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Ienp ucciaeroBaHust: BbIsIBJIEHE ATOJIOTMIECKIX M3MEHEHUH B TIeUeHN HAa PAHHUX CPOKAX JICTBUST KII03AITIHA
M KJIO3AMUHA B COUETAHMH C 9TAHOJIOM JIJIsi COBEPIIIEHCTBOBANUS IUArHOCTHKHI OCTPBIX OTPABJIEHUT.

Marepuasst 1 MeTozbl. ONBITHI TIPOBOAMIN Ha 6ECIOPOAHBIX Kpbicax-camiax (7=15). JKusotubIx pasmesmamn
Ha 3 TPyl 0 5 0cobeil B Kakmoit: 1) KonTposibHas (MHTaKTHBIE KPBICHI); 2) KI03anuH, 3) KI03anuH 1 9TaHoJI.
Knozanun B 103e 150 Mr/Kr Macchl Tejia JKUBOTHOTO BBOJIMJIN TIE€POPAJIBHO MOJI HAPKO30M (XJI0P0JIa3a), KIO3AIUH
(150 Mr/Kr) ¢ 3TAaHOJIOM B /103€ 5 MJI/KT — HepopasibHO. KpbIc BBIBOIUIIN U3 9KCIIEPUMEHTA Yepe3 3 yaca Iy TeM Jie-
Karraiui. OOpasibl TKAHU [IEYE€HN UCCIE0BAIN METOJOM CBETOBOI MUKPOCKOIUU. [Ipu THCTONIOrnYecKoM Hc-
CJIe[OBAaHKK OIIEHUBAIN CJie/yiole MOP(hOIOTHYECKUEe TPU3HAKU: PACCTPONCTBO KPOBOOOpalieHus (Hajiuue
BEHO3HOT0, KAUJIJISIPHOTO U apTEPHAIBHOTO MOJTHOKPOBUSI, MOSIBJIEHIIE BEHO3HBIX KPOBOUJIMAHMIT), OTCYTCTBHUE
OKpAIIUBAHUS SI/IEP, TIBIGYATOCTD U TOIIA3MbI, BAKYOJIM3AI[IIO IIUTOIIA3MbI, HAJIMYNE OYAr0B HEKPO3a, MOSIBJIEHIE
KJIETOYHOIT peakiuu (OOJIbIIOe KOJIMYECTBO JIEHKOIMTOB B 110Jie 3perust ). OLeHKY IPOBONIIN C IPUMEHEHUEM KPU-
tepust Ouiiepa. CyneGHO-XUMIYECKOE UCCIIE0BAHME TPOBO/IIIN HA BEICOKOA(hMEKTUBHOM KUJIKOCTHOM XpOMa-
Torpacde ¢ macc-nerektopoM. OleHUBAIM collepKanne KJI03alnuia, HOPKJIo3anuia M Kiaodanun-N-okcuaa B
CBHIBOPOTKE KPOBH M TOMOT€HTATE TIeUeHU KPbIC.

Pesyabrarsl. B KOHTPOJIBHOIL IPYyIIlie B TKAHU [EYEHU ITATOJIOTMYECKUX M3MeHeHuiT He Habsmoganu. Yepes 3
gaca 1ocJie BBeJIeHUsT KJIO3AITMHA BBISIBIJIN BEHO3HOE TOJTHOKPOBHe. Uepes 3 yaca 1ocjie COBMECTHOTO BBE/IEHUSI
KJIO3AIIMHA ¥ 9TaHOJIa HAOJIIOIa/I BEHO3HOE TOJHOKPOBUE M OTCYTCTBIE OKPAIIMBAHMUS SIIEP TENaTOIUTOB. Bbi-
SIBUJIM, 4TO TIPY COBMECTHOM BBEJIEHUH KJIO3AITMHA U ATAHOJIA COJIEPKAHNE KIO3AITMHA B CIBOPOTKE KPoBHU B 1,94,
kyio3anui-N-okcuza — B 2,3 pasa HUXKe, 4eM IIPU BBeJIEHUH KJI03aMnHa KaK MOHOIIPeIapara, a cojiepkanue HopK-
JI03arnHa — He OTJINYAeTCsI.

3akmouenue. lI3Menenis, BbIsIBJIEHHbIE B I€YEHU, B COYETAHNN C U3MEHEHUSIMU B JIPYTUX OPraHax v pe3yJibTa-
TaMu cy1eOHO-XUMUYECKOTO aHAJIH3a [03BOJISIIOT YCTAHOBUTD (hakT oTpaBieHus Kio3amnuuoM. [loHrnmanme nporec-
COB, POUCXO/ISIIIIUX B OPraHU3Me IIPH MOJ0OHBIX UHTOKCHKAIMSIX, ToMoraeT 6osiee 3hheKTHBHO OKa3bIBATH HOMOIIIb
MOCTPA/IABIINM.

Kntouegvie cnoea: mopghonozuneckie usMeHeHUst; Neuets, KPUMUHALLHbLE OMPAGILEHUS, CYOeOHO -XUMUUECKUL ana-
JU3, KILO3ANUH, IMAHO]L, MEMAOOLUMbL, HOPKIO3ANUH, KL03anuH-N-0Kcuo
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Experimental Studies

Purpose: identification of pathological changes in the liver at early stages of the effect of clozapine and clozapine
combined with ethanol to improve the diagnosis of this acute exposure.

Materials and methods. The experiments were carried out on outbred male rats (#=15). The animals were
split into 3 groups, 5 animals in each: 1) control (intact rats); 2) clozapine, 3) clozapine and ethanol. Clozapine at
a dose of 150 mg/kg of the animal’s body weight was administered orally under anesthesia (chloralose), clozapine
(150 mg/kg) with ethanol at a dose of 5 ml/kg — orally. Rats were removed from the experiment after 3 hours by
decapitation. Samples of liver tissue were studied using light microscopy. During histological examination, the
following morphological signs were evaluated: blood circulation disorder (presence of venous, capillary, and arte-
rial congestion, appearance of venous hemorrhage), absence of nuclei staining, cytoplasm lumpiness, cytoplasm
vacuolation, presence of necrosis foci, appearance of cellular response (a large quantity of leukocytes per power
field). The assessment was done using the F-test. Forensic chemical analysis was carried out using a high-perfor-
mance liquid chromatograph equipped with a mass detector. The content of clozapine, norclozapine, and clozap-
ine-N-oxide in blood serum and liver homogenate of rats was evaluated.

Results. In the control group, no pathological changes in liver tissue were observed. 3 hours after clozapine ad-
ministration, venous congestion was detected. 3 hours after administration of clozapine and ethanol combination,
venous congestion and absence hepatocyte nuclei staining were observed. It was found that after combined admin-
istration of clozapine and ethanol, the blood serum clozapine was 1.94-fold and clozapine-N-oxide was 2.3-fold lower

than when clozapine was administered as a single drug while the content of norclozapine showed no difference.

Conclusion. Changes detected in the liver, together with changes in other organs and findings of the forensic
chemical analysis, allow establishing the fact of clozapine poisoning. Understanding of the processes going on in the
body during such intoxications helps rendering medical assistance to victims more effectively.

Keywords: morphological changes; liver, criminal poisoning, forensic chemical analysis, clozapine, ethanol, metabo-

lites, norclozapine, clozapine-N-oxide
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BBenenue

OrtpaBiieHUS ABISAIOTCA HA CETOAHSIIHUN JIeHD
OTHOW U3 JUAUPYIONIUX MPUUYNH HACUILCTBEHHOU
cmeptu [1]. Kmozanun (Jreronekc, azaienTH, KJa03a-
PUJT) OTHOCHUTCS K TaK HA3bIBAEMbBIM «aTUITNYHBIM HEH-
poJienitukamy [2—7]. OH MUPOKO TPUMEHSETCS IS
JIeYeHUsI TICUXUUecKuX 3aboseanuii [5—8]. Tlo xumu-
YeCKOMY CTPOEHUIO 9TO TPUITUKINIECKOE COeIMHEHHE,
MOJIEKYJIBI KOTOPOTO MMEIOT 3JIEMEHTBI CXOJICTBA C
npousBoHbiME 1,4-6Gersouasenuna [2, 3]. TIpemapar
MeTtabosusupyercs B rieueHn. B mepBoii asze metabo-
JIM3Ma KJI03aMHa TIPOUCXOAT: N-OKUCTIeHE, IeMETH-
JIMPOBaHMe, TUPOKCUINPOBaHNE, S-okucaeHue [9].
Bo BTOpOII (haze Tpu KOHBIOTAITH TTPOUCXOUT IO~
KypoHU3aIWs (IPUCOeIMTHEHNE 9HIOTCHHBIX MOJICKY.I,
HAXO/ISIIIIXCST B OPraHU3Me ¢ 00pa3oBaHUEM TJIIOKYPO-
H0B) [9, 10]. OcHOBHBIMEU MeTAOOIUTAME KJIO3ATIH-
Ha SBJIAIOTCS JE3METUIKJI03ANNH (HOPKJIO3AMuH) U
kio3anun-N-okcus [2, 3, 9, 10]. [leameTusikao3anun
obpasyetcst moJi BosielicTBueM (GepMEHTOB CUCTEMbBI
mroxpoma P450 (usodbopmer 1A2 1 2D6 1, BO3MOKHO,
uzodopmbl 3A4, 2C9, 2C19), krozanuna-N-okcu —
Mo/1 Bo3zieiicTBreM nutoxpoma P450 (BO3MOKHO, M30-
opmbr 3A4 1 1A2) [11].

Metabosm3M KJI03aliHa IpezicTasier Ha puc. 1 [ 11].

B ro/ioBHOM MO3Te KJIO3aluH MeTabO0JUu3upy-
€TCs 32 CUET KaTaJa3HOTO OKHUCJIeHNS (hJIaBUHCO/EP-
JKalleil MOHOOKCUTIeHa30i ¢ oOpasoBaHMeM KJO3a-
nuH-N-okcnja [12]. Merabousm Kiio3anuHa MOKeT
MPOUCXOJIUTH TTOCPEACTBOM MHEIONEPOKCUIA3HOTO
oxkucyenus [13].

B HacTogiee BpeMs 10CTATOYHO BEJTUKO YHUCJIO
CJTy4aeB UCTIOJIb30BAHMS KIO3AMMHA 3JI0YMBITLICHHH-

Introduction

Poisoning is currently one of the leading reasons
of violent death [1]. Clozapine (Leponex, Azaleptin,
Clozaril) belong to the so-called ‘atypical neuroleptic
agents’ [2—-7]. It is widely used for mental diseases
[5-8]. As regards its chemical structure, it is a tri-
cyclic compound, which molecules have some similar-
ity with 1,4-benzodiazepine derivatives [2, 3]. The
drug is metabolized in the liver. At the first stage of
clozapine metabolism the following takes place: N-ox-
idation, demethylation, hydroxylation, S-oxidation
[9]. At the second stage, during conjugation, glu-
curonization (addition of endogenic molecules, which
are present in the body, to produce glucoronides)
takes place [9, 10]. The main metabolites of clozapine
are desmethylclozapine (norclozapine) and clozapine-
N-oxide [2, 3,9, 10]. Desmethylclozapine is produced
under the action of enzymes of the cytochrome P450
family (isoforms 1A2 and 2D6, and, probably, iso-
forms 3A4, 2C9, 2C19), clozapine-N-oxide — under
the action of cytochrome P450 (probably, isoforms
3A4 and 1A2) [11].

Clozapine metabolism is shown on figure 1 [11].

In the brain, clozapine is metabolized through
catalase-mediated oxidation by flavin-containing
monooxygenase to produce clozapine-N-oxide [12].
Clozapine metabolism might occur by way of
myeloperoxide oxidation [13].

At present, the number of cases is rather high
when clozapine is used by criminals for intentional
profound depression of CNS to commit criminal acts
in respect of victims. Poisoning by this drug is char-
acterized by severity and high mortality [14, 15].
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Fig. 1. Clozapine metabolism.
Note. Cl - clozapine.
IIpumeyanue. Cl — knozanun.

KaMU ¢ IeJIbI0 MIPeJHAMEPEHHOTO TIIyGOKOTo yrHeTe-
Hug [THC ans ocyniecTBieHns KpUMIWHATBHBIX JI€i-
CTBUH TI0 OTHOTIEHUTO K TTocTpagaBmM. OTpaBIeHNs
ATUM TIPENapaToM OTJINYAIOTCS TSKETbIM TeYeHUEM U
BBICOKOI cMepTHOCTBIO |14, 15].

HemnocpenctBerHO TPUYMHON CMEpPTH TTOCTE
npueMa KJjio3annHa Ha 1—2-e cyTKM SIBJISIeTCST MHTOK-
cukanus. K setaspbHOMY MCXOY TTPUBOIAT, TIPEK/IE
Bcero, rpyOble HapylleHUsI romMeocrtas’a, (DYHKIUI
IeHTPaATbHON U TIepudepuIecKoil HepBHOI CUCTEMBI,
a TakXke pa3BUTHE DHJOTOKCUKO3a. Bbliesdgior 1Ba
BapWaHTa TaHATOTeHe3a: Mapajny JbIXaTeJbHOTO
IIEHTPa M OCTPYIO CePCYHO-COCYTNCTYTO HEOCTATOY-
noctsb [16]. Ha 3-6-e cyTku nocsie orpasienus (coma-
ToreHHas ¢asa), OCHOBHBIMU MPUUYNHAMU CMEpPTH
saBastiorcst mHeBMoHNS 1 TAJIA [16—-18].

HaubGoJiee BbIpaskeHHOE yrHETaIOIIEE AeHCTBIE
HA OPTaHM3M YeJIOBEKA OKas3biBaeT KOMOWHAIIMS KJIO-
3alHa M ATAHOJIA, YTO UCIIOIb3YyeTCs ST coBepIe-
HUS TIPECTYNHBIX feficTBri [13].

Kiozamu — ato dhyHKImoHambHbIH si71. Tpaman-
IIMOHHO, B CUJTy CBOEH HEOYEBWIHOCTH, BCE CIydaw,

The immediate cause of death on day 1-2 after
clozapine intake is intoxication. The fatal outcome re-
sults, first of all, from severe disorders of homeostasis,
central and peripheral nervous system functions, and
endotoxicosis development. Two variants of thanato-
genesis are distinguished: respiratory center paralysis
and acute cardiovascular failure [16]. On day 3-6 after
poisoning (the somatogenic phase), the main causes of
death are pneumonia and PATE [16—-18].

The combination of clozapine and ethanol ren-
ders the most prominent depressive effect on human
body, and this is used to commit criminal acts [13].

Clozapine is a functional poison. Traditionally,
due to its non-obviousness, all cases when such poi-
soning is suspected are subject to forensic medical in-
vestigation. At the same time, forensic medical
diagnosis of such poisoning is still difficult up to the
present day. In similar cases, diagnosis is made com-
prehensively taking into account all available data:
the results of visual examination of cadaver and
forensic anatomy, histology and forensic chemical in-
vestigation [14, 15].
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MO/[03pEBAEMbIE Ha TIOJI0OHbIE OTPABJICHUS, MTOJJIEKAT
CyieOHO-MEIUITUHCKOMY HCCeloBanmio. Bmecre ¢
TeM, CyAeOHO-MeIUITMHCKAsT JIMArHOCTUKA TaKUX
OTPAaBJIEHUH /10 HACTOAIIEr0 BPpeMEHU 3aTpy/HeHa.
YeraHoBJIeHE AMATHO32 B OAO0OHBIX CIyYasx Mpo-
M3BOJIUTCS KOMILJIEKCHO C YYETOM BCEX JIOCTYITHBIX
JIAHHBIX: Pe3yJbTaTOB BHENIHETO OCMOTpa Tpyla U
BCKPBITHSI, TUCTOJIOTUYECKOTO U CY1e0HO-XUMUIECKO-
ro ucciaeposanus |14, 15].

CyneGHO-XUMUIECKOe HCCIeI0BAHIE B CITyUastX,
MOJIO3PUTEJIbHBIX Ha OTPaBJieHUe KJIO3AIUHOM, IIPE/l-
craByisieT CcOOOU CJIOKHYIO aHAJTUTHYECKYIO 3a/ady,
MOCKOJIbKY CBSI3AHO C M30JMPOBAHUEM HEOOJBIIOrO
KOJIMYEeCTBA BEIIeCTBa, BBEJEHHOIO B OpPraHU3M, U3
J0CTaTOuHO GOJIbIIOro 0ObemMa Ouomarepuaia [19-21].
Heo6X0mmmMo 0TMETHTb, UTO /ISt KIIO3aINHA XapaKTepeH
Y3KHI TeparieBTHIecKuii ntjekc (6JI1M30CTb TepareBTH-
YeCcKMX M TOKCMUYECKUX KOHIleHTpalui) [2, 3, 22, 23], a
3TO, B CBOIO OYepe/lb, MOKET IOCIYKUTh ITPUYMHOMN,
MHTOKCUKAIIW, B TOM YHUCJIE, CMEPTEJILHBIX, 109TOMY
0coboe BHUMAHUE YEISETCS UCCIEI0BAHIIO OUOKII-
KocTeil (KpOBHY, MOUN ) U BHYTPEHHUX OPTaHOB.

OaHuM U3 OpraHoM-MHUIIIeHel [TPU OTPaBIeHUN
KJIO3AIIMHOM (Hapsy ¢ MO3TOM U JIETKUMU ) SIBJISIETCS
nevens [24—28].

Corsacuo ganubiM, torydyeaHbiMm B HUUW nm.
H. B. CkiudocoBcKoro, y Bcex Iorubumx ot OTpas-
JIEHUWST KJIO3aMUHOM HaOII0a/ICsA O4aroBbIil WK
nuddysubiii creatod. sKuposag auctpodus B
BBIIIEIIEPEYNCIEHHDIX CAyYasX HOCUIA KPYIIHO- U
MeJIKOKAIeAbHBIN XapakTep. B yactu wabmonenuii
U3MEHEHUs TIeYeHU OB OTMedYeHbl Ha (hoHe puar-
HocTupoBanHoro renaruta (B Tom uucie HCV-
atuoJsiorun). Kpome ToOro, yacTp naiueHToOB JJIH-
TeJHHO yHOTPeOJIsiia ICUXOTPOIHBIE MTPETTapaThl ¢
TepareBTUYECKOM 1eJIbI0, YaACTh YMEPIIUX 3JI0YII0-
Tpebusiiin ankoroseM. TeMm He MeHee, B [IOJIOBUHE
HAOIIOMEHU MEJTKOKATIEIBHBII CTeaTo3 MeYeHn He
6611 06YCJIOBJIEH HU OJHOM M3 YKA3aHHBIX BHIIIE
[PUYHNH, TI0O9TOMY MOKHO IyMaTh, 4YTO OH Pa3BUJICS
BCJIE/ICTBUE OJHOKPATHOTO YIIOTPEOIEHIS BBICOKIX
J103 TICUXOTPOITHBIX Ipernapatos [24].

AHanu3 NCTOYHUKOB JIUTEPATYPBI TI0KA3aJ, YTO
YUCIIO TyOIUKAIUI O TTATOJIOTHYECKUX U3BMEHEHMSIX B
[eYeHU [IPU OTPABJEHUU KJIO3AIIMHOM OTPAaHUYEHO.
Kpowme Toro, Takue nsmeHeHns U3y4aauch Ipenmyiie-
CTBEHHO B [1O3/[HIE CPOKU 110CJIE MHTOKCUKAIIU.

[lenp uccsegoBanms: BolgBJIeHNE TATOJOTHYE-
CKMX U3MEHEHMI B Ile4YeH! Ha PAaHHUX CPOKax Jeii-
CTBUS KJIO3AIIMHA U KJI03aIIMHA B COYETAHUU C 9TAHO-
JIOM JIJI1 COBEPIIEHCTBOBAHUS TUATHOCTUKH OCTPBIX
OTpPaBJIEHUI.

MaTepI/IaJI 1 METO/1bl

IKCIepUMEeHTbI IPOBOJMIHN Ha 15 6eCIOPOHBIX KPbI-
cax-camiiax Bospacra 20 nez. maccoit 290—-350 rp. Kusor-
HBIX Pa3/eJUIN Ha 3 TPYNIBI (110 5 KUBOTHBIX B KaXK/0M
rpynie): 1) KOHTpoJib (MHTAKTHBIE KPBICH); 2) KJIO3AIINH;
3) KOMOMHAI[HSI KITO3AIMHA U 9TaHOJIA.

In cases when clozapine poisoning is suspected,
the forensic chemical investigation represents a difficult
analytical problem as it is related to isolation of a small
quantity of the substance administered to the body
from a large volume of biological material [19-21]. It
should be noted that clozapine is characterized by a nar-
row therapeutic index (closeness of therapeutic and
toxic concentrations) [2, 3, 22, 23], which, in turn,
might become a cause of intoxication, including a lethal
one, so a particular attention is paid to analysis of bio-
logical fluids (blood, urine) and internal organs.

During clozapine poisoning, one of target organs
(along with the brain and lungs) is the liver [24—28].

According to the data of N. V. Sklifosovsky Re-
search Institute, all who died from clozapine poisoning
exhibited focal or diffuse steatosis. Adipose degenera-
tion in the above cases was macro and micro vesicle
steatosis. In some cases, changes in the liver were ob-
served at the background of diagnosed hepatitis (in-
cluding of HCV etiology). Besides, some patients had
used psychotropic medication for therapeutic pur-
poses, some deceased had abused alcohol. Nevertheless,
in half cases, microvesicle steatosis of the liver was not
caused by any of the afore-mentioned reasons; there-
fore, it had presumably developed due to a single use
of a high dose of psychotropic medication [24].

Analysis of literature has demonstrated that
there are few publications concerning pathological
changes in the liver during exposure to clozapine. Be-
sides, such changes were studied mostly at a late stage
after intoxication.

Purpose: identification of pathological changes
in the liver at early stages of the effect of clozapine and
clozapine combined with ethanol to improve diagnosis
of these acute exposures.

Materials and Methods

The experiments were carried out on 15 outbred male
rats of 20-week age and 290—350 g weight. The animals were
split into 3 groups (5 animals in each): 1) control (intact rats);
2) clozapine; 3) a combination of clozapine and ethanol.

Clozapine at a dose of 150 mg/kg of the animal’s body
weight was administered orally under general anesthesia (chlo-
ralose); clozapine (150 mg/kg) combined with ethanol at a dose
of 5 ml/kg of the animal’s body weight was administered orally.

The animals of all groups were removed from the ex-
periment 3 later by way of decapitation. Lung tissue samples
were fixed using a standard technique in 4% neutral
paraformaldehyde and then treated following the generally
accepted method. 5 pm-thick histological sections were
made, applied onto slides, and stained with hematoxylin and
eosin. Specimens were studied by light microscopy using
Nikon Eclipse E-400 microscope equipped with a video sys-
tem based on Watec 221S camera (Japan), at 200X and 400X.

Rat blood serum and liver homogenate were studied
by high-performance liquid chromatography-tandem mass-
spectrometry (HPLC-MS/MS) using HPLC chromato-
graph complete with mass detector Agilent Technologies
430 Triple Quad LC/MS (Germany). Chromatograms were
processed using Agilent Mass Hunter Quantitative Analysis
software vers. B 07.00 build 7.0.457.0.
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E)KCHepI/lMCHTaAI)HI)Ie MCCACAOBAHMA

Kitosarus B 103e 150 Mr/KT Macchl TeJia 5KHUBOTHOTO BBO-
JIITH TIEPOPAJIBHO TIO/[ OOIIM HAPKO30M (XJI0POJIasa); KIo3a-
e (150 MT/KT) B COYETaHWN € ITAHOJOM B JI03€ 5 MJI/KT
MAcCBI TeJTa JKUBOTHOTO — IIEPOPAJIBHO.

JKMBOTHBIX BCeX TPYIIT BBIBOJMJIN M3 9KCIIEPUMEHTA
uepes 3 yaca myTeM gekanutarnuin. O6pasibl TKAaHU JETKUX
dbuxcuposanu cTanIapTHO B 4% HeiiTpasbHOM mapadop-
MaJIbjierujie 1 ajiee 00pabaThiBaIM Mo OOIIETPUHSTOH Me-
ToauKe.  VI3roTaBauBajIM  THCTOJOTHYECKHE  CPE3bI
TOJIITMHON 5 MKM, HAHOCHJIN Ha ITPeIMETHBIE CTEKJIA F OKpa-
MINBAJTH TeMOTOKCUJIITHOM 1 903UHOM. IIpenapars nuccie-
JOBAJIM METOJIOM CBETOBOI MHUKPOCKOIIMHI HA MHKPOCKOIIE
Nikon Eclipse E-400 ¢ BumeocucTeMoil Ha OCHOBE KaMephl
Watec 221S (Anonuns) npu yBemmaenun 200X u 400X,

WccnenoBanme CbIBOPOTKH KPOBH U TOMOTEHATa
MeYeHN KPbIC TPOBOJIIIIN METO/IOM BBICOKOI(hheKTUBHOM
SKUJIKOCTHOH Xpomarorpadun ¢ Macc-AeTeKTHPOBAHUEM
(BOKX-MC/MC) na BbIcOK09(PHEKTUBHOM KUIKOCTHOM
xpomarorpade ¢ macc-nerekropom Agilent Technologies 430
Triple Quad LC/MS (Tepmanus). [l 06paboTKu Xpoma-
TOrpaMM MCHoJb3oBaiu mporpammy Agilent Mass Hunter
Quantitive Analysis vers. B 07.00 build 7.0.457.0.

Comep:kanue JKIBOTHBIX 1 PAOOTY ¢ HUMU IPOBONIN
B cooTBeTcTBUN ¢ mpukaszom Mumsapasa CCCP Ne 755 ot
12.08.1977 1. u EBpometickoii KonBentmeii o 3amure mo3Bo-
HOYHBIX KMBOTHBIX, UCIOJIb3YEMBIX [IJIsI DKCIIEPIMEHTOB
WM B MHBIX HayuHbIX nessx (CrpacOypr, 18.03.1986 1.).

CynebHO-XUMIYeCKOe MCCIe0BaHNE TIPOBO/IMIN Ha
BBICOKO2(D(EKTUBHOM JKIIKOCTHOM XpoMatorpade ¢ Macc-
nerexkropom Agilent Technologies 430 Triple Quad LC/MS
(Tepmanus). [l mosydeHMsT XpOMATOTPAMM TTPUMEHSIITH
nporpammy Agilent Mass Hunter Workstation for series
tripple Quadrapole vers. B06.00 build 6.0.6.25.4sp.4. /1151 06-
PabOTKM XPOMATOTPAMM UCIOJIBL30BaJH iporpammy Agilent
Mass Hunter Quantitive Analysis vers. B07.00 build
7.0.457.0. OriennBasy cojiep;kanme KJI03arnHa 1 ero OCHOB-
HBIX MeTab0JIMTOB — HOPKJIO3AIMHA 1 Kito3armiH-N-oKcHIa
B CBIBOPOTKE KPOBH 1 TOMOTEHTATE TI€Y€HH KPBIC COTJIACHO
BAJINANPOBAHHON MeTonKe [29].

Cratuctuyeckas o6paborka aanubix. [Ipu npose-
JIeHUH TUCTOJIOTHYECKOTO NCCIIeJOBAHNS OIleHNBAIN Ha-
JuYye  CJAeAYIONUX MOPQOJOTHYECKUX TNPU3HAKOB:
paccTpoiicTBa KpoBooGpaleHus (Hamdre BEeHO3HOTO, Ka-
MUJJISIPHOTO W apTEPUATBHOTO MOJTHOKPOBHS, MOSIBJICHIE
BEHO3HBIX KPOBOUBJIHUSHUIT), OTCYTCTBHE OKpAIINBAaHUE
sfiep, TIBIOYaTOCTh MUTOIIA3MBI, BaKyOJIM3alUst IIUTO-
IJTa3MBl, HAJTIMINE 09aroB HeKPo3a, MOsIBIEeHNE KJIeTOUHON
peaknuu (60JIBIIOE KOJTMIECTBO JIEHKOIUTOB B TOJIE 3pe-
Hust). O1eHKy IPOBOANIIN ¢ TIpuMeHeHneM kpurepus Du-
mepa. Hannane mprusHaka cYuTAIN ZOCTOBEPHBIMU TIPU
€T0 TOSIBJIEHUH B 4—5 CJIy4asiX B OJHOW TPYTITIE U TOJTHOM
OTCYTCTBUU B JPYTON.

Crarucrudeckyio o6paboTKy pe3yJbraToB XUMuye-
CKOTO MCCJIeZIOBAHUS TPOBOINIIN B IporpaMMe Statistica
10.0.1011x86 st Windows. HopmasibHOCTD pactpeselie-
HUSI BEJIMYMH IIPOBEPSIIN NpHU nomomu Tecta Kosmoro-
poBa-CmupHoOBa. /J[0CTOBEPHOCTDH PA3INUNIT TPOBEPSIIH
npu nomomu U-kpurtepnsa Manna—Yutau. Pasmmamns
MEXKy TPYIIIAMU CUNUTAIN CTATHCTHYECKN 3HAUYNMBIMH
mpu p<0,05

Pe3ysbrarhl 1 00CyKA€eHHE

MOpCI)OIIOI‘I/l‘leCKOC Hccilea0oBaHUEe TKaHH
neyeHu. BbIHBI/IJII/I, 4YTO 4epes 3 gaca mocJe BBe/e-

Animals were managed and handled in accordance
with Order No.755 of the USSR Ministry of Health dated
12.08.1977 and European Convention for the Protection of
Vertebrate Animals used for Experimental and Other Scien-
tific Purposes (Strasbourg, 18.03.1986).

The forensic chemical analysis was performed using
high-performance liquid chromatograph equipped with
mass-detector Agilent Technologies 430 Triple Quad LC/MS
(Germany). Chromatograms were obtained using Agilent
Mass Hunter Workstation for series tripple Quadrapole vers.
B06.00 build 6.0.6.25.4sp.4. Chromatograms were processed
with the help of Agilent Mass Hunter Quantitative Analysis
software vers. B07.00 build 7.0.457.0. The content of clozap-
ine and its main metabolites — norclozapine and clozapine-
N-oxide in rat blood serum and liver homogenate was
evaluated following the validated method [29].

Statistic Processing of Data. During the histological
study, presence of the following morphological signs was
evaluated: blood circulation disorder (presence of venous,
capillary, and arterial congestion, appearance of venous hem-
orrhage), absence nuclei staining, cytoplasm lumpiness, cy-
toplasm vacuolation, presence of necrosis foci, occurrence of
cellular response (a large quantity of leukocytes per power
field). The assessment was done using the F-test. Presence
of a sign was considered reliable when it occurred in 4-5
cases in one group and was completely absent in another.

Statistic processing of the chemical analysis findings
was performed using Statistica 10.0.1011x86 software for
Windows. Normality of distribution was checked using the
Kolmogorov-Smirnov test. Reliability of difference was ver-
ified using the Mann-Whitney U test. Difference between
groups was considered statistically significant at P<0.05.

Results and Discussion

Morphological Analysis of Liver Tissue. It was
found that 3 hours after clozapine administration, liver
veins (including central) were dilated; as regards hepa-
tocytes, nuclei were hypochromic, cytoplasm was
lumpy. Minor isolated necrosis foci were detected. In
these areas, hepatocyte contours were not distinguished
and nuclei were not stained. Presence of hepatocytes
with large nuclei was observed. It was established that
portal tracts (veins and arteries) were moderately con-
gested, bile duct lumens were free. 3 hours after cloza-
pine administration, statistically significant venous
congestion was established (fig. 2, a).

3 hours after combined administration of cloza-
pine and ethanol, portal tract veins were dilated, con-
gested; arteries were moderately congested, bile duct
lumens were free. It was found that most cells had
hypochromic nuclei. In the liver parenchyma, accu-
mulation of segmental leukocytes was observed. Signs
of hepatocyte alteration were detected.

3 hours after combined administration of cloza-
pine and ethanol, the following statistically significant
histological changes were established: absence of nu-
cleus staining (fig. 2, b); venous congestion.

Forensic Chemical Analysis. The findings of
measurement of clozapine and its main metabolites —
norclozapine and clozapine-N-oxide — in blood serum
and liver homogenate of experimental animals are
given in tables 1 and 2.
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HUs KJIO3aIMHA BEHbI TeYeHu (BKJI0Yast [eHTPab-
Hble) OBIJIU PACHIUPEHbl, B YaCTU TenaTolUTOB —
s/pa TUIIOXPOMHBI, IMTOMJIA3Ma — Tyibibuarasi.
O6HapyskuIu HeGOMBIINE OTAETBHBIE OUaTH HEKPO-
3a. B 5TUX yuacTkax KOHTYPBI relaToIToB He Olpe-
JEJISLINCH, a aapa 6butr He okpatierbl. OTMeTHIH
HaJM4yue TernaToiUuToB ¢ KPYIMHBIMU SIIPAMU. YCTa-
HOBWJIY, YTO TIOPTAJIbHbIE TPAKTHI (BEHBI U APTEPUN )
YMEPEHHO TTOJTHOKPOBHBI, TPOCBETHI JKETUYHBIX MPO-
TOKOB cBOOO/IHBL. Uepes 3 aca rociie BBeJICHUST KO-
3aMUHA BBIIBUJIN CTATUCTUYECKH 3HAYUMOE BEHO3-
HOe TIoJIHOKpoBHUe (puc. 2, a).

UYepes 3 yaca rmocjie COBMECTHOTO BBEJEHUS KJIO-
3alliiHa U 9TaHOJA BEHBI TIOPTATILHOTO TPaKTa ObLIM
PacIIupeHbl, TOJHOKPOBHBI; APTEPUN — YMEPEHO M0JI-
HOKPOBHBI, TIPOCBETHI JKEJIUHBIX TPOTOKOB — CBOOO/I-
HbI. BeIsiBIIIM, UTO GOJIBIIASA YaCTh KJIETOK ObLIA C TUTIO-
XPOMHBIMHU st/[pamMiu. B mapenxume medenn HabImo g
CKOTJICHUE CeTMEHTOSAIEPHBIX JeHKoIToB. O6GHapy-
SKUJIU TTPU3HAKY AJIBTEPAITUH TeTIaTOIITOB.

UYepes 3 yaca 1ocjie COBMECTHOTO BBEIEHUST KJIO-
3anyHa ¥ 9TaHOJIA YCTAHOBUIIU CJIEIYIONIIEe CTATUCTH-
YeCKH 3HAYUMblE THCTOJOTUYECKHE W3MEHEHUsI:
OTCYTCTBHE OKparnBanust siziep (puc. 2, b); BeHosHoe
MTOJIHOKPOBIE.

Cyne6Ho-xuMHY€ecKoe uccienoBanue. Pesyiib-
TaThl U3MEPEHUsI COJAEpPKAHMS KJIO3AMUHA U €ro
OCHOBHBIX MeTaBOJUTOB — HOPKJIO3AMUHA U KJI03a-
nuH-N-OKCU/a B CBIBOPOTKE KPOBU U FOMOTeHATe
MeYeH! MOJONBITHBIX JKUBOTHBIX MPEACTABUIN B
tabmu. 1 u 2.

BbisiBusn, 4To B CBIBOPOTKE KPOBU KPBIC MPU
COBMECTHOM TIpU€eMe KJI03aMUHA U dTAHOJIA CO/lepIKa-
Hue kaoszanuua B 1,94, xnosanun-N-okcuga B 2,3
pasa HIKe, YeM MPU IpHeMe KJI03aInHa Kak MOHO-
Mperapara, a cofiepkatie HOpKJI03aruHa — He OTJIN-
vaercst (Taba. 1).

B romorenare 1eyeHu KpbIC CTATUCTHYECKU
3HAYUMBIX PA3JMYUNl B COMEPKAHUM KJIO3AIMHA,
HOPKJIO3ANKMHA ¥ KJI03anuH-N-0KCHia IIpu IIpuMeHe-
HUW KJI03aMUHa U KOMOUHAI[MY KJI03alUHA C 9TaHO-
JIoM He o6Hapyskuu (Taba. 2).

B ocnoBe marosornyeckux —U3MeHEHWUId,
MOSIBJISIBIIIUXCSI B TIEUEHU, BEPOSITHEE BCETO, JIEKUT
pe3Koe TOBBINIEHNE CBEPTHIBAEMOCTH KPOBHU, CBsI-
3aHHOE C CAMUM MEeXaHU3MOM JIefICTBUS KJI03aMUHA.
Peskoe moBbIlllenre arperalmoHHOil aKTUBHOCTU
HPUTPOIUTOB U TPOMOOIUTOB, HABIIOAEMOE TIPU
BBEJICHUM KJIO3aMUHA U €r0 KOMOWHAIIUY ¢ ITAHO-
JIOM, CBS3aHO, BEPOSATHEE BCETO, ¢ bokamoi 5-HT3-
PEIenTopoB B TPOMOOIUTAX, UTO COTJIACYETCS C [aH-
HBIMU JIPYTUX uccaenoBanuii [2, 3]. UsBecTHO, 4TO
KJIO3AITMH BBI3bIBAET X0JIECTAa3 U 30HAIbHbIE HEKPO-
3Bl TETIATOIMTOB BBUY HAPYIIEHUSI MUKPOIIUPKYJIS-
uuu — o0OpasoBaHUs MUKPOTPOMOOB, 4TO 00bB-
SACHSETCS BBINIEYIIOMSAHYTBIMU TIpolieccamu [2, 3,
30]. KpoBenarosnenue pa3jinyHbIX OTAEJI0B MUKPO-
HUPKYJIITOPHOTO PYCJa CTAHOBUTCS HePaBHOMEP-
HbIM. BaskHy1o posib B pa3BUTUU MTOPAKEHUST TIEYEHN

Puc. 2. ITarosornyeckue u3MeHeHHsI B IEYeHH KPbIC Yepes 3 yaca
[OCJIe OCTPOro OTPaBJieHusi (THCTOJIOTHYECKOE HCCIEI0BAHKE).
Fig. 2. Pathological changes in the rat liver 3 hours after acute
exposure (histological study).

Note. Staining with hematoxylin and eosin: @ — group 2 (clozap-
ine); dilated veins, venous congestion, X200. b — group 3 (clozap-
ine and ethanol); hypochromic nuclei, X400.

IIpumeuanne. OKpaniuBaHue reMaTOKCUIMHOM U 903UHOM: d —
rpymmna 2 (KJI03aliH); PacliipeHue BeH, BEHOZHOE TTOJHOKPOBHE,
yBesmuenne X200. b — rpymma 3 (KI03aIiH 1 9TaHOJI ); THIIOXPOM-
Hble spa, yBemmuenre X400.

It was found that in case of combined adminis-
tration of clozapine and ethanol to rats, their blood
serum content of clozapine was 1.94-fold and clozap-
ine-N-oxide was 2.3-fold lower than when clozapine
was administered as a single drug while the content of
norclozapine did not differ (table 1).

Statistically significant difference in the content
of clozapine, norclozapine and clozapine-N-oxide be-
tween clozapine administration and clozapine plus
ethanol administration was not found in the rat liver
homogenate (table 2).

Drastic increase of blood clotting ability related to
clozapine mechanism of action itself most probably un-
derlies the pathological changes manifested in the liver.
The jump of aggregative activity of erythrocytes and
platelets observed upon administration of clozapine and
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Ta6imua 1. Konnenrpauyu knosanuna (MKI/Mi1) M €10 METa00JIUTOB B CHIBOPOTKE KPOBH Kpbic (M+m).
Table 1. Concentrations of clozapine (ug/ml) and its metabolites in blood serum of rats (M=*m).

Parameters Value of parameters in Groups

Control Clozapine Clozapine and ethanol
Clozapine Not detected 1.98+0. 13 1.02+0.39
Norclozapine Not detected 0.28£0.05 0.28+0.018
Clozapine-N-oxide Not detected 0.21£0.076 0.09+0.021
Norclozapine/clozapine ratio — 0.14 0.27
Clozapine-N-oxide/clozapine ratio - 0.11 0.088

Note. Differences between the groups are statistically reliable, P<0.05.
Ipumeuanue. [[ig Tabm. 1, 2: parameters — nokasateny; value of ... in groups — 3HaueHwue ... B rpynmax; control — KOHTpoJIb; clozapine —
kaozanui; and ethanol —u aranos; norclozapine — nopkiosanun; oxide — oxeng; ratio — coornomurenue; not detected — He oGHapysKken.

Paznuaust MexIy TpyIIIaMu CTaTHCTHYeCKN ocToBepHbI, P<0,05.

Ta6uua 2. Copepskanue KJIo3alyHa M ero MetaGouToB (MKI/T) B rOMOreHaTe neyenu Kpoic (M=m).
Table 2. Content of clozapine and its metabolites (ug/g) in liver homogenate of rats (M=m).

Parameters Value of parameters in Groups

Control Clozapine Clozapine and ethanol
Clozapine Not detected 300.73+42.65 274.73+27.63
Norclozapine Not detected 41.01+17.09 39.25+3.73
Clozapine-N-oxide Not detected 0.12£0.03 0.13%0.02
Norclozapine/clozapine ratio - 0.14 0.14
Clozapine-N-oxide /clozapine ratio - 0.00039 0.00047

Note. Differences between groups are not statistically reliable, P>0.05.
IIpumeyanue. Paznmnuus MesxLy TPyINaMyu CTAaTUCTHYECKH HETOCTOBEpHBI, p>0,05.

TaKKe HUIpaeT HeIOCPEeACTBEHHOE TIOBPEXKIEHUE
9HIOTENHST COCYIOB MUKPOIUPKYJIITOPHOTO PyCa
MO/ JIeliCTBUEM CaMOTO KJIO3AIIITHA, YTO COTIACYeTCsI
¢ cymecrBylonumu ucciaenopanusamu [30]. Bcee
BbIIIIETIePEYNCIIeHHbIE TIPOIIECCH OTPUIATENBHO CKa-
3BIBAIOTCS KaK Ha MUKDPOIUPKYJISIUN, TAK U HA TKa-
HEeBOM MeTaboJIu3Me, 4To, B CBOIO 04Yepe/ib, TPUBO-
AT K yCYTYyOJIEHUIO TUTIOKCUY U alliI03y TKaHeid,
rubenn remaroruTos [31-33]. CxoaHyio KapTUHY
rubGesin remaTouToB Hab o1aIu Yepes 3 yaca nocJe
COBMECTHOTO BBeJleHUs Kjo3anuHa u atanosa. 06
ux rubesiv CBUAETEIHCTBOBAJIO OTCYTCTBUE OKpa-
MIUBAHWS SAJIEP U TIBIGYAaTOCTh IIUTOMIa3Mbl. Kpome
TOTO, MOKAa3aHO, YTO KJO3AMUH U er0 OCHOBHOI
MeTaboJIMT — HOPKJIO3AMUH HAKAIJTUBAIOTCS B
MUTOXOHJIPHSAX TENaTOIUTOB U BBI3BIBAIOT UX
nospeskenne [32].

Takum 06pasoM, MOBPEsKACHUE U THOENDb Kie-
TOK MEeYeHU CBI3aHbI C PA3BUTHEM I'HIIOKCUU, OKCHU-
NATUBHBIM CTPECCOM U HETIOCPECTBEHHBIM TOKCHYE-
CKUM BJIMSTHUEM KJIO3alUHA W €ro MeTaboJMTOB Ha
TernaToIuThI.

3akiaouyeHue

Komruiexce namenenuil, BbIsSIBI€HHBIX B [1€Y€HH,
B COYETAHWM C U3MEHEHUSIMU B IPYTUX OpraHax u
pesyJibrataMu CyieGHO-XMMUYECKOTO aHAJIN3a [T03BO-
JisieT YCTAaHOBUTb (DAKT OTPABJIEHUST KJIO3AMUHOM.
[Tonumanwe poieccoB, IPOUCXOSAIINX B OPraHU3Me
IPU TAaKUX UHTOKCUKALUSIX, ToMoraeT Gosee sddex-
THUBHO OKa3bIBaTh OMOIIIb IIOCTPAIABIINM.

its combination with ethanol is likely to be connected
with block of 5-HT3-receptors in platelets, which con-
curs with other investigations [2, 3]. It is known that
clozapine causes cholestasis and zonal necrosis of hepa-
tocytes due to disturbed microcirculation — formation
of microthroms, which is explained by the afore-men-
tioned processes [2, 3, 30]. Blood filling of different di-
visions of microvasculature becomes uneven. Direct
damage of microvasculature vessel endothelium under
the action of clozapine itself also plays an important role
in the development of liver lesion, which concurs with
existent studies [30]. All afore-mentioned processes ad-
versely affect both microcirculation and tissue metabo-
lism, which, in turn, leads to aggravation of hypoxia and
acidosis of tissues, death of hepatocytes [31—33]. A sim-
ilar picture of the death of hepatocytes was observed 3
hours after combined administration of clozapine and
ethanol. Absence of nucleus staining and cytoplasm
lumpiness evidenced their death. Besides, it has been
shown that clozapine and its main metabolite — nor-
clozapine — accumulate in mitochondrias of hepatocytes
and cause their damage [32].

So, damage and death of liver cells are related to
development of hypoxia, oxidative stress and direct toxic
influence of clozapine and its metabolites on hepatocytes.

Conclusion

The complex of changes found in the liver, to-
gether with changes in other organs and forensic
chemical findings, allows establishing the fact of cloza-
pine poisoning. Understanding of processes taking
place in the body during such intoxications helps ren-
dering assistance to victims more effectively.
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