IHoaiMopgizm reuis, 10 BIVIMBAE HA il0 AaHAJIBICTUKIB TA MPOTHCYIOMHHX
3ac00iB

Kap0ama3zenun € ogHUM 3 HaWOUIBII MOUIMPEHUX MPOTHUCYJOMHUX IpenapariB, KUK
MO’K€ BHUKOPUCTOBYBATHUCH JUIA JIIKyBaHHs (oKaibHOI (mapuianbHoi) emijerncii. Takox Moxke
MOX€ BUKOPHCTOBYBATHCH JIJIS JIIKyBaHHS HEBpaJrii, OIMOJIpHUX Po3iaaiB. 3a CBOEI OyI0BOIO
kapOamaszerniH € Oau3bkuM 10 TLA, 30kpema iminpaMiHy, BOAHOYAC BiH HE BIUIMBAE TPAHCIOPT
HOpaJIpeHalliny i ceporoHiny. Mexani3m aii kapOamasemniny moisrae B Giokani Na'-kananis.
Kapbamazernin Mae 3Ha4Hy 34aTHICTh 1HAYKYBaTH OaratboX IpenapariB, B TOMY YHCIIi 1 BIaCHUN
MeTaboumi3M, 1 6araTb0X MPOTHUCYAOMHHX MpernapatiB ((peHITOTHY, KIOHA3emamy, BaJbIIPOEBOL
kucnotn). Hampukian, moyaTkoBHii nepio1 HamiBBUBEECHHS KapOaMe3UIliHy CTAHOBUTH 36 roj. 3
MOCTYIIOBUM TPUCKOpeHHSAM 10 8-12 rox mix vac TpuBanoi Tepamii. ToMy peKOMEHIYEThCS
KOPEKIIis 1031 KapOamasemiHy Miciisl KUTbKOX THXKHIB 3acToCyBaHHs. MeTabos1i3M kapbamasemniny
B neviHIi 3a0e3neuyeThes B nepmry depry CYP3A4. 3 inmoro 60Ky, BaJIBIPOEBA KUCIOTA MOXKE
30UTBIITYBAaTH KOHIIEHTpaIlil0 KapOamaserniny B KpoBi; (peHiToin 1 ¢heHobapOiTaq — 3HUKYBATH

KOHIIEHTpAIIiI0 KapOamaseriny.

Cepen noOiyHUX e(EeKTIB XapaKTepHUM € HEBPOJIOTIYHI MOpyIleHHs, JeikoneHis. [Ipu
MPU3HAYCHHI KapOaMa3seriny Moxe BUHUKAaTH cuHIpoM CtuBeHca-/[oHcoHa (SJS) 1 TokCcHuHMiA
enigepmanbauii Hekpoii3 (TEN), ocobimBo 3a ymoB HasBHOCTI anemo HLA-B*1502. 3rimno
pekomenaamiii FDA dapmakoreHeTHYHMI CKPUHIHT PEKOMEHAYETHCS TIPOBOJIUTH ISl XBOPHUX 3
BHCOKHM PHU3UKOM YpaxkeHHs (XBopi, BUXimi 3 A3ii) momo HasBHOCTI anemto HLA-B*1502 mo
MOYaTKY JIIKYBaHHS. Takok BiJ3HAYAETHCS MMEBHUH 3B'I30K M HasBHiCTIO anemo HLA-A*3101 i

PU3UKOM BUHUKHEHHSM TiIEpUyTIMBOCTI 10 KapOaMaseriny.

@eHiTOIH (qU(EHIH) € OMHUM 3 TEPIIUX HECETATHBHHUX MPOTHUEHUICIITUIHUX 3acC00iB,
BrpoBapkeHN me B 1938 p. BiH BUKOpUCTOBYeThCS JUIsL JIIKyBaHHS (DOKanbHUX 1
reHepaTi30BaHUX TOHIKO-KJIOHIYHUX CyaoMm, a Takok Status epilepticus. Sk i xapOamasermi,
nudenin € 6mokaropom Na* kawanis. MeHiToiH y 3Ha4Hii Mipi (61u3bK0 90%) 3BA3y€THCS 3
anbOyMiHAMM IJIa3MU KpOB1, ToMy 0araTo (axTopiB — rinepOunipyOiHeMis, rinoanbOymiHeMis
TOILIO 3HAYHO 30UIBIIYETHCS KOHIEHTpAIlis BUIbHOT ¢pakuii (eHiToiHy Ta HOro TOKCHYHICTB.
®enitoin metabomnizyerbess CYP2C9 1 CYP2C19. [lIBuakicTs enimiHamii (heHiTOTHY 3a1€KUTh Bijl
J03U TIpenapary — MpH HU3bKIA KOHIIEHTpAIll Mpenapar XapakTepU3yeThCcsl MeTadoi3MOM

MEePIIOro TMOPSAKY, aje Mpu 30UTbIIEHHI JO03W — HYJIBOBOI KIHETHKU (KIHETHKAa HACHYCHHS).



®eHITOH, fK 1 KapOamaszeniH i peHobapOiTan € HOTYKHUM 1HIYKTOPOM (epPMEHTIB MEUiHKH, 110

MIPUCKOPIOE MeTaboIi3M 0araTbOX Mpenaparis.

Cepen mnoOiunux edekTiB (EeHITOIHy BaKJIMBE MICIE IMOCIJal0Th HEBPOJIOTIUHI
MOpYILEHHS, TiNepIulas3isl sICeH, TipCyTU3M; MpPU TPUBAJIOMY BHKOPUCTaHHI — OTpyOiHHS puc

o0myus 1 mepudepruvaHa HerpomnaTis.

Sk Bxke BKaszyBasoch, (peHiITOIH MeTabomizyeThest 3a ydactio depmenty CYP2C9. 3a
HasBHOCTI TeHOTHITY OBUIBHUX 200 MoMipHUX MeTaboi3aTopiB 3rigHo renoturry CYP2C9 moxe
CIIOCTEPIraTUCh 3HAYHE 3POCTAHHS KOHIIEHTpalii (eHITOiHy 1 MOCWIeHHA MOOIYHUX e(eKTiB
(aeiiporoxcnunocTi). Tomy FDA inauBiyanpHU Mia01p 103U BiAMOBIIHO 10 TEHOTHITY XBOPOTO.
VY xBopux 3a HasiBHICTIO anento CYP2C9*3 30inbmryeThCsi pU3UK BHHUKHEHHS YCKJIaTHEHb 3 00Ky
HIKipY 1 BUHUKA€ MATaHHS MIOA0 3aMiHM (EHITOIHY Ha iHIIWI npemapar. TakoX y HamieHTIB 3
HasBHUM ajnesieM HLA-B*15:02 iimoBipHe 3pocTaHHs pU3UKY BUHHUKHEHHsI cuHApoMy CTHBEHCa-
JI>xOHCa Ta TOKCUYHOTO €MiIepMaIbHOIO HEKPOIIi3y, TOMY Y TAKOMY BUIIAIKy Oa)kaHO 3aMIHMTH
(eHITOTH Ha 1HIIMH Npenapar, HarpuKiIaa kapOamasenid. KoHcopiiiyM 3 iMIuieMeHTauii KiiHI9HOT

(hapMaKOTeHETHKH 3arpoIoHyBaB HacTynHuH anroputm il (CPIC).

[ HLA-B‘TE:EIL? genotype ]
[ l |
[ HLAB*15.02 positive | [ HLA-B"15:02 negative® |
| |
If patient is phenytoin-naive®, [ cvpacogenoype |
do not use phenytoin/
fosphenytoin®

[ CYP2C3 NM and IM AS 1.5 ] [ CYP2C9 IM AS 1.0 CYP2C9 PM ]

)
| | |

Mo adjustments needed
from typical dosing
sirategies. Subsequent
doses should be adjusted
according to therapeutic
drug maonitoring, response,
and side effects.

/;or first dose, use t\,rpicah

initial or loading dose. For
subsequent doses use
approximately 25% less
than typical maintenance
dose. Subsequent doses
should be adjusted
according to therapeutic

drug maonitoring, response

\\ and side effects /}

/-Fur first dose, use ‘q,rpicah

initial or loading dose. For
subsequent doses use
approximately 50% less
than typical maintenance
dose. Subsequent doses
should be adjusted
according to therapeutic

response, and side

effects.

drug monitaring,
. o

Puc. 1 Anropurm aii mpu Bu3HaueHHi reHotunmy CYP2C9 i HLA-B*15:02 (3rimHo
pexomenaariii (CPIC)



Hapkoruuni anHajabreruku. /[ 3Ha4yHOi KUIBKOCTI HAapKOTMYHUX AaHAJIbIETHKIB
OCHOBHUM IUISIXOM Jerpajamii MmoxXigHuX ¢eHummnepuanny ((heHTaH1, MEeNnepuauH TOIIO).
@deHTaHI aKTHBHO MeTaboii3yeThcsi B mediHmi 3a y4actio ¢epmenty CYP3A4 murixom N-

JeaNKUTyBaHHS.

Kopein i 0au3pKi 0 HHOTO HpenapaTH MiAJar0Tbcs METaboi3My B MEYiHIII 32 y4acTio
tdepmenty CYP2D6, mo npu3BOAUTH 1O YTBOPEHHS METAa0OIITIB OiIbIIOT aKTHBHOCTI.
Hanpuknan, koeiH IeMeTUITFOETBCS 3 YTBOPEHHIM MOPQiHY, SIKUH OTIM MiAIa€ThCs KOH Forallii;
T1IPOKOJIOH META0O0MI3y€EThCs 10 TiApoMopdoHy 1 Moai0HO MOPGIHY Yy MOJATBIIOMY MPOXOIUTH
KOHIOTaIlil0 3 TJIFOKOPOHOBOIO KUCIOTOI. ['enernmunmii momimopdizm CYP2D6 mom’s3an 3
BiJIMIHHOCTSIMH aHaJIbI'€TUYHOI 1 HeOaXkaHOT i MiXk MallieHTaMU i1 Yac 3aCTOCYBaHHS KOJEiHY 1
Tpamazaoiy. IlepeTBopeHHs KoneiHy B MOp(IH Mae BeJMKE 3HAUYEHHs, OCKUIBKM KOJAEIH Mae
BIJIHOCHO HU3BKWHU a(iHITET 10 OMmioimHUX penenTopiB. ToMy, y «IMOBIIEHUX METa00J13aTOPIBY
Ml 4Yac 3acTOCYBaHHS KOJETHY 1 TpamaJoily MOXE CIOCTEepIraTMCh 3HA4YyHE MOCIA0ICHHS
aHanmpreTuyHoi 1ii. HaBmaku, y «ynbTpalIBUAKUX MeTa0oJi3aTOPiB» MOXKE CIOCTEpIraTuch
3Ha4yHe 30UIbLICHHS KOHLIEHTPALil aKTUBHOT'O META0OJIITY 1 HOCUJIEHHS! TOKCUYHOCTI KOJIETHY, 10
MOX€E MPU3BECTH IO MPUTHIYCHHS AUXaHHS 1 CMEpTi. Y 3B’SI3Ky 3 IIUM, KOACTH 1 TpaMaJoi He
BUKOPUCTOBYETHCS y AiTer 10 12 pokiB B CILIA. MeTtanon merabomizyerses kimpkoma CYP450
uuisixamu, rooBHUM unHoM CYP2B6. Xoua renetnune tectyBanus CYP450 He € mommpeHnMm,

OHAK IMOCTYIIOBO TCCTYBAHHA CTa€ NCIICBIINM 1 I[OCTyr[HiH_II/IM.

Hecrepoinni mnporu3zanajbhi 3aco0u (1IeIeKOKCHO, MEIOKCHKaMH, MiPOKCHKAMH,
i0ynpoden Ta iH.) MeTabomizyroTbea 3a ydacTio CYP2C9. V HOCIIB IeHOTHIy «IOBUIBHHX
MeTaboumizaTopiBy ab0 3a HasABHOCTI *3 ajem CIOCTEpIraeThCs 3pPOCTAHHSAM KOHIIGHTpAIlii
npenapaTiB B KpoBi. ToMmy 1jsl mipoKCHKaMy, MEJIOKCHKaMy 1 IEJIEKOKCHOY PEeKOMEHIYEThCS
3HU3UTH JI03Y Y «TOBUIBHUX MeTaboumizatopiBy» (10 50% - y nenexokculy). Takox po3risiaeTbes
MIUTAHHS 3aMiHU 1eJIEKOKCUOY Y «IOBUTBHUX METa00113aTOPiBY Mijl Yac JiKyBaHHS IOBEHIIBHOTO

PEBMATOITHOTO apTPHUTY.

Binomuii TpaHKBiTi3aTOp 1 MPOTUCYAOMHUM 3aci6 AiazemaM MeTaboI3yeThCs 3a yUaCTIO
¢depmenty CYP2C19; y HOCITB TEHOTHIY «ITOBUTBHHX METa0O0JIi3aTOpPiB» MOXKE 301IBIIYBATHCH
KOHIIEHTpallisi Jitouoi pedoBHMHH B KpoBi. [loximHe TeTparigpokaHaObiHOMYy JAPOHAGIHO
MeTaboizyeThes 3a yuactio pepmenty CYP2C9; y HOCIiB reHOTHITY «ITOBUTBHUX» 200 «IIOMIpHUX
MeTa0oIi3aTopiB» MOXKe 30UIBIIYBATUCH KOHIEHTpallis [Jil040i PEYOBMHU B  KPOBI.
[TpoTrbmtoBOTHMIA 3aci0 MeTOKJONpaMia mMeTadoii3yeTbes 3a ydacTio dpepmenty CYP2D6; y
HOCIIB T€HOTHITy «IOBUIBHUX METa0oJi3aTOpiB» MOXE 301IbLIYBaTUCh KOHIIEHTpALs A1F04o0l

PEUOBHHU B KpOBi, a TaKOX 30UIBIIYETHCS 11 TOKCHUYHICTh. B TakoMy BHIIAQAKy MPOTMOHYETHCS



3MEHUIMTH 103y TnpenapaTy. IHriOiTopm MNpOTOHHOI HOMIHM (OMemnpa3oJ, NAHTONPa3oJ,
padenpa3o.1) MeTaboi3yIOThCS B mediHii 3a ydactio hepmenty CYP2C19. V HociiB reHoTHITY
«TOBUIBHUX» Ta <«IOMIPHUX METa0oJi3aTopiB» CHOCTEPIra€ThCsl 3POCTAHHS KOHIEHTpaIii
JTIKapChKUX PEYOBHMH B KpoBi. Y JiTed 3 TEHOTUIIOM <«IIOBUIBHUX MeTaloIi3aTopiB»

PCKOMCHAYETHCA 3HU3UTU NO3Y ITAHTOIIPA30ITY.



HoniMmop¢izm rewiB, WO BIJIMBA€ Ha [Ail0 NPOTHMIKPOOHHUX Ta
NPOTHUILY XJJMHHHUX Ipenaparis

[Tonimopdizm reniB apyroi ¢asu Oiorpanchopmarii — koH’roraiii, Hampukian N-
aneTuaTpancdepasu BHU3HAUYa€ aKTHUBHICTh BIAMOBIAHMX peakiii B meuiHii. Apmiamin-N-
anerunTpancdepasu (NATS) € yHIKanbHOIO TPYMHO0 GEePMEHTIB, IO BIAITPAIOTh BAXKIIUBY POJIb Y
JEeTOKCHKAII1 JIIKapChKUX 3ac001B (130H1a3u/, cyab(haHiIaMiau, TOIIO) 1 aKTHBallli KaHLIEPOTEHiB.
VY monunu npucytHi a8a i3opepmertu (NAT1 i NAT2), o koayroThcs moaiMopGHUMU TeHAMH.
3HayHi Bapiamii m0/10 aleTHIFOBAHHS JIiKiB MOB’s13aHi 3 nmoniMopdizmom rena NAT2. depment
NAT?2 cunTe3yeTbes, TOJIOBHUM YHMHOM, B TIEUIHIII, aJIe BA3HAYAETHCS B HE3HAYHUX KIJTBKOCTSX B
IHIIMX TKaHWHAX: B IIKipi, JiereHsx, HupKkaxX. [lomimopdism reHa NAT2 Bu3Hauae MIBUAKHA,
MOMIPHHUH 1 TOBUTPHUMA THIK alETHIIOBaHHSA. 3 OAHOTO OOKy, reHotun mnoBiibHOrO NAT?2
aleTWIATOpa MOXKe OyTH Ba)KJIMBOIO JACTEPMIHAHTOIO PO3BUTKY Ta KJIIHIYHOrO mepediry HU3KU
3aXBOPIOBaHb (IIYKPOBOTO J1a0eTy, paKy CE4OBOI0 Mixypa TOIO). 3 iHIIOTO 00Ky, moiMopdizm
NAT?2 mae 3HaueHHs IJIs MBUAKOCTI 1HAKTHBAIIT 1 BIAMIOBITHO KOHIICHTPAIIli PI3HUX JIIKAPChKUX
npernapariB, BKIIOYAIOYH 130H1a311, KO-TPIMOKCA30JI, HOBOKaTHAMIJ| TOIIIO.

e nampukiami 1960-x pokiB Oyi0 BCTaHOBIEHO, 10 KOHIIEHTpALis 130HIa3UIy B KPOBI
TicJs BBEJCHHS OJTHAKOBOI 103U Y BEJIMKIHM Mipi 3a1€KUTh BiJ IBUIKOCTI HOTO alleTUITIOBAHHS B
MEYiHIll, B 3aJIGKHOCTI BiJ SKOi XBOPHUX PO3AULLIN HA «IIBUIKHX)», KIOMIPHHX)» 1 «ITOBUIBHUX
aneTwIATopiBy. Jlnsg  Bu3HAUeHHS (DEHOTHITy XBOPOMY BBOAWIIM  CTaHAAPTHY 103y
cynb(paHIIaMITHOTO Tpenapary 1 BHU3HAYaldM KUIBKICTh  AlETHJIFOBAHOTO  TOXITHOTO
cynbdaHiIamMiay B ceui uepe3 MeBHUM MPOMIXKOK yacy. Ha choroiHi TOBIJHUK JTIKapChKUX 3aC001B
VYkpainu «Kommnenaiym» iHbopMye, 110 MalI€HTIB MOAUISIOTh HA «TOBUIBHHUX» 1 «IIBUAKHX)
1HAKTUBATOpIB (ALIETUIATOPIB) 3a KUIBKICTIO BHUIUIEHOTO 13 CEYel0 AKTUBHOTO 130HIa3UIy
BITHOCHO TpuitHATOT 103u. Jlo mepmroi Kareropii BiZHOCSATH MAIi€HTIB, Y SKUX i3 Ceuero
BuniseTbest 1o 10% i3oHia3umy Ha 100y, 10 apyroi — monan 10% na no0y. [Ipu upomy, npu
IIbOMY TIEP10/T HAIBBUBEACHHS 130HIa3UTy B IJIa3Mi KPOBI1 IIPH IIBUIKOMY alleTHITFOBaHHI CKJIaa€e

0,5-1,6 rox., mpu noBimsHOMY - 2—4 rox (https://compendium.com.ua/dec/268200/76958/).

Ha nouarky 2000-x pokiB 10060Ba /1032 130HI1a3uaAy CTaHOBMIIA 5-15 MI/Kr Baru Ha 100y
(600-900 mr B cepeHBOMY), IO JTO3BOJISIIO ITHOPYBATH MCHOTHIT allETHIIIOBAHHS, OCKIJIBKH TaKa
no3a 3ale3nedyBajla JOCATHEHHS TEpaNeBTUYHOI KOHIIEHTpaLii 130HIa3UAy HE3aJeXHO BiJ
renotunny NAT2. Ane micns 3ampoBakeHHs B 2006 p. DOTS-crparerii JikyBaHHS 103y
130H1a3UTy CKOPOTHIH 10 4-6 Mr/KT Ha 100y (300-400 Mr B cepenapomy). JlmHaMiKa KOHIIEHTpaIlii
130HIa3ULy MPOTATOM MO00M CBITYHUTH MPO ICTOTHI BIAMIHHOCTI y JOCSTHEHHI TE€pareBTUYHOI

KOHIIeHTpallii 130H1a3uy 3rifgHo reHotuiry NAT2, o cBiIYMTh MPO BaXIIUBICTh MOJIIMOPQIZMY


https://compendium.com.ua/dec/268200/76958/

NAT2 nns 30epekeHHs TepaneBTUYHOI KOHLIEHTpallii 130Hia3uay B KpoBi mij yac jikyBaHHA Thb.
Hanpukian, y «mIBHAKMX aLETWISATOPIB» KOHLEHTpalis 130HIa3ugy 30epiraeTbcsi BUIIIE
PEKOMEH/IOBAaHOI MIHIMAJIbHOI TEpPaneBTHYHO! KOHIEHTpamii 1o 13 rom micias BBEIEHHSA
npenapary, y «IOBUIBHUX aleTWIATOPiB» — 10 18 ron micias BBEIEHHS CTAHAAPTHOI JIO3M.
Hocnimxenns, npoBeaeHi B Oneckbkiit 00macTi B 2014 poiii mokazaiu, 0 «IIBUAK] alleTUISTOPH

3rigHo renotuiry NAT-2*5,*6 cranoBiats 46% HaceneHHs, cepe]] XBOpUX Ha TyOepKyibo3 — 38%.

I3oHia3ug

NAT?2 rigpoais
rigpoJis
ALCTHITI30HI A3 INapazun [30HIKOTHHOBA KHCIIOTA
NAT
v A 4
MOHOALETHIIri Apa3uH Anerwiriapazux Kon rorartist 3 rminuHOM
NAT2
NAT2 CYP2E1
A\ 4 \ 4 .
. . . Exckpenis
Hianernnrigpazux AneTnnIia3uH KeTeH
(HMOBIPHO HETOKCHYHMIA) (iMoBipHO
TOKCHUYHUIA)
GSTM1

A 4

Eniminarist 3 opranizmy (IpUmymnieHHs)

Puc. 1. INimoteTnunmii MetabomiuHmii UK 130Hi1a3uay (3riqHo Geetha Ramachandran,

Soumya Swaminathan, 2012).

BonHouac y «IOBUIBHUX» alETHISATOPIB CIIOCTEPIraeThesl 301IBIIEHHS PU3UKY PO3BUTKY
reMaToTOKCUYHOCTI  (3pOCTaHHSA BMICTy OulipyOiHy, AaxkTHMBHOCTI MapKepiB IHUTONI3 —
ajaHiHaMiHOTpaHcdepasu 1 acmaprataMmiHOTpaHcdepasu, Tomo). Jas po3yMiHHS 3aJIeKHOCTI
TOKCUYHOCTI 130HIa3UJly B 3aJIeKHOCTI BiJl TE€HOTHMY/(PEHOTUITY allEeTUIIOBAHHS HEOOX1IHO
3BEpHYTHCH 710 cxeMa OioTpaHcdopmartii i3oHia3ugy (puc. 1).

[Mutoxpom P-4502E1 (ren CYP2E1) npuiimae yyacTb B YIIKOKEHHI KIITHH HUIIXOM

YTBOPCHHSI PEaKTHBHUX MPOAYKTIB OKUCHEHHS 1 Oepe ydacTh y MeTa0oJi3Mi aleToHy, OeH30Iy,



O€H30IipeHy, TeTPaxJIOPUCTOT0 BYIJIELIIO Ta IHIINUX CHOIYK. B pe3ynbraTi yTBOPIOIOTHCS IEPEKUC
BOJIHIO 1 BUIBHOPAAUKAIbHI TIEPOKCHI 1 TIAPOKCHII, 10 BUKIUKAE TOIIKOKEHHS OPTaHiB 1, EPII
3a BCe, MEYIHKU. 3MiHA KUIBKOCTI a00 aKTUBHOCTI ()€PMEHTY HPU3BOJAUTH 10 3MIHH PHU3UKY
MIOIIKOJKEHHS opraHizmMy. depMeHT 6epe ydacTh TaKOK y BUBEJICHHI 3 opranizmy N-HITpo3aMiHiB
TIOTIOHOBOTO UMY — KaHILIEPOTEHIB, sIKI TAKOX BUKIIUKAIOTh paK Ipyaei.

[30iHa3ma 1 Horo mMeTaboiTH MOXKYTh 30UTbiIyBaTH akTUBHICTE CYP2E1 y «mBuakux
MeTabomi3aTopiBy. 3 1HMIOrO OOKYy, Y XBOPHUX 3 TEHOTHIIOM «IIOMIPHHUX» 1 «IOBIIBHUX
MeTabomizaTopiB i30Hia3ua Moxe npurHidyBati aktuBHicTb CYP2EL. 3rizno puc. 1 CYP2EI
npuiiMae yd4acTb B YTBOPEHHI TOKCHYHOTO META0OMITY 130HIa3UIy, a TAWKOX WMOBIPHO 1HIIMX
renatoTokcuHiB. Tomy HasBHICTh TeHoturnmy CYP2E1*DD («mBuaki wmeTaboii3aTopu»)
aCOIIIOETBC Y XBOpPUX Ha TYyOEpKynb03 3 OUIBII BHCOKHM PH3HKOM PO3BUTKOM
TeMaTOTOKCUYHOCTI, HIDK TpH HAasABHOCTI BapiaHTHUX TeHoTumniB - *CD («momipHuX
MeTtabomizatopiBy), *CC («moBUIbHUX MeTabomi3aTopiBy). JociimkenHs, nposeaeHi B OnechbKiit
obmacti B 2014 pormi mokaszanu, 1o «mBHIKI Metabomizatopw» 3rigHo TreHotuny CYP2E1L
CTaHOBIATH 82% HacelleHHs, cepel] XBOpUX Ha TyOepKynbo3 — 89%.

Layrartion-S-tpancgepasu (GST) € rpynoro (epMeHTiB, MmO MpPUEMAIOTh y4acTb B
JETOKCHKAIlll KaHIEPOTCHIB, TOKCHYHMX pPEUOBHMH Ta JIKapChKUX 3aco0iB. [myraTioH-S-
TpaHcdepazu 3abe3nedye KOH IOralilo TIyTaTioHy 3 cyOcTpatom. lle crnpuse BHBEIEHHIO
KCeH0010THKY 3 opraHi3my. 3arajgom pepmerTr GST KOMyrOThCS MOHANMEHTIIIE 1T’ IThMa PI3HUMHU
ninsakamu JIHK, 3 urcna skux GSTM1 1 GSTT1 nmo’BsizaHi 3 renaTOTOKCHUHICTIO. JlocmiIKeHH S,
npoBeneHi B Oneckkiii o6macti B 2014 porii mokaszanu, Mo «IIBHIKI METaboIi3aTOpU» 3TiTHO
reHotunry GSTM1 1 GSTT1 cranoBnats 50% i 81% nacenenns Bianosiano (Ocramuyk K.B. Ta iH.,
2015). ®epmentu GST BigirparoTh BaXIMBY PoJib Y MeTa00i3Mi i30Hia3uay. [yTaTioH 3B s13ye
BUIbHI paJMKaJd BHYTPIIIHBOKIITUHO ILUISIXOM KOH’IOramii 3 TOKCHYHUMH MeTaloniTaMu
i3oniazuay. 3HmwkenHs: aktuBHOCTI GST 3a ymoB renotuny del GSTM1, del GSTT1 («moBinbHI
MeTa0o0I1i3aTopu») MOKe 301IbIIYBaTH PHU3UK YPAXXCHHS IEYIHKH, B TOMY YHCII PO3BUTKY
xponiuHoro rematuty C. BeraHoBiaeHo HeratuBHuii BiinB renotumy del GSTM1, del GSTT1
(«moBUTBHI  META0OJII3aTOPU») Y XBOPUX Ha TYOEpKyJab03 Ha TPOLECH JCTOKCHKAIi 1
HAaKONMYEHHA METa0oJITIB B OpraHi3Mi, 110 CIHPUYMHSAE PO3BUTOK TOKCUYHMX 1 aJepridyHHUX
peakuiii. ¥ xBopux Ha jereHeBuil Tyoepkynapo3 renorunu del GSTM1, del GSTT1 («moBinbHi
MeTa0oJ1i3aTOpH») aCOLIIOITHCA 3 PO3JIaJlaMU €KCKPETOPHOI (YHKIT HHMPOK IiJ] BILUIUBOM
npoTUTYOepKyIho3HUX mpenapatiB. Y 100% xBopux 3 neneunieto rena GSTT1lgene mopymieHHs
€KCKpeTOopHO1 (PyHKIIIT HUPOK (IKCYETHCS Ha AOrociiTaibHOMY eTami JikyBaHHs (baxopa FO.1. ta

in., 2011).



Marnilo cynepokcua aucmyTasa. Binomo, 1o HpoAyKTH NEPEKUCHOTO OKUCIECHHS
miniaiB (ITOJI) MaroTh renaToTOKCUUHY Jit0. @EepMEHT MarHiio CynepoKCUa TMCMyTa3a 3HUKYE B
MiToxoHApiax piBeHb npoaykTiB ITOJI. TlosBa myrtanoi anemi C reHa MarHilo CYHNEpOKCH]
mucmytaza (SOD) BiApI3HSIOTBCS BHIIMM PH3MKOM TEHNAaTOTOKCHYHOCTI  3aCTOCYBaHHS
IPOTUTYOEPKYIHO3HUX 3ac00iB. MIMOBIpHO 1€ TI0B’A3aHO 3 TIOSIBOIO aMiHOKMCIIOTH BaJiHY, SKHi
301IbIIIyEe YTBOPEHHSI TOKCHUYHOIO IEPEKHMCHOTO BOJHIO, IO B CBOK 4Epry MPHU3BOIAUTH [0
renaToTOKCHUYHOCTI.

Pudamninus, skuil € BaXIUBUM HPOTUTYOEPKYIBO3HUM IpenapaToM IMEpLIOro psay, €
cyOCTpaTOM MeNnTHAiB, 0 TPAHCHOPTYIOTH opraHiyHumii amion (Oorganic anion transporter
peptides, OATP) ta P-rmikonporeiny. TpaHCHOPTHI MENTHIX OPraHiYHOrO aHIOHY BiIIirparTh
BaYKJIMBY POJIb Y TPAHCIIOPTI Ta pO3MILIEHH] JIIKAPCHKUX PEYOBHH B OpraHi3Mi JIOJUHU. Binomo,
IO TEeHOTHIN TeNTHAIB, IO TPaHCHOPTYIOTh opraniyamidi anioH, SLCO1B1 463CA
XapaKTepU3y€eThCSl HULIMM BMICTOM pH(aMIinuHy B KpoBi, Hix npu reHotuni SLCOIBI 463CC.
[TamienTn 3 reHoTunioM momipHoi 1 moBinbHOI akTHBHOCTI SLCO1B1 rs4149032 Biapi3HAIOTHCS
3HIKEHOI OlogoctynHicTiO pudammninuny Ha 20% 1 28% BITHOCHO 1HAWBIMIB 3 TEHOTHUIIOM
BHCOKOI aKTUBHOCTi. TOMy 3a HasiBHOCTI T€HOTHITY MoMipHOi i moBinbHOT akTrBHOCTI SLCO1B1

HEOOX1THO 30UIBIINTH 103y pUDaAMITIIUHY.

Cynbdaninamigai npenapaté (KO-TPUMOKCA30J1, cyJbdacaaazuH) MeTabomi3ylOThCs B
neuvinii 3a yuacTio depmenty (NAT2). YV HOCIiB T'€HOTHIy «IOBJIIBHUX METa00J1i3aTOPIBY

HMOBIpHE 3pOCTaHHS KOHIICHTpAIIii TpenapaToB i BIAMOBIAHO 301JIbIIEHHS X TOKCUYHOCTI.

AHTHpETpOBipyCHHI mpemapaT — abakaBip — mpu HasBHOCTI amemtro HLA-B*57:01
30UTBIIYETHCS] PU3HK BUHUKHEHHS aJIEPT1YHUX PEaKIlii, TOMy B TAKOMY BUIIQJKy abakaBip HE CIIiJ
BUKOPUCTOBYBAaTH. BBelIeHHS IHIIOrO aHTUPETPOBIPYCHOTO TMpemapary — edaBipeHsy y
«TOBUTBHUX METa0O0i3aTOPIB» CYMPOBOKYETbCA IIIBULICHHSAM KOHIEHTpamii B KpoBi i

3pocTaHHIM pU3UKY N00IuHuX edekTiB (momgoBxkenns QT iHTepBay).

@epment TiomypuH S-mMermarpaHcepasza (TPMT) karamizye peakuito  S-
MetuaipyBanHsa. Ile  ocHOBHMH  muIix — MeTabosi3My  €(QEeKTHBHICTh  IIMTOCTATHKIB
(MepkanTonypuHy, asaTiomypuHy 1 TioryaHiHy). Xoda Husbka edextuBHictb TPMT
YCIIAJKOBYEThS TI0 ayTOCOMHO-PELIECHBHOMY THITY, IiJBUIIEHA YYTJIMBICTH 10 TiONMypHHAM
BiJI3HAYAETHCSI HE TUIBKH y TOMO3HUTOT («IIOBUTHHI MeTaboi3aTopu», ale 1 y TeTepO3UroT
(«momipHi MeTabomizatopu»). Bimomo 8 pi3HHMX aneniB, 1m0 KOAYIOTh (PEPMEHT 3 HHU3BKOIO
AKTHBHICTIO, IO TPHU3BOIAUTH JI0 TMOPYIIEHHS METa0oJi3My MPOTUITYXJIMHHUX 3aco0iB. 3a

HAsBHOCTI TaKMX aJelliB HEOOXiTHO 3HU3UTH CTAaHIAPTHY A03Y IUTOCTAaTHKA B 2-4 pa3u, OCKIIBKH



3Ha4YHO 3pOCTa€ TOKCHYHITH (iMyHocympecis). IlommpeHicTe rOMO3UTOT 3a BCiMa aJelbHUMHU
BapuaHTamu reny TPMT cepen memkanuiB €sponu 1 Adpuxu cknanae 4-5%. besneuni go3u
MEpKalTONypUHY JJIs Talll€HTOB TOMO3MIOT 3a MYyTaHTHUM aneiasiM B 10-15 pa3 Huxue
CepeAHbOTEPANEBTUYHUX /103, CEpell TeTepo3uror — B 2-4 pasu. Jlns 3abe3neueHHs Oe3neku
ximioTepamnii MepKanTomypuHoM (TocTpuii niMQoOmacTHUN Jeiiko3, TiM(poMH) HEOOXiTHO
npoBoautu (peHoturmyBanHs (aktuBHiCTh TPMT B epurpommrax) ab0 TeHOTHITYBaHHS IIIOJ0
MytaHTHUX BapiaHTiB reHy TPMT. B kiinikax €Bponu 1 CIIHA onHa 3 nux npouenyp TUIIYBaHHS
€ 00O0B’SI3KOBUM Iepe]l TMOYaTKOM JIiKyBaHHA. 3rigHO pekomenaamiii FDA mnpu HasBHOCTI
TCHOTHITY «IMOBUIbHUX MeTtabomizaTopiBy (TPMT i/a6o NUDT15 reH) HEoOXiAHO 3aMiHUTH
a3aTIONPWH IHIIMM TIpenapaToM; TPH HASBHOCTI «ITOMIPHHUX MeTa0o0Ii3aTopiB» HEO0OXiTHO
3HM3UTH A03Yy npenapary. [lpu BUKOpHCTaHHI MepKanTOMypPHHY a00 TioryaHiHy 1 HasiBHOCTI
TeHOTHUIY «MOBUIbHUX MeTabomizaTopiB» (TPMT i/a6o NUDT15 ren) HeoOXiqHO 3HH3HUTH 03y
npernapary, OCKUIbKA XBOpl MOXyTh nepeHectu jauie 10% Bix 3BuuaiiHOl 103u a00 MeHIIe; Yy
«IOMIPHUX METa00J113aTOPIB» - HEOOX1AHO 3HAYHO 3HU3UTH 7103y BIAMOBIIHO J0 MEPEHOCUMOCTI.
Huriaponipumianu aeriaporenasa (I, DPYD). ®izionoriuna ¢yHkiis GepMeHTy
JIIAT — BigHOBNEeHHA ypaumiy i TuMiguay. Kpim Toro, A" € ocHOBHUM (hepMeHTOM, SIKHiA
MeTtabomizye (Gropypanui. Dropypanmi OIMPOKO 3aCTOCOBYETHCS y CKIaAl KOMOIHOBaHOI
ximioTepamii paky MOJIOYHOI 3aJ703H, S€YHUKIB, CTPABOX0/Ia, IUTYHKA, TOJICTOI 1 MPSAMOI KHILIKH,
MEYIHKM, IIMHKKM MaTKH, CEYOBOTO MiXypa, MEpeaMiXypoBOI 3ajlo3d, IYXJIMH TOJIOBH, Ui,
CIIMHHUX 3aJI03, HAJHUPHUKIB, MiINUTYHKOBOi 3amo3u. 3 cepeauHu 80-X pPOKIB 3SIBHIINCH
MIOB1IOMJICHHS TIPO Ba)KKi YCKJIaJHEHHs, sIKI BUHUKAIOTh NPU 3aCTOCYBaHHI (TOpypauluity Hpu
Hu3bkiit aktuBHocTi JIIJAI'. Huspka aktuBHicte JIIJIIT ycmamkoByeTbcs 3a ayTOCOMHO-
pelieCUBHOMY THUITY (TOOTO, 1 Y «IOBUIBHHUXY», 1 y «IIOMIpHUX MeTa00J1i3aTOPiBY»). Y MAlI€HTIB 3
Hu3bKOI0 akTuBHICTIO AITJII" Bim3HavaeThCsl MOBIIMI TIEP10/] HAMIBBUBEICHHS (TOpypamuia - 10
160 xB, ipu HOpMI - 8-22 xB. IcHye UiTKa 3aKOHOMIPHICTh: UM HIk4a aktuBHICTh AT/, TrM
Baxkui 0O14HI epeKTH (HEMPOTOKCHUUHICTh, KapIOTOKCUYHICTh) (PTOPYpaLlMITy 1 HaBITh (aTajbHi
Haciaku. ['eHeTHYHI JOCTIIPKEHHS JO3BOIMIIA BUSBUTH HU3KY MyTalliii reny DPYD, skuii koaye
JaHWK O1710K, IO BIJATOBIJAIOTH 32 3HIKEHY aKTHUBHICTh IILOTO ()EPMEHTY 1 3a IIiJIBHILNCHY
YyTIUBICTH 10 (Topypanmity. ToMy Ha CHOTO/IHI PEKOMEHIYEThCS BIPOBAJAUTH T€HOTUITYBAaHHS
DPYD B reHeTHMYHYy TMTpaKTUKy 1 TpUd BHUSABICHHI TEHOTUILY «IIOMiIpHUX/TIOBUIEHUX
MeTa00113aTopiB» HMOBIPHO Kpallle 3aMIHUTH NpenapaT Ha 1HIIU.
YA®-rawkyponintpanchepasa (UGT). [mokypoHipyBaHHS € HalOUIBIIT BaXKIIMBOIO
peakiero Il pa3zu merabomizmy nikiB. [{o mkapcekux 3aco0iB nmpueanyetbes YD 3a paxyHOK
Kartaniizy 10 gonoMoror gepmenti Y Id-raokypoHinTpaHcdepas, M0 BKIIOYAIOTh 1Bl POJUHH

1 moHaz 20 i3o¢epmenTiB. BoHM KaTani3yroTh BeUMKY KUIBKICTB JIiKiB (MOpQiH, XJI0pamM(peHikom,



napaneTamol ToIlo), iX MeTaboiTiB, TOPMOHIB, KaHueporeHiB. Dizionoriuxoro ¢pyHkuiero UGT e
TIIIOKYPYHIPYBaHHS €HIOTCHHUX CIIOJYK (HAIPUKIIa[, OLtipyOiny). [TI0OKypOHipyBaHHS 3a3HAIOTh
JIKapchKli 3aco0u 3 HACTymHUX Trpymn: ¢eHonu (mporodod, mapameramoi); aJKoroi
(xmopamenikon, KoneiH, okcazenam); adipatuuHi amiHM (JAMOTPUIKUH, AMITPUOTUIIIH);
KapOoHOBI kucIOTH ((PeHindyTa3oH TOII0); KapOOKCUIBHI KHCIOTH (HAIPOKCEH, KETOMPOodeH).
CnankoBe TOPYIICHHS TJIFOKYPOHIpYBaHHsS OiMipyOiHY CIOCTEpITAEThCA MPU  CHHIAPOMI
Kwunpoepa. Myramii B reni UGT1 npmsBoasite no cuatesy UGT 3 aktuBHicTIO Ha 25-30%
MEHBIIIH TOPIBHAHO 3 HOPMOIO, TOMY y XBOpHX 3 CHHIpoMoM JKmibOepa crocTepiraerbces
3HIKEHHS KJIIpEHCY ToN0yTaMily, mapaleraMmoiy, pudamminuny. [Hm renetudsi noximMopdizmu
TeHiB, O KoAyTh pizHi 130¢ompu UGT, BrumBaroTh Ha GpapMaKOKIHETHKY 1 (hapMaKOIUHAMIKY
nopazenamy, MopdiHy, KapBeOWIONy Ta I1HIIMX 3aco0iB. JlochimkeHHs moiiMopdizMy TEeHY
UGT1A1 no3Boneno B CHIA st Kopekiii Teparii ipdHOTeKaHOM.

[lpu BBeneHHI MPOTHIYXJIMHHOTO Npenapary ipMHOTEKAHA y XBOPUX 3 TE€HOTUIIOM
UGT1A1*28/*28 («moBigbHI MeTabOIi3aTOpU») CIOCTEPIra€Thes 301IBIICHHS KOHIEHTPAIIil
aKTUBHUX METAO0OJITIB B KPOBI 1 3pOCTaHHSA PU3UKY NMOOIYHUX €(EKTIB B HACIIIOK TIUOOKOT
HelTponeHii. B TakoMy BUMAIKy pO3IIIAJAETHCS MUTAHHS MPO 3MEHIIECHHS MMOYaTKOBOI JO3H 3
HACTYIMHHUM HOCTYIOBUM 301UIBIIEHHSM 3T1AHO 1HIUBIAYaIbHOI IEPEHOCHMOCTI.

BBeneHHs1  iMyHOCYNpeCaHTY TAaKpPOJIMyCy Y  «IOMIPHMX» | «IIBHIKHX
MeTabotizaTopiB» 3rifHo reHoruny CYP3AS5 mnpus3BoauTh 10 3HWKEHHS KOHIICHTpAIlil
npernapary B KpOBi Ta 3HIKEHHS €()EeKTUBHOCTI mpenapaty. ToMy peKOMEHAYEThCSI BUMIPIOBAHHS
KOHIIEHTpAIIii B KPOBI 1 BiATIOBITHA KOPEKIIisl 1031 TIpenapary.

IpoTunyXJIMHHMIA | AaHTHECTPOreHHUH npenapar TaMokcuden MeTadoIi3yeThCs 32
yuactio ¢epmenty CYP2D6. Ilpu HasBHOCTI TEHOTHILYy <«IIOMIPHHUX» a00 <«IOBUIBHHUX
MeTaboJ113aTOP1B» CIIOCTEPIraeThCS 3HKEHHS KOLEHTpaLlli akTUBHOIO METa00JIITY B KPOBI, OJTHAK

KJIIHIYHE 3HAYEHHS I[LOTO SBHIIA 3aTUIIAETHCS HE3PO3YMIINM.



ITo6iuni peakuii, 10 3a1eKaTh Bil reHeTHYHOr0 nojaiMmopgdizmy

Ha cporomni Banocst onucaTi HU3KY CHAJAKOBHUX AePEeKTiB MeTabomi3My, sKi BeAyTh A0
MEJIUKaMEHTO3HUX 1110CMHKpa3iii (aHOMaJdbHUI peakiiii Ha mpemnapaTr, MO € TEeHETUYHO
oOyMoBIIeHUMH). MoBa ¥e Tpo BPOKEHY HEIOCTAaTHICTh MEBHHX (EPMEHTIB: TIIFOK030-6-
docdataerizporenasu, OyTUpUIXOTiHECTEpaA3H, KaTana3u TOIIO.

I'eneTnuHuii noximopdizm riaroko3o-6-gocharaerinporenazn (I'-6-®J1). [Ipuuunoro
3MiH (hapMaKoJMHAMIKH JIIKAapChKUX 3aco0iB MOXyTh OyTH MyTallii TeHIB (QEpMEHTIB, IO
BIJIOBIAAIOTH 32 3aXMCT BiJ OKUCIIEHHS CYJIb(riApUIbHUX TPYI OUIKIB KIITHHHUX MeMOpaH mij
JE€0 ACSIKUX JIIKApChKUX 3ac00iB, 30KpeMa TIoK030-6-pocharnerinporenasu (I'-6-dJI). Ilpu
IOMY y HOCIiB MOAI0HUX MyTamiii y 3B’ 513Ky 3 Aedinutom I'-6-O /] BUHUKAE reMOITi3 EPUTPOLIUTIB
MpU  3aCTOCYBaHHI HHU3KM JIIKAPCBKUX 3aco0iB JIIKApChKUX 3aco0iB, 30KpeMa IOXiJHi
cynbdaninamiais, HiTpodgypaHiB. 3a IEBHUX YMOB IeéMOJIi3 €pPUTPOILIMTIB MOKE BUHUKATHU 1 MPHU
MPU3HAYCHHI acMipuHy, XJOPOXiHy, yHiTiomy Tomo. [-6-®JI mnpuiiMae y mepeTBOpEHHI
OKHCJICHOTO TJIYyTaTioHy Yy BigHOBiIeHY (opMmy. BinHOBieHuil riayTaTioH € aKTUBHUA
AQHTUOKCHUJIAHTOM, SIKMH 3axuIae OUIKM KIITHHHHUX MeMOpaH BiJll OKucIeHHs. IlommpeHicTb
HegoctatHocTi ['-6-DJ] cranoButsh 1-15%; cepen MemkaHiiB €Bpory 3yCTpidya€eThCs BKpa piaKo.

Bytupunaxoainecrepaza. @isionoriuna ¢QyHKmis OyTHpHIXOJiHECTEpa3u — TiAPOII3
anetunxoniny. Kpim  Toro, OyTupwixoliHecTepa3a  Karaji3ye  peakiiio  TiApoiizy
JIETIONISIPU3YIOUOT0 MIOpENIaKCaHTy CYKUMHUIXOMIHY (JUTHUIIIH, cyKcaMmeToHii). CyKUMHUIXOMIH
LIMPOKO 3aCTOCOBYIOTHCS B aHecTe31oiorii. 3 noyatky 50-X pokiB 3’BUJINCH MOB1IOMIIEHHS PO
MIJBULICHY YYTJIMUBICTb JI0 CYKIHMHUIXOJIHY, $Ka OOyMOBJ€Ha 3HU)KEHOIO aKTHUBHICTIO
OyTHUPHIXOJIIHECTEpa3H 1 CYIPOBOKYBAIACh TPHUBAJIOK 3YMUHKOIO TUXAaHHS (armHoe) — ABi 1
OlpIIe TOAMHM 3aMiCTh S5 XB. ['e€HETHUHI JOCHIKEHHS BHSBWIM HU3KY MYyTalliii reHy
oyrupunxominecrepasu (BCHE). IligBuinena 4yTiuBiCTh 0 CYKIUHIIXOMIHY CIIOCTEPIra€Thes
TUIBKA Yy TOMO3UIOT («IIOBUIBHUX MeTaboizaTopiB»). [lommupeHicTh TOMO3UIOT cepen
eBporelicbkux Kpaid craHoBuTh 1:3000; wacToTa reTepo3urot u roMo3uroT pazom - 1:2500.

@deHoTUNyBaHHS OyTUPWIXOJiHECTEpa3u s BU3HAYEHHS ii 3HIKEHOI aKTUBHOCTI
peatizyeThes 3a JOMOMOT00, TaK 3BaHOI0 AMOYKaiHOBOI'O TECTY, 1110 3aCHOBAHO HAa MPUTHIYEHHI1
aKTHUBHOCTI OYTHPWIXOJIHECTEpa3u IUOyKaiHOM B CTaHIAApPTHHX YMoOBax. Pe3ymprar TecTy
MIPEICTABISAETHCS Y BUIIISAAL «AMOYKaiHOBOTO UHCIay, SIKE € CTYIIEHEM NMPUTHIYEHHS (EPMEHTY,
BUPaXXEHE Y BIJCOTKaX: y TOMO3HMIOT 3 HOPMAaJbHOIO AKTUBHICTIO OYTHPMIIXOJiHECTEepas3H
nulOykaiHoBoe uucio nopiBHioe 80%; y «momMipHuX MeTtaboumizatopiB — 60%, y «IOBUIBHUX
MeTtabomizaropiB» - 20%. BrnpoBapkeHHSI TeHOTHITYBaHHsS OYTHPWIXOJIHECTEPA3u B KIIHIYHY

MPAKTUKY JTO3BOJUTH OUIBII TOYHO BUSBIATH OCI0 3 MIJBUINEHOI YYTIMBICTIO 1 3a0€3MEUNTH



BUCOKY Oe3neKy 3acTocyBaHHs CyKIMHIIXoNiHy. FDA pexkomeHIye yHUKaTH BUKOPUCTAHHS
CYKIIMHITIXOJIIHY Y «MTOBITLHUX MEeTa00113aTOPiB» a00 BBECTH CIIOYATKY TECTOBY J103Y JIJISl OLIHKH
YYTJIIMBOCTI JI0 CYKIIUHUIXOJIIHY.

AHasoriyHa 3aKOHOMIPHICTb IOKa3aHa JJs 1HIIOrO MiopejakcaHta MiBakypiyma. Y
«IOMIpHUX» 1 «mOBUIbHUX MeTabomizaropiB» (BCHE) cmocrepiraerhcst BHIlla KOHIICHTpAILLiS
MiBaKypiymMa 1 BHUIIUH pU3UK T0OIYHMX edeKTiB (TpuBaja HeHpoMs3oBa OJoKaaa), TOMY
MIBaKypiyM He CJIiJl BUKOPUCTOBYBATH Y «IIOBIJIbHUX METa00I13aTOPIBY.

AHTaroHiTu MiBaKypiyMa — aHTHUXOJIIHECTEepa3Hi 3acO0M Taki, sIK TaJaHTaMiH 1 JOHENe3uI
— MetabonizytoTbes B meuiHui (epmenrom CYP2D6. HasBHicTb Te€HOTHITY <«IOBUIBHUX
MeTaboumizatopiB» 1 «HaamBuAKuX MeTabdomizatopiey (CYP2D6) Moke CympoBOIKYBAaTHCH
3MIHOIO KOHLIEHTpAllii penapaTty B KpoBi 1 MOTpeOyBaTH 1HANBIAAIBHOTO M1A00pYy 103H.

Iopgipisn — mopymeHHs, Mo MOB'sI3aHE 3 MOPYIIEHHSIM CHHTE3y MOpdipuHy, SKHH €
CKJIaJIOBOIO YaCTUHOIO TeMy reMorsiobiny. Lle mopymeHHs noB's3ane 3 HaJJIMIIKOBUM BMICTOM Y
KJIITUHAX TMEYiHKU TaKoro (epMEeHTY, SIK CHHTETa3a aMiHOJIEBYJICHOBOI KUCIOTH. 3aXBOPIOBAHHS
MIPOSIBIISIETHCS TIPUCTYIIAMHU KUIITKOBO1 KOJIIKH, MOJIHEBPUTAMH, MapajidaMu M's31B, ICUXIYHUMH
po3nagaMu, eMiJIeNTHYHUMH HamaJaMd Ta iH. 3aroCTpeHHs 3aXBOPIOBAHHS MPOBOKYETHCS
bapoimypamamu, a TaKOX cyabpanitamionumu npenapamamu, ecmpozenamu (y TOMY YHCII
TUMH, SKI MICTATBCS Y TPOTH3AIUIIAHUX 3ac00ax), Onokamopamu Kauibyiegux KaHaiis,
ouxnoghenaxom, AllD incibimopamu, MpUYUKTIYHUMU AHMUOENpecaHmamu Ta JIESIKUMH
mpankeinizamopamu. 1li mpemapatd MACWIIOIOTH YTBOPEHHS 0-aMiHOJIEBYJICHOBOI KHCIIOTH.
IMOBipHiCTh 3acToCyBaHHS 0apOiTypaTiB Ta TPAHKBLII3AaTOPIB Y BHUIAIKY XBOPHX MOpQipisiMu
JIOCUTh BUCOKA, TOMY IO Yy IUX JIIOAEH JOCHTh YacTO CIIOCTEPIraroThCsl NCUXIYHI PO3JIaAH Ta

enUISIITUYHI HAIlaau.

DRUGS USED FOR FOCAL (PARTIAL ONSET) SEIZURES

Carbamazepine is a prototype of the antiseizure drugs primarily used in the treatment of
focal onset seizures. In addition to being effective in the treatment of focal seizures, carbamazepine
is indicated for the treatment of tonic-clonic (grand mal) seizures. This indication derives from
studies in patients whose focal onset seizures progressed to bilateral tonic-clonic seizures
(previously called “secondarily generalized tonic-clonic seizures”). Drugs like carbamazepine
exacerbate certain seizure types in idiopathic generalized epilepsies, including myoclonic and
absence seizures, and are generally avoided in patients with such a diagnosis. There is evidence
from anecdotal reports and small studies indicating that carbamazepine, phenytoin, and lacosamide
may be effective and safe in the treatment of generalized tonic-clonic seizures in idiopathic
generalized epilepsies. The most popular drugs for the treatment of focal seizures are
carbamazepine, lamotrigine, phenytoin, and lacosamide; levetiracetam is also commonly used.



Phenobarbital is useful if cost is an issue. Vigabatrin and felbamate are third-line drugs because of
risk of toxicity.

Carbamazepine is one of the most widely used antiseizure drugs despite its limited range
of activity as a treatment for focal (partial onset) and focal-to-bilateral tonic-clonic seizures. It was
initially marketed for the treatment of trigeminal neuralgia, for which it is highly effective; it is
usually the drug of first choice for this condition. In addition, carbamazepine is a mood stabilizer
used to treat bipolar disorder. The structure of carbamazepine is similar to that of tricyclic
antidepressants such as imipramine, but unlike the tricyclic antidepressants, carbamazepine does
not inhibit monoamine (serotonin and norepinephrine) transporters with high affinity; therefore,
carbamazepine is not used as an antidepressant despite its ability to treat bipolar disorder.

Carbamazepine is a prototypical sodium channel-blocking antiseizure drug that is thought
to protect against seizures by interacting with the voltage-gated sodium channels (Navl)
responsible for the rising phase of neuronal action potentials (see Chapters 14 and 21). In the
normal state, when neurons are depolarized to action potential threshold, the sodium channel
protein senses the depolarization and, within a few hundred microseconds, undergoes a
conformational change (gating) that converts the channel from its closed (resting) nonconducting
state to the open conducting state that permits sodium flux (Figure 24-2). Then, within less than a
millisecond, the channel enters the inactivated state, terminating the flow of sodium ions. The
channel must then be repolarized before it can be activated again by a subsequent depolarization.
Brain sodium channels can rapidly cycle through the resting, open, and inactivated states, allowing
neurons to fire high-frequency trains of action potentials.

Carbamazepine and other sodium channel-blocking antiseizure drugs such as phenytoin
and lamotrigine bind preferentially to the channel when it is in the inactivated state, causing it to
be stabilized in this state. During high-frequency firing, sodium channels cycle rapidly through the
inactivated state, allowing the block to accumulate. This leads to a characteristic use-dependent
blocking action in which high-frequency trains of action potentials are more effectively inhibited
than are either individual action potentials or the firing at low frequencies (see Chapter 14, Figures
14-9 and 14-10). In addition, sodium channel-blocking antiseizure drugs exhibit a voltage
dependence to their blocking action because a greater fraction of sodium channels exist in the
inactivated state at depolarized potentials. Thus, action potentials, which are superimposed on a
depolarized plateau potential as characteristically occurs with seizures, are effectively inhibited.
The use dependence and voltage dependence of the blocking action of drugs like carbamazepine
provide the ability to preferentially inhibit action potentials during seizure discharges and to less
effectively interfere with ordinary ongoing action potential firing (Figure 24-3). Such action is
thought to allow such drugs to prevent the occurrence of seizures without causing unacceptable
neurologic impairment. It is noteworthy that sodium channel-blocking antiseizure agents act
mainly on action potential firing; the drugs do not directly alter excitatory or inhibitory synaptic
responses. However, the effect on action potentials translates into reduced transmitter output at
synapses.

Clinical Uses

Carbamazepine is effective for the treatment of focal and focal-to-bilateral tonic-clonic
seizures. As noted earlier, there is anecdotal evidence that carbamazepine may be effective in the
treatment of generalized tonic-clonic seizures in idiopathic generalized epilepsies but must be used
with caution as it can exacerbate absence and myoclonic seizures. Carbamazepine is also effective
for the treatment of trigeminal and glossopharyngeal neuralgia, and mania in bipolar disorder.



Pharmacokinetics

Carbamazepine has nearly 100% oral bioavailability, but the rate of absorption varies
widely among patients. Peak levels are usually achieved 6-8 hours after administration. Slowing
absorption by giving the drug after meals causes a reduction in peak levels and helps the patient
tolerate larger total daily doses. Extended-release formulations may also decrease the incidence of
adverse effects. Distribution is slow, and the volume of distribution is approximately 1 L/kg.
Plasma protein binding is approximately 70%. Carbamazepine has a very low systemic clearance
of approximately 1 L/kg/d at the start of therapy. The drug has a notable ability to induce its own
metabolism, often causing serum concentrations to fall after a few weeks of treatment. Typically,
the half-life of 36 hours observed in subjects after an initial single dose decreases to as little as 8—
12 hours in subjects receiving continuous therapy. Considerable dosage adjustments are thus to be
expected during the first weeks of therapy. Carbamazepine is metabolized in the liver, and only
about 5% of the drug is excreted unchanged. The major route of metabolism is conversion to
carbamazepine-10,11-epoxide, which has been shown to have antiseizure activity. This reaction is
primarily catalyzed by CYP3A4, although CYP2C8 also plays a role and CYP3A5 may be
involved. The contribution of this and other metabolites to the clinical activity of carbamazepine
is unknown.

Dosage Recommendations & Therapeutic Levels

Carbamazepine is available in oral forms (tablets and suspensions), and an intravenous
formulation is available for temporary replacement of oral therapy. The drug is effective in
children, in whom a dosage of 15-25 mg/kg/d is appropriate. In adults, the typical daily
maintenance dose is 800-1200 mg/d, and the maximum recommended dose is 1600 mg/d, but
rarely patients have required doses up to 2400 mg/d. Higher dosage is achieved by giving multiple
divided doses daily. Extended-release preparations permit twice-daily dosing for most patients. In
patients in whom the blood is drawn just before the morning dose (trough level), therapeutic
concentrations are usually 4-8 mcg/mL. Although many patients complain of diplopia at drug
levels above 7 mcg/mL, others can tolerate levels above 10 mcg/mL, especially with monotherapy.
Drug initiation should be slow, with gradual increases in dose.

Drug Interactions

Carbamazepine stimulates the transcriptional up-regulation of CYP3A4 and CYP2B6. This
autoinduction leads not only to a reduction in steady-state carbamazepine concentrations but also
to an increased rate of metabolism of concomitant antiseizure drugs including primidone,
phenytoin, ethosuximide, valproic acid, and clonazepam. Some antiseizure drugs such as valproic
acid may inhibit carbamazepine clearance and increase steady-state carbamazepine blood levels.
Other antiseizure drugs, notably phenytoin and phenobarbital, may decrease steady-state
concentrations of carbamazepine through enzyme induction. These interactions may require
dosing changes. No clinically significant proteinbinding interactions have been reported.

Adverse Effects

Carbamazepine may cause dose-dependent mild gastrointestinal discomfort, dizziness,
blurred vision, diplopia, or ataxia; sedation occurs only at high doses, and rarely, weight gain can
occur. The diplopia often occurs first and may last less than an hour during a particular time of
day. Rearrangement of the divided daily dose can often remedy this complaint. A benign
leukopenia occurs in many patients, but there is usually no need for intervention unless neutrophil
count falls below 1000/mm3. Rash and hyponatremia are the most common reasons for
discontinuation. StevensJohnson syndrome is rare, but the risk is significantly higher in patients



with the HLA-B*1502 allele. The variant allele HLA-B*15:02 is strongly associated with greater
risk of Stevens-Johnson syndrome (SJS) and toxic epidermal necrolysis (TEN) in patients treated
with carbamazepine or oxcarbazepine. According to Pharm KGB ? The variant allele HLA-
A*31:01 is associated with greater risk of maculopapular exanthema, drug reaction with
eosinophilia and systemic symptoms, and SJS/TEN in patients treated with carbamazepine. We
summarize evidence from the published literature supporting these associations and provide
recommendations for carbamazepine and oxcarbazepine use based on HLA genotypes. The FDA-
approved label for carbamazepine states screening of patients with ancestry in genetically at-risk
populations (patients of Asian descent) for the presence of the HLA-B*1502 allele should be
carried out prior to treatment due to a high risk of serious and something fatal dermatologic
reactions. It also notes that a moderate association has been found between HLA-A*3101 and the
risk of developing hypersensitivity reactions to carbamazepine, though it does not mention testing
for this allele.

PHENYTOIN

Phenytoin, first identified to have antiseizure activity in 1938, is the oldest nonsedating
drug used in the treatment of epilepsy. It is prescribed for the prevention of focal seizures and
generalized tonic-clonic seizures and for the acute treatment of status epilepticus. Phenytoin was
identified by testing in laboratory animals in a search for better tolerated barbiturates.

With intravenous administration, there is a risk of the potentially serious “purple glove
syndrome” in which a purplish-black discoloration accompanied by edema and pain occurs distal
to the site of injection. Fosphenytoin is a water-soluble prodrug of phenytoin that may have a lower
incidence of purple glove syndrome. This phosphate ester compound is rapidly converted to
phenytoin in the plasma and is used for intravenous administration and treatment of status
epilepticus. Fosphenytoin is well absorbed after intramuscular administration, but this route is
rarely appropriate for the treatment of status epilepticus.

Mechanism of Action

Phenytoin is a sodium channel-blocking antiseizure drug that acts in a similar fashion to
carbamazepine and other agents in the class.

Clinical Uses

Phenytoin is effective in preventing focal onset seizures and also tonic-clonic seizures,
whether they are focal-to-bilateral tonic-clonic (secondarily generalized) or occurring in the setting
of an idiopathic generalized epilepsy syndrome. Phenytoin may worsen other seizure types in
primary generalized epilepsies, including absence epilepsy, juvenile myoclonic epilepsy, and
Dravet’s syndrome.

Pharmacokinetics & Drug Interactions

Absorption of phenytoin is highly dependent on the formulation. Particle size and
pharmaceutical additives affect both the rate and the extent of absorption. Therefore, while
absorption from the gastrointestinal tract is nearly complete in most patients, the time to peak may
range from 3 to 12 hours. Phenytoin is extensively (~90%) bound to serum albumin and is prone
to displacement in response to a variety of factors (eg, hyperbilirubinemia or drugs such as
warfarin or valproic acid), which can lead to toxicity. Also, low plasma albumin (such as in liver
disease or nephrotic syndrome) can result in abnormally high free concentrations and toxicity.



Small changes in the bound fraction dramatically affect the amount of free (active) drug. Increased
proportions of free drug are also present in the neonate and in the elderly. Some agents such as
valproic acid, phenylbutazone, and sulfonamides can compete with phenytoin for binding to
plasma proteins.

Valproic acid also inhibits phenytoin metabolism. The combined effect can result in
marked increases in free phenytoin. In all of these situations, patients may exhibit signs of toxicity
when total drug levels are within the therapeutic range. Because of its high protein binding,
phenytoin has a low volume of distribution (0.6-0.7 L/kg in adults).

Phenytoin is metabolized by CYP2C9 and CYP2C19 to inactive metabolites that are
excreted in the urine. Only a small proportion of the dose is excreted unchanged. The elimination
of phenytoin depends on the dose. At low blood levels, phenytoin metabolism follows first-order
Kinetics. However, as blood levels rise within the therapeutic range, the maximum capacity of the
liver to metabolize the drug is approached (saturation kinetics).

Even small increases in dose may be associated with large changes in phenytoin serum
concentrations (Figure 24—4). In such cases, the half-life of the drug increases markedly, steady
state is not achieved in routine fashion (since the plasma level continues to rise), and patients
quickly develop symptoms of toxicity. The half-life of phenytoin in most patients varies from 12
to 36 hours, with an average of 24 hours in the low to mid therapeutic range. Much longer half-
lives are observed at higher concentrations. At low blood levels, 5-7 days are needed to reach
steady-state blood levels after every dosage change; at higher levels, it may be 4-6 weeks before
blood levels are stable. Phenytoin—Ilike carbamazepine, phenobarbital, and primidone—is a major
enzyme-inducing antiseizure drug that stimulates the rate of metabolism of many coadministered
antiseizure drugs, including valproic acid, tiagabine, ethosuximide, lamotrigine, topiramate,
oxcarbazepine and MHDs, zonisamide, felbamate, many benzodiazepines, and perampanel.
Autoinduction of its own metabolism, however, is insignificant.

Therapeutic Levels & Dosing

The therapeutic plasma level of phenytoin for most patients is between 10 and 20 mcg/mL.
A loading dose can be given either orally or intravenously, with either fosphenytoin sodium
injection (preferred) or phenytoin sodium injection. When oral therapy is started, it is common to
begin adults at a dosage of 300 mg/d, regardless of body weight. This may be acceptable in some
patients, but it frequently yields steady-state blood levels below 10 pg/mL, which is the minimum
therapeutic level for most patients. If seizures continue, higher doses are usually necessary to
achieve plasma levels in the upper therapeutic range. Because of the kinetic factors discussed
earlier, toxic levels may occur with only small increments in dosage. The phenytoin dosage should
be increased in increments of no more than 25-30 mg/d in adults, and ample time should be
allowed for the new steady state to be achieved before further increasing the dosage. A common
clinical error is to increase the dosage directly from 300 mg/d to 400 mg/d; toxicity frequently
occurs at a variable time thereafter. In children, a dosage of 5 mg/kg/d should be followed by
readjustment after steady-state plasma levels are obtained.

Two types of oral phenytoin are currently available in the USA, differing in their respective
rates of dissolution. The predominant form is the sodium salt in an extended-release pill intended
for once- or twice-a-day use. In addition, the free acid is available as an immediate-release
suspension and chewable tablets. Although a few patients being given phenytoin on a long-term
basis have been proved to have low blood levels from poor absorption or rapid metabolism, the
most common cause of low levels is poor compliance. As noted, fosphenytoin sodium is available



for intravenous or intramuscular use and usually replaces intravenous phenytoin sodium, a much
less soluble form of the drug.

Toxicity

Early signs of phenytoin administration include nystagmus and loss of smooth extraocular
pursuit movements; neither is an indication for decreasing the dose. Diplopia and ataxia are the
most common dose-related adverse effects requiring dosage adjustment; sedation usually occurs
only at considerably higher levels. Gingival hyperplasia and hirsutism occur to some degree in
most patients; the latter can be especially unpleasant in women. Long-term use is associated in
some patients with coarsening of facial features and with mild peripheral neuropathy, usually
manifested by diminished deep tendon reflexes in the lower extremities. Long-term use may also
result in abnormalities of vitamin D metabolism, leading to osteomalacia. Low folate levels and
megaloblastic anemia have been reported, but the clinical importance of these observations is
unknown.

Idiosyncratic reactions to phenytoin are relatively rare. A skin rash may indicate
hypersensitivity of the patient to the drug. Fever may also occur, and in rare cases, the skin lesions
may be severe and exfoliative. Lymphadenopathy may rarely occur; this must be distinguished
from malignant lymphoma. Hematologic complications are exceedingly rare, although
agranulocytosis has been reported in combination with fever and rash.

Neuromuscular blockade produced by succinylcholine can be prolonged in patients with
an abnormal genetic variant of plasma cholinesterase. The dibucaine number is a measure of the
ability of a patient to metabolize succinylcholine and can be used to identify at-risk patients. Under
standardized test conditions, dibucaine inhibits the normal enzyme by 80% and the abnormal
enzyme by only 20%. Many genetic variants of plasma cholinesterase have been identified,
although the dibucaine-related variants are the most important. Given the rarity of these genetic
variants, plasma cholinesterase testing is not a routine clinical procedure but may be indicated for
patients with a family history of plasma cholinesterase deficiency. Another reasonable strategy is
to avoid the use of succinylcholine where practical in patients with a possible family history of
plasma cholinesterase deficiency.

Hepatic oxidative metabolism is the primary route of degradation of the phenylpiperidine
opioids (fentanyl, meperidine, alfentanil, sufentanil) and eventually leaves only small quantities
of the parent compound unchanged for excretion. However, accumulation of a demethylated
metabolite of meperidine, normeperidine, may occur in patients with decreased renal function and
in those receiving multiple high doses of the drug. In high concentrations, normeperidine may
cause seizures. In contrast, no active metabolites of fentanyl have been reported. The P450 isozyme
CYP3A4 metabolizes fentanyl by N-dealkylation in the liver. CYP3A4 is also present in the
mucosa of the small intestine and contributes to the first-pass metabolism of fentanyl when it is
taken orally.

Codeine, oxycodone, and hydrocodone undergo metabolism in the liver by P450 isozyme
CYP2D6, resulting in the production of metabolites of greater potency. For example, codeine is
demethylated to morphine, which is then conjugated. Hydrocodone is metabolized to
hydromorphone and, like morphine, hydromorphone is conjugated, yielding hydromorphone-3-



glucuronide (H3G), which has CNS excitatory properties. Hydromorphone cannot form a 6-
glucuronide metabolite. Similarly, oxycodone is metabolized to oxymorphone, which is then
conjugated to oxymorphone-3-glucuronide (O3G).

Genetic polymorphism of CYP2D6 has been documented and linked to the variation in
analgesic and adverse responses seen among patients. In contrast, the metabolites of oxycodone
and hydrocodone may be of minor consequence; the parent compounds are currently believed to
be directly responsible for the majority of their analgesic actions. However, oxycodone and its
metabolites can accumulate under conditions of renal failure and have been associated with
prolonged action and sedation. In the case of codeine, conversion to morphine may be of greater
importance because codeine itself has relatively low affinity for opioid receptors. As a result, some
patients (so-called poor metabolizers) may experience no significant analgesic effect. In contrast,
there have been case reports of an exaggerated response to codeine due to enhanced metabolic
conversion to morphine (ie, ultra rapid metabolizers; see Chapters 4, 5) resulting in respiratory
depression and death. For this reason, routine use of codeine, especially in pediatric age groups, is
now being eliminated in the United States. The synthetic opioid methadone is metabolized through
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Pantoprazole - intermediate or poor metabolizers genotype (CYP2C19) results in higher
systemic concentrations. Consider dosage reduction in children who are poor metabolizers. No
dosage adjustment is needed for adult patients who are intermediate or poor metabolizers.

Rabeprazole - poor metabolizers genotype (CYP2C19) results in higher systemic
concentrations.






