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Iens uccnenosanusi. BoisiBiierne ructoMopdoyornuecKuxX U3MeHeHUH B Cep/IIe PU OCTPHIX OTPABJIEHUSIX
KJIO3AITUHOM ¥ KOMOMHUPOBAHHBIX OTPABJICHISAX 9TAHOJIOM U KJIO3aIIITHOM Yepe3 3 1 24 Jaca Mmocjie OTpaBIeHusL.

Martepuaist 1 MeToAbl. ONBITHI TOCTABUIM Ha OECIIOPOAHBIX Kpbicax-camitax maccoit 290—350 r. Knozamun
BBOAMIH B 103e 150 MumurpaMM Ha KMJIOTPAMM MACChI JKITBOTHOTO 1O/ HapKo3oM (xsoposiasa). Yepes 3 u 24
yaca JKMBOTHBIX BBIBEJIN U3 dKCIIEpUMeHTa jiekanuraieil. Yepes 3 yaca rocJie OTpaBJeHUsT UCCIEI0BAIN TUCTO-
JIOTHYECKHE CPE3bI CEP/IIA 5-1 KPbIC, MOJYUYUBIINX KJI03AIINH TTIeEPOPabHO B 103e 150 MT/KT, U 5 KPbIC, IOy Y1 B-
mux 3Tanos (2—2,5 mar 70 % aranosia B 3aBUCUMOCTH OT MAacChl ;KMBOTHBIX) ¥ KJIO3AIUH MIEPOPAJIBHO B BBIIIE-
YKa3aHHbBIX /103aX. TakKe UCCIIeI0BAJIN TUCTOJIOTHYecKe cpe3bl cep/ia 10-u KpbIc, MOIyYaBIInX aHAJIOTHYHbIE
mperapaThl B BbIIIEYKa3aHHBIX /032X U BBIBEJCHHBIX M3 OMbITA Yepe3 24 yaca IocJje BBeIeHUs TIPErnapaTos.
CpaBHeHne TPOBOANIIHN ¢ THCTOJOTHYECKUME CPE3AMU CEP/IIA 5-1 KPbIC, He MOJYUYaBITHX BHINIEYKA3aHHBIX Be-
mectB. OleHUBAAN Halu4Ke CJAEAYIOMMUX MOP(OTOrHYECKUX NPU3HAKOB: PAaCCTPONCTBA KPOBOOOpAIIECHUS
(MTOJTHOKPOBUE, KPOBOUBJIHUSHNUS ), 203UHOGMMINS, (DparMeHTAIUsT KapIHOMUOIIMUTOB, KJIETOUHAsT PEAKIIUs], TOMO-
renusaius utorsiazmpl. OneHKy npoBoauiu ¢ npumerenrieM kputepust Ouinepa. Hanuuue npusnaka caura-
JIN JIOCTOBEPHBIMU TIPU €TO TOSIBJIEHUN B 4—5 CJIy4asix B OJIHOM TPYIIIE U MTOJHOM OTCYTCTBUU B JIPYTON.

PesyabraTsl HecaeioBaHus. B KOHTPOJIBHOI IpyIIe ;KUBOTHBIX PU THCTOJIOTMYECKOM MCCJIE/JOBAHUU CEP/ITIa
KaKux-im00 paccTpoiicTB KpoBooOpallleHus, 303MHOMDUINY, (pparMeHTali KapIHOMUOIIUTOB, FTOMOTeHU3AIUN
IUTOTLIa3MbI He o6Hapy kuan. Hanbosiee paHHUM U3MEHUEM B CepALe TP BO3AEHCTBUN KJIO3alMHA SBJSIICDH Ha-
pyleHust KpoBOOOpaleHus, KOTOPbIe MOSIBJISLINCH YiKe Yepe3 3 yaca 1mocJjie BBeeH!s Mperapara u yCUJInBaJich K
24 yacy. Do3uHOPUINIO MUOKap/a, crienuuyHas 1 OTPaBIeHUI KJI03aIIMHOM, HaOII0AalN BO BCEX OIBITHBIX
rpymmnax. B rpyiiie, mosyyasiieil KJI03aluH 1 9TaHOJI, Yepes 3 yaca HabJIiojai TOMOTEHU3AI[KIO [[UTOIIA3MBbI, 4TO
CBUJIETEJIBCTBYET 0 THOEIH KJIEeTOK. B TpyIIiie, mo/ydaBiieil KI03aliMH Kak MOHOTIPEapaT, HoA00HbIX U3MEHeHU
He HabJmoganu. BoaMokHO, MOsiBJIeHUE NOA0OHBIX U3MEHEHUIT CBSI3aHO ¢ BIUSHUEM 9TaHoJa. B rpyiine, nosyyas-
meil KIo3anuH 1 9TaHou, Yepes 3 yaca HabJofaa paccTpoiicTsa KpoBoobpaiienus: (MOJHOKPOBKE BEH, BEHYI,
MeJIKHe TIepUKauIsipHbie kpoBousansinus ). K 24 yacy atu pacerpoiicTsa yensmsaiaich. Habmomanm aprepraiib-
HOE ¥ BEHO3HOE MTOJIHOKPOBHE, TEPUAPTEPUAJbHbBIE U TIEPUKATTUILISIPHbIE KPOBOUJIUSIHUSI.

3akimouenne. Vl3meHenus, BbIsBJICHHbIE TIPU THCTOJOTMYECKOM UCCJIEIOBAHUN CEP/IIIA Y JKUBOTHBIX, MOJYJYaB-
[UX KJIO3alMH ¥ KOMOWHAIIUIO 3TAHOJA U KJIO3allMHA, B COBOKYIIHOCTU C Pe3yJibraTaMu CyAeOHO-XUMUYECKOTO
aHa/an3a MOTYT OBITh MCIIOJIb30BAHbI /IS JUATHOCTUKU COOTBETCTBYIONIMX OTPABJICHUI ¥ A YCTAHOBJICHHS X
JTABHOCTH.
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SKCHCPMMCHTQABHLIC UCCACAOBAHUI

Objective: to identify histomorphological changes in the heart for acute poisoning with clozapine and com-
bined poisonings with ethanol and clozapine 3 and 24 hours after poisoning.

Materials and methods: the experiments were performed in mongrel male rats weighing 290—350 g. Clozapine
was administered at a dose of 150 mg/kg animal weight under anesthesia with chlorolase. After 3 hours and 24
hours the animals were sacrificed by decapitation. Histological sections of the heart of 5 rats that had received
clozapine orally at a dose of 150 mg/kg and of 5 rats that had received ethanol and clozapine orally in the above
doses 3 hours after the poisoning were examined. There was also a study of histological sections of the heart of rats
(n=10) that had received similar preparations in the above doses and were withdrawn from the experiment 24
hours after the administration of the preparations. The comparison was performed by evaluating the histological
sections of the heart of rats (n=>5) that had not received the above substances. The presence of following morpho-
logical signs was evaluated: circulatory disorders (plethora, hemorrhages), eosinophilia, fragmentation of car-
diomyocytes, cell reaction, and homogeneity of the cytoplasm. The evaluation was carried out using the Fisher cri-
terion. The presence of a sign was considered reliable when it appeared in 4—5 cases in one group and was
completely absent in another.

Results: in the control group of animals the histological examination of the heart showed no circulatory dis-
orders, eosinophilia, fragmentation of cardiomyocytes, or homogeneity of the cytoplasm. The earliest change in the
heart with the effect of clozapine was blood circulation disorders that appeared already 3 hours after the adminis-
tration of the medicine and increased by 24 hours. Eosinophilia of the myocardium, which is specific for clozapine
poisoning, was observed in all experimental groups. In the clozapine and ethanol group, homogenization of the
cytoplasm was observed after 3 hours, indicating cell death. In the group receiving clozapine as a monopreparation,
similar changes were not observed. Perhaps, the appearance of such changes is associated with the influence of
ethanol. In the group affected by clozapine and ethanol there were circulatory disorders (plethora of veins and
venules, small pericapillary hemorrhages) after 3 hours. By 24 hours these disorders intensified. Arterial and
venous plethora, periarterial and pericapillary hemorrhages were observed.

Conclusion. The changes revealed by histological examination of the heart in animals receiving clozapine and
a combination of ethanol and clozapine, together with the results of forensic analysis, can be used to diagnose rel-

evant poisonings and to establish their prescription.
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Beenenue

OrpaBJieHnsi, KaK CJydJaiiHble, TaK W CYWIIH-
JaJbHble, U KPUMUHAJbHBIE, SBJISIOTCS Ha CETO-
JHSITHWN JeHb aKTyaJbHOU 1pobaemoit. TIpu aToM
OTpaBJICHUST JIEKAPCTBEHHBIMU TTPerapaTaMyu BXOJST
B TPOHKY JIUIEPOB 10 YUCJY OTPABJIEHUN HAPSIY C
OTPaBJICHUSIMU AJIKOTOJIEM M €r0 CypporataMu U OT-
paBJIeHUSAMU HApKOTHYeCKUMMU BelljecTBamu [ 1—4].

JlocTaToOuHO dYacTo BCTPEYAIOTCS OTPABJIEHUS
ATUTTMYHBIM HEMPOJIENITHKOM — KJio3armmHoM. Kio3a-
mud (8-xmop-11-(4-metui-1-nunepazenmn)-5H-mnu-
6enso[b,e][1,4]anasenuH) 1m0 XUMHUYECKOMY CTpPOE-
HUIO [PEACTaBIsgeT U3 cebs  TPUIUKINYECKOe
COeIMHEeHNe; NMeeT CXOJICTBO C MPOM3BOAHBIMU 1,4-
6ensoauasernmta [5—10].

Haubosbliiee 4mcio OTpaBJeHUI OTpaBIeHNI
KJ03ammHOM OTMeueHo 3a mepuoz ¢ 2000 mo 2009 t.,
najiee HaGJTroasICst HeOOJIBIION CIIajl B CBSI3U YIKECTO-
YeHUeM TIPABUJT OTITYCKa IAHHOTO TIperapara U3 amnTek.

OrTpaBiieHHsT KJIO3AIMMHOM XapaKTePU3YIOTCS
TSDKEJIBIM TedeHreM. JIeTasbHOCTD TIPU TAKUX OTPaB-
JIEHUSIX BBICOKA M COCTaBJISIET, TIO JIAHHBIM Pa3jind-
ubx aBropos, 10—18% [11—13]. Tpaguumonno moy-
TH BCe CJIyyal, TOJO3PUTEJNbHbIE HA OTpaBJIEHUE
KJIO3AIMMHOM W KJIO3AIIMHOM B COYETAHUU C AJKOTO-
JIeM, TIOJLIEKAT CyeOHO-MEAUIINHCKOMY UCCIeI0Ba-
Huto. /[MarHocTHKa OTpaBJIEHUH KJIO3AITITHOM SIBJISI-
eTCst JJOCTATOYHO CJIOKHOH CyneOHO-MeUIIMHCKON

Introduction

Today the casual, suicidal or criminal poisoning
constitutes an urgent issue. At the same time poison-
ings with drugs are among the top three in terms of
the number of poisonings, along with poisoning with
alcohol and its surrogates and poisoning with nar-
cotic substances [1—4].

Poisonings with an atypical neuroleptic — clozap-
ine — occur quite often too. Clozapine (8-chloro-11-(4-
methyl-1-piperazinyl)-5H-dibenzo [b, e][1,4]diazepine)
is a tricyclic compound in the chemical structure similar
to 1,4-benzodiazepine derivatives [5—10].

The highest incidence of poisoning with cloza-
pine was observed during the period from 2000 to
2009, followed by a slight decline associated with the
tightening of the rules for dispensing this medicine
from pharmacies.

Clozapine poisoning tends to be severe.
Lethality with such poisonings is high and
amounts, according to the data of different
authors, 10—18% [11—13]. Traditionally, almost
all cases indicating a possibility of poisoning with
clozapine and clozapine combined with alcohol are
subject to forensic investigation. The diagnosis of
clozapine poisoning is a rather complex forensic
task. Tt is normally carried out in a complex man-
ner taking into account clinical, histological, and
biochemical data and a quantitative determination
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3a/ayeil ¥ TPOBOAUTCS OOBIYHO KOMILIEKCHO C yue-
TOM KJIMHUKO-aHAMHECTUYECKUX, CEKIIMOHHBIX, THC-
TOJIOTHYECKUX, OMOXUMIUYECKUX JTaHHBIX U KOJUUE-
CTBEHHOTO OMpE/eNeHUsT Co/lepKaHus TperapaTa B
OGUOJIOTMYECKUX cpesiax opranuama [12—15].

Kiozanua OTHOCUTCS K TaK Ha3bIBAEMbIM
ysxumonanbabm saaM. [Tatonmormueckue n3mene-
HUS BO BHYTPEHHUX OPraHax TpU OTPaBIEHUH WM
MIPENMYIIIECTBEHHO HeCTIETTM(UIHBI W TIPECTABJISIOT
€060l TIpesKIe BCEro MUCIUPKYIATOPHBIE PACCTPOIi-
CTBa U IUCTPODUUECKUE UBMEHEHUS TAPEHXUMATO3-
HBIX OPraHOB, YTO HAOIIOMAETCS W IPU OTPABICHHSIX
JIPYTUMU TIpeniapaTaMy, UMEONINMIA HeMPOTPOITHOE
nericreue. OT™MeUaroTCs, HAIPUMeEP, OTEK MO3Ta, Ova-
TOBBIE KPOBOMBIUSHIS B CJIU3UCTYIO 0O0IOUKY Ke-
JIyJIKA, OTEK JIETKNX, OYaroBble WHTPAAIbBEOJISIPHbIE
KPOBOUBJIMSHUS, JUCTENEKTa3bl, AUCTPOhHUIECKIE
u3MeHeHus moyek u Muokapza [12—15].

B siuteparype UMeIOTCS CBEJICHUS O TaK Ha3bl-
BaeMOM KJIO3AITMH-aCCOIMUPOBAHHOM 303MHOMDUITH-
HOM MUOKApP/UTE, YTO CHEM(MUIHO JIJIST OTPABJICHUS
KJIO3aITUHOM. BIliepBbie Ha 9T0 006paThIv BHUMaHUE
J. E. Meeker u K. Worm 8 90-X rozax mpoIiioro Be-
Ka [PH MCCIeI0BAHIK TPYIIOB JIUII, HOTUOIINX OT OC-
TPOTO CMEpPTEeIbHOTO OTPaBJIeHUs Kao3anmHoM [16].
S. J. Haas c coaBT. oTMe4aioT, 4TO MUOKAPUT MOKET
Pa3BUBATHCS Y OTHOCUTEITHHO MOJIO/IBIX MAIUEHTOB
BCKOPe MOCJIe Hauasa JIeueH T KITO3aIITHOM ¥ Hepe/l-
Ko ObrBaeT darampuniM [17]. O crydasx MHOKapan-
Ta, CBSA3AHHOTO ¢ TIPUMEHEHNEM KJI03alliHa coo01a-
ercs u B ipyTux paborax [18—23].

[To ganaeim HYU nm. H. B. Craudocosckoro,
pu MOPGOJOTHIECKOM UCCJIEIOBAHUHT Y BCEX YMEP-
[IAX OT OTPaBJEHUS KJIO3AIUHOM OBLIN BbISBICHBI
JIOCTATOYHO OJTHOTUITHBIE U3MEHEHUs TedeHn (oda-
roBbIT Wi AU bY3HBIN cTearos). JKuposast 1ucTpo-
(bust HOCMIIa KPYITHO— W MEJIKOKATeJbHBIH Xapak-
Tep. ABTOPBI TPEANONOKUIN, YTO €r0 Pa3BUTHE
CBSI3aHO C YHOTPEeOJIEHNEM TOKCHYHBIX J[03 TICHXO-
TPOITHBIX MTpenapaTos [24].

ITpr KOMOMHMPOBAHHOM OTPABJICHUI KJIO3aIlN-
HOM U STHJIOBBIM JIKOTOJIeM OBLIN BBISIBJIEHBI HECTIe-
nnduaHble MOphOTOTHYECKNE N3MEHEHNS B HePOHaX
TOJIOBHOTO MO3Ta. BBISBIISINCH TIPU3HAKHU OTEKA TOJIO-
BHOTO MO3Ta U HapylleHus reMoimHaMuku. PaccTpoii-
CTBa KPOBOOOPAIIIEHHUS XapaKTEPU30BAINCH BhIPAsKEH-
HBIM TIOJTHOKPOBUEM KaIllWJIIPOB U BeHyJI. Kpome
TIOJTHOKPOBHS, OTMEYAJIACh arperarysi IPUTPOIUTOB,
(hopMupoBaHue cTa30B U CJAKEN, BBISBISIOCH Kpae-
Boe cTostHMe JielikonnToB. [loBcemecTHO TIpUCYTCTBO-
BaJIi OTeYHbIe (POPMBI OJIUTOAEHIPOIIUTOB U ACTPOITH-
TOB. JlpyruM BWIOM TIOBPEXKICHWI  SBJSITUCDH
TUIpOTIMYEeCKe M3MeHeHWs HelpoHoB. K BbIsABIIIe-
MBIM MTOBPEK/ICHUSIM HEPBHBIX KJIETOK TOJIOBHOTO MO3-
ra OTHOCHJIOCH TaKKe CMOPIITBAHIE HEWPOHOB [25].

Coobiiaercst 0 crydasx pasBUTHHI arpaHyJIOLu-
TO3a, TIPEIMTOJIOKUTENbHO CBSI3aHHOTO C TIPUMEHEHM-
eM KJjio3anmHa [26].

of the drug content in the biological environment
of the organism [12—15].

Clozapine refers to functional poisons.
Pathological changes in internal organs during the
poisoning are mostly non-specific and are primarily
discirculatory disorders and dystrophic changes in
parenchymatous organs, which is also observed in
cases of poisoning with other drugs that have a neu-
rotropic effect. There are, for example, cerebral
edema, focal hemorrhages in the gastric mucosa, pul-
monary edema, focal intra-alveolar hemorrhages, dis-
telectases, and dystrophic changes in the kidneys
and myocardium [11—15].

In the literature there is numerous data on
clozapine-related eosinophilic myocarditis that is
specific for clozapine poisoning. This complication
was first noticed by J. E. Meeker and K. Worm in the
1990s in the study of the corpses of persons who had
died from acute fatal clozapine poisoning [16]. S. J.
Haas et al. noted that myocarditis could develop in
relatively young patients soon after starting the
treatment with clozapine and it is often fatal [17].
Cases of myocarditis associated with the use of cloza-
pine were reported in other works [18—23].

According to N.V. Sklifosofsky Research
Institute, a morphological study of all people who
died of clozapine poisoning has shown fairly similar
changes in the liver (focal or diffuse steatosis). There
was large and small-droplet fat dystrophy. The
authors suggested that the development was associ-
ated with the use of toxic doses of psychotropic
drugs [24].

With combined poisoning with clozapine and
ethyl alcohol, nonspecific morphological changes in
neurons of the brain were revealed. There were signs
of cerebral edema and hemodynamic disorders.
Circulatory disorders were characterized by pro-
nounced plethora of capillaries and venules. In addi-
tion to the plethora, there was an aggregation of ery-
throcytes, the formation of stasis and sludges; the
marginal standing of leukocytes was revealed.
Swelling forms of oligodendrocytes and astrocytes
were generally present. Hydropic changes in neurons
constituted another type of damage. Shrinkage of
neurons was also among detectable lesions of brain
nerve cells [25].

Agranulocytosis presumably associated with
the use of clozapine has been reported [26].

Morphological criteria for acute fatal poisoning
with clozapine should be considered in conjunction
with results of forensic studies [27]. At this stage,
objective and scientifically sound criteria for the
forensic diagnosis of fatal poisoning with clozapine
are required (according to the results of both mor-
phological and forensic studies). This necessitates
further research in this field.

The purpose of the study was to evaluate the
histomorphological alterations in the heart caused
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BKCHGPMMGHTQABHHC MCCACAOBAHM I

Mopdosornueckne KpUTepUn MPHU OCTPHIX
CMEPTEJIbHBIX OTPABJIEHUSX KI03AMMHOM TOJIKHBI
paccMaTpuBaThCS B KOMILJIEKCE C pe3yJibTaTaMu
cynebHo-xuMndeckoro wucciaepoBanus [27]. Ha
JAHHOM 3Tare TpedyTcss 0ObeKTHBHBIE U HAyYHO
000CHOBaHHbBIE KPUTEPUU CYIAEOHO-MEAUITNHCKON
JIUaTHOCTUKN CMEPTEJIbHBIX OTPABJIEHUN KJI03aTH-
HOM (COTJIACHO pes3yJbraTaM Kak Mopdosorndec-
KOTO, TaK W CyAeOHO-XUMUYECKOTO MCCae0Ba-
HUg). ITO 0O0yCHOBIMBAaEeT HEOOXOAUMOCTh
MPOBE/ICHUS JATbHENITNX WCCAEOBAHUN B JlaH-
HOIT 00J1acTH.

Henw nccrnenosanus: BoisiBienue mopdooru-
YeCKUX M3MEHEHUI B cep/ille TIPU OCTPBIX OTpaBJie-
HUSIX KJIO3AMMHOM ¥ KOMOMHUPOBAHHBIX OTPABJICHI-
SIX ATAHOJIOM M KJIO3AITMHOM uepe3 3 1 24 yaca rocJe
OTpaBJICHUSI.

Marepuan u MeTOIbI

B wuccrenoBanne BKIIOUUIN 4 HKCIIEPUMEHTATBHBIX
TPYIIIIBI TIO 5 KPBIC (OECIOPOIHBIE CAMI[BI) U 5 KOHTPOJIb-
HBIX KpbIC, HE MOJYYABIINX HU KJIO3AIMHA, HU JTAHOJIA.
Macca motonbITHBIX JKUBOTHBIX — 290—350 1. Kpbicsr 1-it
U 2-f TPYIII MOJTyYasiy Kro3anuH B fo3e 150 mMr/kr u Gbi-
JIN BBIBEJIEHBI U3 OITBITA Ty TEM JIEKATTUAIIH 10l HAPKO30M
(x7oposiaza) uepe3 3 u 24 yaca, COOTBETCTBEHHO. KpbICHI
3- m 4-1f TPyNI MOJyJ9aad CMech KjIo3amwHa (B TOH ke
nose) u atanosa (2—2,5 ma 70 % sTanoa B 3aBUCHMOCTD
OT MacCChl JKUBOTHBIX ) U OBLIIH IEKATTUTHPOBAHDL Yyepes 3 1
24 yaca rocJie HavyaJIa IKCIIEPUMEHTA.

JloCcTOBEPHOCTH MOSIBJIEHMSI TOTO MJIM HHOTO THCTOJIO-
IMYECKOTO TPU3HAKA OIEHMBAJIN C ITPUMEHEHHEM KpUTe-
pus @umepa. Hanmane mpusnaka c4uTaan JOCTOBEPHBI-
MU TIPH €TO TOSIBICHUN B 4—5 CAyYasix B OMHOM TPyTIIe u
II0JIHOM €r0 OTCYTCTBUU B JIPYTO.

PesybraThl 1 00CyKIE€HHE

Uepes 3 yaca 1mocJie BBe/IeHUS KJI03aMHA OTMe-
YaJIi 903MHODUIHIIO KapInOMHUOIUTOB. Takke BbISIB-
JISLT TIOJTHOKPOBHE COCYZIOB (BEH, BEHYJI), MEJKHe
MEPUKAMTUJIISIPHBIE KPOBOMBJIUSHUS M OT€K TKAHU
muoxkapza (puc. 1, a).

Karmiisaper ObLIM HEPaBHOMEPHO TIOJTHOKPOB-
HBI. B yacTi KapAHOMHIOIIUTOB He ObLIO 0OHAPYIKEHO
sanep. [Ipu aTom hparmMerTaIIT KapANOMHUOITUTOB HE
OTMEYAJIH.

UYepes 3 waca mocsie BBe/leHUs KI03alMHA KaK
MOHoIpenapaTa (IIpy CPaBHEHWH ¢ KOHTPOJIEM) J10-
CTOBEPHO Hab 011 203uHOGUINIO (5 CIydaes U3
5), B KOHTPOJILHOU TPYIITIE JaHHOTO U3MEHEHUs OT-
MEUY€eHO He ObLIO.

Yepes 24 yaca 1ocjie OTpaBJIeHNs B CyOaTIuKap-
JAAJIbHOM U CyO9HIOKAPAUATBHOM OTAEIaxX Cepila
HaGJIoaMl 903MHOMUINID KapAMOMUOIUTOB. B
YYacTKax 903MHOMDUINN OTMedaIach (hparMeHTaIus
MBIIIEYHBIX BOJOKOH (puc. 1, b). Perucrpuposanm
MTOJTHOKPOBYE BEH U BEHYJI. S/ipa yacT KapuoMUo-
LUTOB ObLIN TUIIOXPOMHBL.

S s

Pt g T
i - "n“;\] " _{5"‘7&,3 k. / T, 5

Puc. 1. Mopdonornyeckue usmMeHeHHs B cep/iie IMpH OTpaBlie-
HUH KJIO3aIHHOM.

Fig. 1. Morphological changes in the heart with clozapine poi-
soning.

Note. Increase X200; staining with hematoxylin and eosin. a — 3
hours, pericapillary hemorrhage; b — 24 hours, eosinophilia and
fragmentation of muscle fibers.

IIpumeyanue. a — HePUKANMIISIPHBIE KPOBOM3IUAHUS yepe3 3
Yaca Tocsie BBeleHus Kio3anuHa. OKpaliuBaHie TeMaTOKCILIN-
HOM U 903uHOM. ¥YB. X200; b — s03uHOGMINS U (hparMeHTanus
MBIIIEYHBIX BOJIOKOH 4epe3 24 yaca 1ocJie BBeACHUS KIIO3aIiHa.
OxpanBanue TeMaTOKCHJINHOM 1 903UHOM. YB. X200.

by clozapine poisoning and by combination of cloza-
pine with ethanol 3 and 24 hours after poisoning.

Materials and Methods

The study included 4 experimental groups, rats each
(mongrel males) and 5 control rats that did not receive
either clozapine or ethanol. The weight of the experi-
mental animals was 290—350 g. The rats in the first and
second groups received clozapine in a dose of 150 mg/kg
and were withdrawn from the experiment by decapita-
tion under anesthesia (chlorolase) at 3 and 24 hours,
respectively. Rats of the third and fourth groups received
a mixture of clozapine (in the same dose) and ethanol
(2—2.5 ml of 70% ethanol as a function of animal weight)
and were decapitated 3 and 24 hours after the start of the
experiment.

The reliability of the occurrence of a particular histo-
logical trait was assessed using the Fisher criterion. The
presence of the trait was considered reliable when it
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Yepes 24 vaca mocse BBe/leHNs KJI03anHa J10-
CTOBEPHO (CpaBHEHHWE C KOHTPOJIEM; OIIEHKA METO-
nom Dwuiiepa) MOATBEPIKIECHO HAINYNE CIIEALYIOIIX
THCTOJIOTUYECKUX U3MEHEHUT:

e Josunobpunug (puc. 1, b);

o (DparmMeHTaIus KapAROMHUOITOB (pHuc. 1, b);

* BeHosHoe MMOTHOKPOBHE;

* ApTrepuasbHOE MMOJTHOKPOBHE.

Bce BbIlIeyKazaHHble TUCTOJOTUYECKUE U3Me-
HeHUsT HaOJIIoMaIn B ONbITHOW rpymie (B 4 wim 5
cilydasix) ¥ He HaO/IoMaii B KOHTPOJIBHOM IpyIIIe.

[Ipu mccieoBaHUM TUCTOJOTHYECKUX CPE30B
cep/ia yepes 3 daca 1ocJie COYeTaHHOTO BBEICHUS
KJIO3alliHa U 9TaHOJIa HabIt01a/ Il BEHO3HOE TTOJTHO-
KpOBHE U 203MHOMDUINS KapAUOMHUOIIUTOB. BeTpe-
YaJuch ciaydan (hparMeHTaluy MBIIIEYHBIX BOJIO-
koH. Habsromanu 2 coydast caamxka. Habmomamn
apTepraibHOE MOJTHOKPOBUE U TOMOTE€HU3AIUS TIH-
TorIasMbl (5 ciydaeB u3 5). B KOHTPOJIbHON rpyTI-
Tl HU OJTHOTO U3 BHIIIEYKAa3aHHbBIX ITPU3HAKOB OTMe-
YeHO He OBLIO.

[Tpu wmccieoBaHUM TUCTOJOTHUECKUX CPE30B
cep/ra depes 3 yaca mocjie KOMOUHUPOBAHHOTO BBE-
JICHWST KJIO3allMHA U 9TAHOJA JIOCTOBEPHO (CcpaBHe-
HUe ¢ KOHTpoJieM; oierka metogom Durmepa) mo-
TBEPSKICHBI CJEAYIONINE TTPU3HAKU:

* BeHosHoe MOTHOKPOBHE;

o IlepukanuaaspHbie KDOBOUBIUSIHNS (PHC. 2,
a);

*  Jo3mHODUINS;

* TomoreHu3arms MUTOIJIA3MBL.

Bce BbIlIeyKazaHHble TUCTOJOTUYECKUE U3Me-
HeHUsT HaOJIIoMaIn B ONbBITHOW rpymie (B 4 wim 5
cilydasix) ¥ He HaO/IoMaii B KOHTPOJIBHOM IpyIIIe.

Yepes cyTKH MOCTe KOMOMHUPOBAHHOTO OTPaB-
JIEHUST KJIO3AITUHOM U HTAHOJIOM OTMEUaJTi BEHO3HOE
MOJTHOKPOBHE, 503MHOMD NS KapanoMuornuTos. O6a
pU3HaKa HaGJIOaIi BO BCEX 5 CIydasiX B ONMBITHOI
Tpymie u He HaGIOAATH B KOHTPONBHOM. Taxske
BCTPEYAJINCh CIy9an (DparMeHTaI[iy MBIIIIETHBIX BO-
JokoH. Habumoganu aprepuaibHOe MOJHOKPOBUE,
nepuaprepuasbHblil otek (puc. 2, b).

Yepes cyTKu 1ocje KOMOMHUPOBAHHOTO BBe-
JIeHUsT KJI03allMHA U 9TaHOJIA IOCTOBEPHO (CpaBHe-
HUE ¢ KOHTpoJieM; orfelka metogom Durmepa) mo-
TBEPKIECHbI:

* ApTepuasbHOE MOJTHOKPOBUE;

* BeHosHoe MOTHOKPOBHE;

*  J03UHODUINS.

Bce BbIlIeyKazaHHble TUCTOJOTUYECKUE U3Me-
HeHUsT HaOJIIoMaIn B ONBITHOW rpymie (B 4 wim 5
cilydasix) ¥ He HaO/IoMaii B KOHTPOJIBHOM IpyIIIe.

[Ipn cpaBrenuu rpynmbl 1 (kmo3ammiH, 3 yaca)
1 Tpynnbl 3 (KJI03aMWH U 3TAHOJ, 3 Yaca) BBIIBUIN
JIOCTOBEPHBIE PA3JTMUUs 110 TMPU3HAKY OMOTeHHM3a-
IIUS] [IUTOTIIA3MBI.

ToMoTeHM3aIMI0 [[UTOIIAa3Mbl HaOI0aIu B
rpymre 3, a B rpymie 1 ona He GbTa BHISTBIEHA.

appeared in 4—5 cases in one group and was completely
absent in another.

Results and Discussion

Three hours after the administration of clozap-
ine eosinophilia of cardiomyocytes was observed.
There were also plethora of veins and venules, small
pericapillary hemorrhages and edema of myocardial
tissue (Fig. 1, a).

The capillaries were unevenly full-blooded. In
the part of cardiomyocytes no nuclei were found. At
the same time, no fragmentation of cardiomyocytes
was observed.

Three 3 hours after the administration of
clozapine as a mono drug (when compared with the
control), eosinophilia was authentically observed
(5 cases out of 5); in the control group this change
was not observed.

After 24 hours since the poisoning eosinophilia
of cardiomyocytes was observed in the subepicardial
and subendocardial areas of the heart. In the areas of
eosinophilia there was fragmentation of muscle fibers
(Fig. 1, b). Plethora of veins and venules was record-
ed. The nuclei of some cardiomyocytes were
hypochromic.

24 hours after the administration of clozapine
the following histological changes were reliably
confirmed (compared with the control, Fisher's
evaluation):

* Eosinophilia (Fig. 1, b);

» Fragmentation of cardiomyocytes (Fig. 1, b);

e Venous plethora;

* Arterial plethora.

All the above histological changes were
observed in the experimental group (in 4 or 5 cases)
and were not observed in the control group.

In the study of histological sections of the
heart 3 hours after the combined administration of
clozapine and ethanol venous plethora and
eosinophilia of cardiomyocytes were observed.
There were cases of fragmentation of muscle fibers.
Two cases of sludge were observed. Arterial plethora
and homogenization of the cytoplasm were observed
(5 cases out of 5). None of the above signs were
noted in the control group.

In the study of histological sections of the
heart 3 hours after the combined administration of
clozapine and ethanol the following signs were reli-
ably confirmed (compared with the control,
Fisher's evaluation):

e Venous plethora;

* Pericapillary hemorrhage (Fig. 2, a);

» Eosinophilia;

* Homogeneity of the cytoplasm.

All the above histological changes were
observed in the experimental group (in 4 or 5 cases)
and were not observed in the control group.
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Puc. 2. Mopdonornueckrue u3MeHeHHs B cep/iiie pH OTpaBJie-
HHH KJIO3aIIUHOM U 3TAHOJIOM.

Fig. 2. Morphological changes in the heart with clozapine and
ethanol poisoning.

Note. Increase X200; staining with hematoxylin and eosin. a — 3
hours, pericapillary hemorrhage; b — 24 hours, periarterial edema.
IIpumevanue. ¢ — MHOTOUNCIIEHHbBIE KDOBOMBIMSHIS Yepe3 3 ya-
ca mocJsie BBeJeHUs KJo3annna 1 atanosa. OKpaisanue revMa-
TOKCHJIMHOM U 903MHOM. YB. X200; b — nepuaprepuaibHbIil OTeK
Yepe3 24 gaca 1ocJie BBeJEHNS KJI03amiHa u aTanosra. OKpanmsa-
HUe FeMaTOKCUJINHOM 1 903MHOM. ¥YB. X200.

[Tpu cpaBHenww rpymnmbl 1 (Kao3anuH, 3 4aca)
u 2 (xjposanui, 24 yaca) HaOJIOANN JOCTOBEPHbIE
PasINIMs 110 TPU3HAKAM:

e AprepuajibHOE ITOJTHOKPOBHE;

* [lepuaprepuaibHbie KDOBOUBIHUSHUS.

O06a BblllleyKazaHHBIX [IPU3HAKa HaOJ0faId B
rpymie 2 (kmosanus, 24 daca) 1 He HaGJIOaIM B
rpymre 1 (kiao3amuH, 3 yaca).

JloCTOBEpHBIX pasziuyuii Mexay Tpynnamu 3
(ko3anmuH+aTaHo, 3 4aca) u 4 (KIo3anuH+3TaHo,
24 uvaca) He HaOJIOJANHU; JOCTOBEPHBIX PasJINIUil
MEKy TpyTaMu 2 (KJao3amnuH, 24 yaca) u 4 (KJo3a-
MUH+9TaHOI, 24 yaca) He HaOJII0MaIIN.

HauboJjiee paHHUM U3MEHEHUEM B CepIle TPU
BO3/IEMCTBUN KJIO3AMMHOM SBJISJINCH HaPYIICHUS
KPOBOOOPAIIEHNUST, KOTOPbIE MOSIBJSIUCH YKe Yepes
3 yaca rocJie BBeJIeHUs TIperapara u yCUJInBaInuch K
24 qacy. BoisiBisieMoe TTOJTHOKPOBUE U KPOBOU3JIHSI-
HUS XapaKTePHBI JIJIsi THTTOKCHH.

[MosiBnenue (parmMeHTaIuu KapIUOMHUOIU-
TOB XapaKTEePHO IS TSKEJIbIX HapyNIeHU PUTMa.

Venous plethora and eosinophilia of cardiomy-
ocytes were observed a day after the combined poi-
soning with clozapine and ethanol. Both signs were
observed in all 5 cases in the experimental group and
were not observed in the control group. There have
also been cases of fragmentation of muscle fibers.
Arterial plethora and periarterial edema were
revealed (Fig. 2, b).

One day after the combined administration of
clozapine and ethanol the following traits were reli-
ably confirmed (compared with the control, Fisher's
evaluation):

 Arterial plethora;

« Venous plethora;

* Eosinophilia.

All the above histological changes were
observed in the experimental group (in 4 or 5 cases)
and were not observed in the control group.

A comparison of the Group 1 (clozapine, 3
hours) and the Group 3 (clozapine and ethanol, 3
hours) revealed significant differences in the homo-
geneity of the cytoplasm.

Homogeneity of the cytoplasm was observed in
the Group 3, but not detected in the Group 1.

A comparison of the Group 1 (clozapine, 3
hours) and the Group 2 (clozapine, 24 hours)
showed significant differences in the following traits:

 Arterial plethora;

 Periarterial hemorrhage.

Both of the above traits were observed in the
Group 2 (clozapine, 24 hours) and were not observed
in the Group 1 (clozapine, 3 hours).

There were no significant differences detected
between the Group 3 (clozapine + ethanol, 3 hours)
and the Group 4 (clozapine + ethanol, 24 hours);
there were no significant differences between the
Group 2 (clozapine, 24 hours) and the Group 4
(clozapine + ethanol, 24 hours).

The earliest change in the heart triggered by
clozapine was blood circulation disorders that
appeared already 3 hours after the administration of
the medicine and increased by 24 hours. The identi-
fied plethora and hemorrhages are typical for hypoxia.

The appearance of fragmentation of cardiomy-
ocytes is characteristic of severe rhythm distur-
bances. There are reports of the development of
arrhythmias with clozapine exposure in the litera-
ture available [10, 11].

Myocardial eosinophilia, which is relatively spe-
cific for clozapine poisoning, was observed in all exper-
imental groups. The results obtained are consistent
with the literature data [17—23]. Hypereosinophilia
with clozapine was observed in approximately two
thirds of patients [23] presumably due to
immunoglobulin-E-mediated reaction. Eosinophils in
large numbers were deposited in the myocardium,
were degranulated and released a large number of sub-
stances resulted in a toxic effect on membranes,
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B mocTymHOI JuTepatype CymiecTBYIOT cooblie-
HUSA O Pa3BUTUM apUTMUN [IPU BO3JeHCTBUU KJIO-
sanuna [10, 11].

903uHOoGUINI0 MUOKAP/A, OTHOCUTENBHO CIle-
MUGUYHYIO IS OTPABIEHWI KIO3aMTIHOM, HabII0-
JlaJii BO BceX OIBbITHBIX Ipyinax. ITosyuennsie pe-
3yJbTaTbl  COTJIACYIOTCS € JIUTepaTypHbIMU
nanupiMu [17—23]. Tunepsosunoduaus mpu npu-
MeHEHUN KJIO03amuHa HaGII0MaeTcss MPUMEPHO Y
nByx Tpeteil mammentos [23]. I[To mexanusmy pas-
BUTHUS 3TO MMMYHOTTOOYanH-E-omocpenoBannast
peaxiist. Jo3uHOMDUIBI B GOIBITOM KOJHIECTBE OT-
KJIa/IbIBAIOTCS B MUOKap/le, II0/{BEPraloTcs Jerpamy-
JIATIUY U BBIIESIOT GOJBIITOE KOJTHYECTBO BETIECTB,
KOTOpble OKa3blBalOT TOKCHUYECKoe jeiicTBue Ha
MeMOPaHbl, (hepMEHTHI, MUTOXOHAPUN KapANOMHIO-
nuToB. K IUTOTOKCHYECKUM BellleCTBaM, BbI/IEJISI0-
LIMMCS IIPY AeTPatyIaun 303MH0PUII0B, OTHOCST-
cs1 KaTHOHHbIE GeJIKH, OCHOBHON 203MHOMUIbHBIN
6eoK, HEHPOTOKCUHBI W JPYTHE BEIIECTBA, IO
BJIMAHUEM KOTOPBIX pa3BUBaeTCs IOBpexjeHue
MUOKap/ia ¥ 9HI0Kap/a.

B rpyuie, mnoJsyuyasuieil KaIo3allluH U 9TaHOJ,
gyepe3 3 waca HaOIOMANTN TOMOTEHU3AIUIO TIUTO-
TJTa3MBbI, YTO CBUETENHCTBYET O THOETN KIeTOK. B
rpylle, IoJydaBllell KJIO3allMH KakK MOHoIIpelia-
par, moao0OHBIX M3MeHeHni He Habuoganu. Bos-
MOKHO, TTOSTBITEHE TIOOOHBIX N3MEHEHUT CBSI3aHO
C BJIUSAHUEM 9TaHOJIA.

B rpynne, nosyyasiieil KJI03allMH U 3TaHOJL,
gepes 3 waca HabJIIOMATI PAcCTPOHCTBAa KPOBOOOPa-
nienus (IIOJIHOKPOBUE BeH, BeHyJl, MeJIKue lepuKa-
[IUJIISPHbIE KDOBOU3JIMSHUS ), YTO BbI3BAHO BO3/Leii-
CTBUEM IUPKY/IATOPHON I'MIIOKCUM U 1IOBBIIIEHHON
arpuranuei aspurpountos [7—10, 28]. K 24 yacy atu
paccrpotictBa ycunmBanuch. Habmomanu aprepu-
aJIbHOE 1 BEHO3HOe 110-JIHOKPOBUeE, lleprapTepualb-
Hble U [IePUKaIIUIAPHble KPOBOU3JIUAHNS, YTO CBSI-
3aHO € yCUJIEHUEM THIIOKCUU.
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enzymes and mitochondria of cardiomyocytes.
Cytotoxic substances released during degranulation
of eosinophils are known to include cationic proteins,
the main eosinophilic protein, neurotoxins and other
substances that contribute to the development of
damage in the myocardium and endocardium.

In the clozapine and ethanol group homogene-
ity of the cytoplasm was observed after 3 hours that
indicated cell death. In the group receiving clozapine
as a monopreparation, similar changes were not
observed. Therefore, the noticed alterations might be
due to influence of ethanol.

In the group receiving clozapine and ethanol
there were circulatory disorders after 3 hours (pleural
veins, venules, small pericapillary hemorrhages)
caused by circulatory hypoxia and the increased ery-
throcyte aggregation [7—10, 28]. By 24 hours these
disorders intensified. We observed arterial and venous
plethora, periarterial and pericapillary hemorrhages,
which were associated with increased hypoxia.

Conclusion

The changes revealed by histological examination
of the heart in animals receiving clozapine and a combi-
nation of ethanol and clozapine, along with the results
of forensic analysis, can be used to diagnose the corre-
sponding poisonings and to establish their prescription.

3akiaoyeHue

I/ISMQHGHI/I}I, BBIABJIEHHBIC TIPW THCTOJIOTMYeC-
KOM HCCJIEA0BaHNU CeEP/Ala y JKUBOTHBIX, IIOJy4aB-
HINX KJIO3allH 1 KOM6I/IHaHI/HO 9TaHOJIa 1 KJI03allnHa,
B COBOKYITHOCTU C pe3yJibTaTaMKn CyII€6HO-XI/IMI/I‘-IeC-
KOT'0 aHaJ/In3a MOTYT OBITH UCIOJIb30BAHbI JJIA INario-
CTUKHN COOTBETCTBYIOIINX OTpaB]IEHI/Iﬁ n U1 YCTaHOB-
JICHUA UX TaBHOCTMH.
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