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Pe3rome

Ilesrb HCcCIEOBAHM S — CUCTEMATU3UPOBATH THCTOMOPGOJIOTHYECKE U MOP(OMETPUYECKHE U3MEHEHU ST
HENPOHOB KOPHI TOJIOBHOTO MO3Ta ITPU OCTPBIX OTPABJIEHUSIX KJIO3AIMTMHOM B COYETAHUH C 3TUJIOBBIM CITUPTOM.

MarepuaJj ¥ MeTobI. [ MICTOIOTHYECKY UCCIEN0BAIN KOPY TEMEHHBIX 00J1acTel TOJIOBHOTO MO3ra 26
YMEPUINX B pe3y/bTaTe OCTPOTO OTPaBJIEHMs KJIO3AIMHOM B COYETAaHUU C 3TUJIOBBIM CIIMPTOM B TeUYEHUE
NEPBBIX CYTOK, U3 HUX 23-X My»KYMH, 3-X sKEHIIINH, B Bo3pacTe oT 22 A0 63 JieT. KoHIleHTpausa sTUJI0BOTO
crupTa B KpoBU coctaBJsiia 1,4-4,1%o. KoHlleHTpanus Kjio3anuHa B KpoBU KoJtebasiach ot 0,24 1o 5,8 Mr%,
B eueHu — ot 0,097 10 6,5 Mr%, mouke — ot 0,03 10 3,5 Mr%. Kycouku KOpbI FOJIOBHOT'O MO3Ta [I/1s1 MOP(O-
MEeTPHUYECKOT0 UCCIeoBaHus puKcupoBasu B 10% HeUTpasbHOM NapadopMalibAerujie, U3roTaBJanuBaIn
TUCTOJIOTUYECKHE CPE3bI, OKPALINBAIN UX FeMAaTOKCUINHOM U 903MHOM U 1o Huccuto. AHanmmn3 MopgoJio-
rUYeCKUX U3MEeHEHUH MPOBOIUIIH C TOMOIIIBI0 CBETOBOTO MUKPOCKOIIA C BUIe0CUCTEMO. [TocunThIBaIN
YHCJIO HEHPOHOB C MTOBPEKIEHUSIMY, BbIEJISIIN 00paTUMbIe, IPOMEKYTOUHbIE M HeOOpaTUMble IIOBPEsK-
nenusi. CTaTUCTUYECKYI0 00pabOTKY JaHHBIX IPOBOAUIN HETTApAMETPUUECKUM METOIOM.

Peayibrarshl. BEIABUIIN, YTO IPU OCTPOM OTPaBJIEHNHU KJI03alIMHOM B COYETAaHNHU C 3TUJIOBBIM aJIKOT0JIeM
JOMUHHPYIOIINMH IPHU3HAKAMU ITOBPESKIeHNsI HEUPOHOB SIBJISIJIMCH: OCTPOe HaOyxaHue, IepBUYHOE pas-
IpaskeHre, CMOPIIIBaHUe, HIIIEMUYeCKOe N3MeHeHe HEPBHBIX KJIETOK, TUTPOJIN3, HeHpoHO(darus, Kapuo-
JIN3KC, KIETKU-TEHH, cCaTeJUINTO3. Bo Bcex Hab/IIOeHUAX 0OHAPYSKUINU IPU3HAKY OTeKa TOJIOBHOTO MO3Ta
U HapylleHUs TeMOIUHAMUKH.

3ar/rouyenue. [[pu3Haky IOBPeKIeHNSI HEHPOHOB T'OJIOBHOTO MO3Ta IIPU OCTPBIX OTPABJIEHUSIX KJI03a-
MIMHOM U 9TUJIOBBIM CIIMPTOM, HAPSIAY C pe3y/IbTaTaMy CyJe0HO-XUMUYEeCKOT0 aHA/IN3a, MOTYT OBITh UCIIOJIb-
30BaHbI B 000CHOBAHUY HENOCPEACTBEHHON IPUYNHBI CMEPTH.

Karouesvte croea: 207108HOLL MO03e; MopgﬁOMempuﬂ; ompasJjierus; Ki03anur, IMUNOBBLIL cnupm

Summary

The aim of the study is to summarize the histology and morphometry of cortical neurons in acute clozapine
and ethanol poisoning.
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Material and methods. Histological examination of the parietal cortical brain samples of 26 patients died
during the Day 1 of acute clozapine and ethanol poisoning (23 males and 3 females aged 22—63 years) was per-
formed. The blood ethanol level was 1.4-4.1%o. The level of clozapine in the blood ranged between 0.24 and
5.8 mg%, in the liver between 0.097 and 6.5 mg%, in kidneys between 0.03 and 3.5 mg%. The cortical samples
for morphometric examination were placed in 10% neutral paraformaldehyde, the histological sections were
done and stained with hematoxylin and eosin, as well as according to Niessl. The morphological analysis was
performed using the video light microscopy. The number of damaged neurons (with separate quantification
of reversible, intermediate, and irreversible damage) was assessed. The statistical analysis was done using the

non-parametric methods.

Results. The signs of brain neuronal damage in acute clozapine and ethanol poisoning, as well as forensic
chemical tests, might be used for establishing the direct cause of death.

Keywords: brain; morphometry; poisoning; clozapine; ethanol
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BBenenue

Kio3anuH — MeykJlyHapogHOe HelaTeHTO-
BaHHOe HaMeHOBaHUe JIeHCTBYIOIIEro BeliecTna
IIIMPOKO U3BECTHBIX JIEKaPCTBEHHBIX CPEJICTB a3a-
JIEIITUH U JIelOHeKC. [1, 2]. Kirosanun ABJjsieTcsa
IIPOU3BOIHBIM ANOEH30/ia3ennHa, OTHOCUTCS K
TpyIIlle Tak HA3bIBAEMBIX «aTUIMIUYHBIX» HEHUPO-
JIEITUKOB M O HEAABHETO0 BPEMEHU MIIMPOKO
HCIOJIb30BAJICH B KIMHUYECKON NMpPaKTUKe /1A
JieueHus BcexX (hOpM IICUXO30B U MTOBE/IEHYECKUX
paccTpPOMCTB, YTO OBITIO CBSIZAHO C €T0 IIUPOKUM
TepalreBTUYeCKUM JUuana3oHoM [3-5]. OH OKassbl-
BaeT BhIpa)KeHHOE aHTUIICUXOTUYEeCKOoe U ceja-
TUBHOe JefiCTBUe BCIeACTBUE OJIOKABI TOIIaMu-
HOBBIX D,-penentopoB B Me30JUMONYECKUX U
Me30KOPTUKA/JIBHBIX CTPYKTypax TIOJIOBHOTO
Mo03ra 1 0JI0KaJbl ¢t-aJpeHOPEeleNTOPOB PETUKY-
JITPHOU (popManmu CTBOJIA TOJIOBHOTO MO3Ta [4,
6]. JIocTaTOYHO CHJILHBIM OJIOKUPYIOIINM [eii-
CTBHEM RJIO3allnHa Ha TUCTaMWHOBBIE PETEIITOPHI
IIepBOr0 THUIIAa HEKOTOpble HCCJIeloBaTe/ M 00b-
ACHAKT €ro arTulnu4vHylo aHTUIICUXOTUYECKYIO
AKTUBHOCTb, a TaK)Ke Takye No004HbIe 3(peKTHI,
Kak ceJlallvs U yBeJIMYeHHe MaccChl Tejia BCe-
CTBUE YCWJIEHUs anmeTura [6, 7]. BosgeiictBuem
Ha 5-(HT)3 penenTtopsl, KOTOPBIE COIVIACHO COBPE-
MEHHBIM IIpeJICTaBJIeHUsIM SABJISIOTCA UHTepdeli-
COM Me3K]Ty MOTOPHOH 1 TMMOUYEeCKUMU CTPYKTY-
pamMu Mo3ra, OOBACHAETCS BbIPaskeHHBIN
aHKcuoauTHYecKuii a ekt mpenapara [6, 8, 9].
Knosanmu 06J1a1aeT TpoTUBOPBOTHREIMU 3 pek-
TaMU BCJIeICTBHE OJIOKaAbl JAOMAaMUHOBBIX D,-
penenTopoB TPUITEPHON 30HBI PBOTHOIO IIEHTPA,
TUNIOTepMUYEeCKUMU 3 deKTaMu BCJIeICTBUE
6J10KaIbl TOIIAMUHOBBIX PeIelTOPOB IUIloTasa-
Myca 1 OKa3bIBaeT nepudepudeckoe U IeHTpalb-
HOE M-XOJIMHOOJIOKUPYIOIIEe U ¢ -aiPEeHOOTOKM-
pyoitiee fetictue [9, 10].

AnTuncuxorndeckue a@dexTs KIo3annHa
CBA3BIBAIOT CO CHIYKEHUEM 9KCIIPeCCUU pUIMNHA
(REELIN) u mryramaraexkapOokcuiasbl-67 (GAD
67) BcaenCcTBUE TUIIEPMETUIIMPOBAHNA UX [IPOMO-
TOPOB, €ro BO3/IeICTBMEM Ha r'UIIepMeTU/IMPOBaH-
Hele yuyacTku JIHK HelipoHOB ¢dpoHTaIBbHOU

Introduction

Clozapine is a dibenzodiazepine derivative
marketed under the brand names Azaleptin and
Leponex [1, 2]. The drug belongs to ‘atypical’ neu-
roleptics and, up until recently, was widely used in
clinical practice for all kinds of psychotic and behav-
ior disorders due to its broad therapeutic range [3-5].
Clozapine exerts a potent antipsychotic and sedative
effect by blocking dopamine D,-receptors in
mesolimbic and mesocortical brain structures and
inhibiting ¢-adrenoreceptors in the reticular forma-
tion of the brain stem [4, 6]. Rather strong blocking
action of clozapine on H1-receptors explains, ac-
cording to some researchers, its atypical antipsy-
chotic activity as well as its side effects such as seda-
tion and body weight gain as a result of increased
appetite [6, 7]. The action on 5-(HT)3-receptors,
which, according to contemporary views, serve as an
interface between the motor and limbic brain struc-
tures, explains its prominent anxiolytic effect [6, 8,
9]. Clozapine has also antiemetic effects through
blocking dopamine D,-receptors of the trigger zone
of the vomiting center, hypothermic effects through
blocking dopamine receptors of the hypothalamus,
and demonstrates properties of peripheral and cen-
tral M-choline and ¢-adrenergic blocker [9, 10].

Clozapine’s antipsychotic effects are also as-
sociated with downregulation of reelin and glu-
tamic acid decarboxylase-67 (GAD 67) expression
through hypermethylation of their promoters, its
action on hypermethylated DNA regions of frontal
cortical neurons [11, 12]. Clozapine was shown to
activate DNA demethylation, restoring normal se-
cretion of gamma-aminobutyric acid in CNS, which
explains the positive response of schizophrenia pa-
tients to clozapine therapy [5, 13].

In addition to its wide psychopharmacological
and therapeutic range, among the major advan-
tages of clozapine are absent interference with the
higher intellectual functions, no cataleptogenic ef-
fect, and minimal risk of extrapyramidal disorders,
because it binds less than 75% of D,-receptors for
a short time only, which is insufficient for the neu-

roleptic syndrome development [14, 15].

www.reanimatology.com

GENERAL REANIMATOLOGY, 2020, 16; 6



https://doi.org/10.15360/1813-9779-2020-6-19-30

Knunudeckue uccjaeqoBaHud U IIPpaKTUKaA

KopsI [11, 12]. YCTaHOBJIEHO, UTO KJIO3AIINH aKTH-
BHUPYIOT NeMetusmpoBanue JIHK, 4To cnocoO6CcTByY-
€T HOpMaJ/In3aluy CeKpeuny raMmmMa-aMruHOMac-
asgaon kucaorel B ITHC, yeM u 00bACHAIOTCSH
MoJIosKUTeAbHbIe 3 (EKTHI Tepanuu KJ03allu-
HOM y O0JIBHBIX C II30(p pennei [5, 13].

[TomuMo mmpoKkoro rncuxogapmakorepanes-
TUYECKOIO JUalla3d0Ha, K HECOMHEHHBIM IIpEnMYy-
IecTsaM KJO3alnHa OTHOCUTCA TO, YTO OH He
BJIAsIET HA BBICIIME WHTeJJIEeKTyaJIbHble (PyHK-
1Y, He IPUBOAUT K KaTajJenTOreHHbIM 3 deK-
TaM, a Takke 00J1alaeT MUHIMaIbHBIM PHUCKOM
pas3BUTHUSA IKCTPAIUPAMUIHBIX HApYIIEHUH. ITO
CBSI3aHO C T€M, YTO OH JIUIIb Ha KOPOTKOE BpeMs
CBs3BIBAET MeHee 75% D,-pernenTopos, 4ero HeJo0-
CTaTOYHO AJIs1 pa3BUTUSA HeHpOoJIeNTHYeCKOTo
cugapoma [14, 15].

[Ncuxodapmakosornueckue apP@erTsr OT
IpyueMa KJIO3allMHa HACTYIIalOT OTHOCHUTEJIbHO
OBICTPO: KyMMpOBaHWE OECIOKONCTBA, TICHXOMO-
TOPHOTO BO30Y>K/IEHUS 1 arPECCUBHOCTH — 4Yepe3
3-6 gHel, aHTuncuxorndeckue aheKkTbl — yepes
1-2 Hepeny, BJMAHNE HA CUMIITOMBI HETaTUBU3-
Ma — yepe3 20-40 nHe.

Cpenu HeskeJIaTeJILHBIX TOOOYHBIX 3(pPeK-
TOB KJIO3allMHA OTMEYalOT IOBBINIEHUE PUCKOB
TpoMO0OOOpa3oBaHUsA, Pas3BUTHUSA THUIEPTOHUH,
TAJIA, MATpeHY, TUTIOKUHE3NUH SKeJIYIKA, 9YTO CBA-
3aHO C BJIMAHWEM KJjio3alnuHa Ha 5-(HT)2A penern-
TOPBI TPOMOOUHMTOB TJIa[IKOMBIIIEYHBIX KJIETOK
KPOBEHOCHBIX COCynoB, Jerkux, sKKT [15-18].
ABJIAACH MOIITHBIM QHTAarOHUCTOM MYCKapUHOBBIX
XOJIMTHOPETETITOPOB, KJIO3AMMNH, CIIOCOOEH BHI3bI-
BaThb TaXWKapAMWIO, BCIAEACTBUE OJIOKMPOBAHUSA
a(pperToB Oy IAIOIIETO HEPBA, CHUSKATH ITEPH-
CTaJBTAKY KHUIIEYHWKA, BIUIOTH [0 Pa3BUTHUA
HenpoxoguMocTu [19-21]. Takyxke B JjuTeparype
OIMCAaHbl MHOTOYUCJIEHHBIE OCJIOKHEHHUS, CBA-
3aHHBIE C IPUEMOM KJIO3aluHa: cymoporu [22],
KaratoHud [23], koMa [24], MUOKapIuT [25-27],
OTCPOUYEHHBIE 0CJIOKHEHUS IIPU TSHKeJI0H KI103a-
NIMHOBOM MHTOKCUKALMU [28, 29], ycujieHne TOK-
CHYHOCTHU KJI03allHA IIPU Pa3BUTUU NH(DEKIMOH-
HBIX OCJIOKHeHuH [30-32], arpanynonuTos [33],

[lo HemaBHEro BpeMEHM KJIO3AIlMH O4Y€Hb
IIMPOKO HCIIOJIB30BAJICA B IMCUXUATPUYECKON
npakTtuke [1-3, 34], HO TIOCJI€e MOSIBJIEHUST HEUPO-
JIEITUYECKUAX CPENCTB HOBOI'O IIOKOJIEHUS €ro
TepalleBTU4YeCKasd aKTyaJbHOCTb CYIECTBEHHO
CHHU3WJIACh. B HacToAmee BpeMsa OH IPUMEHAeTCA
IIpU JIeYeHUU IICUXUUEeCKUX PACCTPOUCTB JOCTa-
TOYHO PEJKO U OOBIYHO TOJBKO ¥ O0JBHBIX pe3u-
CTeHTHBIMU dopMaMu MIU30PPEHUU T0CTe
HeaJeKBaTHOIO TepaleBTUYEeCKOro OTBeTa II0
KpaliHe Mepe Ha ]Ba COBPEMEHHBIX AHTUIICUXOTHU-
4YEeCKHX CpefCcTBa.

HemaJsioBaskHOe 3HaUeHUe B OTKa3e Bpadyen
IICUXUATPOB OT HCIOJb30BAHUSA KJO3alMHA B

Tepanuy DOJTHHBIX ICUXMYECKIMU PacCTPONCTBA-

The psychopharmacological effects of clozap-
ine therapy develop relatively fast: the relief of anx-
iety, psychomotor agitation and aggressiveness oc-
curs after 3 to 6 days of administration,
antipsychotic effects — after 1-2 weeks, the effect
on negativistic symptoms — after 20-40 days.

The observed adverse side effects of clozapine
include increased coagulation, hypertension, pul-
monary embolism, migraine, gastric motility dis-
order related to clozapine's effect on 5-(HT)2A re-
ceptors in smooth muscle cells of blood vessels,
lungs, GIT [15-18]. Being a potent antagonist of
muscarinic cholinergic receptors, clozapine can
cause tachycardia through blocking the vagal
nerve effects, decreasing the intestinal motility up
to obstruction [19-21]. Other numerous complica-
tions related to clozapine were described in litera-
ture including seizures [22], catatonia [23],
coma [24], myocarditis [25-27], delayed complica-
tions in severe clozapine intoxication [28, 29], in-
creased clozapine toxicity in infectious complica-
tions [30-32], granulocytopenia [33].

Until recent times, clozapine was very widely
used in psychiatric therapeutic practice [1-3, 34], but
after a new generation of neuroleptic agents came
into the market, its therapeutic relevance had de-
creased considerably. At present, it is uncommonly
used in the treatment of psychiatric disorders, usually
only for resistant schizophrenia or after inadequate
response to least two modern antipsychotic agents.

An important reason for limited use of cloza-
pine in psychiatry is its high toxicity when com-
bined with ethanol. This can happen accidentally
(unintentional overdosing) and as a result of a sui-
cidal attempt or a criminal incident [35, 36].

Most researchers recognize anticholinergic
action of clozapine and ethanol being the key
mechanism of poisoning in their combined inges-
tion [36]. This poisoning is characterized by a short
duration of the early phase [37], severe course with
psychotic disorders and disturbed conscious-
ness [38], and high mortality (15 to 30%, according
to various authors) [39].

Despite the high relevance of clozapine + al-
cohol intoxication, its pathogenesis and associated
pathology changes in the brain have not been ade-
quately investigated. Experimental works exploring
the cerebellar damage in clozapine + ethanol poi-
soning demonstrated severe damage to Purkinje
cells with predominantly irreversible changes
(shrinkage, karyocytolysis, ghost-like cells, etc.)
progressing over time. An experiment lasting 24
hours caused more severe alterations compared to
the 3-hour long test [40]. However, for better under-
standing of mechanisms of these changes we need
to examine the other regions of brain. The mecha-
nisms of death in fatal poisoning remain unclear,
which hampers timely forensic diagnosis of the im-
mediate cause of death. Despite numerous studies

GENERAL REANIMATOLOGY, 2020, 16; 6
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MM SIBJISIETCSI €70 BbICOKAsi TOKCUYHOCTD IPHU COYe-
TaHHOM HpUeMe C 3TUJOBBIM CIIUPTOM (aJIKOTO-
JieM). 3TO HaOJI0AAETCS BCJIECTBHE CTYYalHOT U
HelpeTHaMepPEHHOU ero nepeo3uPOBKH, a TAKIKE
KaK pe3yJsIbrar ero rpremMa ¢ CyuluIaIbHOM [eJIbI0
WUJIU B paMKaxX KpUMUHAJIBHOTO IT0BeeHuA [35, 36].

[leHTpadbHBIM MEXaHU3MOM OTPaBJIEHUS
KJIO3AIMHOM B COYETAHUU C 3TUJIOBBIM CIIUPTOM,
M0 MHEHHIO OOJILIIMHCTBA MCCJIeJOBaTeJIel,
ABJISIETCSI UX XOJIMHOJIUTHYECKoe AelicTBue [36].
Hannass popMa oTpaBJIeHUIN OTJIMYAETCS KPATKO-
BPEMEHHOCTBIO TOKCUKOTeHHOMU (pasbl [37], OBICT-
pbIM Te4YeHWEM C pPa3BUTHUEM IICUXOTUYECKUX
HapylUIeHud C paccTpoiicTBOM co3HaHus [38],
BBICOKOU JIETAJbHOCTHIO (O JAHHBIM Pa3HBIX
aBTOpOB OT 15 10 18%) [39].

HecMoTpss Ha aKTyaJabHOCTH HIPOOJIEMBI
OTpaBJIeHUH KJI03aIUHOM Ha (pOHE aJTKOTOTbHON
WHTOKCUKAIINH, ITATOTEHE3 3THUX COCTOSTHUM 1 BO3-
HUKAIOIIKe MPY 3TOM MopdoJiornyeckre usMeHe-
HHS TOJIOBHOTO MO3Ta UCCJIEAOBAHBI HEJIOCTATOY -
HO. JKCIIepuMeHTaJIbHasA paboTa, MPOBeIeHHAas C
[IeJIbI0 CUCTEMATU3ALNY MIOBPEKIEHUN MO3KEUKa
MIPY OTPaBJIEHNU KJI03aIIMHOM B COUYETaHUU C 9TH-
JIOBBIM aJIKOT0JIEM, YKA3bIBAET HA CYIIleCTBEHHbIE
M3MeHeHUsI K1eToK [lypKkuHbe. YCTaHOBJIEHO, YTO
HauboJiee BBIpAKEHHBIE MMOBPEKIEHUS KJIETOK
[MypruHbe ¢ mpeobsaganueM HeoOpPaTUMBbIX H3Me-
HEHUU (CMOpIIMBaHUeE, KAPUOIUTOJINS, KJIETKU-
TeHU W T. JI.) HAOJIOJAIOTCA IMPH COYETAHHOM
OTpaBJIEHUN KJI03aITMHOM U aJIKOTOJIEM, TPUYEM
BBISIBJISIETCSI IPOTPECCUPOBaHME 3TUX U3MEHEHUH
C TedeHHEeM BpeMeHHU. JDKCIIEPUMEHT [JIUTEJb-
HOCTBIO 24 Yaca IpUBOAUT K 60Jiee BEIpAKEHHBIM
M3MEeHEeHUSIM KJIeTOK [TypkuHbe 10 CpaBHEHMUIO C
3-X 4aCOBOU MPOJIOIKUTENBHOCTHIO onbITa [40].
OpmHAaKO, [J1sI MOJTHOTO MOHUMAHUS MEeXaHNu3MOB
pasBUTHsI MOP(OJIOTHIECKIX M3MEHEHNH HEOOX0-
MO UCCJIeOBaHUeE U IPYTUX OT/AEJI0B F'OJIOBHOTO
Mosra. He 1o koHIIa TOHATEH TaHATOreHe3 MoI00-
HBIX OTPABJIEHUH, UTO CYIIeCTBEHHO CHM’KaeT
KavyecTBO CyAeOHO-MEIUITMHCKON IHarHOCTUKHA
HEToCpeCTBEeHHOU MPUYMHBI cMepTU. HecmoTps
Ha MHOTOYHCJIEHHbIe WCCJIe0BaHusl, TOAPOOHO
pacKpbIBAOIIE TepANleBTUYECKUE U TOKCUYECKIE
3¢ eKrThI OCTPOro OTpaBJEHUS KJIOIATUHOM, 10
CHX IIOP OCTAIOTCS HE BbISICHEHHBIMU BCe (DAKTOPHI
rmaroreHe3a W BeAyIasi poJjib KaKOTro-Iu00 u3
MEXaHN3MOB B Pa3BUTHUHU 9TOTO COCTOSHHUSI.

[lesb uccieqoBaHusl — CUCTEMATU3UPOBATh
rucromMop@oJiorudeckrue u MoOppoMeTpUUECKHE
“3MeHeHHsI HEHPOHOB KOPbI TOJOBHOTO MO3Ta
MIPY OCTPBIX OTPABJEHUAX KJIO3AMMMHOM B COUYETa-
HUU C 9TUJIOBBIM CIIUPTOM.

MarepuaJ 1 MeTObI

HpOBeJII/I TUCTOJIOTUYIECKOE NCCTIEN0BAHNE KOPbI
TEMEHHBIX 00J/1aCTel TOJI0BHOI'O MO3ra 26 ymMepmux oT
OCTpPOr'o OTpaBJIEHUSA KJA03alIMHOM B COYE€TAaHNU C 9TU-

detailing its therapeutic and toxic effects, there is
no comprehensive understanding of pathogenic
factors or leading role of specific mechanisms in
acute clozapine poisoning.

The aim of the study is to summarize the his-
tology and morphometry of cortical neurons in
acute clozapine and ethanol poisoning.

Materials and Methods

The histological data of parietal cortical brain sam-
ples obtained on the scene (within the first 24 hours) from
26 patients (23 males and 3 females), aged between 22 and
63 years, who died of acute poisoning with clozapine and
ethanol combination, have been investigated. Both cloza-
pine and ethanol were found in the biological material
(blood, urine, stomach, kidneys, liver) on forensic chemi-
cal examination. The content of clozapine per 100 g of
organ weight was detected using gas chromatography.

Most cases were moderate and mild alcohol intox-
ication (blood ethanol concentration 1.4-2.5%o0); there
was one case of severe alcohol poisoning (4.1%o).

The level of clozapine in the blood ranged between
0.24 and 5.8 mg%, in the liver between 0.097 and 6.5
mg%, in kidneys between 0.03 and 3.5 mg%.

The control group (1n=10) consisted of 7 men and 3
women aged between 22 and 65 years who died of an acute
coronary event. There were no significant differences be-
tween the study groups in sex (y? criterion = 0.5; P=0.1) and
age (Student test t=—0.117, P=0.9) found (table 1).

Cerebral cortex (the parietal lobe) slices were placed
in 10% formalin and embedded in paraffin. Histologic sec-
tions were stained with hematoxylin and eosin, as well as
according to Nissl, then histological examination was done
using Olympus BX 41 microscope equipped with the
Watec 2218 (Japan) camera. Neuronal damage was evalu-
ated according to the classification which included: 1)
acute swelling of neurons, 2) primary irritation of nerve
cells, 3) hydropic degeneration of neurons, 4) shrinkage of
neurons, 5) ischemic alterations of nerve cells, 6) karyocy-
tolysis, 7) ‘ghost cells’, 8) neuronophagy, 9) satellitosis [41].
At least 100 damaged cells were evaluated in each case.

Statistical analysis was carried out using Statistica
10.0 (StatSoft, Inc.) and MedCalc 12.5.0.0 (MedCalc Soft-
ware) software. Mean values are shown as median with
the interquartile range. Inter-group differences were as-
sessed using Mann-Whitney U-test and considered sta-
tistically significant at P<0.05.

Results and Discussion

We studied 6 layers of the cerebral cortex: the
molecular layer, the external granular layer and the
external pyramidal layer, the internal granular layer
and the internal pyramidal layer, and polymorphic,
or multiform layer. The nerve cells in the third and
fifth layers (the external and internal pyramidal lay-
ers, respectively) of the parietal lobes cortex turned
out to be the best visualized, making them the most
convenient for morphometric examination.

The molecular layer of the cerebral cortex.
The neuronal nuclei were found to be predomi-
nantly hyperchromic. Chromatin was dispersed in

the nuclei or formed small bodies on the periphery
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Tabsmna 1. XapakTepHCTHKA HCCIeAyeMbIX FPYIIIL.
Table 1. The studied groups parameters.

Parameter Values in groups
Main, n=26 Control, n=10
Sex
Male, n (%) 23 (88.5) 9 (90.0)
Female, n (%) 3 (11.5) 1(10.0)
Age (Me, min—-max) 39.5 (22-63) 42.0 (22-65)

Note. No significant differences between the study groups in sex (y? criterion = 0.5; P=0.1) and age (Student test ¢=-0.117, P=0.9)

found.

IIpumeuanue. CTaTUCTUYECKU 3HAYUMBIX Pa3/JIUYUil 10 II0JIOBOMY COCTaBY (KpuTepuii x°=0,5; p=0,1) u Bo3pacTy (KpuTepuit

CrerofeHra 1=-0,117; p=0,9) He BBIABUJIN.

JIOBBIM CIIMPTOM Ha MeCTe IIPOUCILIECTBUS B IlepBbIe
CYTKH, U3 HUX — 23-X My»KYMH, 3-X JKEHIIVH, B BO3pacTe
ot 22 510 63 JsieT. JlTaHHbIe 00 OOHAPYKEHUU KJI03alHa
¥ 9TUJIOBOTO CITUPTA OBLIN MTOJTYY€EHbI IIPU CYIeOHO-X1-
MHUYECKOM WCCJeJoBaHUU Onomarepuasia (KpOBb,
no4kKHy, IeyeHs). ComepskaHne KjI03alHa B lepecueTe
Ha 100 r oprasHa omnpe[eJsiau rasoxpoMarorpadpuye-
CKHAM METOIOM.

BoJIbIIIMHCTBO CiIy4aeB COOTBETCTBOBAJIO ONIbSIHE-
HUIO CpeJlHel U JIeTKOH cTelleHu (CofepyKaHue aTUJI0-
BOTO criupTa B KpoBu 1,4-2,5%o0), onuH cJIydail ykasbl-
BaJI Ha TSPKEJI0e OTPaBJIeHHe ajikorosieM (4,1%o).

KonneHnTpanus kja0o3anvHa B KPOBU KoJiebaiach
ot 0,24 o 5,8 Mmr%, B nedeHu — ot 0,097 go 6,5 Mr%,
nouyke — ot 0,03 10 3,5 mr %.

I'pynmy koHTpOJIsA (1n=10) COCTaBUIIN 7 MY>KUYUH U
3 SKeHIIUH B BO3pacTe 0T 22—65 JieT, yMePIIUX B Pe3YJIb-
Tare OCTPOTro HapyIIeH!sI KOPOHAPHOTO KpoBooOpailiie-
HuA. [Ipu conocTaBaeHUH Py UCCJIeI0BaHNUA U KOHT-
pOJIsi  CTaTUCTUYECKU 3HAYUMBIX PA3JIUYUN 110
II0JIOBOMY COCTaBy (Kpurepuii x>=0,5; P=0,1) u Bo3pacTty
(kputepuit CthiofeHTa t=-0,117, P=0,9) He BBIABUIU
(TabJr. 1).

Kycoyku KOpbl TOJIOBHOTO MoO3ra (TeMeHHas
noJist) pukcupoBasiu B 10% popmanvHe U 3aIUBaId B
rmapaguH. [MCTOJIOTUYECKIE CPE3bI OKPAIIIMBAJIA IreMa-
TOKCHUJIMHOM U 303WHOM U 110 Hucctro. AHamm3 mopgdo-
JIOTUYECKUX U3MEHEHU I TTPOBOJIUJIU C TIOMOIIBI0 MUK~
pockomna Olympus BX 41 ¢ BujeocucTeMoii Ha OCHOBe
kamepsl Watec 221S (SInonwus). IToBpeskieHne HEWPO-
HOB OII€HMBAJIX B COOTBETCTBUH C KJacCUPUKAIUEN,
BRJIIOUAlOIeil: 1) ocTpoe HaOyxaHue HEPBHBIX KIIETOK,
2) IepBUYHOE pasgpasKeHrue HEPBHbBIX KJIETOK, 3) TUM-
ponuYecKre U3MEeHEeHUsI HEUPOHOB, 4) CMOPIITUBAHUE
HEUPOHOB, 5) UIIIEMUYECKO€e N3MEHEHVE HEPBHBIX KJIE-
TOK, 6) KQPUOIIUTOJINS, 7) «KJIETKU-TEHN», 8) HEUPOHO-
darwus, 9) caresututos [41]. OLleHUBAIA TOBPEKIEHUS
He MeHee 100 KJIETOK B KasKI0M HaOJIIOIEHUN.

JIJIsi CTaTUCTUYECKOTO aHa/M3a HCII0Jb30BaInd
nporpammbl Statistica 10.0 (StatSoft, Inc.) u MedCalc
12.5.0.0 (MedCalcSoftwarebvba). Cpemnue 3HaueHUs
MpEeICTaBUIN MEAUAHON C MEKKBAPTUIbHBIM HHTEPBA-
JIOM. Me)XTpyIIIOBble pa3/Inyusl MoKasaTeseil oleHn-
BaJIy IIpy noMmolinu U-kputepus YUTHU-MaHHa U IpU-
HHUMaJIY CTaTUCTAYECKU 3HAYUMbIMU IIpU YpoBHe p<0,05.

Pe3yJsbTaThI M 00CY:KI€HUE

HccnenoBanu 6 cjioeB KOPBI MO3Ta: MOJIEKY-
JIAPHBIN, HAPY>KHBIN 1 BHYTPEHHUN 3€pHUCTBIH,
CJIOM MUPaMUAHBIX KJIETOK U BHyTPEHHUI Nupa-
MUJIHBIH CJI0H, 101 TOJIMMOP(MHBIX KJIeTOK. [Ipu

of the nuclei. Nucleoli are mainly eccentric, shifted
to the periphery of nuclei. Microglia cells are small
with hyperchromic, intensively stained nuclei. Nu-
clei of true glial cells (oligodendrocytes, astrocytes)
are light, chromatin bodies are dispersed in nuclei
and along their periphery. Around the majority of
glial cells, a zone of pericellular edema was revealed.
Capillaries are moderately congested (fig. 1).

The outer granular layer of the cerebral cor-
tex. Chromatin granules were found to be dis-
persed in normal and hyperchromic nuclei of neu-
rons. The nucleoli have been shifted towards
nuclear periphery. In some nuclei, no nucleoli were
found. Many neurons as well as glial cells were sur-
rounded by a zone of pericellular edema. Pericap-
illary oedema was observed (fig. 2, a, b).

Pyramid cell layer. ‘Light' neurons were
found to be predominant, but ‘dark' neurons were
also detected among the ‘light' ones. Part of neu-
rons were being phagocytosed: glial cells pene-
trated their cytoplasm (fig. 3, a). The edges of the
nerve cells have irregular, dentate surface. In some
neurons, the nuclei are shifted towards periphery,
while in the nuclei, the nucleoli are eccentric. Cy-
toplasm looks homogeneous, devoid of tigroid sub-
stance, pale and vitreous (representing a type of ho-
mogenizing necrosis of nerve cells, fig. 3, b).

Swelling of neurons was noticed. Some neu-
rons seen with barely distinguishable nuclei and
nucleoli. Ghost cells are found. Pericellular and per-
icapillary edema was registered.

Internal granular layer of the cerebral cortex.
We noticed neuronal swelling, nuclear shifting to-
wards the periphery of cells and nucleolar shifting
towards the nuclear membrane. We revealed kary-
olysis, satellitosis, neuronophagy, and ghost cells
(fig. 4). Capillaries and veins are congested, peri-
capillary edema is remarkable.

Internal pyramidal layer of the cerebral cor-
tex. ‘Light' neurons were found to be predominant.
Among them, ‘dark’ neurons were identified in
smaller numbers. Many neurons were swollen, the
shift of nuclei towards one of the poles of cells was
observed, and the decentralized location of nucleoli
was revealed. In some neurons, the nuclei were not
stained (karyolysis). Neuronophagy was noted. Peri-
cellular edema was detected both around neurons
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Puc. 1. MoJIeKyJIAPHBIH CJIOH KOPBI MO3ra.

Fig. 1. The molecular layer of the cerebral cortex.

Note. Hematoxylin and eosin staining. Hyperchromatosis. Per-
icapillary edema. Magnification X200.

IIpumeuanue. OkpallMBaHUe TeMAaTOKCUIMHOM U 303UHOM.
T'unepxpomaros. [lepukanuiasspHblii otek. YB. 200.

9TOM OKa3aJ/I0Ch, YTO HanboJIee XOPOIIIo BU3yasTH-
3UPYIOTCA HEPBHBIE KJIETKU B 3-€M U 5-OM CJIOAX
(cJI0# MMpaMUIHBIX KJIE€TOK, BHYTPEHHUH MTHpa-
MUIHBIHN CJIOH, COOTBETCTBEHHO) KOPhI TEMEHHBIX
II0JIeli TOJI0BHOT'O MO3Ta, JeJalole ux HauboJee
YIOOHBIMU AJIs IPOBEIEHUS TUCTOMOP(OMETPH-
YeCKOTO UCCJIE0BAHMUSA.

MoJteRy/IsIpHBIH CJI0# KOPBI MO3ra. BeIsABH-
JIM, YTO s/Apa HEWPOHOB IPEVNMYIIECTBEHHO
rAnepxpoMHble. XpOMAaTHH paclblIeH B sAApax
WJIA pacroJiaraeTcsi B BUe WILIOOK IT0 mepude-
puu sinep. ApBIITKY B sigpax pacroJiaraoTcs B
OCHOBHOM 39KCIIEHTPUYHO, CMEIIleHbI K mepude-
puu sinep. KiteTku MUKpOTINY HEOOJIBIINX pas-
MEepOB C TUITEPXPOMHBIMH, MHTEHCUBHO OKpaIeH-
HBIMU spaMu. flipa MCTUHHBIX KJIETOK TJINHU
(0IMTOEHIPOITUTHI, ACTPOIUTHI) CBETIIBIE, TIIBIO-
KU XpOMaTHHA paccesiHbI B sipax U M0 ux nepude-
puu. Bokpyr 60JIBIIMHCTBA KJIETOK [NIMM — 30HA
TIePULIETIOISIPHOTO oTeKa. Kanumissper — yme-
PEHHO MMOJTHOKPOBHHEI (pHUcC. 1).

Hapy:kHbIi 3epHUCTBIH CJI0H KOPBI MO3ra.
BeIgBHIIN, YTO TPAHYJIBI XpOMAaTHHA PACCESTHBI B
HOPMO- Y THUIIEPXPOMHBIX SApax HEHWPOHOB.
SnpeIiky simep cMmelneHbl K uxX nepudgepun. B
HEKOTOPBIX AApax AAPBIINIKA He BBIABUIN. MHO-
rvie HeMPOHBI, a TaKKe KJIETKHU IJINH OBLIN OKpPY-
SKeHBbI 30HOU MTEePUIIESITIONISIPHOTO oTeka. OTMeya-
JIV TIEPUKATIUJIISIPHBIN OTeK (puc. 2, a, b).

CJy10¥i MUPaMHUIHBIX KJIETOK. BLIsABMIIN, UTO
mpeo6J1aal0T CBETIble HEHPOHBI, HO CPEIA CBET-
JIBIX BCTPEYAIOTCsI ¥ TEMHBIE HEPOHBL. YacTh Hel-
POHOB B COCTOSTHUY HEHPOHO(aruu: KJIeTKU TJTUN
MMPOHUKAIOT B IIUTOIJIa3My HelpoHa (puc. 3, a).
Kpas HepBHBIX KJIETOK TPHOOPETAIOT HEPOBHYIO,
«M3bEJIEHHYI0» TTIOBEPXHOCTh. B 4acTu HEWPOHOB
sITpa CMeIeHbI K epudeprnn KIeToK, a B Aapax
SIPBIIIKY PACIIOJIAraloTCs IKCIeHTpUYHO. [uTo-
I1a3Ma BBITVISITUT TOMOTEeHHOMH, JTUIIIeHa TUTPOU-

Puc. 2. Hapy:KHBIH 3€pHHUCTBIH CJI0H KOPBI MO3ra.

Fig. 2. The outer granular layer of the cerebral cortex.

Note. Hematoxylin and eosin staining. a — Hyperchromatosis.
Pericapillary edema. Magnification X200. b— Primary irritation
of nerve cells: nucleolar decentralization in neurons. Pericapil-
lary oedema. Magnification X400.

IIpuMmeuanue. OKkpalinBaHue reMaTOKCUJIMHOM U 903UHOM.
a — Tunepxpomaros. [lepukanu/aApHbIN oTek. YB. 200. b —
IepBHUYHOE pasapaskeHre HePBHBIX KJIETOK: JelieHTPaIN3alys
SATPBILIEK sIep HeHPOHOB. [lepuKanu/IsipHbIi oTeK. YB. 400.

and glial cells. Capillaries and venules are congested
and pericapillary edema is evident (fig. 5, a, b).

Layer of polymorphic cortical cells. ‘Light'
neurons also prevailed in this section. Swelling of
neurons, peripheral shift of nuclei and decentral-
ized nucleoli were noted. Satellitosis, neu-
ronophagy, karyolysis, pericellular and pericapil-
lary edema were detected (fig. 6).

Circulatory disorders were observed in
meninges and different brain regions manifesting as
congested capillaries and venules, erythrocyte ag-
gregation, stasis, sludge, marginal leukocyte pooling.

Currently, the pathomorphological brain
changes in acute alcohol intoxication have been
studied in most detail. Majority of them are related
to hemodynamic disorders during dying from alco-

holic coma. The brain circulatory disorders causing
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na, 6sieHA W CTEKJIOBUIHA (Pa3HOBUIHOCTH —
TOMOTEHU3UPYIOINH HEKPO3 HEPBHBIX KJETOK,
puc. 3, b).

OTmeTnu HaOyxaHue HelpoHOB. HekoTo-
pble HEWPOHBI C €/IBa PA3JIUYNMBIMA SIIPaMU U
AAPBIIIKAMU. BCTpedyaroTcs KJIeTKU-TeHu. Peru-
CTPUPOBAJH MTEPULIEITIONAPHBIA 1 TepUKaTIAI-
JITPHBIHN OTEK.

BHyTpeHHHH 3epHUCTBHIH CI0i KOPBI MO3Ta.
OtmeTniu HabyxaHue HEUPOHOB, CMEIIIeHNE sIIeD
Ha mepuepuIo KIETOK, a B spax — CMeIeHNe
SIIPBINIIEK K sOepHOW MeMmOpaHe. BriaBuian
KapHOJIN3UC, CATeJIJINTO3, HEHPOHO(aruio, KJIET-
KU-TeHU (puc. 4). Kanuaisapsl 1 BeHbl — MOJIHO-
KPOBHBI, BBIPAKEH NEPUKATUJIISIPHBIN OTEK.

BHyTpeHHMII NIHpPaMHIHBIA CJIOH KOPBI
Mo3ra. BeisaBum, 4To mpeobJ1aaoT CBETIbIe Hel-
ponbl. Cpey HUX B MEHBIIIEM KOJTTYECTBE BbISIBJIS-
JI TEeMHBIE HEHPOHBL. MHOTHIE HEHPOHBI — HA0YX-
vie, B HUX OTMeYaJId CMEIeHNe A/1ep K OTHOMY
U3 TIOJIOCOB KJIETOK, a B sApax HaOJomamn
TeTIeHTPAIN30BAHHOE PACIIOJIOKEHHUE SIPBIIIIEK.
B yacTu HEHIpOHOB si/Ipa He OKpaIIeHbl (KapuoJu-
a3uc). Ormevanu HelipoHOodaruio. [lepuiesiio-
JIIPHBIA OTEK BBIABUJIN, KaK BOKPYT HEMPOHOB,
TaK ¥ KJIETOK ITNH. Kanuaasspbl ¥ BEHYJIBI — ITOJI-
HOKPOBHBI, BBIPA’KEH NMEPUKATUIISIPHBINA OTEK
(puc. 5, a, b).

Cuo1o#i moTuMOP(PHBIX KJIETOK KOPHI I'OJIOB-
HOTO M03ra. B aToM oT/esie Tak)ke mpeodJiagann
cBeT/Ible HeHpOoHBL. OTMevanmn HabyxaHue HeHpo-
HOB, CMeIlleHNe B HUX sifiep K epudeprn KIETOK,
a B AApax — AeleHTpaan3anuio aapeiaek. O6Ha-
PY>KHJIH CaTesITuTo3, HeHpOoHO(aruio, KapuoJau-
3WC, TePUIEJUTIOSIPHBIA U TTePUKATAJIISPHBIN
oTeku (puc. 6).

B MATKMX MO3TOBBIX 000JI0YKAX, pa3TUIHBIX
OT/IeIax TOJIOBHOT'O MO3Ta OTMedYasId PacCTpo-
CTBa KPOBOOOpAIIEHNS: TOJTHOKPOBYE KA IS -
POB ¥ BEHYJI, arperamnysi 9pUTPOIUTOB, CTa3HI,
CJIaJI?K¥, KPaeBoe CTOSTHUE JIEHKOITUTOB.

B macrosimee BpeMsi HauboJiee ITOIPOOHO
n3y4eHbl TAaTOMOP(OJIOTHYECKHE W3MEHEHUs
TOJIOBHOTO MO3Ta IPY OCTPOH a7TKOTOJIbHOU MHTOK-
crKanyu. BoJIBIIIMHCTBO U3 HUX CBSA3aHBI C HAPY-
[IIeHUSIMU TEMOAMHAMIKH B IIPOTIECCE YMUPAHWUS OT
JIKOTOJIBHOU KOMBL. [IMpKyJISITOPHBIE PACCTPOH-
CTBa B TOJIOBHOM MO3T€, SIBJISIONINECS IPUYTHON
BO3HUKHOBEHUSI MOP(MOJOTHIECKUX M3MEHEHUH
HENPOHOB, 00OHAPY>KUBAIOTCS TIPH JIOOOM CMeEp-
TeJIbHOM OTPABJIEHUH ¥ YKa3bIBAIOT HA Pa3BUTHE
CEp/IeYHO-COCYINCTON HEOCTATOYHOCTH.

Kaxk mokasasu mpoBeieHHbIe HAMH UCCTIEN0-
BaHUSI, BO BCEX CITyYasiX OCTPHIX OTPaBJIEHUH KJIO-
3aIIMHOM B COYETAaHWHM C ITUJOBBIM CIHUPTOM
BBISIBWJIN TPU3HAKW OTEKa TOJIOBHOTO MO3Tra U
HapyIIeHus TeMOJUHAMUKH. PaccTpoiicTBa Kpo-
BOOOpAIIeHNsT XapaKTEepU30BaIUCh BbIPAKeH-
HBIM ITOJTHOKPOBHE KalUJIISIPOB U BeHyJI. Kpome

Puc. 3. CJ10¥i THPaMHU/THBIX KJIETOK.

Fig. 3. Pyramid cell layer.

Note. Hematoxylin and eosin staining. Magnification X400. a—
Hyperchromic neurons. Neuronophagy. b — Hyperchromato-
sis. Homogenizing neuronal necrosis. Satellitosis.
ITIpumeuanne. OKpalIvBaHNe TeMaTOKCUJINHOM U 903MHOM.
VB. 400. a — I'mnepxpoMHbIe HelpoHbI. Heiiponoparus. b —
Tunepxpomaro3. [oMOreHH3UPYIOIINI HeKpo3 HeHpoHoB. Ca-
TeJJINTO3.

Puc. 4. BHyTpeHHUIi 3epPHUCTBIH CJI0i KOPBI MO3ra.

Fig. 4. Internal granular layer of the cerebral cortex.

Note. Hematoxylin and eosin staining. Magnification x400.
Satellitosis. Neuronophagy. Ghost cells.

IIpumeuanune. OKpalInBaHUEe TeMAaTOKCUIMHOM U 303MHOM.
VB. 400. Caresututo3. Heifiporodarus. KileTku-TeHu.
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TTOJIHOKPOBHUSI OTMEYaJIH arperaruio 3pUTpOIn-
TOB, (OPMUPOBAHME CTA30B U CJIAIKEH, KpaeBoe
CTOsIHME JIEHKOIIMTOB. TKaHb MO3ra Obljia OTed-
HOM, IepUBACKYJIsIPHBIE TPOCTPAHCTBA PaCIIIupe-
HBI 33 CUET COJIeP’KaHUS B HUX OTEYHOM KUTKO-
CTH, BOKPYr OOJIBIIMHCTBA KJETOK TJIUH U
HEBPOIIUTOB OOHAPYKUBAJN 30HBI MIEPUITEILITIO-
JIIPHOTO OTeka. [IoBCeMeCTHO MPUCYTCTBOBAJIU
orevyHble (P OPMBI OJTUTOEHIPOITUTOB U aCTPOIIU-
ToB. CyIlleCTBEHHbIE U3MEHEHUsI TPeTePIIeBAIU U
HEBPOIUTHI, YKA3bIBAJIM HA UX pasapaskeHue U
TOBPEsK/IEHHE.

OmgauM 13 MOP(OJOTUUYEeCKNX N3MeHEeHUH
HENPOHOB ABJISIETCS OCTPOe HabyXaHUe HEPBHBIX
KJIETOK, KOTOpPOE SIBJISIETCS 0OPAaTUMBIM MPOIIEC-
coM. OHO XapaKTepu3yeTcsl yBeJTUIeHHEM pa3Me-
OB HEHIPOHOB, YaCTUYHBIM PACTBOPEHUEM TUTPOU-
13, sIIPO HEMPOHA PaclojIaraeTcsi 9KCIEHTPUYHO, B
Ppsijie CIy4aeB CTAHOBUTCS THIIEPXPOMHBIM.

BapuanToM n3MeHeHUIT HEHPOHOB, KOTOPOE
MO>KET OBITh 0OPATUMBIM, SIBJISETCS TTEPBUYHOE
pasapaskeHrie HEPBHBIX KJIeTOK. OHO XapaKTepH-
3yercs1 HaOyxaHWeM U OKpYIJIEHHEM HEHWPOHOB,
TepeMeIleHreM s1/ipa K OTHOMY M3 TIOJTIOCOB KJle-
TOK, paclblIEHHeM XPOMAaTHHa, KOTOPO€e HaurHa-
€TCs B IIeHTPe KJIETOK, COXPAHSSCH B TIOCJIENYIO-
IeM JIMITL Ha Nepudepun HeHpoHOB. B psme
CJy4aeB TaKue HEPBHbBIE KJIETKU MOTYT ITO/IBEPT-
HYThCSI HEOOPATUMBIM U3MEHEHUSIM — BaKYOJIH-
3aIUH UJIU JIUBUCY.

JpyriM BUJJIOM TOBPEKIEHUN SIBJSIOTCS
TUAPONMYECKYe U3MEHEHUST HEHPOHOB. B yBesn-
YEHHbBIX U OKPYIVIEHHBIX HEHPOHAX BOKPYT sijiep
TIOSIBJISTIOTCSI CBET/IbIE MPOCTPAHCTBA UJTU BAKYO-
JIY, @ B TIOCJIEYIOIIEM IIUTOIIa3Ma KJIETOK CTaHO-
BUTCSI TPO3PAYHO, B IIEHTPe KOTOPOH pacmoJia-

Puc. 6. Coii moiMop¢hHBIX KJI€TOK KOPbI FOJIOBHOTO MO3Tra.
Fig. 6. Layer of polymorphic cortical cells.

Note. Hematoxylin and eosin staining. Magnification xX400. Hy-
perchromatosis. Satellitosis. Ghost cells. Pericellular and peri-
capillary edema.

IIpumeuanue. OKpamrBaHue FeMaTOKCUINHOM U 903UHOM
¥B. 400. Tunepxpomaro3s. Caresintos. Knerku-renu. Ilepu-
LIeJIIIOJIIPHBIN U NepUKANUJIIAPHBINA OTeKH.

Puc. 5. BHyTpeHHUI THPaMHAHBIH CJI0H KOPBI MO3ra.

Fig. 5. Inner pyramidal layer of the cerebral cortex.

Note. Hematoxylin and eosin staining. Magnification X400. a—
Betz cells. Swelling of neurons. Karyolysis. Neuronophagy. Peri-
cellular edema. b— Hyperchromatosis. Satellitosis. Ghost cells.
Pericellular oedema.

IIpumeyanue. OKpanvBaHye reMaTOKCUINHOM U 903UHOM.
VB. 400. a — Knerku Bena. Habyxanue HeiipoHOB. Kapuosu-
3uc. Heiiponodarusi. [lepuniesnoisipablii otek. b — ['umep-
xpomaros. Caresinto3. Kietku-tenu. [lepune/osipHbIi
OTeK.

morphological changes in neurons are found in any
fatal poisoning and indicate cardiovascular failure.
Our studies have shown that in all cases of
acute clozapine + ethanol poisoning the signs of
cerebral edema and hemodynamic disorders were
found. Circulatory disorders were characterized by
intense congestion in capillaries and venules. In
addition to congestion, erythrocyte aggregation,
stasis and sludge, the marginal pooling of leuko-
cytes were found. Brain tissue was oedematous,
perivascular spaces were expanded due to fluid,
areas of pericellular edema were identified around
most cells of glia and neurocytes. Oedematous
oligodendrocytes and astrocytes were present
throughout. Neurocytes also underwent significant
changes, indicating their irritation and damage.
One of the morphological changes in neurons
is the acute reversible swelling characterized by in-
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raeTcsi CBeTJIO€ SIIPO, IJIaBamIllee B OTEYHOU
SKUIKOCTH. [laHHBINA BU JUCTpOod U 006yCIOBIEH
paccTpoiicTBaMu BOJHO-COJIEBOTO OOMeHa u
MOSKET OBITH 00paTUMBIM, HO MOJKET TpaHCHOP-
MHUPOBaThCSI B HeOOpaTUMble BUIbLI TUCTPOQUL.

K moBpesk1eHnio HepBHBIX KJIETOK TOJIOBHO-
ro MO3Tra OTHOCHTCS CMOPIIUBaHWE HEHPOHOB.
XapakTepHbIe TPU3HAKU TAaHHOTO BHUIA ITOBPEsK-
JIeHUsI — 9TO YMEHbIIIeHEe pPa3MepoB KJIETOK U
runepxpomaros. [JIbIOKYU TUTPOHUIa CIUBAIOTCS B
KOMIIAKTHYIO, TEMHO OKpaIleHHyIo Maccy. B utore
HepBHBIE KJIETKN UMEIOT BUJ MHTEHCUBHO OKpa-
IIIEHHBIX Y3KUX, YIVIOBATHIX WJIM TAJIOYKOBHUTHEBIX
oOpasoBaHU.

Tsoxesible W3MEHEHWsI HEPBHBIX KJIETOK
KacaloTcsA IrpyObIX HapyIIeHUN CTPYKTYPHI BCEX
KOMIIOHEHTOB KJIETOK — ITUTOILJIa3MbI siapa U
SIIPBINITKA: PAaCTBOPEHUE TUTPOHM[A, HabyXxaHWe
HEHUpPOHOB, H3MeHEHWe IIOJIOKeHUsI sapa u
SITPBINIKA, HEYETKOCTh KOHTYPOB HEPBHBIX KJI€-
TOK, AedopMariys sAep, uX TUKHO3 UJIU PEKCHC,
cMertieHre U nedopManus sapBINIKA, HEPEIKO
SITPO U SIAPBITITKO TTOJTHOCTHIO WMJIU TTIOYTH Hepas-
JIMYUMBI, pacljiaBjeHue IIUTOMIa3Mbl, OHA CTa-
HOBUTCS COTOBUIHOM UJIN TYENCTOH.

OmHUM 13 BapUaHTOB ITOBPEKIEHNS HEHPO-
HOB SIBJISIETCSI UIIIEMUYEeCKOe U3MeHeHe HePB-
HBIX KJ1eTOK. OHO 3aKJIIOYaeTCsI B JIU3UCE TUT'POU-
114, TPOCBETIEHUH ITUTOILIa3MbI, TUTIEPXPOMaTO3€e
WJTY TIPOCBETIIeHNH siipa. [ [uTorurasMa BeITJISIIUAT
TOMOTEHHOMU, JTUIIIeHa TUTpoua, 6JieqHa 1 CTEeK-
JoBuaHa. Ero pasHOBUIHOCTH — TOMOTEHU3U-
PYIOIINI HEKPO3 HEPBHBIX KJIETOK.

K T1s5kesbIM HeOOpaTUMBIM H3MeHEHUsIM
OTHOCSAITCSI TaKyKe KapUOIUTOJIN3 (TUIIOXPOMHOE
OKpaIIMBaHue UTOIJIa3Mbl U sIIpa), ITpeBparie-
HYe HEIPOHOB B e7]Ba Pa3JINUYNMbIe KJIeTKU-TEHU,
MMPOHUKHOBEHUE KJIETOK IJIUM B TeJIO MOTUOAI0-
1ero HelipoHa (HelipoHodarus), careaauTos, Ipu
KOTOPOM KJIETKH TJTUH PACIIOJIaraloTCs Ha TOBEpX-
HOCTU HEWPOHA.

J1J11 00beKTUBHU3ALNH KOMILJIEKCa BbISBJIEH-
HBIX Ka4YeCTBEHHBIX N3MEHEHUN KOPhI TEMEHHBIX
o0J1acTell TOJIOBHOIO MO3Tra MCI0JIb30BaIN METO-
IIbI MOP(OMETPUIECKOTO MCCJIETOBAHMS.

HNaMmepsiim  KOJUYECTBO OOpaTUMBIX U
HeoOpaTUMBIX U3MEeHEHN HEPBHBIX KJIETOK ITPU
CMEepPTHU OT OCTPOTO OTPABJIEHUS KJI03AMTMHOM Ha
¢ oHE aJIKOTOJILHOTO OTbsSTHEHUsI HA MECTe IIPO-
WCIIIECTBUSA B IEPBBIE CYTKH OT IIpHieMa Ipenapa-
Ta. VIaMeps1Jiv KOJIMYEeCTBO HEPBHBIX KJIETOK 3-TO
1 5-TO CJIOEB KOPBI TEMEHHBIX TOJIEN TOJIOBHOTO
Mo3ra (CJIOW MUPAMUTHBIX KJIETOK, BHYTPEHHUHN
MUPAMUTHBIA CJIOW, COOTBETCTBEHHO), HAXOIsI-
IIIAXCSI B COCTOSTHUY OCTPOTO HAaOyXaHW s, TepBUY-
HOTO pas3apa’keHusi HeHpPOHOB, CMOPIIMBAHUSI
HEHWPOHOB, UIIEMUYECKOTO N3MEeHEHNST HEPBHBIX
KJIETOK, KapUOIIUTOJIN3a, HeHpoHOodaruu, caresi-

JINTO3a, ¥ 00Pa30BaHUS «KJIETOK-TeHel». Pe3yiib-

creased size of neurons, partial dissolution of the
tigroid substance, the eccentric location of the
neuronal nucleus, which in some cases becomes
hyperchromic.

The primary irritation of nerve cells is a variant
of potentially reversible neuronal changes. It is char-
acterized by the swelling and rounding of neurons,
nuclear shift towards one of the poles, the chromatin
dispersion, which begins in the center of the cells
and is then only maintained at the periphery of the
neurons. In some cases, such neurons may undergo
irreversible changes such as vacuolization or lysis.

Another type of damage is neuronal hydropic
changes. In enlarged and rounded neurons, light
spaces or vacuoles appear around the nuclei, later
the cytoplasm becomes transparent with centrally
located light nucleus floating in the oedematous
fluid. This type of dystrophy is due to water and
electrolyte disorders and can be reversible, but
might become irreversible.

Neuronal shrinkage is considered to represent
the damage to brain nerve cells. Reduced cell size
and hyperchromatosis are typical features of this
lesion. The bodies of tigroid substance merge into
a compact, dark colored mass. As a result, nerve
cells look like intensely stained narrow, angular or
stick-shaped structures.

Severe changes in nerve cells are related to
gross structural disorders of all cell components in-
cluding cytoplasm of the nucleus and nucleuolus
such as the dissolution of the tigroid substance, the
swelling of neurons, changes in the position of the
nucleus and the nucleolus, the blurring of the out-
lines of neurons, the deformation of the nuclei,
their pycnosis or rupture, nucleolar displacement
and deformation, often the nucleus and the nucle-
olus are completely or almost indistinguishable, the
dissolution of the nucleus and the nucleolus, the
dissolution of the cytoplasm and its transformation
into a honeycomb or cellular structure.

Another variant of neuronal damage is is-
chemic alteration of nerve cells. It consists of
tigroid lysis, brightening of cytoplasm, nuclear hy-
perchromatosis or brightening. The cytoplasm
looks homogeneous, devoid of tigroid substance,
pale and vitreous. Homogenizing necrosis of nerve
cells is a subtype of this variant.

Severe irreversible changes also include kary-
ocytolysis (hypochromic cytoplasm and nucleus),
the transformation of neurons into barely visible
ghost cells, the penetration of glial cells into the dying
neuron (neuronophagy), satellitosis, in which the
glial cells are located on the surface of the neuron.

Morphometric research methods were used to
objectify the detected qualitative changes in the
parietal cortex.

We quantified the reversible and irreversible
changes in nerve cells in patients who died of acute
clozapine poisoning combined with alcohol intoxi-
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TaThI IPOBEJEHHBIX THCTOMOP(O-
MEeTPUYECKUX UCCIeJOBAHUN 1103~
BOJIMJTY OTIPEJIEJTUTH JJOCTOBEPHOE
yBeJIWYeHNEe KOJIMYEeCTBA HEPB-
HBIX KJIETOK, HaXOAAIIUXCSA B
COCTOSTHUY OOpaTUMbIX 1 HeoOpa-
TUMBIX M3MEHEHUN, N0 CpaBHe-
HHUIO C KOHTPOJIBHOU TIpynmnoin
p<0,05 (TabJ. 2).

3akJrouenue

TakuMm oOpa3om, B ciydasx
CMepTHA OT OCTPOTO OTpPaBJIEHUS
KJIO3AIMITHOM B COYETaHUH C THJIO-
BBIM CITUPTOM, BBISIBJIEHHBIN KOM-
IUIEKC THUCTOMOP(OJIOTUYECKUX
U3MEHEHUH  HEUPOHOB  KOPHI
TOJIOBHOTO MO3Ta, YYUTHIBAIOIITUH,
KaK KayeCTBEHHBIE, TaK 1 KOJI4e-
CTBEHHbIE TPU3HAKU  OCTPBIX
TOBPEKIeHN HEHPOHOB rOJIOBHO-
T'0 MO3ra, T03BOJISIET CUCTEMATU3H-
poBarh xapakTep MopdgoJiornye-
CKUX M3MeHEeHUH KJIETOK
Pa3JIMYHBIX CJIOEB KOPHI TEMEHHBIX
nojed rosioBHOro wmosra. OHm
XapaKTepU3yIOTCsI 00paTUMBIMU 1
HeoOpPaTUMBIMU MTOBPEKIEHUSIMHI
HEWPOHOB 1 HAPYITIEHUSIMHU KPOBO-
oOpalleHusi, TOJTHOKPOBHUEM COCY-
JTIOB MUKPOIPKY/ISTOPHOTO PycJa,
pa3BUTHEM ITEPUBACKYISAPHOTO U
TEPUIIETITIONISIPHOTO OTE€Ka, 4TO
MTO3BOJISIET UCITOIH30BaTh 3TU AaH-
Hble, Hapsay C pe3yJabraramMmu
CyneOHO-XMMHUYECKOT0 aHaIn3a, B
000CHOBaHNHY HETIOCPEICTBEHHON
MIPUYUHBI CMEPTH.
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cation on the scene (during the first
24 hours after drug ingestion). We
measured the number of nerve cells
in the 3 and 5 layers of the parietal
cortex (pyramid layer, inner pyra-
mid layer, respectively), which ex-
hibited signs of acute swelling, pri-
mary irritation, neuronal shrinkage,
ischemia, karyocytolysis, neu-
ronophagy, satellitosis, and «ghost
cells». The results of a histomor-
phometric study allowed determin-
ing a significantly increased num-
ber of nerve cells with reversible
and irreversible changes, in com-
parison with the control group
(P<0.05) (table 2).

Conclusion

In patients who died from
acute poisoning with clozapine in
combination with ethanol, the de-
tected histological and morpholog-
ical changes in the cortical neurons,
including both qualitative and
quantitative features of acute neu-
ronal damage, allow better charac-
terization of morphological alter-
ations in cells of different layers of
the parietal cortex. Both reversible
and irreversible damage to neu-
rons, circulatory disorders, micro-
circulatory congestion, perivascular
and pericellular edema are typical.
These data, along with the results of
forensic chemical analysis, can be
used for the most precise determin-
ing the accurate causes of death.
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TaGsmma 2. [loka3aTeJs M IOBPeKAeHHsI HelipoHOoB B rpynmnax Me (HQ; LQ).

Table 2. Neuronal damage in the studied groups Me (HQ; LQ).

Groups

Type of damage

Irreversible

Karyocytolysis Neuronophagy

Reversible

Hydropic

Satellitosis

Ghost cells

Tigrolysis

Ischemic

Shrinkage

Primary

Acute swelling

changes
6.0 (4.3;7.8)

changes
0.0 (0.0; 1.5)

irritation
5.5(3.5;6.8)

29.0* (22.0; 37.5)

5.0 (3.5; 6.5) 3.0 (1.3;4.0) 3.0 (1.5; 4.5) 8.5(5.0;9.8)

5.0 (3.5; 6.5)
23.0(21.3;27.8) 25.0*(21.3;29.5) 19.0* (14.3;23.0) 32.0*(31.0;38.3) 37.0*(33.8;40.3)

4.0 (3.0; 8.0)
29.0*(23.3;41.5) 33.0* (29.3; 39.0)

4.0 (2.3;5.0)
23.5*(22.3; 30.0)

Control

0.5 (0.0; 1.0)

Clozapine + ethanol

Note. * — P<0.05 when comparing with the control. Average values are given based on statistical processing of data from 3 and 5 layers of parietal cortex.

IIpumeuanue. * — p<0,05 Ipy CPAaBHEHUU C KOHTPOJIEM. [[aHbI CpeJHIe 3HAYEHsT NCXO/IsI U3 CTaTUCTHYECKON 00paboTKH 3 1 5 CJI0eB KOPBI TOJIOBHOI'O MO3ra TEMEHHBIX 00/1acTe.
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