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PE3HOME

MpeactaBneH 0630p NMTEPATYPHbIX AAHHbIX, MOCBALLEHHbIA UCCIIEA0BAHMNIO MONMMOPMHbIX BAPUAHTOB FEHOB, OTBETCTBEH-
HbIX 32 (DAPMAKOKUHETUKY aHTManuaenTudeckux npenapatos (A3MM): BbICOKONOIMMOPMHbIE FeHbl M30GEPMEHTOB LMTOXPO-
ma P450 CYP2C9 n CYP2C19, a Takxe reH ABCB1, KoaupytoLinii 6enok-TpaHcnoptep P-rankonpoTenH. leHeTu4eckme Bapu-
aHTbl CYP2C9 n CYP2C19 CHWXaAOT CKOPOCTb MeTabonnama, npuBoas K HeadydekTneHocT AN 1 no60o4HbIM addheKTam.
Monumopuambl reHa ABCB1 BAMAIOT HA YPOBEHb IKCMPECCUN P-rnMKONpOTENHA B KULLEYHNKE U reMaTodHLedannyeckom
6apbepe, 4TO NPensTCTBYET NPOHMKHOBEHMIO MPenaparToB B FOSIOBHON MO3T M BbI3bIBAET PA3BUTUE JIEKAPCTBEHHO YCTORYM-
BocTU. DapmakoreHeTnyeckue nccnegoBaHns A3MM ABNAOTCA akTyalbHbIM HanpaBiieHMeM B MeAnLNHe, T.K. CNOCOOCTBYIOT
CO3aHNI0 Hay4HON OCHOBBI A1 NEePCOHaNN3MPOBAHHON Tepanuy anuencum, pa3paboTke pekoMeHauunii no 403VPOBAHMNIO
npenaparos, NOBbIWEHNI 3PEEKTUBHOCTI 1 6€30MaCHOCTN HadHavaeMbix AJM. Heob6xoanMbl AanbHeiiwne ccneaoBaHmns
C y4acTueM pasfinyHbIX rpynn naumeHToB ANS COBEPLUEHCTBOBAHWS MHAMBWUAYANN3MPOBAHHON Tepanun anunencun B Knu-
HUYECKUX YCIIOBUSAX.
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ABSTRACT

A review of literature data is presented on polymorphic variants of genes responsible for antiepileptic drugs (AEDs)
pharmacokinetics: highly polymorphic cytochrome P450 isoenzyme genes CYP2C9 and CYP2C19 as well as the gene ABCB1
encoding transporter protein P-glycoprotein. Genetic variants in CYP2C9 and CYP2C19 reduce the rate of metabolism, leading
to AED ineffectiveness and adverse effects. ABCBT gene polymorphisms affect the expression of P-glycoprotein in the intestine
and the blood-brain barrier, preventing drug penetration into the brain and leading to drug resistance. AEDs pharmacogenetic
studies are of high medical priority, as they contribute to creating scientific foundation for personalized epilepsy treatment,
development of drug dosing recommendations, increasing efficacy and safety of commonly administered AEDs. Further studies
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in different patient groups are needed to improve individualized epilepsy treatment in clinical practice.
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BBEJEHHE / INTRODUCTION

anunencus — 0AHO U3 HanboJsiee pacnpoCTPAHEHHbIX
B MUpPE XPOHNYECKMX HEBPONOTMYECKMX 3a601eBaHNI, KO-
TOpbIM CTpagaeT npumepHo 1% Hacenenus. OHO nNposBNS-
eTCA NOBTOPAKOLWMMUCS INUITENTUHECKUMI NPUCTYNaMu,
BbI3BAHHbLIMU TUMEPCUHXPOHHBIMU pa3psafammn HelipoHOB
rofioHoro moara [1]. MpumepHo y 60% 60bHbIX 3nunen-
CUeN Pa3BMBAKOTCS HEXENATEeSIbHbIE ABIEHNS N 0CNOXHEHUS,
CBSA3aHHbIE C NPUEMOM AHTUINUNENTUYECKNX NpenapaTos
(A3MM) [2]. Mop6op aHTMANUNENTMUYECKON Tepanuu npea-
CTaBNAeT ONpefeneHHy0 TPYAHOCTb AJA Bpaya 1 3a4acTyto
0CYLLEeCTBNAETCA METOAOM «MP06 M OLMOOK», MPEX e H4em
OyAeT JOCTUMHYT 6anaHc Mexay a3 eKTUBHOCTbIO 1 6e30-
MacHOCTbO Npenapara. AT0 AMKTYET HE0OX0AUMOCTb MOUC-
Ka 1 M3y4eHMs reHeTU4eCKNX MapKepoB TepaneBTU4eCcKOro
OTBETA, 4TO NO3BOMNT CO3A4aTb OCHOBY ANA NMEPCOHANMN3N-
poBaHHOro noaxona K nog6opy A3l n yMeHbLWNTL HacTOTY
BO3HUKHOBEHMA NOB0YHbIX 3P dekToB [3].

B 0630pe npeacTaBneHbl COBPEMEHHbIE JaHHbIE MO WC-
Cnel0BaHmNIo NOSIMMOPHbIX BAPMAHTOB FeHOB, OTBETCTBEH-
HbiX 32 hapmakoKnHeTuKy A3I: reHbl M30MMEPMEHTOB LU-
Toxpoma P450 CYP2C9 n CYP2C19, a Takxe reHa ABCB1,
KoAupytoLLero 6enok-TpaHcnopTep P-rnnkonpoTenH.

3a nocnefHue 20 NeT HaKONJEHbl JaHHbIE O BAUAHWN
noiMmMopun3MoB reHoB )epMeHTOB MeTab0n1M3Ma Ha KOH-
LIeHTpaLmMio npenapaToB B nna3me KpPOBU 1 O PUCKE TOKCU-
4eCcKOoro AencTBMS Ha opraHuam. Hambonee KNHUYECKN
3HAYMMbIMMN ABNAOTCS BbICOKONONMMOPHbIE FeHbl 6€n-
KoB | (ha3bl MeTabonmama: n3ogepmeHThbl LuToXpoma P450
CYP3A4, CYP2C9, CYP2C19, CYPZD6, a TakxXe reHbl (hepMeH-
T0B Il a3kl meTabonnama, y4acTBYHOLMX B FOKYPOHMPO-
BaHuu A3M — ypnaunH-5-gudpocdat rnoKypoHunTpaHcde-
pa3 (YO®-I'T) UGT1A9, UGT1A4, UGT2B7, UGT2B15.

CyLleCTBEHHYIO pOJib B (DapMaKOKUHETWUKE UrpatT ag-
(bNIHOKCHbIE 3aBUCUMbIE OT afeHo3nHTpudocdara (ATO)
TpaHcnopTepbl U3 cynepcemeiictea ABC, KoTopble BNUAKOT
Ha BCacbIBaHWe, pacnpefeneHne  BbiBeeHNe NeKapCTBEH-
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HbIx cpefcTs (J1C) u3 opraHnama. OHu npefCcTaBnsoT co60i
TpaHcMeMOpaHHble 6enKK, OCYLLECTBAAKOLWME TPAHCNOPT
KCEHOOMOTUKOB 1 NPOAYKTOB MeTabonnama npoTuB rpa-
[MeHTa KOHLUEeHTpauun BO BHEKIIETOYHYt0 cpedy. Cpeau cy-
nepcemeiictea ABC, BkntoyatoLero 49 6enkoBs, HanbonbLuee
KONN4eCTBO MCCNeA0BaAHNIA NOCBALEHbI P-riMkonpoTenHy
(rer ABCBT), 6enkam, accoLMnpoBaHHbIM C MHOXXECTBEHHOM
NeKapCTBEHHOI YCTOMYNBOCTbLIO (aHrn. multidrug resistance-
associated proteins, MRP) (rexbl ABCC1-9), n 6enky ycTon-
YMBOCTU K PaKy MOJIOYHON XXenesbl (aHrn. breast cancer
resistance protein, BCRP) (ren ABCG2) [4].

MoBbIWEHHAs 3Kcnpeccus P-rankonpotenHa npuBoOANT
K HeoCTaTouHOM adpdpekTnBHOCTI AN BCNeACTBINE NHTEH-
CUBHOIO BbIBEAEHMA N3 KNETOK N HApYLUEHNs UX BCACbIBA-
HUA B XKeNy404HO-KNLLEYHOM TpakTe [5]. P-rnukonpoTenH
NOKaNN3yeTcs Ha KJIETOYHOW MembpaHe SHTEepOLUTOB, re-
naTtounTOoB, 3NUTENNOLNTOB NPOKCUMAIbHBIX KaHabLeB
MOYEK M HA0TENMOLMTOB reMaToaHLedannyeckoro 6apbe-
pa, a TakXxe B MM oumTax n KneTkax KOCTHOro moasra [6].

AkTyanbHble AQI, KoTopble ABNAIOTCA Cy6CTpaTamMu pas-
NUYHbIX M30gopm uuToxpoma P450 n 6enkoB-TpaHcnopTe-
poB, NpeAcTaslieHbl B Tabnuue 1 [7-17].

IHOJIMMOP®U3MbI 'EHA CYP2C9 /
CYP2C9 GENE POLYMORPHISMS

N3otepmeHT uutoxpoma P450 CYP2C9 y4acTByeT B Me-
Tabonuame 15-20% Bcex JIC n obnagaeT HanbobLLINM
ypoBHeMm 3kcnpeccun [18-20]. CYP2C9 meTabonnsmpyet
6puBapaveTam, Banbnpoesyto kucnoty (BK), kapbamaszenuH,
nakocamup, eHnTonH n eHobapbuTan. K HacTosAwemy
BPEMEHN 0MNUCAHO 85 NOIMMOPMHbIX BAPUAHTOB reHa [21].

Han6onbliyto KNNHUYECKYIO 3HAYUMOCTb AN MeTabo-
nuama A3l nmetot annenn CYP2C9*2 (C430T; rs1799853)
n CYP2C9*3 (A1075C; rs1057910). YctaHoBNEHO pasnuyne
4acTOTbl BCTPEYAEMOCTMN AAHHbIX NONUMOPGN3MOB B Nony-
naumsax. Bapuant CYP2C9*2 vawe 06Hapy>X1BAeTCs B €B-
poneiickon nonynauumn — 12,6% npotne 0,06% HaceneHus
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TabGauua 1. AHTHANNUIEITHYECKHUE IpenapaTsl (ADII) — cy6eTpaTsl n30hopM nUToXpoMa P450 1 6eIKOB-TPpaHCIOPTEPOB [7—-17]

Table 1. Antiepileptic drugs (AEDs) — substrates of cytochrome P450 isoforms and transport proteins [7-17]

Llutoxpombi P450 / Cytochromes P450 ABC-tpatcnopreps! /
AN/ AED - ABC-t;;:gorters T

CYP3A4 | CYP2C9 | CYP2C19 | CYP2D6 | ,.00 | ovs | on,
bpusapaueram / Brivaracetam Het /No [a/ Yes [a/Yes Het /No Hetr/No | Hetr/No | Het/No
Banbnpoesas kucnota/ Valproic acid Het / No [Ha/Yes [a/Yes Het/No Hetr/No | Het/No | Het/No
3oHucamug / Zonisamide Ha/Yes Het/No Na/Yes Het/No Het/No | w/p//n/d | Oa/Yes
Kap6amasenuH / Carbamazepine Ha/Yes Ha/Yes Ha/Yes Ha/Yes Ha/Yes | Ha/Yes | Hetr/No
Kno6asam / Clobazam Ha/Yes Het/No Ha/Yes Het/No Ha/Yes | Ha/Yes | [Ha/Yes
JTakocamup / Lacosamide Ha/Yes Ha/Yes Ha/Yes Het/No Ha/Yes | Oa/Yes | Hetr/No
JTamoTpupxuu / Lamotrigine Het/No Het/No Het/No Ha/Yes Ha/Yes | Hetr/No | [da/Yes
JleBeTupauetam / Levetiracetam Cy6cTpaTtom CYP He siBnsieTca / Not CYP substrate Ha/Yes | Hetr/No | [da/Yes
Oxckap6asenuH / Oxcarbazepine Cy6ctpatom GYP He siBnsetca / Not CYP substrate Ha/Yes | w/n//n/d | u/n// n/d
MepamnaHen / Perampanel Ha/Yes Het/No Het/No Het/No Het/No | H/n//n/d | Het/No
Tonupamart / Topiramate Ha/ Yes Het/ No Het /No Het/ No Ha/Yes | Her/No | Het/No
®eHnTOMH / Phenytoin Ha/Yes Ha/Yes Ha/Yes Ha/Yes Ha/Yes | Oa/Yes | Het/No
®eHobap6butan / Phenobarbital Ha/Yes Ha/Yes Ha/Yes Ha/Yes Ha/Yes | Her/No | Ha/Yes

Hpumeuanue. P-gp — P-2nuxonpomeur; MRP2 (anen. multidrug resistance-associated protein 2) — 610K MHONCECMBEHHOLL

aexapcmeerrHoti ycmotiusocmu 2; BCRP (anzn. breast cancer resistance protein) — 610K yemoitueocmil Kk Paxy MOJAOUHOLL Hcene3ol;

1/0 — Hem OaHHbLX.

Note. P-gp — P-glycoprotein; MRP2 — multidrug resistance-associated protein 2; BCRP — breast cancer resistance protein; n/d —no daia.

BOCTOYHO-23MaTCKOro pernoHa. Hanpotume, B a3naTcKux no-
nynsuuax annenb CYP2C9*3 BcTpeyaeTca ¢ HactoToii 11,3%
[22, 23].

Mo pe3ynbTatam uccnenoBaHuii in vitro, nonuMopuam
CYP2C9*2 ymeHblUaeT akTUBHOCTb dpepmeHTa Ha 50-70%,
a CYP2C9*3 — 0o 75-99%, npakTU4eCKM NOMHOCTbIO MHaK-
TUBMpYA ero [24].

Hocuteneit anneneit CYP2C9*2 n CYP2C9*3 B retepo-
3UrOTHLIM BapumanTe (*1/*2 unu *1/*3) OTHOCAT K «NpoMme-
XKYTOYHbIM» MeTabonn3aTopam, T.K. akTUBHOCTb PepMeHTa
Y HUX CHUXXEHA N0 CPaBHEHUIO C HOPMAsbHbIM FEHOTUMOM
*1/*1. NauMeHTOB C TOMO3UIOTHLIM UK KOMNAYHA-TeTEPO-
3UrOTHLIM FEHOTUMOM (*2/*2, *3/*3 unn *2/*3) Ha3blBatoT
«MeJNeHHbIMWU» MeTabonn3aTopamu, T.6. 3HA4YUTESIbHOE CHU-
KeHune meTabonuama y Takux naumeHToB NPUBOAUT K Ha-
KOMJEeHNO NpenapaTta B OpraHu3me, NOSABAEHNIO HEXena-
TeNbHbIX JIEKAPCTBEHHbIX ABMEHWUN, BNAOTb 40 PAa3BUTUA
TOKCU4€eCKOro acphekTa. B 3aBUCMMOCTN OT FEHETUHECKOrO
npoguns naumeHTa Bpad MOXeT BbI6paTh NOAXOAALLYIO [10-
3MPOBKY Npenapara, 4To6bl 06eCNeYnTb MaKCMManbHO 6na-
FONPUATHBIA KNUHUYECKNIA 3D EKT 1 CBECTU K MUHUMYMY
HeXXenaresbHble peakumun [25].

Bansmnpoesas kuciaora / Valproic acid

BK — 310 AQI1 BTOPOro NMOKONeHns C LWNPOKUM Crek-
TPOM AeiiCTBMA, NPUMEHSAEMbIA NPU Pa3NINYHbIX popmax
ANMUIENTUYECKMX NPUCTYNOB. MexaHn3m LeiicTBuUsA CBA3aH
C UHIMOUPOBAHWEM NOTEHLMAN-3aBUCUMbIX HATPUEBbIX
1 KanbLUWEeBbIX KaHaNI0B, NOBbILEHNEM COLEPXAHNUSA ram-
Ma-amuHomacsnsHon kucnotsl (FAMK) B HelipoHax u akTu-
BalMen KanneBbIX KaHanoB. BO3MOXHbI U fpyrue MexaHus-
Mbl AencTBuA [26].

anunencus n NapokcnamMasibHble COCTOSAHUS

MeTta6onuam BK ocyLecTBNsAeTCa B Ne4eHN NyTEM OKUC-
neHus n3odepmeHTamm yutoxpoma P450, rnokypoHnpo-
BaHWA U rMAPOKCUNMPOBAHUS, B pe3yfbTaTe KOTOpPOro 06-
pasyetcsa 6onee 20 MeTaboNNTOB, OKA3bIBAKOLNX FEMATO-,
HeNnpo-, renatoTOKCMYeckoe AeNCTBUE, BKIKOYAA runepam-
MOHMEMUIO 1 Ap. B yacTHoCTKM, ¢ 06pa3oBaHneM MeTabonu-
T0B 4-ene-VPA, 3-0H-VPA, 4-0H-VPA n 5-0OH-VPA cBA3bI-
BAKT renaToToOKCU4ECKOE AECTBUE NMpenapara, a 2-ene-VPA
BbI3bIBAET MOOOYHbIE 3PGEKTbI CO CTOPOHbI LEHTPANbHON
HEPBHOI CUCTEMbI [27].

MHOrMmu 0Te4eCTBEHHbIMI 1 3apyBEeXXHbIMU aBTOPaMN
BbISIBJIEHO BNUAHME NoAUMopduamoB CYP2C9 Ha KOHLEH-
Tpauumto BK n puck pa3suTtua no604HbiX 3y ekToB (yBe-
NUYEHNE MACChl TeNa, NOPaXXeHNe NeveHun, rmnepaMmMmoHmne-
mMuns). YCTaHOBIIEHO, 4TO Yy HOCUTeNen annenein CYP2C9*2
n CYP2C9*3 KoHUEHTpauma Banbnpoara B njasme 3Ha4qu-
TEJSIbHO BbILUE, Y4EM Y NALWEHTOB C HOPMaJIbHbIM FEHOTUMNOM
[28-32]. 310 cBUAETENbCTBYET O 60JIE€ HU3KO CKOPOCTU
mMeTab0on13ma 1 HeOBXOANMOCTI CHUXKEHMSA A03bl Mpenapara
y HocuTenen atux annenei. E.H. bovaxosoi u ap. (2019 1.)
paspaboTaH anroputM nNo WHAMBMAYaIbHOMY Noa6opy Ao-
31MpoBKuK BK B 3aBucmMocTi oT reHotuna CYP2C9. PeKoMeH-
[OBAHO CHUXXEHME A03MPOBKM Y NPOMEXYTOYHbIX MeTab0-
N3ATOPOB C reTepo3nroTHLIM FreHOTUNOM (*7/%2 unu *1/*3)
Ha 25%, a y HocuTenen AByX NoNUMOPMHbIX annenen (*2/%2,
*3/*3 unmn *2/*3) — Ha 50% [33].

13BecTHO, 4TO y AeTeii 0o 15 neT BCneacTBME HEAOCTa-
TOYHOr0 Pa3BUTKSA CUCTEM TIIOKYPOHUPOBAHUSA U NMOBbILLEH-
HOF0 MUTOXOHAPMANIbHOrO 6€Ta-0KMCIIEHNS OCHOBHbLIM Ny-
Tem meTabonuama BK siBnsieTcsa oKUCneHne LMToxpomamu
P450 [34, 35]. lTo3TOMY N3MEHEHME aKTUBHOCTU U30dhep-
MeHTOB LuuToxpoma P450 nmeet oco60e KNNHNYECKOE 3Ha-

https://epilepsia.su

73



2025 Vol. 17 Nei

EPILEPSY

and Paroxysmal
Conditions

74

yeHue y petei. B 2015 r. K. Toth et al. onucanu dheHomeH
heHOKOHBEPCUU (M3MEHEHMS heHOTUNA) y AeTen C HOp-
MalbHbIM reHotunom CYP2C9*1/*1 [36]. OHu coobwunu
0 3HA4YMTENbHO 60Nee BbICOKOW KOHLEHTpaLmMy Banbnpoara
B KpoBU y 65% Aeteii ¢ reHotunom CYP2C9*1/*1, n 310 13-
MEHWNO CYLLECTBYIOLLNE NPEACTABIIEHNS O TOM, YTO MefA-
NeHHble MeTabonn3aTopbl BCErga ABAATCA HOCUTENSMM
He(YHKLMOHANbHbIX anneneii. [JaHHblii DeHOMEH aBTOpbI
00bACHAOT N3MEHEHNEM YPOBHS 3KCMPECCUU TeHa 1 CBSI-
3bIBAKOT €0 CHUXXEHWE C BOCNANIMTESIbHbIM NPOLECCOM, 06Y-
CJI0BJIEHHbIM NOBbILLEHHbIM 06PAa30BAHNEM UHTEPSIEIKNHA-6
1 NHTeprenknHa-1-6eta [36].

B 60siee no3gHeM UccneaoBaHUM aBTOpaMm PEKOMEH-
[0BaHa Koppekuusa Tepanun BK y fetei ¢ y4eTOM reHoTn-
na v ypoBHs akcnpeccuu CYP2CI [37]. MaumeHTam ¢ aBymA
annensMm co CHKEHHON pyHKumeli (*2 n *3) cnepyet oT-
Ka3aTbCA OT NPUMeEHeHUs Banbnpoara. [JeTam ¢ reteposu-
FOTHbIM reHoTUnoMm (*1/*2, *1/*3) nokazaHo HazHaveHue BK
B HU3KNX JO3MPOBKAX, a NALMEHTAM C HOPMaJibHbIM F€HO-
TUNOM — CpeJHeTepaneBTUYECKMX 403 NOA 1a60PaTOPHbIM
KOHTPOJIEM YPOBHS KOHLEHTpauuu npenapara B Kposu [37].

®ennrouH / Phenytoin

@eHNTONH — npenapaT NepBoro NOKOEHUs, KOTOPbIN
npumeHsietca ¢ 1938 r. MexaHuam gencTeus 06yCnoBneH
WHrMO6MPOBAHMEM BONbTAXK-3aBUCHMbIX HATPUEBbLIX KaHa-
NOB (4T0 CNOCOGCTBYET NPOJSIOHr AL MHAKTUBUPOBAHHOIO
COCTOSAHMS), YCUIEHNEM NPOBOANMOCTM XJTIOPHbIX KaHaJI0B
1 MHTMOMPOBAHNEM BbICBOOOXKJEHMS rAyTamara u acnap-
TaTa [38]. ®eHMTONH MeTab0NM3NPYETCHA B MEYEHN LUTO-
xpomamu CYP2C9 n CYP2C19 no anokcupa apeHa, KoTo-
pblil fanee NnoABepraeTca AeiCTBUIO OPYTrUX LMTOXPOMOB
1 TNOKYPOHMpOBaHuio [39].

Mo60Y4HbIE peakuun Ha PEHUTONH CO CTOPOHbI LeHTPanb-
HOW HEPBHOW CUCTEMbl L0303aBUCUMbI: MPK TepaneBTUYe-
cKOM ypoBHe 10-20 Mr/n BO3HWKAET HUCTArM, YCUIINBato-
LMIACS N0 amMNInTye B YCNOBUSAX NOBbILIEHNS KOHLEHTpAL MK
npenapata B KpoBu, npu ypoBHe 30—40 mr/n nosasnsawTca
aTakcms, cnyTaHHas peyb, TPEMOp, TOLWWHOTA, PBOTA, COH-
NNBOCTb, B TSXKEMbIX CMy4asax npu KoHueHTpauun 40-50
MI/N 1 BblLLE BO3HMKAIOT CMYTAHHOCTb CO3HAHUSA, CYyA0pPOrN
n koma [40].

Mocpeacteom CYP2C9 metabonuaupyetca oo 90% de-
HUTOMHA, ocTanbHble 10% — nocpeacTeom CYP2C19 [41].
YCTaHOBJIEHO, YTO Hanu4ue B reHome annenen *2 n *3 rexa
CYP2(C9 3HA4MTENbHO CHIKABT aKTUBHOCTb DEPMEHTA, 4TO
BEAET K NMOBbIWEHNIO KOHLEHTpauuy PeHnTonHa B niasme
KPOBW 1, CNeL0BaTeNlbHO, TOKCUYecKoMy 3adhdekTy [42]. KoH-
COpLMUYM MO BHEAPEHWNID KITMHNYECKON (DapMaKoreHeTuKm
(anrn. Clinical Pharmacogenetics Implementation Consortium,
CPIC) B 2020 r. BbINYCTW PEKOMEHAALMM NO LO3NPOBAHMIO
(beHNTOMHA B 3aBUCMMOCTW OT CKOPOCTM MeTabonmama: Ha-
YanbHas W Harpy304Has 403bl HA3HAYAKOTCSA B COOTBETCTBUN
CO CTAHAAPTHbIMW PEKOMeHZAUUaMM, NOAAEPXKIUBAOLLAS 40-
3MPOBKA CHUXXAETCS Yy NPOMEXYTO4YHbIX MeTab0113aTOPOB
(*1/%3, *2/*2) He MeHee 4eM Ha 25%, a 'y Me[JIeHHbIX MeTa-
6onmsartopoB (*2/*3, *3/*3) — Ha 50% [25].

B uccnenoBaHmax Ha a3matckux NONynsaLuax nokasaHa
CBSI3b MeXAY BapnaHToM CYP2(C9*3 1 NOBbILLEHHBIM PUCKOM
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Pa3BUTUS TAXKEIbIX KOXHbIX MOOOYHbIX peakLuid npyu npueme
(heHnTouHa [43-45]. YnpaBneHue no KOHTPOJO 32 NuLLe-
BbIMU NPOJYKTAMU W NIeKApCTBEHHbIMM npenapatamu CLUA
(aHrn. U.S. Food and Drug Administration, FDA) Bknto4uno
B WHCTPYKLMIO K (DEHUTONHY 0693aTeNIbHbI MOHUTOPUHT
KOHLEHTpaLum npenaparay npoMexXyTO4HbIX 1 MeNeHHbIX
MeTabo113aToOPOB C TLATENbHbIM KIIMHUYECKUM Habnoae-
HUEM 151 PAHHEr 0 BbISABNIEHNS TOKCUYECKNX 3D(EKTOB Y Ta-
KX 60N1bHbIX. PEKOMEHAYETCS reHOTUNMPOBATh NALMEHTOB
a31aTCKOro NPOUCX0XAeHUa Ha Hanuyue annens CYP2C9*3
1 n3beratb Ha3Ha4YeHUS PEHUTONHA Y ero HocuTenei [46].
0 BAUAHUN reHeTU4ecknx nonumopcusmos CYP2C9 Ha
3 (heKTMBHOCTb 1 6e30nacHOCTb Apyrux A3M, ABNAOLWNX-
A ero cybcTparamu, B HacCTosLLEe BPEMS faHHbIX Mano. o-
3TOMY CNOXHO OLEHWUTb BKNaj BapnaHToB CYP2C9 B dhop-
MWUpOBaHue apmMakonormyeckoro oTeeta. KapbéamasenuH
B HEOONbLION CTENEHN MeTaboInM3npyeTca M30hepMEHTOM
CYP2C9, cBazu mexay nonumopdHbimn BapuaHtamu CYP2C9
1 pa3BUTMEM NO6OYHBIX peakuuin He 06HapyxeHo [47]. Jlako-
camup TakXXe 4acTU4HO noasepraetca metabonuamy CYP2C9,
0JHAKO BJIMSAHUA NMOIMMOPMHBIX anneniel Ha KOHLEHTpauuto
npenapata He Habntaanoch [48, 49]. Y naumeHToB C reHo-
Tunom CYP2C9*1/*3 BbISIBNEHO CHIMKEHNE KNpeHca heHo-
6apbuTana, YT0 MOXET CBUETE/IbCTBOBATL O HAKOMNEHNI
npenapara u pucke pazeutua TOKCM4eckoro agdekrta [50].

IHOJIMMOP®U3MbI 'EHA CYP2C19 /
CYP2C19 GENE POLYMORPHISMS

Cpean uutoxpomos P450 CYP2C19 nmeeT camblil HU3KUIA
ypoBeHb akcnpeccun. [lona CYP2G19 coctasnsiet 1-4% ot
BCEX MUKPOCOMaSIbHbIX doepmeHTOB nedenn [20]. 3odep-
MEHT y4acTByeT B MeTabonun3me 6pupapauerama, BK, 30Hu-
camupa, kapbamasenuHa, knobasama, nakocamuaa, peHu-
TouHa, heHobapbuTana.

113BecTHO 39 annenbHbIX BapuaHTos CYP2C19 [51]. Hau-
6011ee n3y4eHbl MONUMOPMU3MbI, SHAYNTENBHO CHIKAOLLME
aKTUBHOCTb (pepmeHTa: CYP2C19*2 (G681A; rs4244285)
n CYP2C19*3 (G636A; rs4986893) [52]. Hocutenu 3atux Ba-
PUAHTOB UMEIOT MOBbILWEHHbIE PUCKI BOSHUKHOBEHMSA N0O0Y-
HbIX 3)(PeKTOB. Takme NaLUnNeHTbl 0C060 HY>XaaTcs B dhap-
MaKOreHeT4eCcKoM TeCTUPOBAHNM 11 NEPCOHANN3NMPOBAHHOM
noabope Tepanun. PacnpocTpaHeHHOCTb annenei B pa3nny-
HbIX 9THUYECKMX rpynnax oTnuyaetca: CYP2C19*2 BcTpeya-
eTCS NPeUMyLLLECTBEHHO B BOCTO4YHOW a3MaTCKON Nonynsyum
(29%) v no4Ttu B 2 pa3a pexe — cpeam esponeiines (14,6%).
Annenb CYP2C19*3 HabNoaaeTCca 3HAYNTENBHO PEXE B aHa-
NOTNYHBIX 3THUYECKMX rpynnax, coctaBnas 4—6% u mMeHee
1% COOTBETCTBEHHO.

MepnneHHble MeTab0n3aTopbl (FeHOTUNLI *2/*2, *2/*3,
*3/*3) B eBpONEICKOI nonynaumu coctaBnaoT 2-5%, B a3u-
aTckoii — 15-23% [53].

Baasnpoesas kuciaora / Valproic acid

Ha KuTaiickoin nonynauum nauneHToB ¢ aNUencuen n3y-
YyeHa B3aMMOCBA3b NONUMOPGHbIX BapnaHtos CYP2C19*2
n CYP2C19*3 ¢ BbICOKOW KOHLeHTpaumein BK B nnasme KpoBu
[29, 54]. F. Milosavljevic et al. (2024 r.) B meTaaHanuse no-
Kasanu, YTO KOHLEeHTpauus BanbnpoaTa y 60/bHbIX C NMPO-
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MEXYTO4YHbIMM MeTabonudatopamu CYP2C19 6bina Bhile
Ha 12%, ¢ meaneHHbIMK — HA 20%, YeM y NALWEHTOB C HOP-
MaJibHbIM MeTa6011M3Mom [55].

B peTpocnekTUBHOM MONYNSALMOHHOM WUCCeA0BaHUN
YCTAHOBMEHO, YTO IMNUPMYeCKN nogobpaHHbie 03kl BK
ObININ HUXKE Y NALMEHTOB C MPOMEXYTO4YHbIM (FEHOTUMbI
*1/*2 n *2/*2) n MefneHHbIM (TeHOTUNbI *2/*2, *2/*3, *3/*3)
MeTabonmM3mMoM, 4eM Yy 60JIbHbIX C HOPMaJibHbIM FeHOTU-
nom *7/*1 [56]. 3T0 CBUAETENbCTBYET 0 TOM, H4TO NALMEHTbI
CO CHVXeHHOW akTuBHOCTbIO CYP2C19 ny4ywe nepeHocsT
HM3Kue fo3mposku BK. OgHako B Apyrom nonynsunoHHOM
NCCNeaoBaHNN 3aBUCMOCTN MEXAY FeHOTUMNOM W KOHLIEH-
Tpauuein npenapara B KpoBM (A03UPOBKOIA) 06HAPYXXEHO He
6bino [57].

B. Mani et al. (2021 r.) ycTaHOBUAN, 4TO HOCUTENN annens
*2 (reHotunbl *1/*2 1 *2/*2) B 3 pasa 4aLle umenu n3bbITok
maccol Tena Ha oHe npueme BK no cpaBHEHWIO C nauueH-
Tamu ¢ HopmanbHbIM reHoTunom CYP2C19*1/*1 [58]. Lpy-
rOW rpynnoi nccneposartesien pazpaboTaHa nonynsauMoHHas
mogenb Ha 290 neanaTpuyecKnx nauyueHTax ¢ anunencuen,
KOTOpas NpoLEeMOHCTPUPOBANa Posib COBMECTHOI0 BINSHUA
BapnaHToB *2 u *3 rena CYP2C19 n nonMMOpPMHbIX BapuaH-
T0B reHoB YO®-I'T Ha cHxeHne knuperca BK [59].

®enurtouH / Phenytoin

B meTaaHannse, Bkto4mBwem 98 uccnenoBaHui
1 12 543 naumeHTOB C 3NUNENCUEN, N3yHeHa 3aBUCUMOCTb
MeX[Jy KOHUeHTpauuen oeHMTONHA B Nia3Me KpOBU U HO-
CUTENbCTBOM NONMMOpPU3MoB reHa CYP2C19. 06HapyXeHO
YBENUYEHNE KOHLEHTPaUnm peHnTonHa Ha 20% y npomMexy-
TOYHbIX MeTabonn3atopoB GYP2C19 n Ha 39% y MeaneHHbIX
M0 CPABHEHUIO C HOPMAJIbHbIM FEHOTUMOM [55].

FDA pekomeHAyeT co6/1t0aTb 0CTOPOXHOCTb NPK Npue-
Me (DEeHUTOMHA Yy MedneHHbIX meTabonusatopos CYP2G19
13-3a pucka pa3sutna nobo4HbIX apdekTos [46]. OaHaKo
no pesynbTatam Apyrux paboT BAuWsHUE NONUMOPHU3IMOB
CYP2C19 Ha a(p(heKTMBHOCTb 1 6€30MaCHOCTb (PEHUTONHA
He YCTaHOBJ/IEHO, NO3TOMY TPeOYTCA AanbHewne ncene-
Josanus [60, 61].

Bpusapaueram / Brivaracetam

bpuBapauetam — HoBbIn ASI1, 3aperncTpMpoBaHHbIN
B Poccuiickon ®epnepaunn B 2017 r. MexaHuam aeicTus
npenapara aHanormyeH neeeTupaueramy: CeNleKTUBHOE
CBAI3bIBAHME C OEIIKOM CUHANTMYecKux Be3mkyn 2A (SV2A),
WHIMONPOBAHNE HATPUEBbLIX U KaNbLUWEBbIX KaHAJIOB, pe-
rynsauns BbICBOOOXAEHNA HENPOMEANATOPOB 1 CHUXKEHWE
BO36yAMMOCTMN HelipoHOB [62, 63].

OcHOBHAs YacTb NpenapaTa ruaposim3yeTcs [0 HeakTuB-
HOro MeTabonmnTa, NPU 3TOM MeHbLUas [0Ns NoABepraeTcs
rngpokcunuposanuto CYP2G19. YV nauneHToB ¢ MeANeH-
HbiMu MeTabonusatopamun CYP2GC19 o6pa3oBaHue ruapo-
KCMMETab0nmnTa 3Ha4MTESIbHO CHMXXAETCH MO CPABHEHMIO
C HOCMTENAMM HOPMaNbHOro reHoTuna [64]. KoHueHTpa-
uns npenapara B KPOBW yBenn4uBaeTcs Ha 22% unu 42%
NPy HaMYUN OAHOW UNK BYX HEAKTUBHbIX anmenien reHa
CYP2C19. FDA pekomeHAyeT pacCcmMaTpuBaTb BO3MOXHOCTb
CHUXEHNS A03MPOBKM Yy TakUX 60JbHbIX AN18 NPeA0TBpaLLe-
HUSA HeXenaTtesibHbIX 3 MeKToB [65].

anunencus n NapokcnamMasibHble COCTOSAHUS

Kio6a3am / Clobazam

MexaHnam gencTBus Knobaszama 3akyi4aeTcs B NOTEH-
umpoBaHun agpgekto TAMK v ycnneHnm npoBoLMMOCTM
XJIOPHbIX KaHanoB [66]. Kno6asam meTabonnanpyertcs nog
nenctenem GYP3A4 n CYP2G19 no akTuBHOro metabonuta
N-pecmeTunkno6asama, 06naaatoLero NnpoTUBOCYA0POX-
HOM aKTMBHOCTbIO [67]. N-gecmeTunkio6asam coxpaHsercs
1 AeNCTBYET B OPraHn3me Aosblue.

YCTaHOBNEHO 3HAYUTESIbHOE BSINSIHUE TEHETUYECKMX NO-
numopduamos CYP2C19 Ha KoHueHTpauuto N-gecmeTtun-
kno6asama [68, 69]. Y MeaNieHHbIX MeTab0N1M3aTOPOB OHA
6bina B 5 pa3 Bbllle B Nna3Me 1 B 2-3 pa3a Bbillie B MOYE,
4eM y HOpMasbHbIX MeTa60n13aTopoB. COrnacHo peKoMeH-
pauuam FDA Tutpaunto y MeaneHHbIX MeTabonn3aTtopos Ha-
YMHAOT C MUHUMANbHON A03bl 5 MI/CYT, MEAJIEHHO NOBbILIAA
[0 MOJIOBUHbI OT CPeAHEeTePaneBTUHeCKOl A03bl, C BOZMOX-
HbIM YBENTMYEHMEM [O3WPOBKM NPU XOPOLLEA NepeHocnMo-
cTn Kkno6azama [70].

MiHbopmaumsa 0 He06X0AMMOCTN KOPPEKLAM A03bI Npena-
parta y nauneHToB C MeLNEeHHbIM MeTabonnamom n3odep-
meHTa GYP2G19 BHeceHa B MHCTPYKLMIO NO NPUMEHEHUIO
kno6asama B Poccuiickoin ®epepauum [71].

Jlakocamup / Lacosamide

Jlakocamupg otHocuTca K AQMN TpeTbero NOKOeHUs, npu-
MEHSeMbIM B Tepanuu napuuanbHbiX NpucTynos. MexaHuam
AeNcTBMA 06YCIOBNEH CENEKTUBHBIM YCUITEHNEM MEeAJIEHHOIA
MHAKTWBALMN NOTEHLNAN-3aBUCUMbIX HATPUEBbLIX KaHAJOB,
KOTOpOe 6/10KMpYyeT NOBTOPHOE BO36YXXAEHNE HelipoHOB [72].
lMpenapat nofBepraeTcs MeTabonnamy B Ne4eHn B 0CHOBHOM
nocpegctsom CYP2C19, a Takxxe CYP2C9 n CYP3A4 [15].

dapmakoreHeTKa nakocammua akTMBHO M3y4aeTcs B Ha-
cTosLee Bpems, OJHAKO pe3yNbTaTbl OCTAKTCA NPOTUBO-
pe4mBbiMU. 10 JaHHBIM HE6GOMbLIOTO KJIMHMYECKOr0 UC-
cnepoBaHns FDA, Bknto4mnBLLero 4 60nbHbIX ¢ MeJIEHHbIM
meTabonuamom CYP2G19 n 8 naumeHTOB ¢ HOPManbHbIM
MeTabonn3MoMm, pasnnynin B KOHLEHTpaLNUN nakocammaa
06Hapy>XeHOo He 6bino [73].

Viccneposanue 316 geten ¢ anunencuen, noyyarLmx
nakocamup, nokasano, 4T0 y HocuTeneit annenein *2 n *3
reHa CYP2C19 6bina 60nee BbICOKAas KOHLEHTpaL s lakoca-
MWAa B nyia3Me KPOBKW, 4eM Y NALMEHTOB C HOPMAJIbHbIM Me-
Tabonuamom [48]. B apyrom uccnegosanun 113 negnatpu-
YECKMX NALMEHTOB C NuJiencueil BNNSHUA NOAUMMOPMU3MOB
CYP2C19 Ha KnnpeHc nakocamuja He BbiSiBNEHO [74].

S.J. Ahn et al. (2022 r.) coo6bwunnu, 470 3aBUCMMOCTb
«[03a — KOHLUEHTpauus» y 60/bHbIX C MPOMEXYTO4HbIM (re-
HOTUMbI *1/%2, *1/*3) n MeANeHHbIM (FTeHOTUNbI *2/*2, *2/*3,
*3/*3) meTab0nn3MoM 6bina Bbille, YeM Y NALWEHTOB C HOP-
MaSibHON aKTUBHOCTbIO cpepmeHTa, Ha 13% 1 39% cooTBeT-
CTBEHHO [75].

3ouucamuy / Zonisamide

MexaHunam feicTBus 3oHMcamuga 06ycnoBneH UHMN-
6MpoBaHMEM NOTEHLMAN-3aBUCUMbIX HATPUEBbIX KaHAN0B
1 KanbLWUeBbIX KaHanoB T-Tuna, yrHeTeHnem kapboaHruapa-
3bl 1 noTeHumposaHunem adpexta FAMK [76]. B ocHOBHOM
meTabonuanpyetca CYP3A4, 4yacTuyHoe BAUSIHNE HA MeTa-
60nu3m okasbiarot CYP2C19 n CYP3A5 [77].
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B uccnenosaHun Ha ANOHCKOM NMONynALMNA NOKa3aHo CHU-
XKEHWE KJTIMPEHCa 30H1CaMUa y NaLnNeHToB C MPOMEXYTOY-
HbIM (TeHOTUNbI *7/*2, *1/*3) 1 MeLeHHbIM (TeHOTUNbI *2/*2,
*2/*3, *3/*3) metabonuamom CYP2C19 Ha 16% u 30% cooT-
BETCTBEHHO N0 CPABHEHMIO C 60JIbHbIMM 6€3 NONUMOPHbIX
annenen [78].

®enob6apouran / Phenobarbital

OCHOBHOI MexaHu3m AencTBns eHobapbuTana cea3aH
¢ ycuneHnem akTueHocT FTAMK, yBennyeHnem noToka noHoB
XNnopa Yepe3 MeMOpaHy HelipoHOB, Pa3BMTUEM FUMEPNONapu-
3aUMN 1 CHUKEHWEM NPOHMLAEMOCTI MeMOpaHbl [79].

[laHHbIe 0 ponn reHeTnyecknx sapmaHtoB CYP2C19 B Te-
panun nauMeHToB, NonyYatLwmx geHobapbutan, NnpoTUBO-
PeYuBbI M MANOYUCNEHHbL. Y HocuTene annensa CYP2C19*3
MoKasaHo CHuKeHne knupeHca geHobapbutana [80]. Ha-
npoTue, S.M. Lee et al. (2012 r.) He 06HAPYXWUAK pa3nnyni
B KJIMPEHCE U KOHLEHTpauun npenapata y HOCUTeNIen Hop-
MalbHbIX 1 nonuMopdHbIX annenein CYP2C19 [81]. B opy-
rOM MCC/IeJ0BAHUN YCTAHOB/IEHA B3aMMOCBA3b ansens
CYP2C19*2 ¢ NOBbILLEHHbIM PUCKOM Pa3BUTUA TAXKENbIX
KOXHbIX MO6OYHbIX peakuuin y naLuueHToB, NPUHNMAOLLMX
(heHobap6uTan [82].

Kap6ama3zenuH / Carbamazepine

Kap6amasenuH 0Ka3biBaeT NPOTMBO3NWUIENTUYECKOE, aH-
TUMaHWakanbHoe n aHanbreTuyeckoe gencrene. MexaHusm
AelicTBMA npenaparta 06ycioBeH 6110Kafo0i NoTeHLymasn-3a-
BUCWMbIX HATPUEBbLIX KaHaN0B, NPMBOAALLENA K CTabunm3aa-
UM membpaH HeMpPOHOB, a TAKXKe NOJaBNEHNEM BbICBOOOX-
[EeHMA BO3OYXAAKOLNX aMUHOKMCIOT 1 NpeJoTBpaLleHnem
BO3HVKHOBEHWSA NOBTOPHbIX HATPUN-3aBUCUMBbIX MOTEHLMA-
NOB AENCTBUA B 1eN0NsSpM30BaHHbIX HelipoHax [83].

Kap6amasenuH B OCHOBHOM NOJABepraetcs Metabonus-
My ¢ y4actuem uutoxpomoB CYP3A4, CYP3AS, 4acTnyHo
CYP2G19 u asnsetcs cy6cTpatom P-raukonpotenHa [4].
B HecKoNbKnXx nccnefoBaHmaxX nokasaHa cBsadb Mexay no-
nuvopguamamu *2 n *3 resa CYP2C19 n pa3Butmem Tsxe-
NbIX KOXHbIX NOBOYHbIX peakuuii npu npueme kapbamase-
nuHa [53].

IHOJIUMOP®U3MbI TEHA ABCBI /
ABCBI GENE POLYMORPHISMS

benok-tpaHcnopTep P-rnukonpoTenH NpMHAAexuT K cy-
nepcemeiicTey AT®-CBA3bIBAOLINX TPAHCMOPTHbIX GETKOB
cemenctea ABC (aHrn. ATP-binding cassette transporters)
1 OTHOCUTCA K cybcemeiicTBy B, ero koanpyeT ren ABCB1
(aHnrn. ATP-binding cassette sub-family B member 1). On
TaKXXe N3BECTEH KaK 6eJI0K MHOXXECTBEHHOII NeKapCTBEHHON
ycTon4qmsocTi 1 (aHrn. multidrug resistance protein 1, MDR1).

Cy6cTpatamu P-rnukonpoTenHa SBnawTCs: kapbamase-
MWH, KNob6asam, nakocamup, NaMoTPUIKIH, NeBeTupaleTam,
oKCkap6asenuH, Tonupamart, peHUTonH, doeHobapouTan.
OnucaHo okono 50 0AHOHYKNIEOTUAHBIX NOAMMOPU3-
MOB reHa ABCBT, cpefmn KOTOPbIX HAMBOSbLUYH KIIMHNYe-
CKYI0 3Ha4YMMOoCTb umetoT: C1236T (rs1128503), G2677T/A
(rs2032582) u C3435T (rs1045642). Nonumopdusm C3435T
(cMHOHMMUNYHAA 3ameHa Hykieotmaa C Ha T B NONOXEHMUN
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3435 B 3K30HE 26) NPMBOAUT K CHUXEHUIO IKCMPECCUN WH-
dopmauuoHHon PHK (MPHK) n ctabunbHoCTM 6€1KOBOWA
monekynbl [84]. Okono 80% esponeriues u 63,5% a3naros
ABNSAOTCH HOCUTENIAMM OHOI0 Unn AByx anneneii T [85].

MexaHuam BnusHusa nonumopdusma €3435T rena ABCB1
Ha TepaneBTUYeCKMIA 3 eKT n 6e30NaCHOCTb Npenapa-
TOB NpU dnunencun nay4yeH mano. GornacHo COBPEMEHHbIM
npeacTaBfieHNsAM 4pe3mepHas akcnpeccus 6enka-TpaHc-
nopTepa npuBOAUT K YCUITIEHHOMY BbiBefeHnto A3IT B cocy-
JMCTOE PYCJI0 N CHUKEHWIO NOCTYNNEHNs npenapara B anu-
nentuyeckuin oyar [86]. D.M. Tishler et al. (1995 r.) Bnepsble
06HapY>XNK NOBbILIEHHYH 3KCMNpPeccuto P-rnukonpoTenHa
B 06paslax TKaHu rof0BHOM0 MO3ra MeTo40M VUMMYHOIU-
CTOXMMWM Y NALWNEHTOB C JIEKAPCTBEHHOW YCTONYMBOCTbIO
1 BbIABUHYNN NPEANOSIOKEHNE 0 HEJ0CTaTOYHOM NMPOHUK-
HoBeHun AJI yepes remaToaHuedannyecknin 6apbep K Mu-
LWeHAM B ro/10BHOM Mo3re. MeToaomM nonumepasHo-Len-
HOW peakuun B 11 13 19 nccnenoBaHHbIX 06pa3LOB MO3ra
06HapY>XeHO 3Ha4YnTeNbHOE YBenu4eHune yposHs NPHK reHa
ABCB1 [87].

Kapo6amazenun / Carbamazepine

MeTtaaHanus M.L. Zhang et al. (2021 r.) nokasan, 470 Ho-
cutenu reHotunos CC n CT BapuaHta G3535T reHa ABCB1
XYy>Xe 0TBEYaloT Ha Tepanuio kap6amMasenmHoM, YeM HOCU-
Tenu reHotuna 7T [88]. B npyrom metaaHanuae resotun CT
0Ka3aJics CBA3AH CO CHMXEHHON KOHLEHTpaumeil kapbama-
3enuHa [89].

H.U. Rashid et al. (2024 r.) ycTaHOBWUAN CHUXEHME (-
(beKTUBHOCTU Tepanuu y HocuTenen nonumopguamos
C3435T, G2677T/A n C1236T reHa ABCB1 (rannotunsl TTT
u TTC), npn 3TOM He BbISBUIIN PA3NNYMii B KOHLEHTPALWK
npenaparta [90]. B uccneposanum N. Djordjevic et al. (2025 1.)
rannotun TTT (C1236T, G2677T/A, C3435T) 6bin cBA3aH
C YBENIM4YeHneM Knupexca kap6amasenuHa [91].

JleBeTupaneram / Levetiracetam

T. Zhao et al. (2020 r.) noka3anu, 4T0 KOHLEHTpaLus ne-
BeTMpaleTama B nja3Me KpoBW Obisia Bbllle Y HOCUTENE
noMMOpHbIX annenei G2677T/A n C3435T (reHoTtunsl CT,
TT) reHa ABCB1. ABTOpbI CBA3bIBAKOT 3TO C TEM, YTO Halu-
41e TeHETUYECKUX NONUMOPEU3MOB CHUXAET aKTUBHOCTb
P-rnnkonpoTenHa, B pe3ynbTare 4ero noBbILLAETCA BCACHI-
BaHUe NeBeTupaLeTama B KuieqHuke [92].

JJakocamuy / Lacosamide

B 2022 r. T. Zhao et al. ycTaHOBMAK, 4TO BapuaHThbl
G2677T/A n C3435T (reHotunel CT, TT) resa ABCB1 cea3a-
Hbl CO CHVXEHMEM KOHLEHTpauuu nakocamuja B niasme
KPOBW, 1 BbIABUHYNN NPEANOSIOXKEHNE O CHUXKEHUN BCACHI-
BaHUs npenapara B KuLievHuke [93].

®enobOapouran / Phenobarbital

S. Basic et al. (2008 r.) 06Hapy>Xun, 4TO KOHLEHTpaums
heHobapbuTana B nna3me KpoBU 1 CIIMHHOMO3rOBOIA XWA-
KOCTK 6bina BbilWe y HOcUTenen nonumopguama 35357
(reHoTunbl CT, TT) reHa ABCB1, 4em y NauMeHToB C ABYMS
HOpMasbHbIMU annenamu B redotune — CC [94]. B uccnepno-
BaHuu T. Keangpraphun et al. (2015 r.) nokasaHo, 470 y HO-
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cuteneii reHotuna CC (nonumopuam C3535T rena ABCB1)
CHUXEH OTBET Ha Tepanuio heHO6apObUTanom, B 0TnM4ue 0T
60/1bHbIX C reHoTunamu CT n TT [95].

OBIIHE BbIBOJbI / GENERAL FINDINGS

Takum 06pa3om, 3@ (EKTUBHOCTb MENKAMEHTO3HOIO
neyveHns anunencum 06ycioBieHa MHOTMMIN (hapMakoKnHe-
TUYECKMMM NapaMeTpamMu: HeNNHERHON hapMakOKNHETUKON

6a3MCHbIX 1 HEKOTOPbIX HOBbIX AJI, MeXXUHANBUAYATbHON
(hapMaKOKNHETUYECKO BapnabenbHOCTbIO, 06YCNOBNEHHON
BO3PACTOM, JIEKAPCTBEHHbIM B3aMOAENCTBMEM NPEnapaTos,
COMYTCTBYIOLLE NaTONOrNeN, a TaKXKe N0NMMopU3MoM re-
HOB, OTBETCTBEHHbIX 32 (DAPMAKOKUHETUKY.

ViccnenoBaHus, npoAeMOHCTPMPOBABLUME BAUSHWE MO-
NUMOPEHbIX BAPUAHTOB FEHOB M30(DEPMEHTOB LINTOXpOMa
P450 n P-rnnkonpoTenHa Ha KOHLEHTPALM0, KNUPEHC, No-
604HbIe 3thekThl A3M, npeacTaBneHsl B Tabauue 2.

Tab6muna 2 (Ha4axo). BivsHue nonuMop@HbIX BAPUAHTOB I'eHOB N30(PePMEHTOB ITUTOXpOoMa P450 1 6esika-TpaHcrnoprepa
P-rnukonpoTenHa Ha HEGIArOnpUATHLIE 3(DPEKTDL, KOHIIEHTPAIUIO U KIMPEHC aHTUIMMIECITUYECKUX ITPenapaTos (ADIT)

Table 2 (beginning). Effect of polymorphic variants in cytochrome P450 isoenzyme and P-glycoprotein transporter protein genes

on antiepileptic drugs (AEDs)-related adverse effects, concentration and clearance

A31 / AED

led / Gene

SNP

JdhdpexT / Eifect

PekomeHpauus /
Recommendation

WUccnepoBanue /
Study

Bbpusapauertam /
Brivaracetam

CYP2C19

*2,*3

1 KOHUEHTpauma B nnasme /
1 plasma concentration

CHvXeHMe [03MpoBKM /
Dose reduction

(65]

Banbnpoesas
Kucnota/
Valproic acid

CYP2C9

*2, *3

1 KOHLEHTpaums B nnasme,

1 PUCK YBENNYEHMS MACChl TeNa,
runepaMMOoHNeMUM, MOBPEXAEHNS
neyexn /

1 plasma concentration,

1 risk of weight gain, hyperammonemia,

liver damage

CHvXeHMe [03MpoBKM /
Dose reduction

[28, 29, 30, 31,
32,33,36, 37]

CYP2C19

*2,*3

1 KOHLEHTpauus B nnasme,

| KnupeHc,

1 PUCK yBENUYEHNS Macchl Tena /
1 plasma concentration,

| clearance,

1 risk of weight gain

CHXeHMe A03MpOBKY /
Dose reduction

[29, 54, 56, 55, 58,
59]

3oHucamug /
Zonisamide

CYP2C19

*2! *3

| knupeHc/ | clearance

(78]

Kap6amasenuH /
Carbamazepine

CYP2C19

*2,%3

1 puck passutua CCL/TIH //
1 risk of SUS/TEN

(53]

ABCB1

C3535T,

G2677T/A,

C1236T

| KOHLEeHTpauus B nnasme,
1 KNUPEHC,

| TepanesTu4ecKnit oTBeT /
| plasma concentration,

1 clearance,

| therapeutic response

88, 89, 90, 91]

Kno6asam /
Clobazam

CYP2C19

*2, *3

1 KOHLEHTpauma B nnasme n Mmoye /
1 concentration in plasma and urine

CHXeHMe [03MpoBKM /
Dose reduction

[68, 69, 70]

JTakocamug, /
Lacosamide

CYP2C19

*2,*3

1 KOHUeHTpaLua B nnasme /
1 plasma concentration

[48, 75]

ABCB1

C3435T,
G2677T/A

| KoHUeHTpaums B nnasme /
| plasma concentration

(93]

JleBeTupauetam /
Levetiracetam

ABCB1

C3435T,
G2677T/A

1 KOHUEHTpaums B nnasme /
1 plasma concentration

(92]

@DeHUTONH /
Phenytoin

CYP2C9

*2

1 KOHLEeHTpauus B nnasme /
1 plasma concentration

CHWXeHWe J03UPOBKM /
Dose reduction

[25, 42, 61]

*3

1 KOHLEHTpauus B nnasme,

1 puck passutug CCO/TIH //
1 plasma concentration,

1 risk of SUS/TEN

OTmeHa npenapara/
Drug withdrawal

[25, 42, 43, 44, 45,
46, 61]

CYP2C19

*2, *3

1 KOHLEHTpaums B niasme,

1 puck passutus CCO/TIH //
1 plasma concentration,

1 risk of SUS/TEN

CHXeHMe 003MpoBKM /
Dose reduction

[46, 55, 60]
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Ta6auna 2 (OKOHYaHHe). BiusHue nomuMop@HbIX BAPUAHTOB I'€HOB U30(hEePMEHTOB IIUTOXPOMA P450 1 6esKa-TpaHcnoprepa
P-rukonpoTenHa Ha HEGIArONPUATHBIE 3(D(PEKTDL, KOHIIEHTPALIMIO U KJIMPEHC AaHTUMMIENTUYECKUX ITPENnapaTos (ADIT)

Table 2 (end). Effect of polymorphic variants in cytochrome P450 isoenzyme and P-glycoprotein transporter protein genes
on antiepileptic drugs (AEDs)-related adverse effects, concentration and clearance

Pekomenpauus / WccnepoBanue /
A3 / AED leH / Gene SNP JdhdpexT / Eifect B T Study
®eHobapbutan / *
Phenobarbital CYP2C9 3 | KnupeHc / | clearance - [50]
N 1 puck passutus CCO/TIH //
eyp2ct9 2|1 risk of SIS/TEN - [82]
*3 | KnupeHc / | clearance - [80]
| KOHLEHTpaumsa B niasme 1 IMKBOPE,
lTepaneBTu4eckmnint oTBeT /
ABCB1 €3535T | plasma and liquor concentrations, B [94,95]
| therapeutic response

ITIpumeuanue. SNP (anen. single nucleotide polymorphism) — 00HOHYKACOMUOHBLL NOMUMOPDUIM); T — NOBLIULEHIUE; | — CHUNICCHILE;
CCA — cunopom Cmuserca-ucorcona; TOH — moxcu1eckuti 3nuoepmMansHolil Hexponu3.

Note. SNP — single nucleotide polymorphism; 1 — increase; | — decrease; §JS — Stevens—Jobnson syndrome; TEN — toxic epidermal

necrolysis.
AK/IIOYEHHUE / CONCLUSION

ViHanBnayanbHble reHETUYECKNE OCOBEHHOCTI UrparT
3HAYMTENbHYIO PONb B OTBETE HA MPOTUBOANMUIIENTUYECKYIO
Tepanuio. GapmMakoreHeTUYeCKMIA NOAX0A, KOTOPbIA ABNS-
eTCA KJI04eBbIM A1 NepCoHANN3MpPoBaHHOro nogéopa A3,
6a3npyeTcs Ha BbIABIEHUN W U3YYEHNUU TEHETUYECKNX MO-
NMMOpPgU3MOB.

B03MOXXHOCTb Npejcka3artb JIEKApCTBEHHbIN OTBET, dhap-
MaKOKWUHETUKY 1 NO604HbIE PeaKLnm CyLLEeCTBEHHO 0651erinT
noa6op AN 1 no3BonuT n36exaTb Pa3BUTUS HEXENATENb-

HbIX 30 eKTOB, (PAPMaAKOPE3UCTEHTHOCTM Y HaCTU 6OSbHBIX.
[MOUCK reHeTMHeCcKOn AeTEPMUHNPOBAHHOCTM (hapMaKonoru-
4eCKOro 0TBeTa ABAETCA KPaeyrofbHbIM KAMHEM MepCoHa-
NU3MPOBAHHON MeNLMHBI, NO3BONSET NOBbIWATL 6e30Nac-
HOCTb 1 9(D(PEKTUBHOCTb NEYEHNs HA OCHOBE MrEHETUYECKOr0
npoduns NauneHToB.

Mpoponxatowmecs papmakoreHeTU4ecKe ncecneno-
BaHWsA CNOCOBCTBYOT U3YHEHUIO NONYNALMOHHbIX (hapma-
KOKWHETUYECKNX 0COOEHHOCTEN U COCTABNEHNID PEKOMEH-
nauuin ana 6onbliero yucna A3M ¢ Uenbo oNnTUMMU3aLun
Tepanuu.

NH®OPMALMA 0 CTATBE

ARTICLE INFORMATION

Moctynuna: 06.02.2025
B popa6oranHom Buge: 10.03.2025
MpuusTa K nevaru: 27.03.2025
Ony6nukoBana: 31.03.2025

Received: 06.02.2025
Revision received: 10.03.2025
Accepted: 27.03.2025
Published: 31.03.2025

Bknap asTopos

Authors’ contribution

Bce aBTOpbI NPUHUMANK PaBHOE y4acTie B c60pe, aHann3e 1 UHTepnpeTa-
UMM faHHbIX. Bce aBTOPbI NPOYUTANN U YTBEPANNI OKOHYATeNbHbI Bap-
aHT pyKonucu

All authors participated equally in the collection, analysis and interpretation
of the data. All authors have read and approved the final version of the
manuscript

KoHthnukT unTepecos

Conflict of interests

ABTOPbI 3a9BNAOT 06 OTCYTCTBUM KOH(IMKTA MHTEPECOB

The authors declare no conflict of interests

®uHaHcupoBaHue

Funding

ABTOPbI 3a8BNIAOT 06 OTCYTCTBUU (DUHAHCOBOI NOLAEPXKKM

The authors declare no funding

3THyecKue acnekTbl

Ethics declarations

HenpumeHumo

Not applicable

KommeHTapuit usgarens

Publisher’s note

CopiepatLuecs B aT0i ny6nmKaLummu yTBepXAeHNS, MHEHUS 1 AaHHbIE Oblnn
co3faHbl ee aBTopamu, a He uagatenbcteom WPBWC (000 «UPBUC»).
1138aTenbCcTBO CHUMAET C Ceb6s OTBETCTBEHHOCTb 32 K60 yLlep6, HaHe-
CEHHbIl NIOAAM WU WMYLLECTBY B pe3ysnbTaTe MCMOnb30BaHWS NoGbIX
naei, MeTOf0B, MHCTPYKLMA UAK NpenapaTos, yNoMSHYTbIX B Ny6nunKaLmum

The statements, opinions, and data contained in this publication were
generated by the authors and not by IRBIS Publishing (IRBIS LLC).
IRBIS LLC disclaims any responsibility for any injury to people or property
resulting from any ideas, methods, instructions, or products referred in the
content

lpasa u nonHomo4us

Rights and permissions

© 2025 AgTopsl; 000 «APBIUC»
CTaTbs B OTKpbITOM AocTyne no nuueH3un GG BY-NC-SA
(https://creativecommons.org/licenses/by-nc-sa/4.0/)

© 2025 The Authors. Publishing services by IRBIS LLC
This is an open access article undermCC BY-NC-SA license
(https://creativecommons.org/licenses/by-nc-sa/4.0/)

https://epilepsia.su

Epilepsy and Paroxysmal Conditions



Hay4Hble 0630pbi1 / Review articles

JIUTEPATYPA / REFERENCES

1. Kapnos B.A. 3nunencus y feteil u B3POCHbIX XKEHLLUUH U MYXHNH.
PykoBoacTBO Ans Bpayei. 2-e usfg. M.: buHom; 2019: 896 c.

Karlov V.A. Epilepsy in children and adult women and men. A guide
for doctors. 2" ed. Moscow: Binom; 2019: 896 pp. (in Russ.).

2. Carpay J.A., Aldenkamp A.P., van Donselaar C.A. Complaints
associated with the use of antiepileptic drugs: results from
a community-based study. Seizure. 2005; 14 (3): 198-206. https://doi.
0rg/10.1016/j.seizure.2005.01.008.

3. Cbives [.A., Wyes I.H., Top6enkos E.C., AapusiHosa M.A. Mepco-
HanM3NpoBaHHAd MeAULIMHA: B3rNAA KNNHUYECKOro hapmakonora.
Consilium Medicum. 2017; 19 (1): 61-8.

Sychev D.A., Shuev G.N., Torbenkov E.S., Adriyanova M.A.
Personalized medicine: clinical pharmacologist’s oppinion. Consilium
Medicum. 2017; 19 (1): 61-8 (in Russ).

4. Martinez-Juéarez |.E., Barrios-Gonzalez D.A., Prado A.J., et al. Genes
involved in pharmacoresistant epilepsy. In: Rocha L.L., Lazarowski A.,
Cavalheiro E.A. (Eds) Pharmacoresistance in epilepsy: from genes and

molecules to promising therapies. Springer; 2023: 371-89. https://doi.

0rg/10.1007/978-3-031-36526-3_17.

5. Enrique A.V., Dilanni M.E., Goicoechea S., et al. New anticonvulsant
candidates prevent P-glycoprotein (P-gp) overexpression in
a pharmacoresistant seizure model in mice. Epilepsy Behav. 2021;
121 (Pt B): 106451. https://doi.org/10.1016/j.yebeh.2019.106451.

6. Wolking S., Schaeffeler E., Lerche H., et al. Impact of genetic
polymorphisms of ABCB1 (MDR1, P-glycoprotein) on drug
disposition and potential clinical implications: update of the literature.
Clin Pharmacokinet. 2015; 54 (7): 709-35. https://doi.org/10.1007/
$40262-015-0267-1.

7. Bruxel E.M., do Canto A.M., Bruno D.C.F., et al. Multi-omic strategies
applied to the study of pharmacoresistance in mesial temporal lobe
epilepsy. Epilepsia Open. 2022; 7 (Suppl. 1): S94-120. https://doi.
org/10.1002/epi4.12536.

8. Zhang C., Kwan P., Zuo Z., Baum L. The transport of antiepileptic
drugs by P-glycoprotein. Adv Drug Deliv Rev. 2012; 64 (10): 930-42.
https://doi.org/10.1016/j.addr.2011.12.003.

9. Leandro K., Bicker J., Alves G., et al. ABC transporters in drug-
resistant epilepsy: mechanisms of upregulation and therapeutic
approaches. Pharmacol Res. 2019; 144: 357-76. https://doi.
0rg/10.1016/j.phrs.2019.04.031.

10. Saruwatari J., Ishitsu T., Nakagawa K. Update on the genetic
polymorphisms of drug-metabolizing enzymes in antiepileptic
drug therapy. Pharmaceuticals. 2010; 3 (8): 2709-32. https://doi.
0rg/10.3390/ph3082709.

11. Lopez-Garcia M.A., Feria-Romero I.A., Fernando-Serrano H., et al.
Genetic polymorphisms associated with antiepileptic metabolism.
Front Biosci. 2014; 6 (2): 377-86. https://doi.org/10.2741/E713.

12. Baltes S., Fedrowitz M., Tortés C.L., et al. Valproic acid is not
a substrate for P-glycoprotein or multidrug resistance proteins 1 and
2 in a number of in vitro and in vivo transport assays. J Pharmacol Exp
Ther. 2007; 320 (1): 331-43. https://doi.org/10.1124/jpet.106.102491.

13. Grewal G.K., Kukal S., Kanojia N., et al. In vitro assessment of the
effect of antiepileptic drugs on expression and function of ABC
transporters and their interactions with ABCC2. Molecules. 2017;

22 (10): 1484. https://doi.org/10.3390/molecules22101484.

14. Marvanova M. Pharmacokinetic characteristics of antiepileptic drugs
(AEDs). Ment Health Clin. 2016; 6 (1): 8-20. https://doi.org/10.9740/
mhc.2015.01.008.

15. Carona A., Bicker J., Silva R., et al. Pharmacology of lacosamide: From
its molecular mechanisms and pharmacokinetics to future therapeutic
applications. Life Sci. 2021; 275: 119342. https://doi.org/0.1016/j.
Ifs.2021.119342.

16. Chanteux H., Kervyn S., Gerin B., et al. In vitro pharmacokinetic profile
of brivaracetam (BRV) reveals low risk of drug-drug interaction (DDI)
and unrestricted brain permeability (P4.276). Neurology. 2015; 84 (14

Suppl.): P4.276. https://doi.org/10.1212/WNL.84.14_supplement.P4.276.

17. Nakanishi H., Yonezawa A., Matsubara K., Yano I. Impact of
P-glycoprotein and breast cancer resistance protein on the brain
distribution of antiepileptic drugs in knockout mouse models.
Eur J Pharmacol. 2013; 710 (1-3): 20-8. https://doi.org/10.1016/j.
ejphar.2013.03.049.

anunencus n NapokcnamMasibHble COCTOSAHUS

20.

21.

22.

23.

24.

25.

27.

28.

29.

30.

31.

32.

33.

34.

Isvoran A., Louet M., Vladoiu D.L., et al. Pharmacogenomics of the
cytochrome P450 2C family: impacts of amino acid variations on drug
metabolism. Drug Discov Today. 2017; 22 (2): 366—76. https://doi.
0rg/10.1016/j.drudis.2016.09.015.

Daly A.K., Rettie A.E., Fowler D.M., Miners J.0. Pharmacogenomics
of CYP2C9: functional and clinical considerations. J Pers Med. 2017;
8 (1): 1. https://doi.org/10.3390/jpm8010001.

Liu J., Lu Y.F., Corton J.C., Klaassen C.D. Expression of cytochrome
P450 isozyme transcripts and activities in human livers. Xenobiotica.
2021; 51 (3): 279-86. https://doi.org/10.1080/00498254.2020.1867929.
PharmGKB. Gene-specific information tables for CYP2C9. Available
at: https://www.pharmgkb.org/page/cyp2c9RefMaterials (accessed
26.01.2025).

Mirzaev K.B., Fedorinov D.S., Ivashchenko D.V., Sychev D.A. ADME
pharmacogenetics: future outlook for Russia. Pharmacogenomics.
2019; 20 (11): 847-65. https://doi.org/10.2217/pgs-2019-0013.
Zhang Q., Qi Y., Wang S., et al. Identification and in vitro functional
assessment of 10 CYP2C9 variants found in Chinese Han subjects.
Front Endocrinol. 2023; 14: 1139805. https://doi.org/10.3389/
fendo0.2023.1139805.

Zhou Y., Nevosadova L., Eliasson E., Lauschke V.M. Global distribution
of functionally important CYP2C9 alleles and their inferred metabolic
consequences. Hum Genomics. 2023; 17 (1): 15. https://doi.
0rg/10.1186/s40246-023-00461-z.

Karnes J.H., Rettie A.E., Somogyi A.A., et al. Clinical
Pharmacogenetics Implementation Consortium (CPIC) guideline for
CYP2C9 and HLA-B genotypes and phenytoin dosing: 2020 update.
Clin Pharmacol Ther. 2021; 109 (2): 302-9. https://doi.org/10.1002/
cpt.2008.

. Rahman M., Awosika A.O., Nguyen H. Valproic acid. Treasure Island

(FL): StatPearls Publishing; 2025. Available at: https://www.ncbi.nim.
nih.gov/books/NBK559112/ (accessed 26.01.2025).

Shnayder N.A., Grechkina V.V., Khasanova A.K., et al. Therapeutic and
toxic effects of valproic acid metabolites. Metabolites. 2023; 13 (1):
134. https://doi.org/10.3390/metabo13010134.

Wang C., Wang P., Yang L.P., et al. Association of CYP2C9, CYP2A6,
ACSM2A, and CPT1A gene polymorphisms with adverse effects of
valproic acid in Chinese patients with epilepsy. Epilepsy Res. 2017;
132: 64-9. https://doi.org/10.1016/j.eplepsyres.2017.02.015

Zheng X.X., You Y.X., Zhao L.L., et al. Effects of UGT1A, CYP2C9/19
and ABAT polymorphisms on plasma concentration of valproic acid in
Chinese epilepsy patients. Pharmacogenomics. 2023; 24 (3): 153-62.
https://doi.org/10.2217/pgs-2022-0156.

Tan L., YuJ.T., Sun Y.P, et al. The influence of cytochrome

oxidase CYP2A6, CYP2B6, and CYP2C9 polymorphisms on the
plasma concentrations of valproic acid in epileptic patients. Clin
Neurol Neurosurg. 2010; 112 (4): 320-3. https://doi.org/10.1016/j.
clineuro.2010.01.002.

Wrangep H.A., Omutpenko [.B., fosopuna K0.6. n gp. Bnnanue nonu-
mopcuamos reHa CYP2C9 Ha ypoBeHb BanbNpoeBoil KNCNOTbI B KpO-
B Y XKEHLLMH PENpOAYKTUBHOIO BO3pacTa ¢ anunencuein. @apmako-
reHetuka u gpapmakoreHommka. 2015; 2: 24-8.

Schnayder N.A., Dmitrenko D.V., Govorina Y.B., et al. Effect of
polymorphisms in the CYP2C9 gene on valproic acid levels

in the blood of women’s in a reproductive age with epilepsy.
Pharmacogenetics and Pharmacogenomics. 2015; 2: 24-8 (in Russ.).
Yoon H.Y., Ahn M.H., Yee J., et al. Influence of CYP2C9 and CYP2A6
on plasma concentrations of valproic acid: a meta-analysis. Eur J Clin
Pharmacol. 2020; 76 (8): 1053-8. https://doi.org/10.1007/s00228-
020-02872-6.

boyaHoBa E.H., Tyces C.[., AmuTpeHko O.B. n gp. Anroputm nepco-
HanM3MPOBAHHOT0 Ha3HAYeHMs NpenapaToB BabNPOEBON KNCO-

Tbl Ana Tepanun anunencun. Joktop.Py. 2019; 6: 6-11. https:/doi.
0rg/10.31550/1727-2378-2019-161-6-6-11.

Bochanova E.N., Gusev S.D., Dmitrenko D.V., et al. A protocol for
personalized valproic acid therapy for epilepsy. Doctor.Ru. 2019; 6:
6-11 (in Russ.). https://doi.org/10.31550/1727-2378-2019-161-6-6-11.
Strassburg C.P., Strassburg A., Kneip S., et al. Developmental aspects
of human hepatic drug glucuronidation in young children and adults.
Gut. 2002; 50 (2): 259-65. https://doi.org/10.1136/gut.50.2.259.

https://epilepsia.su

79


https://doi.org/10.1016/j.seizure.2005.01.008
https://doi.org/10.1016/j.seizure.2005.01.008
https://doi.org/10.1007/978-3-031-36526-3_17
https://doi.org/10.1007/978-3-031-36526-3_17
https://doi.org/10.1007/s40262-015-0267-1
https://doi.org/10.1007/s40262-015-0267-1
https://doi.org/10.1002/epi4.12536
https://doi.org/10.1002/epi4.12536
https://doi.org/10.1016/j.phrs.2019.04.031
https://doi.org/10.1016/j.phrs.2019.04.031
https://doi.org/10.3390/ph3082709
https://doi.org/10.3390/ph3082709
https://doi.org/10.9740/mhc.2015.01.008
https://doi.org/10.9740/mhc.2015.01.008
https://doi.org/0.1016/j.lfs.2021.119342
https://doi.org/0.1016/j.lfs.2021.119342
https://doi.org/10.1016/j.ejphar.2013.03.049
https://doi.org/10.1016/j.ejphar.2013.03.049
https://doi.org/10.1016/j.drudis.2016.09.015
https://doi.org/10.1016/j.drudis.2016.09.015
https://doi.org/10.3389/fendo.2023.1139805
https://doi.org/10.3389/fendo.2023.1139805
https://doi.org/10.1186/s40246-023-00461-z
https://doi.org/10.1186/s40246-023-00461-z
https://doi.org/10.1002/cpt.2008
https://doi.org/10.1002/cpt.2008
https://www.ncbi.nlm.nih.gov/books/NBK559112/
https://www.ncbi.nlm.nih.gov/books/NBK559112/
https://doi.org/10.1016/j.clineuro.2010.01.002
https://doi.org/10.1016/j.clineuro.2010.01.002
https://doi.org/10.1007/s00228-020-02872-6
https://doi.org/10.1007/s00228-020-02872-6
https://doi.org/10.31550/1727-2378-2019-161-6-6-11
https://doi.org/10.31550/1727-2378-2019-161-6-6-11

2025 Vol. 17 Nei

EPILEPSY

and Paroxysmal
Conditions

35.

36.

37.

38.

39.

40.

4.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

80

McCarver D.G., Hines R.N. The ontogeny of human drug-metabolizing
enzymes: phase Il conjugation enzymes and regulatory mechanisms.
J Pharmacol Exp Ther. 2002; 300 (2): 361-6. https://doi.org/10.1124/
jpet.300.2.361.

Toth K., Biidi T., Kiss A., et al. Phenoconversion ofCYP2C9 in epilepsy
limits the predictive value of CYP2C9 genotype in optimizing
valproate therapy. Per Med. 2015; 12 (3): 199-207. https://doi.
0rg/10.2217/pme.14.82.

Monostory K., Nagy A., Téth K., et al. Relevance of CYP2C9 function
in valproate therapy. Curr Neuropharmacol. 2019; 17 (1): 99-106.
https://doi.org/10.2174/1570159X15666171109143654.

Keppel Hesselink J.M. Phenytoin: a step by step insight into its
multiple mechanisms of action — 80 years of mechanistic studies

in neuropharmacology. J Neurol. 2017; 264 (9): 2043—7. https://doi.
0rg/10.1007/s00415-017-8465-4.

Thorn C.F., Whirl-Carrillo M., Leeder J.S., Klein T.E., Altman RB.
PharmGKB summary: phenytoin pathway. Pharmacogenet Genomics.

2012; 22 (6): 466-70. https://doi.org/10.1097/FPC.0b013e32834aeedb.

lorga A., Horowitz B.Z. Phenytoin toxicity. Treasure Island (FL):
StatPearls Publishing; 2025. Available at: https://www.ncbi.nlm.nih.
gov/books/NBK482444/ (accessed 26.01.2025).

Rosemary J., Surendiran A., Rajan S., et al. Influence of the CYP2C9
and CYP2C19 polymorphisms on phenytoin hydroxylation in healthy
individuals from south India. /ndian J Med Res. 2006; 123 (5): 665-70.
Silvado C.E., Terra V.C., Twardowschy C.A. CYP2C9 polymorphisms in

epilepsy: influence on phenytoin treatment. Pharmgenomics Pers Med.

2018; 11: 51-8. https://doi.org/10.2147/PGPM.S108113.

John S., Balakrishnan K., Sukasem C., et al. Association of
HLA-B*51:01, HLA-B*55:01, CYP2(C9*3, and phenytoin-induced
cutaneous adverse drug reactions in the South Indian Tamil
population. J Pers Med. 2021; 11 (8): 737. https://doi.org/10.3390/
jpm11080737.

Suvichapanich S., Jittikoon J., Wichukchinda N., et al. Association
analysis of CYP2C9*3 and phenytoin-induced severe cutaneous
adverse reactions (SCARs) in Thai epilepsy children. J Hum Genet.
2015; 60 (8): 413-7. https://doi.org/10.1038/jhg.2015.47.

Chang W.C., Hung S.1., Carleton B.C., Chung W.H. An update on
CYP2C9 polymorphisms and phenytoin metabolism: implications for
adverse effects. Expert Opin Drug Metab Toxicol. 2020; 16 (8): 723—
34. https://doi.org/10.1080/17425255.2020.1780209.

U.S. Food and Drug Administration. Table of pharmacogenomic
biomarkers in drug labeling. Available at: https://www.fda.gov/drugs/
science-and-research-drugs/table-pharmacogenomic-biomarkers-
drug-labeling (accessed 26.01.2025).

Tanno L., Kerr D., Santos B., et al. Polymorfism Of CYP2C9 And

3A5 and carbamazepine hypersensitivity reactions in Brazilian
subjects. Clin Transl Allergy. 2014; 4 (Suppl. 3): P118. https://doi.
org/10.1186/2045-7022-4-S3-P118.

LiY.,, Guo H.L., Wang J., et al. CYP2C19 genotype and sodium channel
blockers in lacosamide-treated children with epilepsy: two major
determinants of trough lacosamide concentration or clinical response.
Ther Adv Neurol Disord. 2024; 17: 17562864241273087. https://doi.
org/10.1177/17562864241273087.

Zhao T, Li H.J., Zhang H.L., et al. Effects of CYP2C19 and CYP2C9
polymorphisms on the efficacy and plasma concentration of
lacosamide in pediatric patients with epilepsy in China. Eur J Pediatr.
2024; 184 (1): 73. https://doi.org/10.1007/s00431-024-05897-6.
Goto S., Seo T., Murata T., et al. Population estimation of the effects
of cytochrome P450 2C9 and 2G19 polymorphisms on phenobarbital
clearance in Japanese. Ther Drug Monit. 2007; 29 (1): 118-21. https:/
doi.org/10.1097/FTD.0b013e318030def0.

PharmGKB. Gene-specific information tables for CYP2C19. Available
at: https://www.pharmgkb.org/page/cyp2c19RefMaterials (accessed
26.01.2025).

Dehbozorgi M., Kamalidehghan B., Hosseini I., et al. Prevalence of
the CYP2C19*2 (681 G>A), *3 (636 G>A) and *17 (-806 C>T) alleles
among an Iranian population of different ethnicities. Mol Med Report.
2018; 17 (3): 4195-202. https://doi.org/10.3892/mmr.2018.8377.
Alvarado A.T., Mufioz A.M., Varela N., et al. Pharmacogenetic variants
of CYP2C9 and CYP2C19 associated with adverse reactions induced
by antiepileptic drugs used in Peru. PHAR. 2023; 70 (3): 603-18.
https://doi.org/10.3897/pharmacia.70.e109011.

https://epilepsia.su

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Song C., Li X., Mao P., et al. Impact of CYP2C19 and CYP2C9 gene
polymorphisms on sodium valproate plasma concentration in patients
with epilepsy. Eur J Hosp Pharm Sci Pract. 2022; 29 (4): 198-201.
https://doi.org/10.1136/ejhpharm-2020-002367.

Milosavljevic F., Manojlovic M., Matkovic L., et al. Pharmacogenetic
variants and plasma concentrations of antiseizure drugs: a systematic
review and meta-analysis. JAMA Netw Open. 2024; 7 (8): e2425593.
https://doi.org/10.1001/jamanetworkopen.2024.25593.

Guo J., Huo Y., Li F, et al. Impact of gender, albumin, and

CYP2C19 polymorphisms on valproic acid in Chinese patients:

a population pharmacokinetic model. J Int Med Res. 2020; 48 (8):
300060520952281. https://doi.org/10.1177/0300060520952281.
Smith R.L., Haslemo T., Refsum H., Molden E. Impact of age, gender
and CYP2C9/2C19 genotypes on dose-adjusted steady-state serum
concentrations of valproic acid — a large-scale study based on
naturalistic therapeutic drug monitoring data. Eur J Clin Pharmacol.
2016; 72 (9): 1099-4. https://doi.org/10.1007/s00228-016-2087-0.
Mani B., Nair P.P., Sekhar A., et al. CYP2C19 & UGT1A6 genetic
polymorphisms and the impact on valproic acid-induced weight

gain in people with epilepsy: prospective genetic association

study. Epilepsy Res. 2021; 177: 106786. https://doi.org/10.1016/j.
eplepsyres.2021.106786.

Mei S., Feng W., Zhu L., et al. Effect of CYP2C19, UGT1A8, and
UGT2B7 on valproic acid clearance in children with epilepsy:

a population pharmacokinetic model. Eur J Clin Pharmacol. 2018;

74 (8): 1029-36. https://doi.org/10.1007/s00228-018-2440-6.
Kanjanasilp J., Sawangjit R., Phanthaisong S., Borihanthanawuth W.
A meta-analysis of effects of CYP2C9 and CYP2C19 polymorphisms
on phenytoin pharmacokinetic parameters. Pharmacogenomics. 2021,
22 (10): 629-40. https://doi.org/10.2217/pgs-2020-0151.

Fohner A.E., Rettie A.E., Thai K.K., et al. Associations of CYP2C9

and CYP2C19 pharmacogenetic variation with phenytoin-induced
cutaneous adverse drug reactions. Clin Transl Sci. 2020; 13 (5):
1004-9. https://doi.org/10.1111/cts.12787.

Klitgaard H., Matagne A., Nicolas J.M., et al. Brivaracetam: rationale
for discovery and preclinical profile of a selective SV2A ligand for
epilepsy treatment. Epilepsia. 2016; 57 (4): 538-48. https://doi.
org/10.1111/epi.13340.

Taptaesa 3., TanycTaH A.H., Tpomosa 0.A., CapgapsH IN.C. AHTuanu-
NenTu4eckue npenapartbl TPETbEr0 NOKONEHUS: MEXaHWU3M JeiCTBUS,
(hapmMaKOKMHETMKA, B3aMOAENCTBME U NPUMEHEHIE B IeTCKOM BO3-
pacte. dnunencus u napokcudmanbHbie coctosHus. 2023; 15 (2): 160-
70. https://doi.org/10.17749/2077-8333/epi.par.con.2023.149.
Tadtaeva Z.G., Galustyan A.N., Gromova 0.A., Sardaryan |.S.

Third generation antiepileptic drugs: mechanism of action,
pharmacokinetics, interaction and use in childhood. Epilepsia

i paroksizmal'nye sostoania / Epilepsy and Paroxysmal Conditions.
2023; 15 (2): 16070 (in Russ.). https://doi.org/10.17749/2077-8333/
epi.par.con.2023.149.

Stockis A., Watanabe S., Rouits E., et al. Brivaracetam single and
multiple rising oral dose study in healthy Japanese participants:
influence of CYP2C19 genotype. Drug Metab Pharmacokinet. 2014;
29 (5): 394-9. https://doi.org/10.2133/dmpk.dmpk-14-rg-010.
National library of medicine. DailyMed. BRIVIACT - brivaracetam
tablet, film coated. BRIVIACT — brivaracetam solution. BRIVIACT —
brivaracetam injection, suspension. Available at: https://dailymed.nim.
nih.gov/dailymed/druginfo.cfm?setid=3cf2f439-0e97-443e-8e33-
25ecef616f6¢ (accessed 26.01.2025).

Gauthier A.C., Mattson R.H. Clobazam: a safe, efficacious, and newly
rediscovered therapeutic for epilepsy. CNS Neurosci Ther. 2015;

21 (7): 543-8. https://doi.org/10.1111/cns.12399.

Giraud C., Tran A., Rey E., et al. In vitro characterization of clobazam
metabolism by recombinant cytochrome P450 enzymes: importance
of CYP2C19. Drug Metab Dispos. 2004; 32 (11): 1279-86. https://doi.
org/10.1124/dmd.32.11.

Saruwatari J., Ogusu N., Shimomasuda M., et al. Effects of CYP2G19
and P450 oxidoreductase polymorphisms on the population
pharmacokinetics of clobazam and N-desmethylclobazam in
Japanese patients with epilepsy. Ther Drug Monit. 2014; 36 (3): 302-9.
https://doi.org/10.1097/FTD.0000000000000015.

Yamamoto Y., Takahashi Y., Imai K., et al. Influence of CYP2C19
polymorphism and concomitant antiepileptic drugs on serum

Epilepsy and Paroxysmal Conditions


https://doi.org/10.1124/jpet.300.2.361
https://doi.org/10.1124/jpet.300.2.361
https://doi.org/10.2217/pme.14.82
https://doi.org/10.2217/pme.14.82
https://doi.org/10.1007/s00415-017-8465-4
https://doi.org/10.1007/s00415-017-8465-4
https://www.ncbi.nlm.nih.gov/books/NBK482444/
https://www.ncbi.nlm.nih.gov/books/NBK482444/
https://doi.org/10.3390/jpm11080737
https://doi.org/10.3390/jpm11080737
https://www.fda.gov/drugs/science-and-research-drugs/table-pharmacogenomic-biomarkers-drug-labeling
https://www.fda.gov/drugs/science-and-research-drugs/table-pharmacogenomic-biomarkers-drug-labeling
https://www.fda.gov/drugs/science-and-research-drugs/table-pharmacogenomic-biomarkers-drug-labeling
https://doi.org/10.1186/2045-7022-4-S3-P118
https://doi.org/10.1186/2045-7022-4-S3-P118
https://doi.org/10.1177/17562864241273087
https://doi.org/10.1177/17562864241273087
https://doi.org/10.1097/FTD.0b013e318030def0
https://doi.org/10.1097/FTD.0b013e318030def0
https://doi.org/10.1016/j.eplepsyres.2021.106786
https://doi.org/10.1016/j.eplepsyres.2021.106786
https://doi.org/10.1111/epi.13340
https://doi.org/10.1111/epi.13340
https://doi.org/10.17749/2077-8333/epi.par.con.2023.149
https://doi.org/10.17749/2077-8333/epi.par.con.2023.149
https://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=3cf2f439-0e97-443e-8e33-25ecef616f6c
https://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=3cf2f439-0e97-443e-8e33-25ecef616f6c
https://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=3cf2f439-0e97-443e-8e33-25ecef616f6c
https://doi.org/10.1124/dmd.32.11
https://doi.org/10.1124/dmd.32.11
https://doi.org/10.1097/FTD.0000000000000015

Hay4Hble 0630pbi1 / Review articles

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

clobazam and N-desmethyl clobazam concentrations in patients
with epilepsy. Ther Drug Monit. 2013; 35 (3): 305-12. https:/doi.
0rg/10.1097/FTD.0b013e318283b49a.

National library of medicine. DailyMed. CLOBAZAM - clobazam
tablet. Available at: https://dailymed.nIm.nih.gov/dailymed/druginfo.
cfm?setid=cf31b8d1-0d19-4529-99b6-1f7366064a3c (accessed
26.01.2025).

focynapcTBEHHbI PeecTp NEKAPCTBEHHbIX CPeACTB. IHCTpYKUMs no
MeAMLNHCKOMY NpuMeHeHunto npenapata Kno6asam®. URL: https:/
grls.rosminzdrav.ru/Grls_View_v2.aspx?routingGuid=2756180d-cf4b-
4084-b3de-720eabf463ch (nata o6patiequs 26.01.2025).

State Register of Medicines. Instructions for medical use of the drug
Clobazam®. Available at: https:/grls.rosminzdrav.ru/Grls_View_
v2.aspx?routingGuid=2756180d-cf4b-4084-b3de-720eabf463c5

(in Russ.) (accessed 26.01.2025).

Tapraesa 3.I., fanyctaH A.H., Tpomosa 0.A. n fp. ®apmakoTepanus
anunencuu. Kpatknii cnpasoyHuk. M. TOTAP-Meana; 2023: 96 c.
Tadtaeva Z.G., Galustyan A.N., Gromova 0.A., et al. Pharmacotherapy
of epilepsy. A brief reference. Moscow: GEOTAR-Media; 2023: 96 pp.
(in Russ.).

National library of medicine. DailyMed. VIMPAT — lacosamide tablet,
film coated. VIMPAT — lacosamide injection. VIMPAT - lacosamide
solution. Available at: https://dailymed.nlm.nih.gov/dailymed/druglnfo.
cfm?setid=9e79b42c-38a3-4b2c-a196-a5a1948250e2 (accessed
26.01.2025).

Wang J., Mei Y., Liang S., et al. How to handle a missed or delayed
dose of lacosamide in pediatric patients with epilepsy? A mode-
informed individual dosing. Epilepsy Behav. 2024; 151: 109601.
https://doi.org/10.1016/j.yebeh.2023.109601.

Ahn S.J., Oh J., Kim D.Y,, et al. Effects of CYP2C19 genetic
polymorphisms on the pharmacokinetics of lacosamide in Korean
patients with epilepsy. Epilepsia. 2022; 63 (11): 2958-69. https://doi.
org/10.1111/epi.17399.

Biton V. Clinical pharmacology and mechanism of action of
zonisamide. Clin Neuropharmacol. 2007; 30 (4): 230-40. https://doi.
org/10.1097/wnf.0b013e3180413d7d.

Pal R., Singh K., Khan S.A., et al. Reactive metabolites of the
anticonvulsant drugs and approaches to minimize the adverse

drug reaction. Eur J Med Chem. 2021; 226: 113890. https://doi.
org/10.1016/j.ejmech.2021.113890.

Okada Y., Seo T., Ishitsu T., et al. Population estimation regarding

the effects of cytochrome P450 2CG19 and 3A5 polymorphisms on
zonisamide clearance. Ther Drug Monit. 2008; 30 (4): 540-3. https:/
doi.org/10.1097/FTD.0b013e31817d842a.

Kwan P., Brodie M.J. Phenobarbital for the treatment of epilepsy in the
21t century: a critical review. Epilepsia. 2004; 45 (9): 1141-9. https://
doi.org/10.1111/j.0013-9580.2004.12704.x.

Yukawa E., Mamiya K. Effect of CYP2C19 genetic polymorphism

on pharmacokinetics of phenytoin and phenobarbital in Japanese
epileptic patients using Non-Linear Mixed Effects Model approach.

J Clin Pharm Ther. 2006; 31 (3): 275-82. https://doi.org/10.1111/
j.1365-2710.2006.00712.x.

Lee S.M., Chung J.Y., Lee Y.M., et al. Effects of cytochrome P450
(CYP)2C19 polymorphisms on pharmacokinetics of phenobarbital in
neonates and infants with seizures. Arch Dis Child. 2012; 97 (6): 569—
72. https://doi.org/10.1136/archdischild-2011-300538.

CeepneHus 06 aBTopax / About the authors

lanankun Hukuta Anekcangposuy | Nikita A. Galankin — ORCID: https://orcid.org/0009-0002-8422-5487. WoS ResearcherlD:
KDP-1487-2024. eLibrary SPIN-code: 3168-5123. E-mail: galankinn1999@gmail.com.

Tagraesa 3apa [puropbesHa, o.M.H., npody. / Zara G. Tadtaeva, Dr. Sci. Med., Prof. — ORCID: https://orcid.org/0000-0002-5809-1457.

eLibrary SPIN-code: 6086-0169.

CappapsiH ViBan CypeHoBuY, K.M.H., aoueHT / Ivan S. Sardaryan, PhD, Assoc. Prof. — ORCID: https://orcid.org/0000-0002-1528-411X.
Scopus Author ID: 57200672112; eLibrary SPIN-code: 9522-9761.

lanyctaH AHHa HukonaesHa, K.M.H., noueHT / Anna N. Galustyan, PhD, Assoc. Prof. — ORCID: https://orcid.org/0000-0001-9679-632X.

eLibrary SPIN-code: 3303-7650.

[pomosa Onbra AnekceesHa, i.M.H., npod. / Olga A. Gromova, Dr. Sci. Med., Prof. — ORCID: https://orcid.org/0000-0002-7663-710X.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

Manuyakorn W., Siripool K., Kamchaisatian W., et al. Phenobarbital-
induced severe cutaneous adverse drug reactions are associated with
CYP2C19*2 in Thai children. Pediatr Allergy Immunol. 2013; 24 (3):
299-03. https://doi.org/10.1111/pai.12058.

Maan J.S., Saadabadi A. Carbamazepine. Treasure Island (FL):
StatPearls Publishing; 2025. Available at: https://www.ncbi.nlm.nih.
gov/books/NBK482455/ (accessed 26.01.2025).

Zawadzka |., Jelen A., Pietrzak J., et al. The impact of ABCB1

gene polymorphism and its expression on non-small-cell lung
cancer development, progression and therapy — preliminary report.
Sci Rep. 2020; 10 (1): 6188. https://doi.org/10.1038/s41598-020-
63265-4.

Biswas M. Predictive association of ABCB1 C3435T genetic
polymorphism with the efficacy or safety of lopinavir and ritonavir in
COVID-19 patients. Pharmacogenomics. 2021; 22 (6): 375-81. https://
doi.org/10.2217/pgs-2020-0096.

Chouchi M., Kaabachi W., Klaa H., et al. Relationship between ABCB1
3435TT genotype and antiepileptic drugs resistance in Epilepsy:
updated systematic review and meta-analysis. BMC Neurol. 2017;

17 (1): 32. https://doi.org/10.1186/512883-017-0801-x.

Tishler D.M., Weinberg K.I., Hinton D.R., et al. MDR1 gene expression
in brain of patients with medically intractable epilepsy. Epilepsia.
1995; 36 (1): 1-6. https://doi.org/10.1111/j.1528-1157.1995.tb01657.x.
Zhang M.L., Chen X.L., Bai Z.F., et al. ABCB1 ¢.3435C>T and

EPHX1 ¢.416A>G polymorphisms influence plasma carbamazepine
concentration, metabolism, and pharmacoresistance in epileptic
patients. Gene. 2021; 805: 145907. https://doi.org/10.1016/j.
gene.2021.145907.

Fan Y.X., Zhang Z., Meng J.R., et al. Association of ABCB1
polymorphisms with carbamazepine metabolism and resistance in
epilepsy: a meta-analysis. Epilepsy Res. 2021; 177: 106785. https:/
doi.org/10.1016/j.eplepsyres.2021.106785.

Rashid H.U., Ullah S., Carr D.F,, et al. The association of ABCB1 gene
polymorphism with clinical response to carbamazepine monotherapy
in patients with epilepsy. Mol Biol Rep. 2024; 51 (1): 191. https://doi.
org/10.1007/s11033-023-09061-5.

Djordjevic N., Cukic J., Dragas Milovanovic D., et al. ABCB1
Polymorphism is associated with higher carbamazepine clearance

in children. Pediatr Rep. 2025; 17 (1): 10. https://doi.org/10.3390/
pediatric17010010.

Zhao T, YuJ., Wang T.T,, et al. Impact of ABCB1 polymorphism on
levetiracetam serum concentrations in epileptic uygur children in
china. Ther Drug Monit. 2020; 42 (6): 886-92. https://doi.org/10.1097/
FTD.0000000000000805.

Zhao T, LiH.J., Feng J., et al. Impact of ABCB1 polymorphisms on
lacosamide serum concentrations in uygur pediatric patients with
epilepsy in china. Ther Drug Monit. 2022; 44 (3): 455-64. https://doi.
org/10.1097/FTD.0000000000000927.

Basic S., Hajnsek S., Bozina N., et al. The influence of C3435T
polymorphism of ABCB1 gene on penetration of phenobarbital across
the blood-brain barrier in patients with generalized epilepsy. Seizure.
2008; 17 (6): 524-30. https://doi.org/10.1016/j.seizure.2008.01.003.
Keangpraphun T., Towanabut S., Chinvarun Y., Kijsanayotin P.
Association of ABCB1 C3435T polymorphism with phenobarbital
resistance in Thai patients with epilepsy. J Clin Pharm Ther. 2015;

40 (3): 315-9. https://doi.org/1111/jcpt.12263.

WoS ResearcherlD: J-4946-2017. Scopus Author ID: 7003589812. eLibrary SPIN-code: 6317-9833.

anunencus n NapokcnamMasibHble COCTOSAHUS

https://epilepsia.su

81


https://doi.org/10.1097/FTD.0b013e318283b49a
https://doi.org/10.1097/FTD.0b013e318283b49a
https://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=cf31b8d1-0d19-4529-99b6-1f7366064a3c
https://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=cf31b8d1-0d19-4529-99b6-1f7366064a3c
https://grls.rosminzdrav.ru/Grls_View_v2.aspx?routingGuid=2756180d-cf4b-4084-b3de-720eabf463c5
https://grls.rosminzdrav.ru/Grls_View_v2.aspx?routingGuid=2756180d-cf4b-4084-b3de-720eabf463c5
https://grls.rosminzdrav.ru/Grls_View_v2.aspx?routingGuid=2756180d-cf4b-4084-b3de-720eabf463c5
https://grls.rosminzdrav.ru/Grls_View_v2.aspx?routingGuid=2756180d-cf4b-4084-b3de-720eabf463c5
https://grls.rosminzdrav.ru/Grls_View_v2.aspx?routingGuid=2756180d-cf4b-4084-b3de-720eabf463c5
https://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=9e79b42c-38a3-4b2c-a196-a5a1948250e2
https://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=9e79b42c-38a3-4b2c-a196-a5a1948250e2
https://doi.org/10.1111/epi.17399
https://doi.org/10.1111/epi.17399
https://doi.org/10.1097/wnf.0b013e3180413d7d
https://doi.org/10.1097/wnf.0b013e3180413d7d
https://doi.org/10.1016/j.ejmech.2021.113890
https://doi.org/10.1016/j.ejmech.2021.113890
https://doi.org/10.1097/FTD.0b013e31817d842a
https://doi.org/10.1097/FTD.0b013e31817d842a
https://doi.org/10.1111/j.0013-9580.2004.12704.x
https://doi.org/10.1111/j.0013-9580.2004.12704.x
https://doi.org/10.1111/j.1365-2710.2006.00712.x
https://doi.org/10.1111/j.1365-2710.2006.00712.x
https://www.ncbi.nlm.nih.gov/books/NBK482455/
https://www.ncbi.nlm.nih.gov/books/NBK482455/
https://doi.org/10.1038/s41598-020-63265-4
https://doi.org/10.1038/s41598-020-63265-4
https://doi.org/10.2217/pgs-2020-0096
https://doi.org/10.2217/pgs-2020-0096
https://doi.org/10.1016/j.gene.2021.145907
https://doi.org/10.1016/j.gene.2021.145907
https://doi.org/10.1016/j.eplepsyres.2021.106785
https://doi.org/10.1016/j.eplepsyres.2021.106785
https://doi.org/10.1007/s11033-023-09061-5
https://doi.org/10.1007/s11033-023-09061-5
https://doi.org/10.3390/pediatric17010010
https://doi.org/10.3390/pediatric17010010
https://doi.org/10.1097/FTD.0000000000000805
https://doi.org/10.1097/FTD.0000000000000805
https://doi.org/10.1097/FTD.0000000000000927
https://doi.org/10.1097/FTD.0000000000000927



