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Kiiosanus — aTunmyHoe aHTUIICUXOTHYECKOE CPEICTBO C I0Ka3aHHOU a(h(PEKTUBHOCTHIO, KOTOPOE MIUPOKO UC-
HOJIb3Y€eTCs B KIMHUUECKOH npakTuke. OAHAKO, ero IPUMEHEHE COTIPSIKEHO € BBICOKUM PUCKOM Pa3BUTHUSI CEPhE3-
HBIX TO6OUHBIX 3P PEKTOB. YTpoKalouie KU3HU COCTOSHIS TP TPHEMe KJI03allMHa MOTYT OBITh CIe/ICTBHEM
UIMOCUHKPA3UH, OCTPOTO OTPABJIEHUS B Pe3yJIbTaTe HellpeIHAMEPEHHOI epe03MPOBKY Ha3HAYEHHOTO IIPerapara,
CYMIMAATBHOTO OBECHNUS, KpUMUHATBHBIX eficTBuiT. B 0630pe mpeicTaBIIM cCOBpeMEHHbIE JaHHbIE O MEXaHU3MaxX
TepareBTHYECKOro U TOKCUYECKOTO AeiicTBUs KiaosanuHa. Onucaiy Bo3AelicTBIe KI03alliMHA Ha KJIETOUHbIE Pellel-
TOPBI M yJIBTPaKJIETOUHbIE CTPYKTYPHL. PaccMOTpesint posib 0CHOBHBIX M IIPOMESKYTOYHBIX METaGOTNTOB TAHHOTO Jie-
KapCTBEHHOI'O CPEJICTBA B PA3BUTUU TOKCUYECKUX 2(DDHEKTOB.
Kantouesvte cnosa: knosanum; iekapcmeenivlii Memaboiusm; ocmpule OMpasieHus; KapouomoKkCUuHOCMby,; azpa-
HYLOUUMO3; KILO3ANUH-UHOYUUPOBAHLL MUOKAPOUTI
Clozapine is an atypical antipsychotic agent with a confirmed effectiveness which is widely used in the clinical
practice. However, its administration is associated with a high risk of serious adverse events. Life-threatening con-
ditions related to administration of clozapine may be a result of idiosyncrasy, acute poisoning resulting from unin-
tentional overdose of the prescribed dug, suicidal behavior, and criminal actions. The review presents current data
on the mechanism of therapeutic and toxic effect of clozapine. It describes the effect of clozapine on cell receptors
and ultracellular structures. It dwells on the contribution of major and intermediate metabolites of this medicinal
agent to the development of toxic effects.
Keywords: clozapine, drug metabolism, acute poisoning, cardiotoxicity, agranulocytosis, clozapine-induced my-
ocarditis
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BBenenue Introduction

Kiozana — Bbicok0adheKTUBHDBIN aTUTTMYHBII
HEUPOJENTUK, KOTOPBIY MUPOKO TPUMEHSIETCS B KJIU-
HUYeCKOM TpakTuke. Kiozanuu TNpakTHYecKn He
BBI3BIBAET 9KCTPATMPAMI/IHBIC HAPYTIICHUS, YTy UIIaeT
cocTosiiue O0JIbHBIX MN30a(HEKTUBHBIMU PACCTPOIi-
CTBaMU, Pe3UCTEHTHBIMU (hopMaMu N30 PEHUH, UTO
3HAYUTEJIBHO YBEJIMYUBACT TPYIIITY HAIIMEHTOB, KOTO-
PBIM OH MOKeT ObITh HazHaueH [ 1-3].

Clozapine is a highly effective atypical antipsy-
chotic drug which is widely used in the clinical prac-
tice. Clozapine practically does not cause
extrapyramidal disorders; it improves the state of pa-
tients with schizoaffective disorders and resistant
types of schizophrenia, thus increasing the group of
patients to whom it may be prescribed [1-3].
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Acute Intoxications

B 10 ke BpeMs, Takie 0COOEHHOCTH IIPEeIapara,
KaK /10303aBUCUMBbIi 3(D(hEKT U HU3KUI TeparieBTude-
CKUI MHJIEKC, CUJIBHOE XOJMHOOJIOKUPYIOIIEee, IIePU-
(bepuueckoe anbha-aIpeHOTUTUIECKOE JIeHiCTBHE
00y CI0BIUBAIOT BEICOKUI PUCK BO3HUKHOBEHNUS OIIac-
HBIX [IJIST JKU3HU COCTOSIHUN TIPU €r0 MPUMEHEHHUH.
OcTtpoe oTpaBjieHHe KJI03AIUHOM, KaK IPABUJIO,
COIPSIZKEHHOE € BBICOKUM PHCKOM JIETATBHOTO UCXO0/1a,
MOKeT OBITh Pe3yJIbTaTOM HellpeJHaMepPeHHOH Iepe-
JIO3UPOBKH TIperapara, MINn0CUHKPAa3UH, CyHITH/1ab-
HOTO IOBeIeHI . BhIpaKeHHbI 1 OBICTPhIN CenaTB-
HBII 3GdEKT 00BACHIET BHICOKYIO YaCTOTY CJIyYaesn
HCTIOJIb30BAHUS JaHHOTO JIEKAPCTBEHHOTO CPE/ICTBA B
KPUMHWHATBHBIX 1es1X [4—6].

[TaTtorenes oCTPbIX OTPaBJEHUN KJIO3AITMHOM
nzyden Hepocrarouno [7, 8]. CiienmoBaresibHo, HE 10
KOHIIA TIOHSITEH TaHaToreHe3 (haTaJlbHbIX OTPABJIEHU],
YTO CYIIECTBEHHO CHUKAET KAa4eCTBO Cyae0HO-MeIr-
IIUHCKON IMarHOCTUKU, KOTOPasi B HACTOSIIIEE BPEMST
OCHOBBIBAETCS TOJIBKO Ha PE3yJIbTaTax cyeOHO-XUMH-
YeCKOTr0 UCCJIe/JOBAHMSI.

JlJ1s1 BBISICHEHUST TIATO- U TAHATOTEHE3a OCTPHIX
OTpaBJICHMIT KJIO3AIIMHOM 11€J1eCO00Pa3HO TIIaTe b=
HOE M3yYeHHue ero IMUTOTeHETUIECKUX U MOJIEKYJISIP-
HBIX MEXaHU3MOB JI€ICTBUS.

Ha cerozusimunii MOMEHT JlaHHbBIE MCCJIe[0Ba-
HUIL, II0APOOHO PACKPBIBAIOIINX T€PAIEBTHUECKIE U
Tokcuueckre 3(hdeKThl KJ03annna, pa3po3HeHbl.
Bosuukaer HeoOXOAMMOCTb CHCTEMATH3MPOBATDH
HUMEIONIYIOCS Ha HACTOSIIIIMH MOMEHT MH(MOPMAIIUIO,
4TO O3BOJIUT ¢(HOPMHUPOBATH OOJIEE ACHOE IPEACTAB-
JIeHUe O MaTO- U TaHaToTeHe3e OCTPhIX OTPaBJIEHU
KJIO3aIITHOM.

I/ICTOpI/Iﬂ BBE€I€HHUA RJI03allMHA
B KIIMHUYECKYIO IIPAKTURY

Kiozanuu 6wl cunrTesupoBan B 1959 roxy
nrBeiapckoii  (hapMakoJIOTHYeCKO KOMIaHUen
Wander [9—12]. IlyTb oT pazpaboTKK Je€KapCTBEH-
HOTO CPe/ICTBA JI0 Havyaja UCMOJb30BAHUS B KJIUHU-
YeCKOIl MPaKTHUKe OBLIT ITTUTETbHBIM U CJIOKHBIM. Tak
KaK B TO BpeMs 9(PeKTUBHOCTD aHTUIICUXOTUYECKUX
MPenapaToB MPOBEPSIACH CIOCOOHOCTHIO BHI3BIBATH
KaTaJercuio y KPbIC, CYIEeCTBOBAJIO MTPe/ICTaBIeHHE
0 TOM, YTO AHTHUIICUXOTHYECKOE JIeficTBIE 00sI3aTe N b-
HO COTIPOBOK/IAETCA dKCTPAITMPAMUIHBIMU HapyIIe-
nusimu [10—12]. I1pu uccnepoBannu kiro3anuua Ha
JMOKJMHIYECKOM aTare Oblia Jokazana ero addex-
TUBHOCTb [PU OTCYTCTBUU 3IKCTPANUPAMUIHON
CUMITOMATHKY, YTO OBIIO HETUTIMYHO JIJIst AHTUTICHU-
XOTUYECKUX JIEKAPCTBEHHBIX CPE/ICTB TOTO BPEMEHHU.
[To aToil mpuynHe KJI03amHy ObIJIO TAHO OMpe/esie-
HUe aTUIUYHOro HelipoJentuka [9, 11]. B Teuenue
13 JeT mpoBOAMINCDH MCCTIEOBAHUS IIperapara, B
X071 KOTOPBIX Oblyia floKazaHa ero 3(HeKTUBHOCTD.
BriepBbie OH MOABMIICS T10J] TOPTOBLIM Ha3BaHUEM
«Leponex» B IIBeiittapun u Asctpuu B 1972 rony.
M3HavaabHO TIpenapart He TMOJIb30BAICS OOJBINON

Several features of the drug that include At the
same time, the characteristics of the drug as a dose-de-
pendent effect, and a low therapeutic index, as well
asand a potent anticholinergic peripheral alpha-
adrenolytic activity explain a the high risk of life-
threatening conditions due tofollowing its
administration. Acute clozapine poisoning usually re-
lated to a high risk of a lethal outcome may be a result
of an unintentional drug overdose, idiosincrasia, and
suicidal behaviour. A pronounced and rapid sedative
effect explains the high frequency of the use of this
drug for criminal purposes [4—6].

The pathogenesis of acute clozapine poisoning
has been studied insufficiently [7, 8]. Therefore, the
tanatogenesis of fatal poisoning is not completely
clear; it significantly reduces the quality of forensic di-
agnostics which is currently based only on the results
of forensic chemical research.

To clarify the pathogenesis and tanatogenesis of
acute poisoning with clozapine, a thorough study of
its cytogenetic and molecular mechanisms of action is
expedient.

At present, data from studies that reveal in detail
the therapeutic and toxic effects of clozapine are dis-
embodied. There is a need to systematize the currently
available information that willto ensure a more clear
understanding of pathogenesis and tanatogenesis of
acute poisoning with clozapine.

The history of the introduction
of clozapine into clinical practice

Clozapine was synthesized by a Swiss pharmaco-
logical company Wander in 1959 [9—12]. The way
from the development of the drug to the beginning of
its use in clinical practice was long and difficult. Since
at that time the efficacy of antipsychotic drugs was
tested by the ability to cause catalepsy in rats, there
was an idea that an antipsychotic action is necessarily
accompanied by extrapyramidal disorders [10—12]. In
the study of clozapine at the preclinical stage, its ef-
fectiveness was confirmed in the absence of extrapyra-
midal symptoms, which was atypical for antipsychotic
drugs of that time. For this reason, clozapine was de-
fined as an atypical antipsychotic drug [9, 11]. The
drug has been studied for 13 years; these studies have
confirmed its efficacy. It appeared under the trade
name «Leponex» in Switzerland and Austria for the
first time in 1972. Initially, the drug was not very pop-
ular in clinical practice, as preference was given to the
first typical antipsychotic drug chlorpromazine used
since 1954. [9—-11]

In 1975, The Lancet journal published a letter
from Finnish scientists reporting eighteen cases of
agranulocytosis, nine of which were fatal, among pa-
tients taking clozapine [11]. Taking into account this
information, clozapine was withdrawn from sale in a
number of European countries, with the exception of
Switzerland and the USSR [9].
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HOMYJISIPHOCTHIO B KIMHUYECKON ITPAKTHKE, TAK KaK
HpeNIoYTeHNE OTAABAJIOCHh MEPBOMY THIITUYHOMY
AHTUIICUXOTUKY XJIOPIPOMA3HIHY, UCIIOJIb3YEMOMY C
1954 roma [9—11].

B 1975 B :xypuase The Lancet 6b110 o1my6/1mKo-
BaHO NMUCbMO yuyeHbIX n3 OUHISHINU, B KOTOPOIi
CO06IIATOCH O BOCEMHA/IIIATH CJYYasAX arpaHyIoIu-
TO3a, JIEBSTH U3 KOTOPBIX ObLIN CMEPTEIbHBI, CPeAn
MarMeHToB, TpUHUMAIOMKX Kiao3anu [11]. B csasu ¢
naHHol nHpOpMaIUei, KI03auH ObLT U3bAT U3 MPO-
QKU B Psifie eBPOIEICKUX CTPaH, 32 UCKJII0UeHUEM
[Iseiinapun u CCCP [9].

Hapacrarorast mpobiiema TsiKeJTeNHInx sKeTpa-
NUPAMUIHBIX HAPYIIEHWIT TP IPUMEHEHUN PAa3JIny-
HBIX TIPE/ICTABUTENIEN TUITUYHBIX HEHPOJIENTUKOB B
KJIMHUYECKOI TIPAKTUKE, BHOBb BO3PO/INJIA MHTEPEC K
kyo3anuny [11].

B 1988 r. J. Kane u konekTuBOM Beyux mcu-
xuatpos B CIIIA 6bL10 IIpOBEEHO ABOIHOE ClIernoe
MYJIBTUIIEHTPOBOE HccJefioBaHne 3(h(MEKTUBHOCTH
Teparnuyu XJOPIPOMA3ZUHOM U KJIO3almMHOM Ha 286
HalMeHTax, He OTBEYaBIINX HA JIeYeHUe rajJonepuIo-
JioM B Teuenue 6 Hezenb. B pesysbsrate y 30% maiu-
€HTOB, MOJIYYaBIIUX KJIO3ANH GBIIIO OTMEYEHO YIIyd-
IIEHNE COCTOSIHUS, B TO BPEMsI KaK Ha XJIOPIPOMA3IH
OTPearupoBaJo Jullb 4 % ucciaenyembix [13].

B 90-x rogax H.Y. Meltzer u coaBr. poseu psi
HCCJIEIOBAHUI B XO/l€ KOTOPBIX OBLIO [OKA3aHO CHU-
JKEHMe YaCTOThl CYHUIUJIOB, YJIydIlIeHHEe KauecTBa
JKU3HU GOJNBHBIX 130 peHneil mpu TPUMEHEHUH
kio3anuna [10, 11, 14].

[Tosske GBI TOKA3AHbI TPEUMYIIECTBA KJI03a-
MUHA 10 CPABHEHUIO C JAPYTMMU ATUITUYHBIMU HENPO-
JeNITUKaMu B Xojie ByXx wuccieposanuii: Clinical
antipsychotic Trials for Interventios Effectiveness
(CATIE) u Cost Utility of the Latest Antipsychotic
Drug in Schizophrenia Study (CUtLASS 2) [11].

C 1990 roza k03anuH CTAJ ITUPOKO UCIIOTH30-
Barbes B CIITA, crpanax Esporibl. C 11es1b10 cHUKEHUS
pPUCKa Pa3BUTHUS arpaHyJIOIKNTO3a, BO BCEX CTPAHAX
Mupa 06sI3aTeIbHBIM CTAJIO AMHAMUYECKOE MCCIE/0-
BaHUe MoKasaTeJieil KPOBU MAIUEHTOB, MOJYYAIOMINX
kio3anuu [1, 9-11].

3a MHOTOJIETHIT OIIBIT TPUMEHEHUS KJI03aMHa
B KJIMHUYECKOI TPAKTUKE OBLI 3aPErUCTPUPOBAH PSI/L
MOOOUHBIX A(DHEKTOB, TAKUX KAK MUOKAP/IUT, KapAHO-
MUOTIATHH, TPOMOG00OPA3OBaHUE, OPTOCTATHYECKAST
TUTIOTEH3UsT, KUIIIEYHAs HETIPOXOAUMOCTb, MeTaboIIu-
yeckue Hapyurenus [, 6, 15-29].

B nacrosiiiiee BpeMst KII03aIMH AKTUBHO UCIIOJTb-
3yeTcs B IICUXUATPUYECKOI TIPAKTUKE HAPSILY C IPY-
rumu, 6osiee HOBBIMY aHTUTICHXOTHKaMu. HecmoTpst
Ha 9bHEeKTUBHOCTD, KJIO3AMUH HE SBJISIETCS TIperapa-
TOM TIePBO¥ JIMHUY MPU MU30(PPEHNNU, a UCIIOIb3Y-
€TCs1, COTJIACHO OOJIBIIMHCTBY PEKOMEH/IANUH, OCTe
HeaJieKBaTHOTO OTBETA 110 KpaiiHell Mepe Ha JIBa aHTH-
ncuxoruyeckux cpezactna [1, 9, 10, 30].

The growing problem of severe extrapyramidal
disorders after administration of various typical an-
tipsychotics in clinical practice has revived interest in
clozapine [11].

In 1988, J. Kane and a team of leading psychia-
trists in the United States conducted a double-blind,
multicenter study of the effectiveness of chlorpro-
mazine and clozapine therapy in 286 patients who did
not respond to treatment with haloperidol for 6 weeks.
As aresult, 30% of patients receiving clozapine had an
improvement, while only 4% of the examined patients
responded to chlorpromazine [13].

In the 1990s, H. Y. Meltzer et al. conducted a num-
ber of studies, in which the reduced frequency of suicides
and improved quality of life of patients with schizophre-
nia using clozapine were confirmed [10, 11, 14].

Later, the benefits of clozapine compared to
other atypical antipsychotics were proven in two
studies: Clinical antipsychotic Trials for Interven-
tios Effectiveness (CATIE) and Cost Utility of the
Latest Antipsychotic Drug in Schizophrenia Study
(CUtLASS 2) [11].

Since 1990, clozapine has been widely used in the
USA, Europe. In order to reduce the risk of agranulo-
cytosis, in all countries all over the world, follow-up
blood count tests of patients receiving clozapine be-
came mandatory [1,9—11].

Over the years of experience in the use of cloza-
pine, a number of side effects, such as myocarditis, car-
diomyopathy, thrombosis, orthostatic hypotension,
intestinal obstruction, metabolic disorders has have
been registered in clinical practice [5, 6, 15-29].

Currently, clozapine is widely used in psychiatric
practice along with other, newer antipsychotics. De-
spite its efficacy, clozapine is not a first-line drug for
schizophrenia, but is used, according to most recom-
mendations, after an inadequate response to at least
two antipsychotics [1, 9, 10, 30].

Mechanisms of the antipsychotic activity

Clozapine has a wide range of effects on recep-
tors responsible not only for the effectiveness of the
drug, but also for its side effects.

The antipsychotic efficacy is ensured by a high
affinity to D4 — receptors, and the minimum risk of
extrapyramidal symptoms is due to by the ability to
occupy D2 — receptors for a short time and dissociate
quickly, without disturbing the normal neurotransmis-
sion of dopamine [31, 32].

The effect on 5-(NT)3 receptors, which accord-
ing to modern concepts are the interface between the
motor and limbic structures of the brain, explains the
pronounced anxiolytic effect [31, 33]. As an agonist of
5-(NT)2A receptors located in the central nervous
system, clozapine contributes to the regression of psy-
chotic symptoms, and its effect on 5-(NT)2A platelet
receptors, smooth muscle cells of blood vessels, lungs,
and gastrointestinal tract, may be one of the factors
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MexaHu3Mbl
AHTUIICUXOTUYECKOA aKTUBHOCTH

Kirosarit 06J1a/1aet MIMPOKKIM CIIEKTPOM JeHCTBUS
Ha PELEeNnTOPBI, 4TO 00YCTOBIMBAET HE TOIBKO ahdeK-
THBHOCTB IIPerapara, Ho 1 €ro mobGouHbIe a(dEKTHL.

Anruncuxorndeckas ah@exkTuBHoOCTL  0bec-
neynBaeTcs BoicoknM adhuanTeToM K D4-perento-
paM, a MUHUMAJIbHBIH PUCK BOSHUKHOBEHUS 9KCTPA-
MUPaAMUAZTHON CUMITTOMATHKY — CIIOCOOHOCTBIO JIUIIb
Ha KOPOTKOe BpeMsI 3aHuMaTh D2-perentopsl u
OBICTPO IUCCONUUPOBATHCS, He HApyIIas HOPMaJib-
HYI0 HellpoTparncMuccnio fodamuna [31, 32].

Boaneticteuem Ha 5-(HT)3 penernrropsr, KOTOpBIE,
COTJIACHO COBPEMEHHBIM MTPE/ICTABIEHUSIM, SIBJISIOTCS
uHTepdENcoM MKy MOTOPHOH 1 JTUMOMYECKUMU
CTPYKTypaMi MO3Ta, 00bSICHSIETCST BBIPAKEHHBIN aHK-
cuomutrdeckuii addekr [31, 33]. ABussich aroHuCTOM
5-(HT)2A perterrropos, Haxogsmuxcst B IIHC, kmosa-
IIFH CITOCOOCTBYET PErPeccy MCUXOTUIECKUX CHMIITO-
MOB, a ero Bausitue Ha 5-(HT)2A penenropst TpoM60-
IUTOB, TJIAJIKOMBIIIEYHBIX KJIETOK KPOBEHOCHBIX
cocyzioB, jerknx, KKT, MoxkeT okasarbcst oHUM 13
(haxTopoB TPOMOOOOPA3OBAHNUS, PA3BUTUS TUIIEPTO-
HUW, MUTPEHU, THIIOKUHE3NH sKenyaka |34, 35].

BsanmozpeiicTBuem Kro3ammHa ¢ THCTAMUHOBBI-
MU pelenTopaMu HEKOTOPble HCCaeoBaTeNn 00b-
SICHSTTIOT aTUIMYHYIO aHTUICUXOTUYECKYIO aKTHUB-
HOCTb, a TaKkKe ero moO6ouHbie 3 (HEKTh, TaKue Kak
ceslanust ¥ yBesimueHue Beca [36].

SABJSISICH MOITHBIM aHTATOHUCTOM MYCKapUHO-
BBIX XOJIMHOPEIENTOPOB, KJIO3AINH CIIOCOOEH BHI3bI-
BaTh TaXUKaPUIO, BeieacTBre O0KupoBanus a(dek-
TOB GJIYKIAIOIIEro HEpBa, CHUKATD MEPUCTANBTUKY
KUIIEYHNKA BIUIOTH JI0 PA3BUTUS HETPOXOIUMOCTH.
XOJIMHOJIUTHYECKOE JAEHICTBIIE, T0 MHEHIO GOJIBIITIH-
CTBa UCCTIEIOBATEIEH, SIBJISIETCS IEHTPATbHBIM MeXa-
HU3MOM OTpaBJenuii 2, 4, 37, 38].

INUreHeTHYeCKUE aCIleKThI
AHTUIICUXOTHYECKOTO
NelCcTBHA KjIo3aluHa

B sra6oparopuu E. Costa (1996—2009 1.), B xoz1€e
aHaIM3a MOCMEPTHBIX 0OPasIoB TOJOBHOTO MO3Ta
HAIMEHTOB ¢ MU30(GPEeHUEH 1 OUITOISPHBIM MICHXO-
30M, OBLJIN TTOJIYYEHBI JaHHbBIE, KOTOPbIE TIO3BOJIIN
chOopMyIMPOBaTh HOBYIO THIIOTE3Y 00 dIHUreHeTnYe-
CKOM MeXaHu3Me TaTorenesa musodpennn. Bo Becex
obpasifax ObIJI0 0OOHAPYIKEHO CHUKEHUE DKCIPECCUU
pwinta (REELIN) u riyramataekapbokcuiaspi-67
(GAD 67) BcaencTtBue TUIIEPMETUJINPOBAHUS WX
npomoTopos. B 2008 roay E.Dong u coast. 6bL10
HCCIIEIOBAHO JICHCTBUE KIO3AIMITHA Ha TUTIEPMETHITH-
posannbie yuyactku /[IHK neliponoB dporTanbroil
KOPBI. BBIIO yCTaHOBJIEHO, YTO KJIO3AITUH U CYJIBITH-
DU/, HO He TaJIOTIEPHU/ION aKTUBUPYIOT IEMETHITPO-
panue JTHK, uto crioco6eTByeT HOpMaIU3aIiy CeK-
pennu raMMa-aMuHOMacasTHOHN KucaoTe B ITHC, vem

causing thrombosis, hypertension, migraine, and gas-
tric hypokinesia [34, 35].

Some researchersSeveral studies explain atypical
antipsychotic activity, as well as its side effects, such
as sedation and weight gain, by interaction of clozap-
ine with histamine receptors [36].

Being a powerful antagonist of muscarinic choli-
noreceptors, clozapine can cause tachycardia, due to
blocking the effects of the vagus nerve and reduce re-
ducing the intestinal peristalsis up to complete ob-
struction. The cholinolytic effect, according to most
researcherspublications, is represents the central
mechanism of poisoning |2, 4, 37, 38].

Epigenetic aspects
of the antipsychotic activity of clozapine

In E. Costa's laboratory (During studies in
1996-2009 in E. Costa's laboratory), as a resulta sig-
nificant of an analysis of postmortem brain samples of
patients with schizophrenia and bipolar psychosis was
performd., The accumulated data were obtained that
allowed to formulate suggest a new hypothesis about
on the epigenetic pathogenetic mechanisms of schizo-
phrenia. In all samples, Aa decreased reelin (REELIN)
and glutamate decarboxylase-67 (GAD67) expression
as a result of hypermethylation of their promoters was
found in all samples of postmorthem brain specimens
studied. In 2008, E. Dong and et al. investigated the
effect of clozapine on hypermethylated DNA segments
of neurons of the frontal cortex. It was has been found
that clozapine and sulpiride, but not haloperidol, ac-
tivate DNA demethylation, which contributes to the
normalization of secretion of gamma-aminobutyric
acid in the central nervous system. Findings, which
explains the positive response of most patients to
clozapine therapy [39, 40].

Characteristics
of the clozapine metabolism

Clozapine is metabolized mainly in the liver. While
undergoing N-oxidation and N-demethylation, clozap-
ine is biotransformed to desmethylclozapine (norcloza-
pine) and clozapine-N-oxide, which are its representing
main Clozapine metabolites and that almost do not dif-
fer from it in their pharmacological propertiesactivities.
P450 cytochrome isoenzyme (CYP1A2A) plays a major
role in the metabolism. The following isoenzymes
CYP2D6, CYP 3A4, CYP2C19 are also involved in me-
tabolism of the drug, however, to a lesser extent:
CYP2D6, CYP 3A4, CYP2C19. It has been studied that
cClozapine-N-oxide is formed mainly under the action
of CYP3A4 and flavine-containing monooxygenase,
while whereas desmethylclozapine (norclozapine) is
formed under the effect action of CYP3A4 and CYP1A2
[41, 42]. It has been proved that in addition to the liver,
the biotransformation of clozapine into clozapine-N-
oxide occurs in the brain under the action of flavine-con-
taining monooxygenase [43—45].
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U 0OBSICHSAETCS TIOJIOKUTETbHBIIT OTBET GOJIBITNHCTBA
MarreHToB Ha Tepanuio kio3anunom [39, 40].

Oco06eHHOCTH MeTa00IM3Ma KJI03auHa

MeTa6o/13M KJI03aIHa TIPOUCXOUT, TIABHBIM
obpasowm, B ieuenu. [lojseprasich nporeccam N-oKwc-
senus 1 N-ZeMeTHINPOBAHUS, KI03aMuH OUOTpaHC-
copMupyeTcs B 1€CMETUIKIIO3AINH (HOPKJIO3AIINH )
U KJ103aH-N-OKCH/I, KOTOPBIE SIBJISTIOTCS] OCHOBHBI-
MM €T0 MeTaboJINTaAMK U MAJIO OTJINYAIOTCS OT HETO 110
cBouM (hapMakosornyecKuM cBoiictBaM. OCHOBHYIO
POJIb B MeTabOJII3ME UTPAET U30(hEePMEHT IIUTOXPOMaA
p450 — CYP1A2. B Menblneil cTernieHn y4acTBYIOT
nzodepmenter: CYP2D6, CYP 3A4, CYP2C19.
Uccnenosano, uro kiaozanuu-N-okcui 00pasyercst
npeumytiectBeHHo 1noj gaeiicrsuem CYP3A4 u daa-
BUHCO/IEP:KAIIlell MOHOOKCUTEHA3bI, a IECMETUIIKI03a-
nun (Hopkio3zanun) — o CYP3A4 u CYP1A2 [41,
42]. Bbu1o 10Ka3aHO, YTO MOMUMO IIedeHr GUoTpaHc-
copmariust Kro3arnuHa B KJ103anuH-N-0KCUJT IIPOUCXO0-
IUT B MO3Te TOJ neiicTBueM (JaBUHCOIepKAIIei
MOHOOKCHTeHasbl [53—45].

Takke W3BECTHBI HEAKTUBHbBIE MeTabOJIMTHI,
TaKue KaK THIPOKCU- 1 METUJITUOTIPOU3BOIHbIE, TJII0-
KypoHubl. [Ipy 3HaUMTETHHOM TIPEBBINIEHUH TTOPO-
TOBBIX KOHIIEHTPAIMH B KPOBU GuoTpaHchopMaiius
3aMeIISIETCS Ha YPOBHE MIEPEX0/1a aKTUBHBIX MeTabo-
JIUTOB B HEAKTUBHBIE, YTO CIIOCOOCTBYET YBEIUIECHUIO
JUTUTETbHOCTU TOKCUYHBIX TTIPOsiBIeHuN [37].

OcobeHHOCThIO MeTaboJM3Ma KJI03aIHa, BO
MHOTOM OOBSICHSTIONIEN MEXaHM3MBbI €I0 TOKCHYECKOTO
NeliCTBUS, SIBJISIETCS] HATIMYHE TIPOMEKY TOUHBIX PeakK-
TUBHBIX MeTabognTOB. Briepsbie ux obpasoBaHue B
pesyJibraTe OKUCJIEHIS KJI03AIIHA MUEJIOTIEPOKCU/IA-
300 OBLIO BBISIBIEHO B HEUTPODUIAX U UX MPE/IIie-
CTBEHHUKaX [46].

CoBpeMeHHbIe HCCIIE0BAHNUS, TIPOBEIEHHbIE i
itTo TIOKA3aJIH, YTO ITPOMEKYTOUHBIE PEAKTUBHbIE METa-
GOIUTBI CIOCOGHDBI 0OPA30BBIBATHCSA HEITOCPECTBEHHO
07l BO3/IEIICTBUEM KJIO3AIMHA B MIUKPOCOMAX TT€U€HH
npu yyactuu CYP3A4 u CYP2D6 u B muokapge [47].

MeTa6oaM KJI03aIMHA MOABEPIKEH MUPOKUM
UHANBUIAYAJIbHBIM KoJiebanusim [48]. CrkopocTb aiu-
MUHAILUU U [PYTUE OKA3ATEH, BJIUSIONINE HA ChIBO-
POTOYHYIO KOHI[EHTPAIIUIO, COTIACHO KIMHUYECKUM U
9KCIIEPUMEHTATIBHBIM UCCJIEI0BAHUIM, BO MHOTOM
3aBHCHUT OT T10JI4, BO3PACTA, HAJIIYUSI COMYTCTBYIONINX
sabosesanuii [42]. [lokasaHo, 4TO KypeHUue CHUKAET
ToKcuueckre a(DHEKThI KI03aMHA 13-32 UHIYKITTU
CYP1A2, a xodenH u porpanoio, Hao60poT IHOBbI-
IIAET, YTO OOBACHSIETCS KOHKYPEHTHBIM HHIHOUPOBa-
nuem CYP1A2 [43—45, 48].

EnuncTBeHHBIM T€HHBIM TTOJTUMOPMOU3MOM, CBSI-
3aHHBIM C KOHIIEHTpAIlMell KJI03allMHA B KPOBH,
apaigercs red ABCB1, kotopslii Kogupyer TpaHCcMeM-
GpaHHbIil P-TIMKOTPOTENH, HAXOAANIUNCS B CJAU3N-
CTOI 000JI0UKe KUIEUHUKA, TOYKAX, COCY/ax TeMa-
TosHuedannyeckoro 6aprepa [49].

Inactive metabolites such as hydroxy derriva-
tives and methylthioderrivatives, as well as glu-
curonides are also knownhave been recognized. In the
case of a significant excess of a blood concentration
threshold of the drug, blood concentrations, the bio-
transformation slows down at the level of transition of
active metabolites into inactive ones, thus contribut-
ing to an increase in theincreased duration of toxic
manifestations [37].

The peculiarity of clozapine metabolism, which
largely explains the mechanisms of its toxic effect, is
the presence of intermediate reactive metabolites. For
the first time, their formation as a result of oxidation
of clozapine by myeloperoxidase was found in neu-
trophils and their predecessors precursors [46].

Modern studies conducted in vitro have shown
that intermediate reactive metabolites can be formed
formed in liver microsomes directly under the influ-
encefrom of clozapine in liver microsomes with the in-
volvement ofif metabolized by cytochrome P450
CYP3A4 and CYP2D6, and in the myocardium [47].

Clozapine metabolism is a subject to of wide sig-
nificant individual fluctuations variations [28]. Ac-
cording to clinical and experimental studies,
elimination rates and other indicators parameters af-
fecting serum concentrations largely depend on sex,
age, and the presence of comorbidities [42]. It has been
confirmed that smoking reduces the toxic effects of
clozapine due to induction of CYP1A2, and whereas
caffeine and propranolol, on the contrary, increase
them clozapine toxicity due to competitive inhibition
of CYP1A2 [43—45, 48].

The only gene polymorphism associated with the
blood concentration of clozapine is the AVSV1 gene,
which encodes transmembrane pP-glycoprotein lo-
cated in the intestinal mucosa, kidneys, and blood ves-
sels of the blood-brain barrier [49].

Mechanisms of the development
of some life-threatening medical
conditions due to administration

of clozapine

Life-threatening conditions may result from an
overdose of clozapine, as well as after because of ad-
ministration of therapeutic doses.

Malignant neuroleptic syndrome (ICD-10
code: G21.0).

Malignant neuroleptic syndrome (MNS) is char-
acterized by hyperthermia in the absence of infections,
muscle rigidity, vegetative dysfunction, and changes
in mental status. MNS is a rare complication that oc-
curred at thein response to administration of thera-
peutic doses of clozapine [50, 51]. However, it isSMNS
represents a distinctive feature of a clinical presenta-
tion of acute clozapine poisoning [4]. The pathogene-
sis of the neuroleptic syndromeMNS is not completely
clear. It was suggested that the blockade of dopamine
D2 receptors in nigrostriatal pathway, mesocortical
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Mexanu3mMbl BOBHUKHOBEHHSI HEKOTOPbIX
YIPOsKAIOMMX KU3HU COCTOSHUM
MpH MPUMEHEeHUHU KJI03anuHa

Yrposkarolye JKU3HU COCTOSTHUST MOTY BO3HUK-
HYTb B Pe3yJIbTraTe Mepelo3MPOBKH KJI03aITMHA, & TAKKe
Pa3BUTBCS HA (OHE TPUEMaA TePATIEBTUIECKUX JI03.

3i10KkavyecTBEeHHbIH HelipoJIenTUuYecKuii CUH-
npoMm (kox mo MKB-10 — G21.0).

37I0Ka4eCcTBEHHBIN HEITPOIeTITHYeCKII CH/IPOM,
XapaKkTepu3yoNniics TurepTepMueii Iipu OTCYTCTBUN
MHGEKINH, MBITIIEYHON PUTHIHOCTBIO, BETeTaTUBHON
muchyHKIMeH, U3MeHeHneM TICUXUYeCcKOoro cTaTyca, —
PellKoe OCJIOKHEHUE TIPY TIPUeMe TepareBTUIECKUX
103 kiosarmaa |50, 51]. OxHako, OH SBJISIETCST OTINYN-
TEJIbHON 0COOEHHOCTBIO KIMHUYECKIX IPU3HAKOB OCT-
pBIX oTpaBieHuil kiozanuHoM [4]. IlaTorenes weitpo-
JIEITHYECKOTO CHHIPOMa /10 KOHIIA He BhIsICHEH. Bbio
BBICKA3aHO TIPE/IIOJOKEHNE O TOM, UTO KJIIOYEBBIM
3BEHOM IaTOreHe3a SBJSIETCs OJI0Ka/a J0MaMUHOBBIX
D2-penienTopoB B HUTPOCTPUATOPHOM TPaKTe, Me30-
KOPTUKAJIBHOM IyTH U sS/Ipax TUnoTtaiamyca. Mexons
13 TAHHOTO TIPE/ICTABJIEHNUST, aTUITMYHbIE HEHPOJIETITH-
KW, B YaCTHOCTHU KJIO3AINH, CBI3BIBAIONTUIICS MeHee
yeM ¢ 75% D2-perenTopos, He MOTYT GbITh TIPHYITHON
HeliposenTrdeckoro cmaApoMa. Hemasmoe KosmaecTBo
3apETUCTPUPOBAHHBIX CJIYIA€EB PA3BUTHS HEUPOJIENTH-
YeCKOTO CUH/IPOMA, CBSI3aHHBIX € IPUEMOM aTUITUYHBIX
HEHPOJIETTTUKOB, 3ACTaBUJIO TIEPECMOTPETH TEOPUIO €TO
natoreHesa. B HacTosiiee BpeMsi CyIecTByIOT THTIOTe-
3bI O CEPOTOHUHEPTUYECKUX U HOPAZPEHEPTUIECKUX
MeXaHU3MaxX HeHPOJIeNTHIeCKOTO CHH/IPOMA, YTO TI03-
BOJISIET OOBSICHUTD €r0 BOSHUKHOBEHUE TIPH TIPHEME
kso3anuna [5, 51].

Cormacno uccaenosanuio E. Elmorsy u coasr.
HeOTaronpusiTHbie T000UYHbIe 3((MEKTHI CO CTOPOHBI
I[THC mpu mpriemMe KJ03annHa, B TOM YKCJe U HEHPO-
JIENTUYECKUI CUHIPOM, BO3HWKAIOT B Pe3yJbTaTe
HaXOJISAIIETOCS B 3aBUCUMOCTH OT BPEMEHW U KOH-
HEeHTPaINU HapyIeHUsT OMOIHEPTETUYECKOTO CTaTyca
AHJIOTETMATBHBIX KJIETOK KallUJIJISIPOB reMaTo-9HIe-
ammaeckoro 6apbepa. Boio mokazamo, 9To KI03amiH
uHrHOUpyeT akTuBHOCTD I 1 11T MUTOXOHAPUATBHBIX
KOMILTIEKCOB [52].

Arpanyionmros.

Cy1iecTByeT psiji TUTIOTE3 O MeXaHu3Me Pa3Bh-
THS arpaHyJIoIUTO3a, WHAYITUPOBAHHOTO KJIO3ATTH-
HOM. DouJibliiast poJib OTBOAMTCS TIPOMEKYTOTHBIM
AKTHBHBIM MeTabOINTaM, KOTOPbIe 00pa3yIoTCcs HElo-
CpelcTBeHHO HeHTpoduiamMu  1epudepudecKoit
KPOBU ¥ UX TIPEIIECTBEHHUKAMU B KOCTHOM MO3TE.
BbL10 0Ka3aHO, UTO PEaKTUBHBII MeTabOIUT KOBa-
JIEHTHO CBsI3bIBaeTcs ¢ Geskamu Heirpoduaos. 1o
HACTOSIIIIETO BPEMEHU He SICHO, SIBJISIeTCS TTOBPEeK/Ie-
HUEe HEHTPOMUIOB HEMOCPENCTBEHHBIM UJTH UMMYH-
HO-0MOCPeIOBaHHbBIM [46, 53].

Psan viccmenoBanmii TpoieMOHCTPUPOBATIN CBSI3h
arpaHyJIoIMTO3a C OIIPEICTIEHHBIMU TAIIOTUTIAMU KOM-
nnexca ructocopmectnmoctn (HLA-B38, DR4, DQw3,

pathway and the nuclei of the hypothalamus is the key
link to of theMNS pathogenesis. Based on this con-
cept, atypical antipsychotics, in particularly, clozapine,
which bindings to less than 75% of D2-receptors, can
not be the main cause of the neuroleptic syndrome. A
considerable number of reported cases of the neurolep-
tic syndromeMNS associated with atypical antypsy-
chotics forced researchers to reconsider the theory of
its pathogenesis.

Currently, there are hypotheses about based on
serotoninergic and noradrenergic mechanisms of the neu-
roleptic syndromeMNS which that can explain its devel-
opment after the administration of clozapine [50, 51].

According to a study by E. Elmorsy and et al.,
the adverse side effects affecting the central nervous
system (CNS) after administration of clozapine, in-
cluding the neuroleptic syndromeMNS, occur as a re-
sult of impairment of the bioenergy status of
endothelial cells of the blood-brain barrier capillaries
depending on the dose and timetime and its concen-
tration parameters. It was shown that clozapine in-
hibits the activity of the mitochondrial complexes I
and III mitochondrial complexes [52].

Agranulocytosis.

There is a number of hypotheses about on the
mechanism of agranulocytosis induced by clozapine. In-
termediate active metabolites which are formed directly
in peripheral blood neutrophils and by their predeces-
sors in the bone marrow are of a primary importance. It
has been proven that the reactive metabolites covalently
binds to neutrophil proteins. However, it has had not
been clear clarified to date whether it is occured due to
a direct damage of neutrophils or because of immune-
mediated damage of neutrophils [46, 53].

A number of studies have demonstrated a rela-
tionship between agranulocytosis and certain haplo-
types of the histocompatibility complex (HLA-B38,
DR4, DQw3, DQB1), which confirms the hypothesis
of the immuno-mediated mechanism. Genetic suscep-
tibility to clozapine-induced agranulocytosis was
found in a case of (a change of one amino acid in HLA-
DQB1 (126Q) or HLA — B (158T) antigens due to
mutant loci [54].

Cardiotoxic effect.

The cardiotoxic action of clozapine is its repre-
sents the most serious side effect. Numerous studies
have proved the connection between clozapine intake
and increased risk of myocarditis, cardiomyopathy,
pericarditis, heart failure, and a sudden cardiac death
[16, 26, 27, 55—61]. By 2010, the manufacturer of the
drug registered 213 cases of myocarditis, including 50
deaths, and 178 international reports on clozapine-in-
duced cardiomyopathy [62, 63].

Data onThere are multiple data on the risk of a
sudden cardiac death contain many long-term stud-
iesassociated with clodipine intake [55—57]. For ex-
ample, Modai and et al. concluded onfound a fourfold
increased in the risk of a sudden cardiac death in pa-
tients taking clozapine [64]. The analysis of sudden
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DQB1), uto moaTBep:KIAET TUTIOTE3Y O UMMYHO-OTIO-
CPEIOBAHHOM MeXaHu3Me. BblsiBiieHa reHeTmueckast
BOCIIPUUMYHMBOCTb K WHIYIIUPOBAHHOMY KJIO3AITHHOM
arpaHyJIoIuTo3y (M3MEHEHIEe OJTHOI AMUHOKHUCJIOTHI B
HLA-DQB1 (126Q) HLA — B (158T) [54].

Kapaunorokcuueckoe neiictBue.

Kapamorokcudyeckoe — neiictBue — KJio3amuHa
SIBJISIETCS HarboJIee CEPhe3HBIM ero TOO0YHBIM A dek-
ToM. MHOTOUNCJIEHHBIMU UCCIEIOBAHUSAMHU JTOKA3aHA
CBSI3b MEXKIY TPUEMOM KJIO3AMUHA U TIOBBIIIEHUEM
pHUCKa pas3BUTUSI MUOKAPAWUTOB, KaPAUOMHUOIATHIA,
HEePUKAPANTOB, CEPEYHOI HEJIOCTATOYHOCTH, BHE3ATI-
HOW cepaeuHoit cmepru [16, 26, 27, 55-61]. K 2010
TOJLY TIPOM3BOIUTETIEM TIPETapaTa GbII0 3aPETHCTPUPO-
Bano 213 ciryyaeB MuokapanTa, Bkiodast 50 cMepTesib-
HBIX coTy4aeB, 178 MeKIyHapOIHBIX JOKIAIOB O KJI03a-
MTUH-UHAYIIUPOBAHHON KapauoMuonatiu [62, 63].

VmetoTcst MHOTOUMC/IEHHBIE AaHHBIE O PHCKE
BHE3AITHOI Cep/IeYHOI CMEPTH, aCCOTIMIPOBAHHOM C
npueMoM kJjosanuia [55—57]. Tak, Hanpumep, Modai
U COABT. IPUIIJIA K BBIBO/LY O UETBIPEXKPATHOM yBe-
JINYEHUU PUCKA BHE3AMHOI CepAeYHON CMepTH y
MAIMeHTOB, MPUHUMAONUX KJo3anuH [64]. B pe3ysb-
TaTe aHAJIN3a CJIyYaeB BHE3AITHON CepAeYHOI CMepTH
GBIJIO OTMEUEHO TIPeobIajlaHyie MaueHTOB MOJIOIOTO
Bospacra 6e3 COMyTCTBYONX 3aboseBanuii [59].

Wccnenosanme, mpoBefeHHoe B ABCTPATIIU
A.A. Khan u coasr. ¢ 2009 o 2015 roz mokasaio, 4To ¢Jry-
Yau MUOKap/InuTa ¥ BHE3AIIHON cepiiedron cmeptr y 503
HaIMeHTOB coCTaBIIN 3% 1 2% cooTBeTcTBeHHO [15].

[TaTorenes KapANOTOKCHYHOCTH /[0 HACTOSIIIIETO
BpeMeHU He siceH. OTMeYeHO TIOBbIIIEHNE TPOTIOHH-
na, KOK-MB, unrepieiikunos, akropa HeKpo3a
OITyX0JIH ayb(da, MUTOKUHOB MPU MTPUMEHEHUHN KJIO-
3alMHa B BBICOKUX Ho3ax [5, 6, 65, 66]. B. A. Al-
Wahab u coaBT. B 9xcriepuMeHTaTBHOM HCCITIE0BA-
HUM  ObLIO  BBISIBJEHO  TOBBIIEHHE  YPOBHEH
KaTeX0JIAMUHOB, HOPa/[peHaIHa 1 anuHedpuHa B
IJIasMe y MbIIIeid, ToJydaBInx Kiao3anun [5]. U3
ATOTO CJEMYET, UTO KapAMOJOTHYECKUE TTOOOUHBIE
adeKTb MOTYT OBITH CBA3AHBI C TMOBPEKICHUEM
KapJIUOMIOIIUTOB BCJEACTBUE HAKOIJIEHUS] B HUX
a/IpeHaJINHA, a TAKIKe C HapylleHueM nepdys3nn Muo-
KapJa B pe3yJbraTe [IJTUTENTbHONU KOHCTPUKIIUK
BEHEUYHBIX COCY/IOB B COYETAHUU C TaxUKapauei,
KOTOpasi OTMeYaeTcs y 25% IManueHToB, IPUHUMAIO-
mux kiaosamuu [61, 67—70].

Mmorue wcceoBaTeny CYUTAIOT TJIABHBIM
MATOTeHETUYECKUM 3BEHOM KapAMOTOKCHYECKUX
adexToB MOBpexgAIONIEe EliCTBE PEAKTUBHBIX
MetabonuToB Kaoszamnuna [71]. Beuio ycranosieno,
YTO KJIO3AMUH MOJBEPraeTcst GNOAKTUBAIIMY B TKAHU
MUOKap/ia 710 00pa3oBaHus XUMHUYECKH aKTUBHOTO
Mertabojta — HUTpeHust [47]. MeraboiuT cBs3biBa-
ercs ¢ 6esrkaMu B MEOKAp/Ie, YTO TIPUBOJIUT K 00pa3o-
BaHUIO AHTUTEHHOTO KOMILIEKCA, KOTOPbII CTUMYJIH-
PYET UMYHHBII OTBET U Makpodaru, 3a aTUM CJIeyeT
BBICBOOOK/ICHIE IATOKUHOB, KOTOPBIE OMOCPEAYIOT
KJIETOUHYI0 MHMUIABTPAIINIO 1 MuoKapanT [71].

cardiac death cases demonstrated the predominance
of young patients without comorbidities [59].

A study conducted in Australia by A. A. Khan et
al. from 2009 to 2015 showed that cases of myocarditis
and a sudden cardiac death in 503 patients amounted
tooccurred in 3% and 2% of all cases, respectively [15].

The pathogenesis of cardiotoxicity is still not
clear. There was an increase in troponin, CPK-MB, in-
terleukins, tumor necrosis factor alpha, and cytokines
concentrations due towhen clozapine was administered
ration of clozapine in at high doses [5, 6, 65, 66]. In an
experimental study, B.A. Al-Wahab et al. demonstrated
an increase in plasma levels of catecholamines, nora-
drenaline and epinephrine in mice receiving clozapine
[25]. Therefore, cardiac side effects may be associated
with a damage of cardiomyocytes due to the accumula-
tion accumulatingof adrenaline in them, as well as with
impaired myocardial perfusion as a result of a prolonged
constriction of the coronary vessels in combination
with tachycardia, which is observed in 25% of patients
taking clozapine [61, 67—70 ].

Many Various researchers consider a damaging ef-
fect of clozapine reactive metabolites as the main patho-
genetic factor of the cardiotoxic effects [71]. It was
found that clozapine is bioactivated in the myocardial
tissue to chemically active nitrenium ionmetabolite [47].
The metabolite binds with to proteins in the my-
ocardium leading to the formation of an antigenic com-
plex which stimulates the immune response and
macrophages, followed by the release of cytokines,
which mediate cellular infiltration and myocarditis [71].

Arrhythmogenic side effects of clozapine were
noted. The long QT prolongation syndrome (ICD-10
code: 149.8), which is a predictor of a v entricular
tachycardia of the «pirouette» type of torsade de
pointes is the most common disorder. In about one of
ten cases, torsade de pointesthe latter leads to death
[17-20, 73, 74]. The mechanism of the long QT pro-
longation syndrome related to the clozapine intake is
associated with the blockade of repolarization pf of IKr
potassium voltage-gated channel subfamily H member
2 channels encoded by a human KCNH, (or HERG,
«ether-a-go-go-relatet related> (HERG) gene [31].

Thromboembolic complications.

The database of the International Centre for Ad-
verse Drug Reactions Monitoring of the World Health
Organization (WHO) provides information about 754
cases of venous thromboembolism in patients receiv-
ing clozapine [75]. A number of studies have revealed
a high probability of thromboembolic complications
of administration of second — generation antipsy-
chotic drugs [21—24]. From 1990 to 1999, the Food
and Drug Administration (USA) had received 99 re-
ports on thromboembolic complications [76].

The pathogenesis of these complications is a
multi-factorial one. A number of studies demon-
strated that changes in 5SHT2A-receptors of platelets
may mediate atherogenic and prothrombotic mech-
anisms [75].

GENERAL REANIMATOLOGY, 2018, 14; 2

www.reanimatology.com



42

DOI:10.15360,/1813-9779-2018-2-35-45

Acute Intoxications

OTMeueHbl apUTMOTeHHbIE T0O0UYHbIE 9P hEKTHI
kiozanuna. Hanbosiee yacTbiM HAPYIIEHUEM SIBJISICT-
ca curapom yanaunenuss Q-T (kox mo MKB-10 —
[49.8), koTOpBIIi SIBJISIETCS IPEAMKTOPOM JKETY/I0UKO-
BOIl mupyar-Taxukapauu. lIpuMepHo B omHOM U3
JeCSITH CJydaeB MHUPYIT-TAXUKAPIAUS HPUBOIUT K
cmeptu [17-20, 73, 74]. MexanusMm cuHpoMa y/LJIu-
Herust Q — T npu npreMe KJI03arnHa CBI3bIBAIOT C
6JI0Ka/I0i perosIpu3anun KaaneBbix kananos IKr,
koaupyembix renom KCNH, (HERG) [20].

TpoMG05MO0IHYECKHE OCAOKHEHHUS.

B 6ase MeXKIYHAPOAHOTO IEHTPAa KOHTPOJIS
oOOYHOTO JIeficTBIS JiekapeTB Beemuproit opranmsa-
1uu 371ipaBooxpanenust (BO3) copepkarcst cBeneHust
0 754 cry4asix BEHO3HON TPOMG0IMOOIMH Y GOJBHBIX,
HOJIy4YaBIInX KJao3anuu [75]. B psie ucciaepoBanmii
OblTa BBIABJIEHA BBICOKAsI BEPOSATHOCTD TPOMO0IMOO-
JINYECKHUX OCJIOXKHEHUIT ITPU TIPUEMe aHTUIICUXOTHYe-
CKUX TIperapatoB BToporo mokosenusi [21—24]. C
1990 1o 1999 roxbl ynpasieHueM 1Mo CAaHUTAPHOMY
HAJ30PY 32 KAYeCTBOM ITHMIIEBbIX IIPOJAYKTOB U MeIH-
kamentoB CIIIA (Food and Drug Administration,
USA) 65110 110s1y4eo 99 coobienuii o poM60amM60-
JIMYECKUX OCJIOKHEHUSX [76].

[TaTorenes 1aHHBIX OCJIOKHEHMIT — MHOTO(aK-
TOpHBIIL. B psine ucciemoBanuii mokasaHo, 4To O1o0-
CpesoBaTh aTeporeHHbIe ¥ MPOTPOMOOTUYECKUE MEXa-
Hu3Mbl MoryT uamenenusi B SHT2A-perentopHom
annapare TpoMOonuTos [75].

B pesyisrare uccaeposanusa S. Axelsson u
COaBT. OBLJIO YCTAHOBJIEHO, YTO IO/ AEHCTBUEM KJIO-
3aIHa Ha KPOBb N Vil10 yBEJUYNBAETCS aAre3us 1
arperaryst TpOMOOIUTOB, YMEHBIIAIOTCS 3HAYCHUS
AKTUBUPOBAHHOTO YaCTUYHOTO TPOMOOILIACTHHOBOTO
Bpemenu — AUTB [25].

B uccaenosanuu M. B. BesioBoii 1 coaBT. 6bLI0
MOKA3aHO, YTO IIPU OCTPBIX OTPaBjeHus ncuxodap-
MaKOJIOTUYECKUMU CPEJCTBAMU, B TOM YUCJIE U KJIO-
3anuHOM HabJoancst Auchaianc MekIy TepeKic-
HBIM OKHUCJIEHMEM JIUIHUI0B U AHTHOKCHIAHTHOI
CUCTEMOI1, YTO COIIPOBOKIATIOCH YBeJIUYEHIEM Bsi3-
KOCTH KPOBM U TOBBINIEHUEM arperauoHHbIX
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As aresult of the study of S. Axelsson et al. it was
founddemonstrated that under the action of clozapine
on blood, the in vitro platelet adhesion and aggrega-
tion increased in vitro andwhereas APPT the values of
activated partial tromboplastin time are reduced [25].

A study of M. V. Belova et al. demonstrated that
in acute poisoning with psychopharmacological
agents, including clozapine, there was an imbalance
between lipid peroxidation and the antioxidant sys-
tem, which was accompanied by an increase in blood
viscosity and an increase in the aggregation properties
of red blood cells and platelets due to membrane dam-
age to their membranes [77].

Conclusion

Clozapine remains a popular psychopharmaco-
logical agent in clinical practice, despite the side ef-
fects that pose a threat to life. Numerous studies do
not allow to come to a consensus on the mechanisms
of its toxic effects. A detailed study of the cytogenetic
cellular, genetic and molecular aspects of clozapine ac-
tion will allow to disclose most fully the pathogenesis
of life-threatening conditions due to due to its admin-
istrationclozapine administration.

CBOMCTB 3PUTPOIUTOB ¥ TPOMOOITUTOB B CJICICTBUE
HoBpexaeHus ux memopat [77].

3akjaoyeHue

Knosanun ocraeTcs noiyJisipHbIM 1icuxodap-
MaKOJIOTUYECKUM CPEJICTBOM B KIMHUYECKOM IIPaK-
THKE, HeCMOTPsI Ha 1060uHbIe 3 EKTHI, TTpe/IcTaB-
Jdiolue yrposy [Jid KU3HU. MHOTOYMCJIeHHbIE
uccyeloBaHus He M03BOJIAIOT IIPUNTH K €[UHOMY
MHEHHIO O MeXaHM3MaX ero TOKCUYECKOro [eii-
crBust. [ToapobHoe u3yueHre KIeTOUHbIX, FeHeTHYe-
CKUX U MOJIEKYJISIPHBIX aCIIeKTOB JIeUCTBUS KJI03a-
NUHA TO3BOJUT Haubojiee MOJHO PACKPHITh
HaToreHe3 OIACHBIX /I )KU3HU COCTOSHUN IIPU €T0
IPUMEHEHUN.
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