exitotoxicity, glial cell dysfunction,
GABA neuronal loss, free radical damage,
malformation of cortical development, altered
gliosis and neurogenesis / HenpoHanbHas
3KCANTOTOKCUYHOCTb, ANCHYHKLMNA
rNnanbHbIX KIETOK, CHKeHne FTAMK
B HElipOHax, NOBPeXAeHNe CBO60HbIMM
pafiukanamu, HapyLleHue pa3BUTIAS KOPbI,
M3MEHEHUS rMKN03a 1 HerMporeHesa

f

Neuronal / HeiipoHanbHsbIi

Alterations in the blood brain barrier
permeability, hemorrhage, intracranial
pressure, cerebral infarction, change
in cerebral blood flow autoregulation /
/I3MeHeHne NpoHULAEMOCTI
remaToaHuedanmyeckoro 6apbepa,
KPOBOU3NUSAHNE, N3MEHEHUE
BHYTPMYEPENHOro AaBAEHNS, NH(apKT
rOSI0BHOTO MO3ra, U3MEHEHNEe
ayTOpPerynsumn Mo3roBoro KpoBOToKa

f

Neurovascular / HelipoBackynsipHblit

Systemic inflammatory or autoimmune
states, i.e. systemic lupus erythematosus /
CucTeMHble BOCNANUTeNbHbIE UK
ayTOUMMYHHbIE COCTOSAHUSA, Hanpumep
CUCTEMHas KpacHas BoN4yaHka

f

Autoimmune / AyTOUMMYHHbIN
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t

!

1

IL-6, TNFa levels Inflammatory Patllmphysmlo'glc Cardiovascular / Arrhythmias, loss
) cytokins / mechanisms of seizures /
increase / [oBbILEeHNEe <€ CeppeyHo- —>» of blood / Aputmun,
B BocnanutenbHble Matodmsnonoruyeckne .
yposHein J1-6, PHO COCYAUCTBIN noTeps KPoBK
LMTOKUHBI MEXaHU3Mbl NPUCTYNOB

y y

Hematologic, genetic /
[ematonornyeckui,
reHeTNYECKWIi

y Y

Infectious /
HheKLMOHHBIN

Glucose or electrolyte
disturbavce, endicrine
dysfunction, inherited
ensyme deficiencies /
[T110KO3HbIE UnK
3M1eKTPOSIUTHbIE

Chromosomal
abnormalities lead
to abnormal neural
patterns / XpomocomHble

Central nervous system
or systemic infections,
fever / IHdbekumn

y

Metabolic /
MeTabonmyeckuin

y

y y

Neurotransmitter /
HelipoTpaHCMUTTEPHBIN

Drugs and compounds /
JlekapcTBa 1 BelLecTBa

v v

Drug toxicity, drug or
alcohol withdrawal,
recreational drug use /
ToKcuyHble npenaparsl,
pe3Koe NpekpaLyeHne
CMONb30BaHMS

GABA, dopamine and
noradrenaline levels
decrease, glutamine
level increase /
CHUXeHue ypoBHen

EHTPasIbHOI HEPBHO HapyLueHus,
UEHTP P aHOManun NpuMBoASAT Py ankorona unu FTAMK, pochammHa
CUCTEMbI UJTN CUCTEMHbIE 9HA0KPUHHasA
K MI3MEHEHUI0 HapKOTUYeCKMX CPeACTB, 1 HOpaJpeHanuHa,
MHEKLMN, nxopagka . OUCYHKLMA,
HENPOHHbIX NaTTEPHOB 1Cnofib30BaHue MOBbILLIEHNE YPOBHSA
HacneACTBEHHAA
HapKOTUYECKUX CPeaCTB rnyTammHa
HeA0CTaTO4HOCTb
BpEMS OT BPEMEHM
hepmeHTOB

Figure 2. Pathophysiologic mechanisms of seizures (adapted from [7, 19]).
GABA - gamma-aminobutyric acid; IL - interleukin; TNF — tumor necrosis factor

PucyHoOK 2. TT1aTOpU3NO0I0rHYeCKUe MEXAHU3MBI TPUCTYIIOB (AANITHPOBAHO U3 [7, 19]).
I'AMK - ramma-amMuHomacisanas kuciaora; M1 — unrepnerikun; PHO — (pakTop HEKPO32 OITyXOJIU

of brain GABA, receptors initially function as excitatory and
depolarizing present postsynaptically, after words becomes
inhibitory hyperpolarizing and location is presynaptic [27].
Several of GABA agonist drugs are anticonvulsant, whereas
GABA antagonists are mainly proconvulsant. Reduction of
GABA synthesis is often epileptogenic. Drugs that enhance
GABA-mediated inhibition and that enhances synaptic GABA
are anticonvulsant [22, 28, 29].

Glutamate / I'myramar

Glutamate being the most ardent excitatory neuro-
transmitter, its role in epilepsy has been attempted to
be studied. Seizures results in elevations in extracellular
glutamate, alterations in glial and neuronal manifestation
of glutamate receptors and uptake transporters accounting

to excitotoxic impairment. It has been studied that
metabotropic glutamte receptors perform a significant
function in modulating the actions depicted by ionotropic
receptors in modifying the action of the epileptic focus. After
pilocarpine-induced seizures, it has been found that there is
down-regulation of presynaptic mGluR2/3 expression, which
may promote enhanced excitability [30, 31].

Noradrenaline / HopagpeHaaux

The noradrenalin system is concerned in the patho-
physiology of several brain disorders. In the brain this
neurotransmitter is involved in the process of consciousness,
sleep, learning and its reminiscence. The decrease in the
concentration of this neurotransmitter seems to enhance
epileptic activity and enhanced concentration seems to
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inhibit it. Mainly antiepileptic activity is considered to be
through the involvement of its alpha 2 receptors. Beyond this
seizure risk is associated with certain brain disorders which
are related to monoaminergic disfunctions [32].

Dopamine / Jodamun

The limbic system related seizures are mainly influenced
by Dopamine modulations. Functional control of dopamine
is reported to be disturbed or might also be due to improper
expression of certain dopaminergic receptors. In contrast,
certain antiparkinsonian drugs stimulate D2 receptors. The
decrease in calcium level affects the dopamine synthesis
leading to epileptic convulsions without any disturbances of
a dopamine receptor [33].

Serotonin / CepoToHUH

Itis an old observation that depression and epilepsy runs
side by side. The depression is common in temporal lobe
epileptic patients. Psychiatric patients are also at higher risk
of epilepsy.Serotonin along with other neurotransmitters
maintains a balance between an inhibitory and excitatory
system in cortex [34]. The evidences provided by the
animal model regarding the involvement of serotonin and
its receptors might act as a potential novel target for a new
category of drugs for epilepsy with new mechanism [35].

Acetylcholine / AneTHIX0MTHH

Destruction of the nicotinic receptors of the acetylcholine
neurons present in the pedunculopontine tegmental
nucleus are reported to involve in epilepsy. Certain
acetylcholinesterase inhibitor drugs eg. soman lead to
status epilepticus and seizures. These drugs enhances
brain acetylcholine levels [36]. By report of literature, we
can assume the association of the cholinergic system in
the production of seizures and modification of key proteins
associated in the cholinergic system leading to episodes
of seizures. Further research can be done on the various
cholinergic receptor systems regarding its involvement in
epilepsy and new targets for development of newer drugs [37].

Other neuroactive substances / Ipyrue
HEHMPOAKTHUBHBIE BEIIECTBA

The stimulation of inhibitory presynaptic adenosine A1
receptors has been reported to show a protective effect
for neurons. While the barrier of excitatory postsynaptic
adenosine A2 receptors depicts a remedial response in the
above disorders [23].

NEUROPEPTIDES / HEUPOITEIITH/IbI

The neuropeptides are basically signaling molecules just
like neurotransmitters but with long half-life as compared
to neurotransmitters (act only for milliseconds), thus have
a long time effect on neuronal activity and modulate the
seizure threshold. At present only adrenocorticotropic

anunencus n NapokcnamMasibHble COCTOSAHUS

hormone (ACTH) and thyrotropin-releasing hormone (TRH)
is being popular in clinical practice for epilepsy therapy.
Certain neuropeptides have seizure suppressing and the
other have proconvulsive properties [38, 39].

Adrenocorticotropic and corticotrophin-
releasing hormones / AIpeHOKOPTHKOTPOITHBI
T'OPMOH M KOPTHKOTPONHH-PHUIH3HHI-TOPMOH

ACTH commonly known as corticotropin acts by binding
the melanocortin receptors, nowadays most customarily
used drug for treatment of infantile spasms. The etiology
is based on the hypothesis of stress mediated release of
corticotrophin-releasing hormone (CRH) neuropeptide in
limbic regions of the brain. Origin place of CRH-induced
seizures is amygdala spreading up to the hippocampus, here
the expression of CRH receptors causes hyperexcitability
by repression of after hyperpolarisation and potentiation
of glutamatergic neurotransmission. ACTH mitigates the
infantile spam by minimizing the production and secretion
of CRH. ACTH, although is recommended therapy but with
a lot of side effects so further research is required [40-42].

Dynorphin / Tuaopdun

Dynorphins are endorphins that act through opioid
receptors most actions are x-receptor mediated. These
peptides act on presynaptic receptors and inhibit the release
of excitatory amino acids to reduce excitability [43].

Galanin / Taxanun

Several studies have reported the role of galanine
neuropeptide in the epilepsy. In status epilepticus, it has
been reported that there is severe depletion of galanin mainly
from the hippocampus region of brain. Galanine causes
presynaptic inhibition of glutamatergic neurotransmission.
Galanin is also interacts with serotonin. Serotonin in the
hippocampus shows anticonvulsant effect. Thus, Galanin
can be considered as a future target for research of
new anticonvulsant therapy [44]. The neurotransmitters
alterations in epilepsy are mentioned in Table 1.

Neuropeptide Y / Heriponienrrug Y

It is most abundant in GABAergic interneurons of
central nervous system and hippocampus, act through
Y1-5 receptors, although the predominant action is on Y1,
2 and 5 [51]. It has been reported by animal studies and also
in epileptic patients that Neuropeptide Y concentration is
increased during seizure. It is also studied that activation of
Y2 and Y5 receptors and blockage of Y1 receptors helps to
slow down epileptic activity.Thus, Y2 and Y5 agonists and
Y1 antagonist can be explored for epilepsy treatment [51].

Somatostatin / CoMaTOCTATHH

Somatostatin peptide is generally expressed in GABA
interneurons in the hippocampus and are of two types 14
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Table 1. Neurotransmitter alterations in epilepsy

Ta6auna 1. HeripOTPpaHCMUTTEPHBIC U3MEHCHUS IIPU SITHJICIICHU

Receptors involved /

Neurotransmitter / _
3apeiicTBOBaHHbIE

Effect in epileptogenesis / BnusiHue Ha anunentoreses

Reference /

HeWpoTpaHcmutTep NeTo4Huk
peuenTopbl
GABA / FAMK GABA /TAMK Shows presynaptic inhibitory aCtlonS/|:|p0ﬂBﬂﬂeT [45]
A A NpecrHanTUYecKoe HrnbupytoLlee NencTene

Imbalance in the inhibitory and excitatory neurotransmitters

in the hippocampus as a result of brain injuries or status
Glutamate / I
MyTamar NMDA epilepticus / [luc6anaHc TOPMO3HbIX 1 BO3OYXAAKOLLINX [46]

HEPOTPAHCMUTTEPOB B rMNMNOKamme B pe3ynbrarte TpaBm
rOJIOBHOI0 M0O3ra Ujn annnenTu4eckoro crtatyca

Noradrenaline / Alpha 2 / Anbcha 2

At low concentration exerts proconvulsant effects, and
anticonvulsant effects at high concentrations in the
hippocampus / B HU3KO KOHLEHTPAL MM OKa3biBaET [47]

HopanperanuH o
KOHBYNIbCAHTHOE [1e/iCTBUE, @ B BbICOKNX KOHLIEHTPALMUSX —
AHTUKOHBYNbCAHTHOE [Ie/iICTBME B TUNMNOKamne
Frontal and parietal cortices is rich in D2-like receptors
(to a lesser extent CA3 area of the hippocampus) in status
Dopamine / epilepticus and genetic epilepcy / Jlo6Has 1 TeMeHHas Kopa
D1, D2 . [48]
HodamuH 6orata D2-nofo6HbIMK peLenTopamm (B MeHbLUEN CTEMEHN —
o6nactb CA3 runnokamna) npu anunenTu4yeckom ctaTtyce
N FeHeTUYeCKON anunencun
Serotonin / 5-HT Modulating effect upon epileptogenesis / Mogynupytouiee [49]
CepoTOHUH BO3/ECTBME HA 3NUJIENTOreHe3
Acetylcholine / nACh alpha 7/ Enhances inhibitory GABAergic neurotransmission / Ycunusaet
N [50]
ALETUIXONINH nACh anba 7 NHrnéupyrowyro FAMKeprn4yeckyt HeipoTPaHCMUCCUIO

Note. GABA — gamma-aminobutyric acid; NMDA — N-methyl-D-aspartate; HT — bhydroxytryptamine; nACh — nicotinic acetylcholine

receptor.

ITpumeuanue. I'AMK — zamma-amuromacaanas xucaoma; NMDA (anen. N-methyl-D-aspartate) — N-wemun-D-acnapmam;
HT (awnen. hydroxytryptamine) — uoporxcumpunmamur; nACh (anen. nicotinic acetylcholine receptor) — HUKOmMuHoOBbLI1

auenuixXonur 1080111 peuenmop.

and 28 depending upon the number of amino acid present.
Somatostatin act through five distinct receptors named
SST 1-5, where receptor 2-4 are considered to have
anticonvulsant action. These receptors are located on
granular cells and control the excitatory input that comes
to hippocampus. It has been reported in various models
of animals of temporal lobe epilepsy that the density of
somatostatin interneurons decreases after seizure [52, 53].

Substance P / BemecrBo P

Substance P, basically an element of the tachykinin
family was investigated for pain and nociception. It acts
at the neurokinin1 receptor, by reducing inward rectifying
potassium currents. Substance P has been reported to
show pro-epileptic effects. During intense status epilepticus,
peptides changes their expression within the hippocampus
[54-57].

Thyrotropin-releasing hormone / TupeoTponus-
PWIN3HHI-TOPMOH

TRH, a tripeptide released from hypothalamus is also
depicted in further brain portions namely cerebral cortex,
amygdala, hippocampus, striatum and brainstem. It has
been reported to show anticonvulsant properties in various
models of animals and is mainly effective in the management

of intractable epilepsy. It requires further research for
the development of TSH analogues which are with good
central nervous system permeability, high potency and
metabolically more stable [58-60]. The neuropeptides,
alterations and potential remedies in generalized epilepsy
are enlisted in Table 2.

TREATMENT CASES OF EPILEPSY /
JIEHEHHME SITWIEIICUH

There are a number of other illustrations where unusual
monogenic episodes of epilepsy have been examined
thoroughly and management customized to the identified
pathophysiological mechanism, with altering success.

1. Most reliably efficient is the usage of ketogenic
eating habit to commence cerebral energy metabolism
away from glucose in people with deficiency of Glut-1, that
might be noticeably successful. Control of seizures and
higher quantity use of folic acid throughout pregnancy had
enhanced over two decades. Regardless the alterartions in
the AED use over period, the major congenital malformations
(MCM) rates had remained unmodified perhaps owing to the
continual usage of valproate, enhanced usage of clobazam
and topiramate which are concerned with greater MCM rates
and deficient of diminution in polytherapy [70].

2. Controlled clinical trials in patients with medically
intractable focal seizures managed with the RNS® System
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Table 2. Neuropeptides, alterations and potential remedies in generalized epilepsy

Tab6auia 2. HeripornenTu/ibl, UBMEHEHH S U ITIOTEHITHAJIBHBIE CPE/ICTBA JIEUEHU S I'€HEPAJIN30BAHHOM AITUJICTICUN

Neuropeptide /
Heiponentup

Alterations and associations / i3ameHeHus u accounauymu

Reference /
NeTo4HuK

ACTH / AKTI

ACTH and cortisol amounts are decreased soon ahead of seizures, enhanced in course
of seizures, and remain amplified following seizures / YposHu AKTI n kopTrzona
CHIXAOTCS HE3aA0Mr0 Nepes NPUCTyNamMu, NOBbILLAKTCA BO BPeMS MPUCTYNOB

1 0CTAOTCS NOBbILEHHbIMI MOCE NPUCTYNOB

(61]

Angiotensin /
AHTMOTEH3UH

Bioactive peptides from the renin-angiotensin system, namely angiotensin Il and IV,
have reduced episodes of epilepsy. At increased levels, they reveal an antiepileptic
action, enhance memory and learning / buoakTuBHble NeNTUAbl PEHUH-
AHIMOTEH3MHOBOMN CUCTEMbI, @ UMEHHO aHIMOTEeH3MHbI Il 1 IV, yMeHbLIAKT 3nn304bl
anunencun. B noBbIWEHHbIX KOHLEHTPALMUAX OHW NPOSBASAKOT NPOTMBO3NMIENTNYECKOE
[IeNCcTBMe, yNy4LaT naMsaTb 1 06y4aemMoCTb

(62, 63]

NPY /
Henponentug Y

In seizures of epilepsy, there is an over expression of NPY, leading to the reduction of
glutamate secretion. NPY1 receptors depict a postsynaptic response and are associated
in neuroproliferative actions in the dentate gyrus. NPY2 receptors exhibit a presynaptic
response and reduce the secretion of glutamate / [pu anunenTu4ecknx npucTynax
HabnaaeTca N3bbITOYHANA IKCNpeccusa HeliponenTuaa Y, NPUBOAALLAS K CHUXKEHUIO
cekpeuuu rnytamara. PeuenTtopbl Heiiponentnaa Y1 nposaBnstOT NOCTCUHANTUYECKUIA
OTBET 1 Y4aCTBYIOT B HEMPONPONUepaTUBHbIX NpoLeccax B 3y64aTon N3BUIINHE.
PeuenTtopsbl HeliponenTuaa Y2 nposBASIOT MPECUHANTUYECKMUIA OTBET U CHKAKOT
CeKpeumio rnytamara

[64]

Proenkephalin /
Mpo3aHkeanuH

Proenkephalin depicts proconvulsant responses and is enhanced in a kainic
acid-stimulated animal model of temporal epilepsy / [lpoaHkedanuH cnocobcTBYET
Pa3BUTUIO CYIOPOT 1 NOBbLILIAGTCA B MOAENMN BbI3BAHHOW KAWHOBOW KCNOTOA
BMCOYHOW 3NUNIENCUN Y TA60PATOPHbIX XKUBOTHbIX

[65]

Somatostatin /
ComaTtocTaTuH

Somatostatin is exhibited in dentate granule interneurons. It is expressed in seizures
and reveals its action through the reduction of voltage gated Ca? channels /
ComaTocTaTUH 3KCNPECCUPYeTCs B 3y64aTbiX rPaHyNspHbIX MHTEPHEAPOHAX.

OH NOBbILWAETCS BO BPEMS MPUCTYMNOB 1 NPOSABNAET CBOE [IeCTBME YEPe3 CHUKEHME
Hanpsxenus B Ca® KaHanax

[66]

Substance P/
BeuwecTtBo P

Substance P receptor-expressing cells of neurosurgically detached hippocampi in adults
with epilepsy depict augmented dendritic arborisation / Skcnpeccupytowie peLenTtopsbl
BellecTBa P KNIeTKN HEMPOXNPYPrnYeckn OTAENEHHOr0 FMNNokKamna B3poCbIX
MauMeHTOB C 3NUIENCcUen JEMOHCTPUPYIOT YCUIEHHOE BETBJIEHNE NEHAPUTOB

[67]

TRH/TPT

TRH might have an antiepileptic response in the management of intractable epilepsy
and exhibits reduced proportions in generalized epilepsy / TPI' MoxeT 0ka3sbiBaTb
NPOTUBO3ANUSIENTNYECKOE AeiCTBME NMPN BEAEHMMN NALNEHTOB C (DAaPMaKOPE3UCTEHTHOIA
anuiencuen u UMeeT CHUXKEHHYK KOHLIEHTPALMIO NPU reHepann30BaHHO anuiencum

[68]

VIP /BUN

VIP allays the intrathalamic rhythms revealed in epilepsy by stimulation of the VPAC2
receptor / B/ ocnabnseTt BHyTpUTaNamm4eCcKne puTMbl, BbISBIISIEMbIE MPU 3MUJIENCUN,
nytem ctumynauum peuentopa VPAG2

(69]

Note. ACTH — adrenocorticotropic hormone; NPY — neuropeptide Y; TRH — thyrotropin-releasing hormone;
VIP — vasoactive intestinal peplide.

ITpumeuanue. AKTI — adpeHoxopmuxomponmoiti 20pmoH; TPI' — mupeomponun-puiudunz-20pmon; BUIT — 6a3oaxmueHoLii
UHIMECMUHANLHBLLL eNnmUO.

depict that closed-loop responsive neuroactivation to the
seizure focus lessens the occurrence of disabling seizures,
is well adpated, and is preferably secure.

3. The findings from a computational technique which will
ensure denser brain coverage in focal medically refractory
epilepsy adults experiencing invasive checking by measuring
neural actiion at “desired” missing electrode positions
from signals of implanted electrodes. The tool contains an
iterative algorithm that concurrently measures brain network
models and the “missing” invasive EEG signals [71, 72].

4. US-based EAP registering kids and patients with
treatment-resistant epilepsies, add-on cannabidiol efficiently
decreased the median occurence of the chief motor and total

anunencus n NapokcnamMasibHble COCTOSAHUS

seizures monthly following twelve weeks of management in
the subcategory of patients with Lennox—Gastaut or Dravet
syndrome [72, 73].

5. Though levetiracetam was not efficiently advanced to
phenytoin, the findings, together with formerly described
safety behavoir and relative ease of an administration,
propose levetiracetam might be an suitable option to pheny-
toin as the first-option, second-line anticonvulsant drug in the
cure of convulsive status epilepticus in paediatric [74].

There is a need to increase the quality of epilepsy research
in India to understand the underlying biology of epilepsy
which will further aid in devising new treatments and cure
for chronic epilepsies. National and worldwide collaboration
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and financial support from funding organizations are needed
to conduct quality research in India [75].

RECENT APPLICATIONS OF ANTIEPILEPTIC
DRUGS / COBPEMEHHBIE HCC/IEJOBAHU A
INPOTUBOSIIUJIENITHYECKHX
ITPEIIAPATOB

The usage of AED molecules has become progressively
more efficient through various factors: novel technologies
that ensure the better identification of the seizure disease
and its underlying ground; the formulation of innovative
medicines and amplified information of older ones; and
the extensive usage of AED proportion determination. The
selection of a drug relies greatly on precise identification of
seizure type, which may decide the action of the medicine.

The recent applications of AEDs used to treat epilepsy are
given in Table 3.

CONCLUSION / BAK/IIOYEHHE

Epilepsy is a neurological disease typified by recurring
incidents of unusual neural dynamics in the central nervous
system. The specific clinical indications or impairments
happened through such seizures rely on the specific brain
part involve in the disease. By clear finding of the brain
part involved, various biomarkers involved in the atypical
electrical brain action new treatment strategies can be
searched. The kind of remedy suggested will rely on various
factors namely the occurence and harshness of the seizures
as well as the age of person, overall health and record of the
medical past.

Table 3. Recent applications of antiepileptic drugs

Ta6auna 3. COBpEMEHHBIC HCCIIE/IOBAHUS IPOTHBOAMMICIITHYECKUX IIPEITAPATOB

Drug form /
INN / MHH JlekapcTBeHHas TN SEL D b G Results / Results AR
uccieaoBaHus R GELTT]
thopma
Ezogabine / Nano-suspension / In vitro drug release, particle size / Size / [10BbILLEHNE CKOPOCTH
3eTa-noTeHUmnan, pacTBOPUMOCTb [76, 77]
330rabuH HaHocycneH3ns pacTBOPeHMs, pacTBOPUMOCTM
B HACbILLEHUN, BblCBOﬁO)K,ElGHI/Ie
o B HaCbILLEHWN, YMEHbLLIEHUNE
in vitro, pa3mep 4actu
pasmepa yactuy
In vitro drug release, drug content Fast and pronounced absorption
viscosity, pharmacokinetic study / across the blood brain barrier by
Lamotrigine / Nano-particles / I(IccpenoaaHMﬂ BbICBOOOX AEHNS passing first pass metabolism /
in vitro, BA3KOCTU COAEPXUMOr0 BbICTpOE 1 BbIpaXXeHHOE [78,79]
JTamoTpuaxXunH HaHovacTuubl
NEeKapCTBEHHOr0 CPeLCTBA, NPOHNKHOBEHME Yepes
(hapMaKoKnUHeTU4ecKue remMartoaHuedannyeckuin 6apbep
1ccreoBaHms npu NepBOM NPOX0XAEHNM
Tablets (liquisolid Content unn‘_ormlty,_dlsmtegratlon
. test, dissolution test / . .
Carbamazepine / |compact) / Tabnetkn Improve dissolution rate /
iccnenoBanuns 0AHOPOAHOCTU [80, 81]
KapbamasenuH (MMKPOHU3MPOBAH- Yny4uieHne CKOpoCTH pacTBOPEHNS
COCTaBa, TECT Ha Ae3MHTErpauuio,
Has hopma)
TECT HA PACTBOPEHME
Friability, disintegration time, in Improve patlept compllance.along
- , with the rapid onset of action /
Stiripentol / vitro release study / iccnenosanus
Tablets / Tabnetku Yny4LuieHne KOMnIaeHTHOCTH [82, 83]
CTupuneHTon pacTBOpeHus, BDEMEHN pacnaaa,
o naLmMeHTOB 3a cYeT 6bICTPOro Havyana
BbICBOGOXAEHMA in Vitro .
AencTBns
In vivo dissolution study, the drug
. Extended release release mechanism, stability study / Improve patient compliance /
Levetiracetam / tablets / TabneTku
ViccnepoBaHus cTabunbHOCTH, YnyuLueHne KOMMIaeHTHOCTK [84, 85]
JleBeTupaueram  |C NPOSIOHTMPOBAHHbLIM
MexaH13ma BbICBOOOXKAEHUS, nayMeHToB
BbICBOGOX/AEHNEM S
pacTBOpeHus in vivo
. In vitro release study, content
. . Sustained release . . o
Phenytoin sodium uniformity, friability / Viccnenosanuns .
tablets / Tabnetku Increase solubility / MoBbiweHne
/ ®eHUTONH 0/IHOPOAHOCTM COCTaBA, [86, 87]
C 3aMefNeHHbIM pacTBOPUMOCTH
HaTpus pacTBOPEHUs, BLICBOOOXEHNS
BbICBOOOXIEHNEM i
in vitro
Good dissolution, appreciable
Orodispersible Uniformity of content, in vivo buccal absorption, fast in vivo
Diazepam/ tablets / disintegration, dissolution / disintegration / Xopoluee (88, 89]
[unasenam Oucneprupyembie OAHOPOAHOCTbL COAEPXNMOTO, pacTBOpPeHUeE, 3HaYUTENbHAA ’
TabneTKm [e3VHTerpauns in vivo, pactsopeHne abcopbumns Yepes poT, 6bicTpas
Le3nHTerpauus in vivo

Note. INN — international nonproprietary name.

Ipumeuanue. MHH — mexncoyHapoOHoe HenameHnmosamnHoe HauMeHoSaMue.
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