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Pe3rome

ITeJb McCIeAOBAHUS: OLIEHUTE BJIMAHNE Cy0JIeTaaIbHOM 03Bl KI03alHa Ha CepIevHO0-COCYIUCTYIO CU-
cTeMy KpBIC Yepe3 24 yaca ITocJjIe BBeIeHUs Ipernapara.

MarepuaJbl 1 MeTOABI. DKCIIEPUMEHThI BBIIOJHUIN Ha 17 KpbIcax-camIiax JuHuUU Wistar Maccoi
220-270 r. TTox, ob111eit aHecTe3unelt ceBOGIIOPAHOM KUBOTHBIM I IPYIIIIBI 9HTEpPAJIbHO Yepe3 30H] BBOTUIN
pactBop NaCl 0,9%, II rpynnie — kJI03aIuH B 103e 150 MI/KT, pa3BeeHHbIH B 2,0 MJ1 pactBopa NaCl 0,9%, 111
rpymme — KJIO3aluH B f1o3e 150 Mr/Kr, pa3BeeHHbIN B 2,0 M1 40% ciupTa aTusioBoro. Yepes 24 4 rocse
BBeJIeHNUs IIperapara olleHUBa/IN apTepuaJbHoe AaBjaeHue (All), 9aCTOTy cepAedHbIX cokparienuit (UCC),
MHUKPOLUPKYISIUIO B KOKE METOAOM JIa3epHOH IonmaepoBckoit paoymerpuu (JIIP), ”HTEHCUBHOCTD
dayopecnennuu kodepmentos HAJTH, A/ . ITocsie aBTaHA3UM IPOBOAUIH ayTOIICHIO C 3a00pOM BHYTpeH-
HUX OPTaHOB KPBIC 151 MOPGOJIOTUYeCKOro UccaefoBaHus. Jlajiee U3roTaBINBAJIN ITapaUHOBBIE CPe3bl
cepjiel] ¢ mocJIeyomell OKpacKol reMaTOKCUJIMHOM U 903UMHOM, KOTOPBIe HCCIe0BaIU C IOMOIIBIO CBe-
ToBOrO MUKpockona Nikon Eclipse Ni-U.
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SKCHepI/IMeHTaﬂbeIe HCCJJaeqoBaHUuA

Peaynbrarsl. CleKTpa/IbHBIN aHAIN3 KOJIeOaHIH JJOKAIbHOT0 KOYKHOTO KPOBOTOKA IIOKA3aJI, YTO IpUeM
KJjI03alnyHa BbI3bIBaJI yMEHBIIEHUE AmMax u AMILJIUTYD BCEX YaCTOTHBIX TUAITa30HOB AKTHUBHOU perynanun
MUKPOIUPKYJISLNUY II0 CDaBHEHUIO C KOHTPoJieM. JKUBOTHBIe Bcex TPyl yepe3 24 yaca 11ocJje BBeJeHUs
IIperaparoB He pa3Indasarich MeXXIy coOO0I 10 OCHOBHBIM ITOKa3aTessAM ras3oBoro cocrasa u KOC aprepu-
JIBHOM KPOBH, HO B rpymmax kiaosanuHa (II u I1I) KoHIleHTpanys reMOoIOOMHA U IOKa3aTesIb FeMaTOKpHUTa
OBLT HUJKE, YeM B KOHTPOJIBHOM TPYIITIE.

IIpu nccnenoBaHuyM rUCTOIOTUYECKUX IIPENaparoB cepaer KpbIc B rpynmnax I u 111 BEIABHAIN IOTHOKPO-
BuUe BEeHYJI, [yane/le3Hble KPOBOU3JIUAHUA, HepI/IBaCKyJIHpHBIfI nu I/IHTepCTI/IL[I/IaJII)HI)II‘/)I orek. B IpocBeTe Co-
CY/I0B OTMETUJIU [IPU3HAKYU CTa3a KPOBY, a TAK)Ke KpaeBoe CTOsIHUe IPaHyJI0LUTOB. BeIABU/IN HepaBHOMeEp-
HYI0 OKpPacKy MHOKapja 3a CYeT KapAUOMHOLMTOB C TUNEPI03UHO(PUIBHON M MEeCTaMU TOMOTeHHOU
IUTOIJIa3MOM; yY4acTKHU (pparMeHTanuy 1 gedopManuy KapJUOMHUOIUTOB. SIipa KapMOMIONNTOB OBIIN
NOJIMMOP(HBIMY 1 HEPABHOMEPHO OKpALlIeHHbIMY, OTMeYaJIu IepUHYKJIeapHbIi OTeK.

3akJrodyeHue. Pe3ysibTaTbl IPOBEJEHHOI0 UCCAeJ0BAHMUS CBUIETE/IbCTBYIOT O TOKCUYECKOM JelCTBUN
KJIO3AINKHA, IPOSIBJIABIINMCS IPOrPECCUPOBAHNEM aJIBTEPAllii MUOKAP1a U HapyLIeHUsIMU [IeHTPaJIbHOTo
" nepudeprIecKoro KposoobpaieHus1. TeM He MeHee, KyITIPOBaHYe OpagrKapIiy, BOCCTAHOBJIEHIE KOXK-
HOW epy3nu 1 HUBeJIMpOBaHUe MeTaboImYecKuX Hapytenui (gpryopecuentust HAJTH, KOC aprepuaJib-
HOU KPOBH) Yepes 24 yaca MOTYT OBITh 00YCJIOBJIEHBI BKJIIOUEHHEM MEXaHN3MOB KOMIIEHCAITUH HAPYIIIEHHBIX
(pyHKIMI, B 4aCTHOCTH, 3a CYET U3MEeHEeHUsI HelipOTeHHOU U TyMOpaJIbHOU pery/isanuy romMmeocrasa.

Kntouesvte crosa: k103anut; Muokapo; 2eMOOUHAMUKA; MUKPOYUPKYISYUS
KoHdaukT HHTEpecoB. ABTOPHI 3asIBJISIIOT 00 OTCYTCTBUH KOH(JIMKTOB HHTEPECOB.

Summary

Aim of the study: to evaluate the effect of sublethal dose of clozapine on the rat cardiovascular system 24
hours after administration of the drug.

Materials and methods. The experiments were carried out on 17 male Wistar rats weighing 220-270 g.
Under general anesthesia with sevoflurane, the animals of Group I were enterally given 0.9% NaCl solution,
Group II animals received clozapine in a dose of 150 mg/kg diluted in 2.0 ml of NaCl solution 0.9%, Group III
animals were given clozapine in a dose of 150 mg/kg diluted in 2.0 ml of 40% ethanol. Blood pressure (BP),
heart rate (HR), skin microcirculation using laser Doppler flowmetry (LDF), NADH and FAD+ fluorescence
were estimated 24 hours after the drug administration. After euthanasia, autopsy with sampling of internal
organs for morphological study was done. Then paraffin heart sections with subsequent H&E staining were
made, which were studied using the Nikon Eclipse Ni-U light microscope.

Results. Spectral analysis of local skin blood flow fluctuations showed that clozapine reduced Amax and
amplitude in all frequency ranges of active microcirculation regulatory system in comparison with the controls.
No differences in blood gases and acid-base status were seen between the groups of animals 24 hours after
administration of the drugs. However, the animals from clozapine groups (II and III) had lower hemoglobin
and hematocrit than in the control group.

Histological examination of rat hearts in groups Il and Il revealed congested venules, haemorrhages by dia-
pedeses, perivascular and interstitial edema. The signs of blood stasis and marginalization of granulocytes were
noted in the vascular lumen. Irregular staining of myocardium due to cardiomyocytes with hypereosinophilic
and occasionally homogeneous cytoplasm, fragmentation and deformations of cardiac cells were revealed. Car-
diomyocytic nuclei were polymorphic and irregularly stained, and perinuclear edema was observed.

Conclusions. The results of the study demonstrate the toxic effect of clozapine manifesting as progressive
myocardial alteration and disordered central and peripheral circulation. However, control of bradycardia, re-
stored skin perfusion and metabolic improvement (diagnosed by NADH fluorescence and blood acid-base
status) after 24 hours may be due to the activation of compensatory mechanisms, particularly through changes
in neurogenic and humoral regulation of homeostasis.
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BBenenue

ITpu ocTpoM OTpaBJIEHUU HEHPOJENTUKAMU
TOKcHYecKure 9P GeKThI MPOSBJIAIOTCS HE TOJBKO
YIrHETEeHUEM CO3HaHUA U PA3BUTHUEM NPYIrX HEB-
pOJIOTHYECKUX HApPYIIeHUU, HO W HapyIleHueM
(YHKITHI cepIeTHO-COCYIUCTON CUCTEMBI, TIEUEHH,
Jerkux [1-6]. MuIlleHn TOKCUYEeCKOro HeHCTBUS
HEUPOJIETITIKOB OIIPEEJISTIOTCS He TOJBKO (papMa-

Introduction

In acute neuroleptic poisoning, toxic effects
manifest as decreased level of consciousness and
other neurological defects, as well as cardiovascu-
lar, hepatic and pulmonary dysfunction [1-6]. Tar-
gets of neuroleptic toxic effect depend not only on
pharmacological properties and dose of drugs, but
also on the initial condition of the patient [7]. In
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KOJIOTUYECKMMH CBONCTBAMU IIperaparoB, WX
JI030M, HO 1 UCXOJIHBIM COCTOSTHMEM OpraHusaMa [7].
[Ipn oCTPBIX OTPABJIEHUAX KJIO3AIIMHOM C JIETaJIb-
HBIM HCXOJ0M BO3MOKEH KaK MO3TOBOM, TaK U cep-
JleYHbII BapUaHT TaHATOTeHe3a. YUUTBIBASI BBICO-
KYIO BEPOATHOCTD JIETAJIbHOTO UCX0Na, U3y4eHue
MEeXaHM3MOB M 0COOEHHOCTEH OCTPOT0 OTPaBJIEHUS
KJIO3alMHOM [IPEJCTABJIAET MHTEPeC KaK I KJIU-
HUIMCTOB, TaK M IS CyIeOHbIX MenuKoB [8]. Tok-
cudeckue 3(ppeKThI KI03aMuHa U eT0 MeTaboIu-
TOB HeCTIeNM(PUYHBI ¥ BKITIOYAIOT B CEOST CHIKEHTE
YPOBHSAI CO3HAHWsA BIUJIOTH IO KOMBI, YTHETCHUE
IbIXaHUS U KpoBooOparenus [9]. Pesxke BosHU-
KalT TeMaToJIOTn4ecKre, TpoMO00IMOoIIIecKe
OCJIO’KHEHHU I U 3JI0KaUueCTBEHHbIN HelipoJsienTuye-
ckuil cuHapoM. OTesIbHYIO FPYIIITY OCJIOMKHEeHUN
COCTaBJIAIOT KJIO3ANMH-UHAYIIUPOBAHHbIE KAPIUO-
TOKCHYecKre 3((PeKThl: MUOKAPINT, IEPUKAPIUT,
KapJUOMHUOIIATHH, OCTPAsA CepIEeYHO-COCYAUCTas
HEeJO0CTaTOYHOCTh, CMHAPOM yanuHeHnHoro QT na
IKI' ¢ BBICOKMM PHCKOM pa3BUTHUSA KU3HEYI'PO-
SKAIOIIMX HapylleHuil putMa [10-12]. Panee npu
9KCIEPUMEHTAJIBHOM M3YYCHUU TOKCUYECKOTO
JefICTBUS KJI03alMHa Ha CepIevyHO-COCYIUCTYIO
CHCTEMY KPBICHI HAMH OBIJIO TIOKA3aHO, YTO Yepes
4 Jaca 1ocJsie 9HTepaJIbHOI0 BBEIECHUS IIperapara
BBIABJISJINCH IPU3HAKY HAPYIIEHNsT KPOBOOOpa-
IIeHUs], YTO IIPOSIBJISJIOCh apTepUaJbHON TUIIO-
TeH3uel, CHI;KeHHeM KPOBOTOKA B COCYaX KOYKU
¥ HapyIIeHUsIMHA OKUCJIUTETHHOTO MeTaboIn3Ma B
nepuepruvecKrx TKaHAX (M3MeHeHue Jyopec-
nennuu kodpepmenra HAJ/IH) [6]. [Ipu cpaBHeHUU
a(pperToB KI03aTTMHA ¥ €T0 KOMOMHAIIUY C AJTKO-
TOJIEM CYITIECTBEHHBIX PAa3JIMINi He ObLIIO BBISABJIE-
HO, 3a WCKJIIOYEHWeM OpaguKapaIudl B TpymIe
SKABOTHBIX, KOTOPBIM KJI03alIUH BBOIUJIA B U30TO-
HUYECKOM COJIEBOM pPacTBOpe.

ey uccaenoBanns — OLEHUTH BJIHWAHUE
cybJieTaIbHON O3Bl KJIO3alWHA Ha CepAevYHO-
COCYAYICTYIO CUCTEMY KPBIC Yepes 24 Jaca 1ocJe
BBEJICHUA IIpernapara.

MarepuaJ u MeTObI

JKCIepUMEeHTHI IIPOBeJiu Ha 17 KpbIcax-camIiax
anaun Wistar maccoit 220-270 1. 3a 12 4acoB JI0 aKCIIe-
p¥IMEeHTAa SKMBOTHBIE He M0JIy4aad KOPM, HO UMeJIH J0-
CTYII K BOJle. DKCIIEPUMEHThI IPOBOJUJIN B COOTBET-
ctBUM c TpeboBaHMAMH JlupekTuBbl 2010/63/EU
EBpomneiickoro mapJsiameHTa u coBetra EBpomneiickoro
CO103a TI0 OXpaHe SKUBOTHBIX, UCIOJIb3yeMbIX B Ha-
YYHBIX Iesax [13].

ITop 0611el MHTAJIATIMOHHOM aHecTe3nel (CeBO(-
JiropaH 4 06% ¢ MOTOKOM KUCJIOPOJia 2 JI/MUH B UHIYK-
IIMOHHOW KaMepe) 9HTepPaJbHO 4Yepe3 SKeTyJOYHbIN
30H]T BBOJIUJIA UCCJIelyeMble PacTBOPHI B 00beMe 10
MJI/KT MacChl 3KUBOTHOTO. B 3aBMCHMOCTH OT cocTaBa
BBOJVMOI0 PAacTBOpa BBIIEJIUIN CJIeAYIOIIe IPYIbL:
SKUBOTHBIM | rpynmibl (KOHTPOJIBHOU, n=4) 9HTEepaIbHO
Beoamsik 2,0 mu pactBopa NaCl 0,9%; skuBoTHbIM 11
Tpynnbl («KJIO3ANUH», 1=7) KJI03allNH BBOJUJIMN 9HTE-

acute clozapine poisoning death can be caused by
either cerebral or cardiac dysfunction. Taking into
account the high probability of fatal outcome, the
study of the mechanisms and specific features of
acute clozapine poisoning is relevant for both cli-
nicians and forensic physicians [8]. Toxic effects of
clozapine and its metabolites are nonspecific and
include a decreased level of consciousness (some-
times progressing to coma), depressed respiration
and blood circulation [9]. Hematological, throm-
boembolic complications and malignant neurolep-
tic syndrome are less frequent. Clozapine-induced
cardiotoxic effects represent a standalone group of
complications and include myocarditis, pericardi-
tis, cardiomyopathy, acute heart failure, long QT
syndrome on ECG with a high risk of life-threaten-
ing rhythm disturbances [10-12]. Previously, in the
experimental study of the toxic effect of clozapine
on the rat cardiovascular system, we showed that 4
hours after the enteric administration of the drug
the signs of circulatory disturbance appeared, such
as hypotension, reduced blood flow in the skin and
abnormal oxidative metabolism in peripheral tis-
sues (changes of NADH fluorescence) [6]. When
comparing the effects of clozapine and its combi-
nation with alcohol, no significant differences were
found, except for bradycardia in the group of ani-
mals who were given clozapine in normal saline.

The aim of the study was to evaluate the effect
of sublethal dose of clozapine on the rat cardiovas-
cular system 24 hours after administration.

Materials and Methods

The experiments were conducted on 17 male Wis-
tar rats weighing 220-270 g. The animals were not fed for
12 hours before the experiment, but had access to water.
The experiments were conducted in accordance with the
requirements of Directive 2010/63/EU of the European
Parliament and of the Council on the protection of ani-
mals used for scientific purposes [13].

Under general inhalation anesthesia (sevoflurane 4
vol.% with oxygen flow of 2 1/min in the induction cham-
ber) the studied solutions in the volume of 10 ml/kg body
weight were given enterally through the gastric tube. De-
pending on the specific solution, the animals were divided
into the following groups: Group I (control, n=4) were given
2.0 ml of NaCl 0.9% solution enterally; group II («clozap-
ine», n=7) were given clozapine enterally in dose of 150
mg/kg dissolved in 2.0 ml of NaCl 0.9%; group III rats
(«clozapine + alcohol», n=6) were given clozapine orally in
a dose of 150 mg/kg, dissolved in 2.0 ml of 40% ethanol.

After administration, animals were transferred to a
vivarium with ad libitum access to water and food (4
hours later). 24 hours later, anesthesia was carried out
(sevoflurane 4 vol.% with oxygen flow of 2 L/min in induc-
tion chamber). Anesthesia was maintained with sevoflu-
rane 1.5-2.5 vol.% via cone mask with oxygen flow of 1
L/min. In order to measure the mean blood pressure (BP)
and take arterial blood samples, the left femoral artery
was catheterized with a 23G polyethylene catheter. To
maintain patency, the catheter was flushed with 0.2 ml so-
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paJsibHO B 103e 150 Mr/Kr, pactBopeHHbI! B 2,0 M1 NaCl
0,9%; kpbicam Il rpynme! («KJI03aIUH+AJIKOTOJbY, 1=6)
KJIO3allMH BBOJWUJIA 9HTEPAJILHO B To3e 150 Mr/Kr, pac-
TBOPeHHBIH B 2,0 M1 40% 3TUJIOBOTO CIIAPTA.

ITocse BBeeHuUs NpenapaToB YKUBOTHBIX [IE€PEHO-
CUJIU B BUBApUU € JOCTYIIOM K BOfie U nullle (depes 4
4gaca). Yepes 24 yaca NpOBOAWIIN NHIYKIIUIO aHECTEe3NHN
(ceBopamopan 4 06% C MOTOKOM KHCJIOPO/IA 2 JI/MUH B
WHIYKIMOHHON Kamepe). IlognepskaHue aHecTe3UHn
OCYIIIeCTBJISIIA Tofadelt ceBoduiopana 1,5-2,5 06%
yepe3 KOHYCOBUJIHYIO MacCKy € IIOTOKOM KHcjopona 1
J1/MuH. C 11eJIbI0 U3MEePEeHUsA CPEeJHETO apTepUuaJTbHOTO
nasjeHus (Al) u sabopa mpob apTepuasbHON KPOBH
KaTeTepUa3NPOBAJIH JIEBYIO OeJpEeHHYIO apTEePHIO ITOJIH -
3TUJIEHOBBIM KareTepoM 23G. [ly1a nonpeps;xanus mnpo-
XOIMMOCTH KaTeTep mpoMbIBaiu 0,2 MJ1 pacTBopa Hed-
pakunoHupoBaHHoro remapuHa (50 EJI/mi) mocie
YCTaHOBKHY ¥ IOBTOPHO TP HEOOXOAMMOCTH.

Kpbic ¢ukcupoBanu Ha MojorpeBaeMoi Iijiar-
¢opme mouHuTopa MouseMonitor S (INDUS Instru-
ments, CIIIA). C nesbio KOHTPOJIS TEMIIepaTypsl Tesa
YCTaHABJIUBAJIU pPeKTaJIbHBIA TepMoMeTp. lleseBas
TeMIeparypa sKUBOTHOTO cocTasiiAana 36,5-37°C. [lepen
Ha4YaJIOM U3MepEeHN OB IIepHof CTa0M/TN3 AN SKHU-
BOTHOIO B TeueHue 20 MUuH.

AJl n3amepsisia ¢ IOMOIIIBIO TpaHcablocepa Deltran
DPT-100 (Utah Medical Products, CIIIA) mpu6opom BP-100
(CWE, Inc., CIIIA). YacToTy cepae4yHbIX COKpaleHui
(UCC) onpepessanm 1o KT c mpuMeHeHneM NOIKOKHBIX
WUI0JIbYATBIX 9JIEKTPOLOB MoHHMTOpa MouseMonitor S
(INDUS Instruments, CIIIA). 17151 O1leHKYA MUKPOLIUPKY-
JIAIAU TIPUMEHSIJIM METOJ, JIa3ePHOU JIOMIIepOBCKOM
duioymerpuu (JIIP), 1151 O1IeHKU COCTOSHUSA KOepMeH-
TOB OKHCJIMTEJIbHOTO MeTabosimama TkaHer (HAJIH u
DAl) — metop ja3epHO (JIyOpecIeHTHONH TUarHo-
cruku (JI®]]). larunk npudopa JIASMA MIT (OO0 HIIIT
«JJABMA», Poccust) ycTaHaBIMBaJ/IA HA BEHTPAJIbHOM I10-
BEPXHOCTH IIPOKCHMAJIBHOIO OTJeJIa XBOCTA C MUHU-
MaJIbHBIM 3a30poM. JIJI®P-rpaMmbl perucTpupoBad B
TeyeHUe 8 MUHYT. AHAJIU3UPOBAJIU CpefHee 3HaUeHUe
nepdys3uu KO3KU (UJIU II0Ka3aTe/Ib MUKPOLUPKYJ/IALNN —
M, nepdysnoHHbIe efUHUIEI (1. e[1.]), cpeHee KBaapa-
TUYHOE OTKJIOHEHNE aMIIUTYAbI KoJIeOaHNH KPOBOTOKA
(0, (. en.); koapPpurrent Bapuanmm repdysun (Kv, %).
B nocjieyionemM MeToA0M BelBJIeT-aHaInu3a UCCIIe0-
BaJgM KoJyiebaHMA MHKPOKPOBOTOKAa B [HAalla30HE
0,01-0,4 I'm. AMIUTATYIBI KOJTEOAHWI KPOBOTOKA B JIaH-
HOM 4aCTOTHOM JYalla3oHe y KpbIC HeCyT UH(OPMAIIUIO
0 MEXaHU3Max peryiIAluy MUKPOIUPKYJIALNN: 9HO0Te-
JUAJBHOM (A3), HeUpOreHHOM (AH) U MHUOI€HHOM
(Am) [14]. Takske cpenu aTHX aMIIWTYZ ONpenesIsiin
MaKCUMAaJIbHBI YPOBEHB KOJIe0aHN MUKPOKPOBOTOKA
(Amax, 1. ef1.) 1 COOTBETCTBYIOIIYIO eMy 4acTory (Fmax,
I'm). B aTOT sKe nmepuon BpeMeHH OLeHUBAI NHTCHCUB-
HOCTb uajydenus duryopecuennuu HAI-H (UV — nuinHa
BOJIHBI 30HIVPYIOILEro U3Jay4eHud 365 HM — «yJIbTpa-
duoser») u PAJI* (B — myimHa BOTHBI 30HUPYIOIIETO
naJrydyeHus 450 HM — «CHUHUN»), a TAaKKe «PeIOKC-0THO-
mregue» (PO=UV/B).

l'a3oBBIll cocTaB, MapaMeTpbl KUCJIOTHO-OCHOB-
Horo coctossHus (KOC) aprepua/ibHOM KpPOBU, KOH-
neHTpanuio remornoomHa (Hb) 1 mokasaresib reMaToK-
pura (Ht) onpenesnisinu Ha aHanuaarope i-STAT (3660TT
ITount od Kea MHK., CIIIA) c ucrnoJsb30BaHueM KapT-
pumska c pearenToM i-STAT CG8+ Cartridge.

lution of unfractionated heparin (50 BP/ml) after instal-
lation and then again if necessary.

The rats were fixed on the heated platform of the
MouseMonitor S (INDUS Instruments, USA) monitor.
Rectal thermometer was installed to control body tem-
perature. The target temperature of the animal was 36.5-
37°C. Before the beginning of measurements there was a
stabilization period lasting for 20 min.

Blood pressure was measured using the Deltran
DPT-100 transducer (Utah Medical Products, USA) with
the BP-100 device (CWE, Inc., USA). Heart rate (HR) was
determined by ECG using the MouseMonitor S monitor
subcutaneous needle electrodes (INDUS Instruments,
USA). Laser Doppler flowmetry (LDF) method was used
to evaluate microcirculation, laser fluorescence diagnos-
tics (LFD) method was used to evaluate tissue oxidative
metabolism coenzymes (NADH and FAD). The sensor of
the LAZMA MC device (LLC R&D enterprise LAZMA, Rus-
sia) was installed on the ventral surface of the proximal
tail section with minimum clearance gap. LDF graphs
were recorded during 8 minutes. We analyzed the average
value of skin perfusion (or microcirculation index, M, in
perfusion units [PU]), the average square deviation of the
blood flow oscillation amplitude (o, PU); perfusion vari-
ation coefficient (Kv, %). Subsequently, the wavelet analy-
sis method was used to investigate the oscillations of
micro blood flow in the range of 0.01-0.4 Hz. Amplitudes
of blood flow oscillations in this frequency range in rats
provide information on the mechanisms of endothelial
(Ae), neurogenic (An) and myogenic (Am) regulation of
microcirculation[14]. Also among these amplitudes, the
maximum microcirculatory oscillations (Amax, PU) and
its corresponding frequency (Fmax, Hz) were deter-
mined. During the same period of time, we estimated the
HAD-H fluorescence (wavelength of the probing radia-
tion of 365 nm, «ultraviolet» [UV]) and FAD+ (wavelength
of the probing radiation of 450 nm, «blue» [B]), as well as
the «redox ratio» (UV/B).

The blood gases, acid-base status, hemoglobin
(Hb) and hematocrit (Ht) levels were measured by an i-
STAT analyser (Abbott Point of Kea Inc., USA) using an i-
STAT CG8+ Cartridge.

After registration of the studied parameters, the an-
imals were subjected to euthanasia by cervical disloca-
tion under general anesthesia with sevoflurane. Internal
organs were taken for morphological study. The material
was fixed in 10% neutral formalin solution. After fixation
the heart was dissected in the frontal plane through all
sections into 2 parts, each of them containing both atria,
right and left ventricles, interventricular septum. After
the routine processing the heart was placed into paraffin.
Paraffin sections for morphological examination were
stained with hematoxylin and eosin. Histological prepa-
rations were examined using a Nikon Eclipse Ni-U mi-
croscope (Japan). Statistical data analysis was performed
using the Statistica 10.0 software package. Mann-Whit-
ney U-criterion was used to evaluate the significance of
differences between groups. The differences were con-
sidered significant at P<0.05. The analyzed parameters
are presented as Me (LQ; HQ).

Results and Discussion

Twenty-four hours after administration of the
drug, the studied animal groups did not differ in
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TaGsmmna 1. CHcTeMHas reMOJHHAMUKA U ITapaMeTpPbl MUKPOIHMPKYJISIMHU Yepe3 24 yaca ocje BHYTPUIKeJTy-

JIOYHOTO BBEJJEHUS PACTBOPOB KJo3anuHa uiu pacrtsopa NaCl 0,9%, Me (LQ; HQ).

Table 1. Central hemodynamic and microcirculation parameters 24 hours after gastric administration of clozapine

and 0,9% NaCl solution, Me (LQ; HQ).

Parameters

NacCl (control),
n=4

Clozapine

+NacCl, n=7

+ Ethanol, n=6

Heart rate, min!

346 318; 380)

353 (338; 361)

377 (338; 399)

Blood pressure, mm Hg

134.5 (127.0; 139.5)

109.5* (100.0; 110.0)

109.0* (106.0; 122.0)

Mean skin perfusion, PU

11.7 (8.6; 15.4)

12.6 (9.1;13.2)

13.4 (10.1; 14.6)

Mean square deviation of the blood flow
oscillations amplitude, PU

0.65 (0.60; 0.66)

0.68 (0.62; 0.71)

0.60 (0.58; 0.61)

Perfusion variation coefficient, PU

5.8 (4.2;7.6)

5.5(5.4;5.9)

5.2 (4.4;5.8)

Maximal amplitude of microvascular blood flow,
endothelial origin, PU

0.18 (0.15; 0.19)

0.11* (0.09; 0.13)

0.10* (0.07; 0.11)

Maximal amplitude of microvascular blood flow,
neurogenic origin, PU

0.17 (0.14; 0.21)

0.10* (0.10; 0.13)

0.10* (0.08; 0.11)

Maximal amplitude of microvascular blood flow,
muscular origin, PU

0.18 (0.14; 0.22)

0.11* (0.09; 0.14)

0.11* (0.09; 0.13)

Maximal amplitude of microvascular blood flow
ranging 0.01-0.4 Hz, PU

0.22 (0.20; 0.24)

0.14* (0.10; 0.14)

0.12* (0.10; 0.13)

Frequency corresponding to Amax, Hz

0.14 (0.05; 0.30)

0.07* (0.05; 0.17)

0.24* (0.05; 0.46)

NADH fluorescence

2.36 (1.27; 2.52)

1.22 (0.76; 1.66)

1.30 (1.18; 1.88)

FAD fluorescence*

1.86 (1.13; 2.85)

0.99 (0.96; 2.10)

1.27 (1.16; 1.40)

Redox ratio

0.76 (0.69; 0.88)

0.96 (0.76; 1.18)

1.12 (1.05; 1.47)

Note. * — P<0.05 vs the control group. NADH — reduced nicotinamide adenine dinucleotide; FAD — flavin adenine dinucleotide.
ITpumeuanme. Heart rate — yacrora cepJie4HbIX COKpaleHuii; blood pressure — AJl; vean skin perfusion, PU — cpennee 3Haue-
Hue nepdysun Kok, nd. ef.; square deviation of the blood flow oscillations amplitude — kBagpaTu4HOE OTKJIOHEHME aMILJIH-
TyJbI KoJIeOaHUI KPOBOTOKa; perfusion variation coefficient — koad dpunment Bapuanun nepdysuu; maximal amplitude of mi-
crovascular blood flow — makcumanbHas amnnTya Kosebanuit MUKpokpoBoToka; endothelial origin — anporenuansHoOro
MIPOXCXO>KAEHHS; neurogenic origin — HelporeHHOT0 MPOUCXOKAEHNs]; muscular origin — coOCTBEHHO MHOTEHHOTO IIPO-
HCXO’KJIeHUs; ranging — B quanasoHe; frequency corresponding to — dacToTa, COOTBEeTCTBYIOIIasA; redox ratio — peioKc-0T-
Hourenve. NADH — HUKOTMHaMUIaJeHUHANHYKIeoTH, FAD — daBuHajeHUHANHYKIe0THA.* — p<0,05 mIpu CpaBHEHUH C

KOHTPOJIBHOM I'PYNITOH.

INocJsie perucTpanum uccjaesyeMbix (GyHKIMOHAIb-
HBIX I1apaMeTPOB KUBOTHBIX II0/IBEprajii 9BTaHA3UU Me-
TOIOM IIEHHOM JUCIOKAIIIH 101 00IIel aHecTe3nen ce-
BodIopaHoM. 3abupasy BHYTPEHHHE OpraHbl i
MOP(OJIOrMUECKOT0 UCC/IeoBaHusl. Marepuast (purcupo-
Basi1 B 10% HelTpasbHOM pactBope opmasnuna. [Tocae
¢urcanum cepina paccekasv Bo GpoHTATILHON TIJIOCKO-
CTH Yepe3 BCe OT/IesIbl Ha 2 4YaCTH, B KOTOPBIX COIEPSKAINCh
00a npejicep/1uisi, IPaBbIi U JIEBBIH sKeJTyIOUKY, MeKIKe-
JIyII0YKOBas1 eperopoka. [locse craniapTHON IPOBOAKU
ceppa 3aiMBaiy B napadud. [TapaduHoBble cpesbl 1Jis1
MOpP(}OIOrTYecKOro UCC/IeJOBaHUsI OKpaIIUBaJIU reMa-
TOKCHUJIMHOM-303UHOM. VcciiefoBaHye TUCTOIOTTIeCKUX
TpernaparoB POBOAWIIN C ITOMOIIIBI0 MUKpocKora Nikon
Eclipse Ni-U (fnonwus1). CratrcTideckyio 00paboTKy JaHHBIX
OCYIIIECTBJIAJIN C IOMOLIBIO ITaKeTa IporpaMm Statistica 10.0.
JIJI51 OLIeHKY JOCTOBEPHOCTU PA3/IMUUil COOTBETCTBYIOIINX
TI0Ka3areJsiel MesKITy FpyIiiaMy UCII0/Ib30BaI Kputepuid U
Manza-YuTtHU. Pazimuuua cuuTany JOCTOBEPHBIMU IIPU
ypoBHe 3HaunMocTH p<0,05. AHATU3UPyeMble BeJIMYNHBI
npejcTaBJieHbl B Buje: Me (LQ; HQ).

Pe3ysbTaThl M 00CY:KI€HUE

Uepes 24 yaca niocjie BBeJeHUs IpenaparoB
HccjegyeMble FPYIIIbl JKUBOTHBIX He pa3/In4yaJiiCch
1o YCC, Ho B TO sxe BpeMA A/l B TpynIiax «KJa03amnm-
Ha» (Il u III) 610 HIKe HA 19%, UeM B KOHTpOJIE
(I). BMecTe ¢ TeM, HECMOTpPA Ha Pa3JIM4YUs 110 YPOB-
HIO AJl, KDOBOTOK B COCyIax KOKHM XBOCTa BCeEX
rpymI 6617 OqUHAKOB (Ta0J1. 1). Tak)ke He BBISIBUIIU
MEKTPYIIIOBBIX PA3JIMUUI 110 3HAYEeHUsIM 0 1 Kv.

HR, but at the same time, BP in clozapine (IT and
III) groups was 19% lower than in control (I). Mean-
while, despite the differences in BB, the blood flow
in the tail skin vessels of all groups was the same
(Table 1). Also, no intergroup differences in the val-
ues of 0 and Kv were found.

Spectral analysis of oscillations of local cuta-
neous blood flow showed that in the clozapine
groups (II and IIT) Amax and amplitudes in all fre-
quency ranges of active regulation of microcircula-
tion (Ae, An, Am) were lower compared to the con-
trol group. Evaluation of the oxidative metabolism
using NADH and FAD+ fluorescence did not reveal
any differences between the study groups (Table 1).
In comparison with the control, Fmax was lower in
Group II and higher in Group III, although interpre-
tation of this parameter is difficult due to its high
variability in all groups (large interquartile interval).

Twenty-four hours after the administration of
drugs there were no differences in blood gases and
acid-base status between groups, however in the
clozapine groups (II and III) hemoglobin and
hematocrit were lower than in the control group
(Table 2).

On histological examination of rat hearts in the
groups II and IIT we found congested venules, dia-
pedetic hemorrhages, perivascular and interstitial
edema (Fig. 1, 2). Vascular lumen showed signs of
blood stasis (loss of hemoglobin from red blood
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Ta6smmna 2. [Tapamerpsl KOC 1 ra30BoOro cocTaBa apTepruaIbHOI KPOBH Yepe3 24 yaca HocJie BHYTPHIKeTya0Y-
HOTO BBEJIeHUA PACTBOPOB KJ03anuHa uiu pactsopa NaCl 0,9%, Me (LQ; HQ).

Table 2. Blood gases and acid-base status 24 hours after gastric administration of clozapine or 0,9% NaCl solutions,
Me (LQ; HQ).

Parameters NacCl (control), Clozapine

n=4 + NaCl, n=7 + Ethanol, n=6
pH 7.42 (7.41;7.43) 7.41 (7.37;7.44) 7.44 (7.39; 7.44)
pCO,, mm Hg 45.0 (43.0; 48.5) 52.0 (46.0; 64.0) 51.0 (48.0; 53.0)
pO,, mm Hg 478 (472; 508) 490 (479; 528) 484 (349; 486)
SOy, % 100 (100; 100) 100 (100; 100) 100 (100; 100)
HCO3, mmol/l 30.0 (28.2; 31.9) 33.8 (31.2; 35.7) 32.0 (31.9; 32.8)
BE, mmol/l 5.0 (3.5; 6.5) 6.0 (6.0; 9.0) 6.0 (6.0; 8.0)
Na, mmol/l 141 (141; 142) 143 (141; 145) 143 (142; 144)
K, mmol/l 4.03 (4.0; 4.35) 4.0 (3.8;4.3) 3.9(3.8;4.1)
Ca, mmol/] 1.375 (1.36; 1.38) 1.39 (1.36; 1.42) 1.32 (1.26; 1.35)
Glucose, mmol/1 7.8(6.2;9.2) 7.4 (6.9;8.3) 7.8(7.2;8.2)

136.0 (134.5; 137.5)
40.0 (39.5; 40.5)

122.0* (119.0; 133.0)
36.0* (35.0; 39.0)

126.0* (126.0; 126)
37.0* (37.0; 37.0)

Hemoglobin, g/l
Hematocrit, %

Note. * — P<0.05 vs the control group.

IIpumeuanue. * — p<0,05 pu CpaBHEHUH C KOHTPOJIBHOU I'PYIIIION.

CrekTpanabHBIA aHanmns3 KosebaHui
JIOKAJIbHOTO KO3KHOT'O KPOBOTOKA IIOKa3aJl, 4To
B rpynnax «kjaosannHa» (II u III) AmMax n ammin-
TYZbI BO BCEX YaCTOTHBIX IMAlTa30HAX aKTUBHON
perynsauuu MUKpounupkynsanuua (As, AH, AM)
OBLIM MEHBIIIe TI0 CPABHEHUIO C TPYIION KOHT-
pouisi. OneHKa ypOBHSA OKMCJIUTETHHOT0 MeTabo-
Jm3Ma 1o BeananHaMm uryopecreniun HAT-H u
®AJl* He BBISIBUJIA PA3JIMYAN MERIY UCCIIemye-
MbIMH Tpynnamu (tabs. 1). [Io cpaBHEHHIO ¢
koHTposieM Fmax Onia Huske B rpynne II u
Boeile B rpynmne I, xora nHTEepniperanua aToro
ToKasaTeJis 3aTpyfHeHa BBUY €ro BBICOKOH
BapnabeJ/bHOCTH BO BCexX rpynmax (00Jbmroi
MEKKBAPTUIbHBIA HHTEPBAJ).

cells, plasma separation), as well as marginalization
of granulocytes. Irregular myocardial staining due to
cardiomyocytes with hypereosinophilic and occa-
sionally homogeneous cytoplasm, fragmentations
and deformations of cardiomyocytes were revealed.
Cardiomyocyte nuclei were polymorphic with irreg-
ular staining, and perinuclear edema was observed.

Comparing the effects of clozapine that oc-
curred 4 hours after its administration [6] with the re-
sults of this study (24 hours), we note the following:

1. Both in 4 hours and 24 hours after clozap-
ine administration in animals (groups II and III),
moderate hypotension was found. On Day 1 ani-
mals of group II had bradycardia, which resolved
on the second day.

Puc. 1. Tucrosiorn4eckue npenaparsi cepua KpbIChI Yepes 24 yaca IocJie BBeAeHH s KJI03alHHA C aIKOT0JIEM.
Fig. 1. Histological preparations of rat heart 24 hours after administration of clozapine with ethanol.

Note. Staining with hematoxylin and eosin. Magnification, X400. a— congested venules and capillaries, perivascular edema, per-
inuclear edema; b— eosinophilia and homogenization of cardiomyocytes cytoplasm, their fragmentation. Cellular response (clus-
ters of leukocytes around eosinophilic cardiomyocytes); c— marginalization of leukocytes in an arteriole. Magnification, X600.
ITpumeuyanue. OKpacka reMaTOKCUIMHOM H 903UHOM. YB. X400. a— IOJTHOKPOBHE BEHYJI ¥ KalUJIISIPOB, IEPUBACKYJ/ISHBIN OTEK,
TIepUHYKJIeAPHBIN 0TeK; b— 503MHOMUIINA ¥ TOMOT€HU3AIU s IUTOITa3Mbl KapJHOMHOINTOB, UX ¢pparMenTanus. Kierounas
peaknusi (HeGOIbIINEe CKOIJIEHUS JIEUKOIIUTOB BOKPYT 903UHO(MUIBHBIX KapIMOMHUOIUTOB); C— KPaeBOe CTOSTHUE JIEUKOIIUTOB
B aprepuoJie, yB. X600.
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sKuBoTHBIE BCcex rpymnn yepes 24 Jaca nocjie
BBeJIeHUs IIpenaparoB He pPasjnydaiiCh MEKIy
co00¥l 0 OCHOBHBIM IIOKAa3aTessiM Ta30BOTO
cocraBa 1 KOC apTepua/ibHON KPOBH, HO B TPy~
nax «gjao3anuHa» (II u III) koHIEHTpaMA remMo-
WIOOMHA M TTOKA3aTeJIb TeMaTOKPUTA OBLITN HITKE,
yeM B KOHTPOJIBHOH rpyrire (Tabur. 2).

[Ipu nccaenoBaHUM TUCTOJIOTUYECKUX IIpe-
naparos cepaen Kpbic B rpymnnax II u III Berasuin
TIOJTHOKPOBME BEHYJI, Auareie3Hble KPOBOU3JIUSA-
HUsl, TE€PUBACKYISAPHBIN, WHTEPCTUINATLHBIN
oTek (puc. 1, 2). B mpocBeTax CoOCyiOoB OTMeYaJaun
MIPU3HAKHU CTa3a KPOBU (IOTEPSI IpUTPOLUTAMU
reMomioOWHA, cemapanysl TNJa3Mbl), a TakKKe
KpaeBOe CTOsIHWE TpaHyJONUTOB. BbIABUIN
HEpPaBHOMEPHYIO OKPACKY MUOKap/a 3a CYeT Kap-
IMOMUOIINTOB C TUTIEPI03UHO(MUIBHONU 1 MecTa-
MM TOMOT€HHOH IUTOIJIA3MOW; YYacTKH ¢par-
MeHTanuu " naedopManuu KapIHOMHUOLHITOB.
flnpa kKapAMOMHUOIIMTOB OBIIN MOJIUMOP(MHBI U
HEpaBHOMEPHO OKpAIlleHbl, OTMeYaJsu IEPUHYK-
JIEAPHBI OTEK.

ComocraBiisist apeKThl KI03auHa, BO3HU-
KaBIIWe 4epe3 4 4aca IMocje ero BBeneHUs [6]
pesyJiBraraMu HaCTOSILETo UCCIeioBanuA (24 Jaca),
MOKHO OTMETHUTB CJIEYIOITHE 0COOEHHOCTH:

1. Kak 4yepes3 4 yaca, Tak u 4epes3 24 u y
sKUBOTHBIX, KOTOPBIM BBOAMIM Kiao3anuH (11 u 111
TPYIIIBI), BBIABJSAIN YMEPEHHYIO apTepUaTbHYIO
TUIIOTEH3UI0. B mepBble CYyTKU [Ji YKMBOTHBIX
rpynmsl II 6b11a XapakTepHa OpaguKapaIvsi, KOTo-
PYIO He peTUCTPUPOBAJIU Ha BTOPbIE CYTKHU.

2. UYepes 4 ygaca B rpynnax II u III ormevann
rurnornep@ysnio KOXKH, HO 4epe3 24 yaca KOXKHBIN
KPOBOTOK Y YKMBOTHBIX 3TUX I'PYHII y>Ke He OTJIU-
Yajicd OT 3HAYeHWH B KOHTPOJHLHOU TpYIIIE.
OHAKO K KOHILY IIEPBBIX CYyTOK B IPyIax Ka03a-
TIITHA ITPOMCXOIMJIO CHUKEHNE aMIITUTY L KoJteba-
HHUI KPOBOTOKA B MUKPOCOCYaX KOJKU (Amax, A3,
AH, AM), yero He HabJTIOIa/TH B TTIEpBbIE CYyTKU.

3. Uepes 4 yaca B KOKe OTMedaJIu yBeaude-
HYe MHTEHCUBHOCTH (pJTyopeciieHnnu KodepMeH-
ta HAIH B rpynmax ¢ BBeJeHHMEM KJ/O3alnHa.
Yepes 24 yaca 3HAYeHHUs ITOTO MOKa3aTessd He
OTJIMYAJIVICH OT KOHTPOJIbHBIX 3HAYEHUH.

4. Mopdonorndeckrie U3MEHEHUs B Cep/IIie
yepe3 24 yaca mocje BBEJEHHs CyOJeTaabHOHN
03Bl KJIO3ANMHA, TaKKe KaKk U uepes3 4 yaca,
3aKJIIOYAJINCH B IIOSIBJIEHUY IIPU3HAKOB HapylIle-
HHUsI KpOBooOpalieHus (ITOJTHOKPOBHE COCYIOB
MUKPOIUPKYJISATOPHOIO pycia, Ouaneje3Hble
KPOBOUW3JIASTHUSA, TIEPUBACKYIISIPHBIA 1 MHTEPCTH -
[MaJTbHBIN OTEK) U aJIBTepaIiii MUOKapANOIUTOB
(s03nHO(UINSA ¥ TOMOTEHU3ANHSA TUTOILIA3MBI
KapAMOMHUOIIMTOB, a TaKKe NX (pparMeHTaIus).
Oobparaer Ha ceOs1 BHUMaHUE TOT (haKT, YTO IPU
HUCCJIeJOBAHUN THUCTOJOTUUECKUX IIpenaparoB
ceppel KpbIC, BbIBEJEHHBIX U3 HKCIIEPUMEHTA
yepes 4 yaca 1ocJie BBeJleHUsI TOKCUKAHTOB, He

Puc. 2. Tucrosiornyeckue npenaparsl cep/ua KpbIchbl yepes
24 gaca 1ocJjie BBeJIeHH I KJI03aIiHa.

Fig. 2. Histological preparations of rat heart 24 hours after
clozapine administration.

Note. Staining with hematoxylin and eosin. Magnification,
X400. a— cardiomyocyte alteration with cellular response; b—
eosinophilia and homogenization of cardiomyocyte cytoplasm.
IIpumeuanue. OKpacKka reMaTOKCUJIMHOM M 903UHOM. YB.
X400. a — anprepanysi KapJUOMHOLUTOB C KJIETOYHOH peak-
nyeit; b— 203uHOQUINA ¥ TOMOTeHU3aI|sA IIUTOIIa3Mbl Kap-
JIVIOMUOIIUTOB.

2. After 4 hours in groups II and III hypoperfu-
sion of the skin was observed, but after 24 hours the
skin blood flow parameters in animals of these groups
did not differ from the values in the control group.
However, by the end of the first day in clozapine groups
there was a decrease in amplitudes of blood flow oscil-
lations in microvascular system of skin (Amax, Ae, An,
Am), which was not registered during the first day.

3. After 4 hours, an increase in the NADH flu-
orescence was seen in the clozapine groups. After
24 hours, the values of this parameter did not differ
from the control ones.
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BBISABUJIM TOMOTeHU3alM1 [UTOMNJJIa3Mbl U KJIe-
TOYHOU peaknuu. [losyuyeHHble pe3yJbTaThl CBU-
JIeTeJbCTBYIOT O IIPOIPECCUPOBAHUU IIPOLLECCOB
anBpTepanuyu MUOKap/Ia yepes 24 yaca IocJie TOK-
CHUYECKOI'0 BO3JIeHCTBUS.

CHM)KeHre aMIUIMTYIHBIX XapaKTEepUCTUK
KoJIe0aHUH KOSKHOTO KPOBOTOKA B IPYIIIAX «KJIO-
3allrHa» K KOHILY IePBbIX CyTOK CBHAIETEJIbCTBYET
0 CHM)KEHUM aKTUBHOCTH OCHOBHBIX (PAaKTOPOB
peryJjisiiui TOHyca MAKPOCOCYIOB U MUKPOLIUP-
Kyaanuu [15]. Takoe CHU)KeHNe aMIIATY KOJIe-
0aHuii KPOBOTOKA IIOCJIEe BBEIEHUsI KI03amnHa
IIpY OJWMHAKOBBIX 3HAUEHUAX KOYKHOH nlepysun
BO BCeX I'PynIiax, BO3MOKHO, CBA3aHO C OTCPO-
4YEeHHBIM YTHETAOIIUM BJIMSAHUEM KJIO3allnHa Ha
BasdoMornuu/ HJaKCMOINH, KaK 3TO OBIJIO OTMeue-
HO B paboTax ¢ OIEHKOH COCYAMCTHIX 3P (PeKToB
aHecTeTUKOB [16, 17]. CeBo(riopaH UCIIOIb30Ba-
JA B HAIlleM MCCJIeJOBAHUU KPATKOCPOYHO U B
OJWHAKOBBIX KOHIIEHTpAUAX BO BCeX IPyIIIax
SKUBOTHBIX. C y4€eTOM MUHHUMAJIbHOTO BJIMAHUSA
CTaHJAPTHBIX 03 9TOT0 aHECTEeTUKA Ha apaMeT-
phI EHTPAJIbHOU U PErMOHAPHOW TeMOJAUHaM-
Ku [18] MajoBepOsTHO, YTOOBI BBHISIBJIEHHBIE
HaMH TeMOJWHaMHUYeCKue H3MeHEeHUs ObLIN
obycnoByeHbI a(pperTamu ceBodiopana. Onu-
HAaKOBasg HAaNpPaBJIEHHOCTb W BBIPAYKEHHOCTH
M3MEeHEHUH B rpynmnax ;KMBOTHBIX C BBeJeHUEM
KJI03anrHa 1 KOMOMHAIMK KJI03alliHa C aJIKOr0-
JeM CBHIETeJbCTBYeT O TOM, 4YTO KJO3aluH
SAABJISIETCSI OCHOBHBIM 3THOJIOTUYECKUM (PAKTO-
POM pa3BUBAIOIINXCSA B OpraHU3Me NaATOJIOThYe-
CKHUX IPOIECCOB.

3akJrouenue

[IpuBeneHHble NaHHBIE YKa3bIBalOT Ha TO,
4yTO yepes 24 yaca TOKCUYeCcKoe JeliCTBUe KJ103a-
IIMHA IIPOABJIAETCA IIPOrPeCCUPOBAaHUEM aJIbTe-
panyu MUOKap/a 1 HapyllleHui HapaMeTpoB Kpo-
BooOparmieHusi (aprepuasbHasi TUIIOTEH3US,
yrHeTeHHe MeXaHU3MOB peryJisiiuu lepudepude-
CKOTO KpOBOTOKA, yMepeHHasA aHemus). Tem He
MeHee, HopMaJjm3anusa YCC, BOCCTaHOBJICHUE
KO>KHOH 1ep(y3nH 1 HUBEJIMPOBaHWE META00TH -
yecKUX HapymeHuul (duayopecuennus HAJH,
KOC aprepuanbHOil KpoBH) uepe3 24 yaca MOTYT
OBITH 00YCJIOBJIEHBI aKTHUBAIlMEedl MeXaHM3MOB
KOMIIEHCAIlMU HapylLIeHHbIX (PYHKIUH, B 4aCTHO-
CTH 3a CYEeT U3MEHEHUsI HeUPOreHHON U T'yMo-
paJIbHOU peryasiiuu napaMeTpoB TOMeocTasa,
yro noarBepykpaerca 100% BBIKUBAEMOCTBIO
SKABOTHBIX.

BaarogapHOCTh. ABTOPBI MCKpPEHHE IIpU-
3HATeJbHBI /1. M. H., Ipodeccopy A. M. ToybeBy
U 1. M. H., ipodeccopy B. T. Joarux (HUU obmeit
peanumarosiorum uM. B. A. Herosckoro ®HKI]
PP) 3a moMo1b B HAallUCAHUU CTaTbU U CHEJIaH-
Hbl€ [IEHHbIE 3aMeYaHusl.

4. Morphological changes in the myocardium
24 hours after the administration of a sublethal
dose of clozapine, as well as in 4 hours, included
signs of disturbed circulation (congestion of micro-
circulatory blood vessels, diapedetic hemorrhage,
perivascular and interstitial edema) and altered
cardiac myocytes (eosinophilia and homogeniza-
tion of cardiomyocyte cytoplasm and their frag-
mentation). Noteworthy is the fact that histological
examination of myocardial samples from rats with-
drawn from the experiment 4 hours after the ad-
ministration of toxicants did not reveal homoge-
nization of cytoplasm and cellular response. The
obtained results demonstrate the progression of
myocardial alteration 24 hours after toxic exposure.

Reduced amplitude of oscillations in skin blood
flow in the clozapine groups by the end of the first
day suggests a decrease in the activity of the main
regulatory factors of the microvascular tone and mi-
crocirculation [15]. Such a decrease in the amplitude
of blood flow oscillations after clozapine administra-
tion with similar values of skin perfusion in all
groups may be due to the delayed depressant effect
of clozapine on vasomotions/fluxmotions, as it was
pointed out in studies of vascular effects of anesthet-
ics [16, 17]. Sevoflurane was used in our study for a
short time and in equal concentrations in all animal
groups. Taking into account the minimal effect of
standard doses of this anesthetic on the central and
regional hemodynamic parameters [18], it is unlikely
that the hemodynamic changes we found were due
to sevoflurane effects. The same direction and sever-
ity of changes in groups of animals who were admin-
istered clozapine and combination of clozapine and
ethanol suggests that clozapine is the main etiolog-
ical factor of developing pathological processes.

Conclusion

Our data demonstrate that after 24 hours, the
toxic effect of clozapine manifests as progressive my-
ocardial alteration and circulatory disorders (hy-
potension, depressed peripheral blood flow regula-
tion, moderate anemia). However, the normalization
of HR, restoration of skin perfusion and control of
metabolic disorders (monitored by NADH fluores-
cence and blood acid-base status) after 24 hours may
be due to the activation of compensatory mecha-
nisms, in particular secondary to changes in neuro-
genic and humoral regulation of homeostasis param-
eters, which is confirmed by 100% animal survival.
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