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Iess ucciaenoBanusA. OTeHUTH BIMAHIE CyOJIeTaIHHOH TO3BI KJI03aNTMHA Ha (DYHKIIMOHAJIBHBIE 1 MOP-
doJsiornyeckue napaMeTpsl CEpPAEYHO-COCYAUCTON CUCTEMBI KPBICHI Yepes 4 4 IocJie BBeJeHUs Ipernapara.

MarepuaJjbl 1 MeTOAbI. JKCIIEPUMEHTHI BBIIIOJTHUIIN HA Kpblcax-camiax JuHuu Wistar Becom 200-250 r
(n=14). 1 rpynme sHTepasbHO Yepe3 30H/ Iof 0011ei anecTe3nel ceBoduriopanoM Beoausan pactsop NaCl
0,9%, II rpynne — kJo3anuH B 703e 150 mr/kr B pactBope NaCl 0,9%, III rpymnne — kJjio3anuH B go3e 150
MI'/KI B pacTBope 40% crupra sTU/I0BOro. Uepes 4 4 11ocJie BBeJleHU A IIpelapara OLleHuBaIu apTepUaabHOe
nassienue (AJl), yactory cepaeunbix cokpameHuii (HYCC), MUKPOIUPKYJIAIMIO B KOYKE METOJIOM JIa3ePHOU
JOTIIEPOBCKOH hsroymerpun (JIJIP), ”HTEHCUBHOCTH (ryopecrieHnn kopepmenTos HA/TH, PAJL. ITocse
9BTAHA3WUM NTPOBOIUJIM AYTOIICHIO C 3a00POM BHYTPEHHUX OPTraHOB KPBIC I MOP(OJIOrHIecKOro uccie-
JoBaHUs. J/lajiee M3rOTaB/INBAIH TapaHOBBIE CPE3BI CepIel] C TOCIeAyIoNIel OKPACKOH reMaTOKCUITMHOM
U 303UMHOM, KOTOPBIE HUCCJIe0BaJIXA C IOMOIIbI0 CBETOBOI'O MUKPOCKOIIA.

Pe3ysibraThl. B 06€mx rpyIax ¢ BBeJleHreM KJji03annHa A/l 1 KpOBOTOK B KOYKe OBIJIM HIKE, YeM B KOHT-
poJte: Al B rpynine [ —Ha 12% , B rpynne Il — Ha 15%; kpoBoTOK — Ha 48 1 37%, cooTBeTCTBEeHHO. [10 nccie-
JTlyeMBbIM ITOKA3aTeJIsIM MUKPOITUPKYJISIUN CYIIeCTBEHHBIX PA3JIMYAHI MEKTy TpyIIaMu He HaOTIomastn. Bei-
SIBUJTY TIOBBINIIEHHYI0 HHTEHCUBHOCTH (PJrioopeciieHnu kopepmenta HAJTH B Koske B rpynmax ¢ BBeJIeHUEM
KJIO3allMHAa 110 CPaBHEHMIO C KOHTPoJeM (B 2,3 pasa B rpynme I u B 1,9 pasa B rpyne II). IIpu rucrosorude-
CKOM HCCJIeIOBaHUU cepJell SJKUBOTHBIX, [10/Iy4aBIINX KJI03alINH, BbIABU/IM HEPAaBHOMEPHOE KPOBEHAII0JI-
HeHUe, 9pUTPOIUTAPHBIE CJIAIKU, MEJIKOOYAroBble KPOBOMIIMAHNA, IEPIEHANKYIAPHYIO 0a3aJbHON MeM-
OpaHe OpHEHTAIHIO e 9HJ0TETHOIUTOB, HEPAaBHOMEPHYIO OKPACKy MHOKAap/ia C THIIEP303NHO(MUITHHBIMI
y4acTKaM#, ¢pparMeHTaIlio ¥ BOJTHO0Opa3HyIo e 0pMaIiiio MBIIIEYHBIX BOJIOKOH.

3akJroueHue. [Ipy 0OCTPOM OTpaBJIEHUH KJIO3AIIMHOM B Cep/IIie BBIABIIAIOTCSA MOP(OJIOTrHYecKue IpU-
3HAK{ HapyIIeHUsI KPOBOOOPAIIeHNs 1 TOBPESKIEHNST MIOKAP/Ia, YTO CONIPOBOKAETCS PAa3BUTHEM JIC-
(yHKIIIN MIOKap/a ¢ apTepraTbHON r'MIOTeH3NeH 1 CHIKeHIEM ITepr(epruiecKoro KPOBOTOKA, a TAK:Ke
HapyIIeHNsMU OKUCIUTEIBHOT0 MeTab0Im3Ma B eprugepruecKiX TKAHAX.

Kntoueswte crosa: k103anut; Muokapo; 2eMOOUHAMUKA; MUKPOYUPKYISYUS

Purpose of the study. To evaluate the influence of sublethal dose of Clozapine on the functional and mor-
phological parameters of the cardiovascular system in rats 4 hrs. after the drug administration.

Materials and methods. The experiments were carried out on male Wistar rats weighing 200-250g (n=14).
Group I received 0.9% NaCl solution administered via enteral feeding tubing under general anesthesia using
Sevoflurane; group I — Clozapine dosed at 150 mg/kg in 0.9% NacCl solution; group III — Clozapine dosed at
150 mg/kg in 40% ethyl alcohol solution. 4 hrs. after drug administration, arterial blood pressure (ABP), heart
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rate (HR), microcirculation in the skin using laser Doppler flowmetry (LSF), fluorescence intensity of coen-
zymes NADH and FAD were evaluated. After euthanasia, autopsy including withdrawal of the internal organs
of rats for morphological analysis was performed. Thereafter, paraffin sections of hearts were made and sub-
sequently stained with hematoxylin and eosin, which were later examined with the help of light microscope
Nikon Eclipse Ni-U.

Results. In both Clozapine groups, ABP and blood flow in the skin were lower than in the control group:
ABP — by 12% in group I and by 15% in group II; blood flow — by 48% and 37%, respectively. No significant
difference between the groups was observed in respect of the microcirculation indices studied. Increased flu-
orescence intensity of coenzyme NADH in the skin was found in the Clozapine groups compared to the control
group (2.3-fold in group I and 1.9-fold in group II). Histological analysis of the hearts of animals that received
Clozapine established uneven blood filling, erythrocyte sludges, fine-focal hemorrhaging, endotheliocyte nu-
clei oriented perpendicular to the basal membrane, uneven staining of myocardium with hypereosinophilic
segments, fragmentation and undulating deformity of muscle fibers.

Conclusion. During acute Clozapine poisoning, morphological signs of disturbed circulation and my-
ocardium damage are found in the heart, which are accompanied with development of myocardium dysfunc-
tion with arterial hypotension and decreased peripheral blood flow, also disturbed oxidative metabolism in

peripheral tissues.

Keywords: Clozapine; myocardium; hemodynamics; microcirculation
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BBenenue

Ksto3anmH — nmpous3BogHOE TUOEH3011a3ernr-
Ha, aTUMWYHBLIA HEWpPOJIENTUYECKUHN IIperapar,
HCIIOJIb3yeMbIU B IICUXUATPHUYECKOM ITPAKTHKE IIpe-
MMYIIEeCTBEHHO MJIsI JIedeHUs PEe3UCTeHTHBIX K
OOJIBIIIITHCTBY HEUPOJIETITUKOB 3aboseBanwii [1, 2].
BeIpaskeHHOe yrHeTeHHe LeHTPaJbHOU HEPBHOU
CHCTeMBbI ¥ BBICOKU PUCK JIETAJIbHOI0 NCX0Aa IpU
repe03NPOBKE KI03aHa 00yCIOBIUBAIOT CITy-
Yau ero UuCrioJib30BaHUA B KPpUMUHAJIbHBIX, CYUITH-
HAJbHBIX 11eJIsIX [3, 4]. 1o fTaHHBIM KJIMHUYECKUX U
CyneOHO-MeIUITMHCKUX NCTOYHUKOB, OTPaBJIEHUSA
KJIO3AITHOM B OOJIBIIIMHCTBE CIy9aeB COYETAIOTCS
C aJIKOTOJIbHBIM onbAgHeHueM [3-5]. TaHaToreHnes
IIpYA OCTPOM OTPaBJIEHNH KJIO3AIIUMHOM JI0 KOHIIA He
BbISACHEH. VI3BeCTHO, YTO IIpU ITpHeMe BBICOKUX 103
KJIO3aIllMHA IPUYMHON JIeTaJIbHOTO UCXO/IA SIBJISIEeT-
Cs1 OCTpasi cepJieyHasi He0CTAaTOYHOCTD UJIU 1apa-
JINY [bIXaTeJbHOTO IleHTpa [6]. Bo3HUKHOBEeHUE
SKU3HEYTPOSKAIOIINX TOOOYHBIX 3(pheKTOB oT™MEUe-
HO TaK>Ke 1 [IPU IIpHeMe TepareBTUYeCKUX 03 Ipe-
napara. Cpeny HUX 3HAaUMMOE MeCTO 3aHMMAaioT
He0JIaronpusATHBIE KapauaabHbIe 3(D(EKTHI, TaKIe
KaK MUOKAapJUThl, KapANOMUONIATUH, IIEPUKAPIU-
ThI, CEp/ieYHasi HeJJOCTAaTOUHOCTh, BHE3aIHAas cep-
JeyHasi cMepTh [7-11]. A. Al-Wahab u coaBT. B 9KcC-
IepuMeHTa/JIbHOM HCCJIE€T1OBAHUN OBIJIO BLISABJIEHO
MIOBBIIIIEHVE YPOBHEW HOpaipeHaJsIiHa, ajpeHaJsn-
Ha, TPONIOHMHOB, MB (¢ pakuumu kpearnHdocdoku-
Ha3bl, UHTEPJIEUKUHOB, (haKTOpa HEKPO3a OITyX0JIN
asb(a, TUTOKWHOB B KPOBU MBIIIEH, TOJTyYaBIINX
KJ103anuH [12, 13].

Cy1iecTByeT MHOYKeCTBO TMIIOTE3 MEXAaHU3MOB
KapIMoTOKCUYecKuX 3 (PeKToB KI03anuHa, cop-
MUPOBABIIIUXCS B pe3y/ibTare KIMHUYEeCKUX U 9KC-
IMepruMeHTaJJIbHbIX I/ICCJ'Ie,IIOBaHI/IIL/’I. Cpe)m HUX —
MMMYHHOOIIOCPEJOBAHHOE ITIOBPEesKAeHNe Kapauo-
MUOITITOB PEAKTUBHBIMH META00TUTaMH KJIO3aTIH-
Ha, HUTPEHUBBLIMU MOHAMU, [IOBPEKIEHVE Kapa1o-

Introduction

Clozapine is a derivative of dibenzodiazepine,
an atypical neuroleptic drug used in psychiatric
practice mostly for diseases resistant to a majority
of neuroleptics [1, 2]. Pronounced suppression of
the central nervous system and high risk of lethal
outcome in case of Clozapine overdosing explain
cases of its use for criminal and suicidal purposes
[3, 4]. According to clinical and forensic sources,
Clozapine poisoning is combined with alcohol in-
toxication in most cases [3-5]. The thanatogenesis
during acute Clozapine poisoning has not been
fully clarified. It is known that in case of intake of
high doses of Clozapine, the cause of lethal out-
come is acute cardiac failure or respiratory center
paralysis [6]. Occurrence of life-threatening side ef-
fects was also noted during intake of therapeutic
doses of the drug. An important role among them
belongs to adverse cardiac effects such as my-
ocarditis, cardiomyopathy, pericarditis, heart fail-
ure, sudden cardiac death [7-11]. A. Al-Wahab et al.
revealed in an experimental study the increased
levels of noradrenaline, adrenaline, troponins, cre-
atine phosphokinase-MB, interleukins, tumor
necrosis factor alpha, cytokines in the blood of
mice that received Clozapine [12, 13].

There are numerous hypotheses concerning
the mechanisms of cardiotoxicity of Clozapine,
which have been suggested based on clinical and
experimental studies. They include immune medi-
ated damage of cardiomyocytes by reactive
metabolites of Clozapine, nitrene ions formation,
damage of cardiomyocytes due to accumulation of
adrenaline therein, blocking the potassium chan-
nels and slow down cell membrane repolarization
by the drug, which causes the arrhythmogenic side
effects [13-16].

The mechanisms of acute alcohol intoxication

are well characterized. The toxic action of ethanol
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MMOIIUTOB BCJIE/ICTBUE HAKOILJIEHUsI B HUX a/ipeHa-
JIMHA, & TaKKe CITOCOOHOCTH KJI03amuHa OJIOKMPO-
BaTh KaJIMeBble KaHAJIbI 1 3aMeJIJIAATh PEIoJIApr3a-
U0 MeMOpaHbI KJIETOK, OOYyCJIOBJIUBAasi €ro
apUTMOreHHbIe ToOoYHbIe a(pdekTrI [13-16].

MexaHu3MbI OCTPOH aJTKOTOJIbHON MHTOKCH-
Kallu¥ M3y4YeHbl AOCTAaTOYHO Xopomio. Tokcuye-
CKOe BO3JIeUCTBHE 3TAaHOJIA U IPOAYKTOB €ro
MeTaboJI3Ma TPUBOUT K HAPYIIEHUIO COKPaTH-
TeJbHOU (DyHKLIMY MUOKapAa, pUTMa U IPOBOIU-
mocTH [17, 18]. OmHako, maTo- U TaHATOTeHe3 TIPU
OCTPOM KOMOMHUPOBAHHOM OTPABJIEHUU KJI03a-
NIMHOM U aJIKOT'0JIEM U3Yy4eHbI HeJOCTAaTOYHO.

Ilenp ucciienoBaHUs — OIIEHUTDH BJIUSHUE
cyOJieTaJIbHON J103BI KJI03alMHA Ha (PYyHKINO-
HaJIbHbIE U MOP(OoI0THUYECKHE TTapAaMETPHI CEP-
JIe4HO-COCYIUCTOM CHUCTEMbI KPBICHI 4yepe3 4 4
1ocJie BBeJeHUs mpernapara.

MarepuaJ 1 MeTobI

IKCIIEpUMEHTBI IIPOBEJIA Ha KPbICaX-CaMIlax JIMHUN
Wistar maccoit 200-250 T (n=14). 3a 12 4 10 9KCIEpUMEeHTa
SKUBOTHBIE He [10JIy4a/Ii KOPM, HO IMeJIi CBOOOAHBIN 10-
CTYII K BOZE. DKCIIEPUMEHTBI IIPOBOIA/IN B COOTBETCTBUN
ctpeboBanusmu [lupertusbl 2010/63/EU EBponeiickoro
IapJiaMeHTa 1 COBeTa eBPOIIeHCKOro col03a 110 OXpaHe
SKUBOTHBIX, MCII0JIb3YEMbIX B HAyYHBIX LeJIAX [19].

IMop ob11elt MHraIAIMOHHON aHecTe3nel (ceBogd-
Jopal 4 00% € IIOTOKOM KUCJIOpOoJa 2 JI/MUH B UHIYK-
LIMOHHOM KaMepe) 9HTepaJIbHO Yepes sKesTyJOYHbIH 30H],
BBOJWJIM HCCJIEAyeMble PacTBOPHI B 00beMe 10 MJI/Kr
MAaCCBI ;KUBOTHOT'0. B 3aBUCMMOCTH OT COCTaBa BBOOUMOIO
pacTBOpa BbIIEJIAIN CAeAyIOIIHE TPYIIIbI SKUBOTHBIX:

I rpynna (koHTpOsBHAs), n=5— pactBop NaCl 0,9%;

II rpynna («kJj103anuH»), n=5 — KJI03alluH B J03€
150 mr/kr B pactBope NaCl 0,9%.

III rpynma («kI103auH+aJIKOT0JIb»), =4 — KJ103a-
uH B 103e 150 Mr/Kr B pactBope 40% cimpTa STUI0BOTO.

[TocJie BBejeHUA NIperapaToB >KUBOTHbBIE HAXOA Y-
JINCH TI0J] HAOJIOIeHNEM B BIUBAapHUU B TeueHNUe 4 4 B
YCJIOBHSIX CBOOOTHOTO JOCTyNA K BOJie, HO 6e3 IMUIIH.
UYepes 4 4 IpOBOAMIIN NIOBTOPHYIO MHIYKIIAIO aHECTe-
3uu (ceBoduopan 4 060% C MOTOKOM KHCJIOpoaa 2
JI/MUH B UHAYKIIMOHHOH Kamepe). [longepskaHnue aHe-
CTe3UM OCYIIeCTBJISIN Iojavel ceBodopana 1,5-2,5
006% yepes KOHyCOBHIHYIO MAaCKY C [IOTOKOM KHCJIOPOAA
1 n/muH. C 1eablo0 U3MEPEeHUs CPpeSHero apTeprualb-
Horo naBiieHus (All) m 3abopa mpob aprepuaIbHOU
KPOBU KaTeTePU3UPOBAJIN JIEBYIO OEIPEHHYIO apTEPUIO
NIOJIMATUJIEHOBBIM KaTteTepoM 23G. lyia nonnepyKaHusa
NIPOXOJUMOCTH KaTeTep npoMbiBaiu 0,2 MJI pacTBopa
He(dpakmonupoBanHoro renapuna (50 EJJ/mut) mocsie
YCTaHOBKHY ¥ IOBTOPHO ITPYA HEOOXOAMMOCTH.

Kpricy ukcupoBanu Ha 1oporpeBaeMou mJjar-
¢dopme moruropa MouseMonitor S (INDUS Instruments,
CHIA). C nesipio KOHTPOJIS LIeHTPaJbHOU TeMIlepaTyphl
TeJIa yCTaHABJIMBAJIN PeKTa/IbHBIN TepMoMeTp. LleneBas
LeHTpaJIbHasg TeMIleparypa Tejda »KUBOTHOIO
36,5-37°C. [lepen Haya/I0M U3MEPEHUH OBLI ITEPUOJ CTa-
OMIM3aIH SKIBOTHOTO B TeueHre 20 MIH.

Hamepenue AJl IpOBOAMJIN C MCIIOJIB30BaHUEM
Tpancabocepa Deltran DPT-100 (Utah Medical Products,

CIIIA) nmpubopom BP-100 (CWE, Inc., CIIIA). YacToTy cep-

and products of its metabolism leads to distur-
bance of myocardium contractile function, rhythm
and conduction [17, 18]. However, patho- and
thanatogenesis during acute combined poisoning
by Clozapine and alcohol have been understudied.

The purpose of this study is to assess the in-
fluence of sublethal dose of Clozapine on the func-
tional and morphological parameters of the cardio-
vascular system in rats 4 hours after the drug
administration.

Materials and Methods

The experiments were carried out on male Wistar
rats weighing 200-250 g (n=14). Twelve hrs. before the ex-
periment, the animals did not receive feeding but re-
tained free access to water. The experiments were carried
out in compliance with Directive 2010/63/EU of the Eu-
ropean Parliament and EU Council on the protection of
animals used for scientific purposes [19].

The solutions under study were administered
under general inhalation anesthesia (Sevoflurane 4% vol.
with oxygen flow at 2 1/min in the induction chamber),
via enteral feeding tubing at a dose of 10 ml/kg of the an-
imal weight. The following groups of animals were dis-
tinguished depending on the composition of adminis-
tered solution:

Group I (control), n=5 — 0.9% NaCl solution;

Group II (Clozapine), n=5 — Clozapine at a dose of
150 mg/kg in 0.9% NaCl solution;

Group III (Clozapine+alcohol), n=4 — Clozapine at
a dose of 150 mg/kg in 40% ethyl alcohol solution.

After administration of the drugs, the animals were
kept in the vivarium under observation for 4 hrs. in the
environment of free access to water and no feeding. 4
hours later, the induction anesthesia was repeated
(Sevoflurane 4% vol. with oxygen flow at 2 1/min in the
induction chamber). Anesthesia was maintained by de-
livery of Sevoflurane 1.5-2.5% vol. via a tapered mask
with oxygen flow at 1 1/min. To measure mean arterial
blood pressure (ABP) and harvest arterial blood samples,
the left femoral artery was catheterized using polyethyl-
ene catheter 23G. To maintain patency, the catheter was
washed with 0.2 ml of unfractionated heparin solution
(50 U/ml) after catheterization and again as necessary.

The animals were immobilized on the heated plat-
form of MouseMonitor S (INDUS Instruments, USA). For
the purpose of monitoring the central temperature of the
body, a rectal thermometer was inserted. The target cen-
tral temperature of the animal body was 36.5-37°C. Prior
to commencement of measurements, there was a 20-
minute period of animal stabilization.

ABP was measured using transducer Deltran DPT-
100 (Utah Medical Products, USA) with the help of instru-
ment BP-100 (CWE, Inc., USA). The heart rate was deter-
mined based on ECG using subcutaneous needle
electrodes of MouseMonitor S (INDUS Instruments, USA).
The microcirculation condition was evaluated using the
laser Doppler flowmetry technique (LSF); the condition of
tissue oxidative metabolism coenzymes (NADH and FAD)
was assessed with the aid of laser fluorescent diagnostics
(LFD). The sensor of LASMA MC instrument (LASMA NPP
LLC, Russia) was positioned on the ventral surface of prox-
imal part of the tail with a minimal gap. LSF-gramma was
recorded during 8 min. The values analyzed were the
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JleYHbIX COKpalleHuil onpenessiu no IKI' ¢ npumene-
HUEM IIOJKOKHBIX UT0JIbYAThIX 3JIEKTPOJOB MOHUTOPA
MouseMonitor S (INDUS Instruments, CIIIA). [isa
OLIEHKU COCTOSHUA MUKPOLUMPKYJIALIUUA HPUMEHAIN
MeToJI JIa3epHOIl JonmiepoBcKoi (roymerpun (JIAPD),
JIJTsT OTIEHKH COCTOSTHUST KO()EePMEHTOB OKUCTUTETHHOTO
metabosmmama tkaneit (HAJTH u ®AJT) — meToj ga3ep-
HOU (ayopecueHTHON guarHoctuku (JIS). Jarunk
npubopa JIASMA MII (OO0 HIIIT «JIABMA», Poccus)
yCTaHaBJIMBAJIA HA BEHTPAJbHOU IOBEPXHOCTHU ITPOKCH-
MaJIbHOTO OT/leJIa XBOCTA C MUHMMAaJIbHBIM 3a30poM. Pe-
rucrpauuio JIJIP-rpaMmMbl IPOBOANIIN B TEUEHNE 8 MUH.
AHanmm3upoBa/in cpeaHee 3HaUeHUE NMePPy3UN KOKU
(1111 TOKa3aTes1b MUKPOLUPKYIAINT — M, nepdys3uon-
Hble eJUHULBI [1(. e1.]), cpeHee KBaApaTUYHOE OTKJIO-
HeHUe aMILUIUTYAbl KoslebaHuil KpoBOoTOKa (0, d.en.);
ko3 dumuent sapuanun nepdysuu (Kv, %). B moce-
QYIOIIIEM METOOM BEHBJIET-aHAIN3A UCCIETOBATN KO-
JiebaHusT MUKPOKPOBOTOKA B nuamnasone 0,01-0,4 T,
AMnuTybpl KoslebaHUH KPOBOTOKA B JAHHOM 4YacCTOT-
HOM JiMalia3oHe y KpPbIC HeCyT UH(OPMALUIO O COCTOSI-
HUU MEXaHNU3MOB Pery/IAIUA MUKPOLUPKYJ/IALNN: 9H/I0-
TeJIATHLHOM (A3), HepOreHHOM (AH) 1 MUOT€HHOM (AM)
[20]. Takske cpeny STUX AMIUIUTY]L ONIPenessiiii MaKCH-
MaJbHYI0 aMIIATYIy KoJeDaHWuH MUKPOKPOBOTOKA
(Amax, 1. ef1.) 1 COOTBETCTBYIOLIYIO elf yactory (Fmax,
I'y). 3a aTOT ke ITepuojl BpeMeH! OLleHUBaJ/IM UHTEHCUB-
HOCTb H3JiydeHUsi ayopecueninun HAJ-H (UV —
IJIMHA BOJIHBI 30HAUPYIOIIEro u3JiyueHus 365 HM —
«ynsrpaduoser») u PAJl (B — nsrHa BOTHBI 30HIUPYIO-
mero uaaydeHuss 450 HM — «CHUHUI»), a TaKKe TaK Ha-
3bIBaeMoe «peloKc-oTHoIeHue» (PO=UV/B).

TocJsie perucTpanyu uccieayeMbIX (PyHKITMOHATb-
HBIX IapaMeTPOB KUBOTHBIX IIO/IBEprajy 9BTaHa3uu Me-
TOIOM IIEHHON JUCTOKAIIAY IT0, OOIIel aHecTe3nel ce-
BodumopaHoM. IIpoBomuim ayromncuio ¢ 3abopoM
BHYTPEHHHUX OPTaHOB KPbIC [1/1s1 MOP(OJIOTHYECKOTO UC-
ciegoBaHus1. Marepuaist ¢pukcupoBatu B 10% HelTpaib-
HOM pacTBope popmasnuHa. ITocste prkcaryy mpoBoIUIN
BBIPE3KYy KYCOYKOB OPTaHOB JIJIsI TUCTOJIOTHUYECKOTO UC-
cJlefoBaHuUs 10 cieayollell meronuke. Cepana pacce-
KaJIu uepe3 cepeHy Bo (PpOHTATBHOH IJIOCKOCTU Yepes
BCe OT[eJIbl Ha 2 YacTH, B KOTOPBIX COAEP)KaIUCh 00a
npefcepAus, PaBbIX U JIEBBI SKeJTyJOUKU, MEYKSKeITy-
JIOYKOBAsI IEPErOPOJIKA. 3aTeM Marepuas 00e3BOKUBAIN
B CITIUPTaX BO3paCTAIOIIEeH KOHIIEHTPAIIUU U 3a7TUBAJIN B
napacus. ITapaduHOBbIE cpe3bl 17151 MOP(HOJIOTHTIECKOTO
WCCJIeJOBAHNA OKPAIIMBAIN IT€eMaTOKCUIMHOM-903UHOM.
VccnenoBanre TMCTOJIOTUYECKUX IpenaparoB IIPOBO-
Uy ¢ iomoltnbio Mmukpockona Nikon Eclipse Ni-U (SImo-
Hus1). CTaTUCTUYECKYIO0 00padOTKY JaHHBIX IPOBOIUIH C
MOMOIIBIO MaKeTa Iporpamm Statistica 7.0. {11 oneHKn
JIOCTOBEPHOCTH Pas3IMYUil COOTBETCTBYIOIIMX ITOKA3aTe-
JIell MesKy TpymIamMu UCIOb30Bau KpuTtepuii U Buit-
KOKCOHa-MaHHa-YUTHU. Pa3nuuna cuurany JOCTOBEP-
HBIMU IIPY yPOBHE 3HAYNMOCTHU p<0,05. AHaIM3upyemMble
BeJIMYMHBI IPEACTaBAIA B Buze: Me (25%; 75%).

Pe3ynbTaThl U 00CYK/IEHHE

HecmoTrps Ha moTeHIMaIbHOE apUTMOT€HHOE
JelicTBHe KJjo3anuHa [7], mo maHHbIM OKI He
BBISIBUJIM aDUTMUY cep/1ia (9KCTPaCUCTOJIBL, NTay3bl,
SKEJTYI0YKOBasI TAXUKAP/IKs1) BO BCEX IPyIIIIax.

B o6enx rpymnmax ¢ BBeJileHHeM KJio3anuHa AJ]
OBIL7I0 HUSKE, UeM B KOHTpoJIe (Ha 12% B rpymnme [ u

mean skin perfusion (or microcirculation index— M, per-
fusion units [pf.u.]), mean root square deviation of the am-
plitude of blood flow oscillations (o, pf.u.); perfusion vari-
ation coefficient (Kv, %). Later, using the wavelet analysis,
oscillations of micro blood flow within the range of
0.01-0.4 Hz were analyzed. Amplitudes of blood flow os-
cillations in this frequency range in rats provide informa-
tion on the mechanisms of microcirculation regulation:
endothelial (Ae), neurogenic (An), or myogenic (Am)
one|[20]. Also, among these amplitudes, the maximal am-
plitude of micro blood flow oscillations was determined
(Amax, pf.u.) and corresponding thereto frequency (Fmax,
Hz). For the same period of time, fluorescence intensity of
NADH (UV — the probing radiation wavelength was 365
nm — ‘ultraviolet’) and FAD (B — the probing radiation
wavelength was 450 nm — ‘blue’), as well as the so-called
‘redox relation’ (RR=UV/B).

After the functional parameters were recorded in
the study, the animals were subjected to euthanasia by
cervical dislocation under general anesthesia with
Sevoflurane. Autopsy was performed and internal organs
of the rats were harvested for morphological examina-
tion. The material was fixed with 10% neutral formade-
hyde solution. After fixation, the pieces were cut out from
organs for histological analysis according to the following
methodology. Hearts were dissected through the middle
in the frontal plane through all compartments into two
parts containing both atria, right and left ventricles, in-
terventricular septum. Then the material was dehydrated
with increasing concentrations of alcohol and embedded
into paraffin. Paraffin sections for morphological analysis
were stained with hematoxylin-eosin. Histological spec-
imens were examined using microscope Nikon Eclipse
Ni-U (Japan). Statistical processing of data was per-
formed using software package Statistica 7.0. To evaluate
the significance of differences between the groups,
Wilcoxon-Mann-Whitney U-test was used. Differences
were considered reliable at P<0.05. The analyzed values
were presented as Me (25%; 75%).

Results and Discussion

In spite of the potential pro-arrhythmogenic
effect of Clozapine [7], ECG did not detect heart ar-
rhythmias (extra-systoles, pauses, ventricular
tachycardia) in any group.

In both Clozapine groups, ABP was lower than
in the control group (by 12% in group I and by 15%
in group II). At the same time, there was no differ-
ence between groups II and III as regards this index.
HR in group II was 31% lower than in the control
group, which was not observed in III (table). Blood
flow in the skin (M) of animals in both Clozapine
groups was lower compared to the control (by 48%
in group I and by 37% in group II). Also, in Clozap-
ine groups, a minor increase of Kv was noted (by
1.5% in group [ and by 1.2% in group II), which was
due to decreased blood flow in those groups rather
than increase of its variability: value o was not in-
creased but even decreased versus the control by
17% in both groups. In respect of a number of other
microcirculation parameters evaluated under the
study, such as oscillation amplitudes of blood flow
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CucreMHasi TeMOAMHAMHKA, IapaMeTPbl MUKPOIUPKYJIAIMA U ITIOKAa3aTeJIN OKMCJIUTEIHFHOT0 MeTaboIu3Ma
4Yepes 4 4 110cJie BHYTPHIKEJIYA0YHOI0 BBeIeHHsI paCTBOPOB Kjo3anuHa uiau pacrsopa NaCl 0,9%.
Systemic hemodynamics, microcirculation parameters and oxidative metabolism indices 4 hrs. after intragastric

administration of Clozapine solutions or 0.9% NaCl solution.

Parameters Parameter values in groups

0.9% NaCl, n=5 Clozapine + 0.9%NaCl, n=5 Clozapine + Ethyl alcohol, n=4
HR, 1/min 355 (342; 361) 246* (243; 308) 320 (260; 347)
ABP, mm Hg 124.0 (121.0; 129.5) 109.0* (91.5; 110.0) 105.0* (100.5; 108.0)
M, pf.u. 18.2 (16.8; 18.9) 9.57(9.3; 9.6) 11.5% (9.6; 12.6)
o, pf.u. 0.72 (0.70; 0.85) 0.60* (0.56; 0.60) 0.60* (0.54; 0.60)
Kv, pf.u. 4.5 (4.2;4.5) 6.0% (5.9; 6.6) 5.7% (5.2; 5.8)
Ae, pf.u. 0.14 (0.11; 0.14) 0.10 (0.09; 0.12) 0.10 (0.09; 0.105)
An, pf.u. 0.18 (0.16; 0.21) 0.12 (0.12; 0.17) 0.14 (0.10; 0.18)
Am, pf.u. 0.17 (0.16; 0.18) 0.10 (0.10; 0.11) 0.10 (0.08; 0.14)
Amax, pf.u. 0.20 (0.18; 0.21) 0.12 (0.12; 0.17) 0.14 (0.10; 0.18)
Fmax, Hz 0.12 (0.11; 0.15) 0.09 (0.09; 0.27) 0.08* (0.07; 0.08)
uv 0.56 (0.44; 0.66) 1.29%(0.82; 2.80) 1.05* (0.84; 2.39)
B 0.71 (0.69; 1.38) 1.60 (1.20; 2.31) 1.21 (0.80; 3.40)
RR 0.62 (0.49; 0.64) 0.72 (0.56; 0.72) 0.93 (0.59; 1.32)

Note. * — P<0.01 in comparison with the control group; * — P<0.05 in comparison with the control group. M is the mean skin
perfusion (microcirculation index); ¢ is the mean root square deviation of blood flow oscillation amplitude; Kv is the perfusion
variation coefficient; Ae is the maximal amplitude of oscillations of the micro blood flow of endothelial origin; An is the maximal
amplitude of oscillations of the micro blood flow of neurogenic origin; Am is the maximal amplitude of oscillations of the micro
blood flow of myogenic origin; Amax is the maximal amplitude of oscillations of the micro blood flow in the range of 0.01-0.4
Hz; Fmax is the frequency corresponding to Amax. UV is the NADH fluorescence intensity; B is the FAD fluorescence intensity;
RR is the redox relation.

IIpumeuanue. Parameters — nmokasareJy; ...values in groups — ...3HaueHus B rpymnmnax; HR — YCC; ABP — AJl; M — cpennee
3HaueHue nepys3nn KOXKHU (IoKa3aTe/ b MUKPOLUPKYJISIUN); 0 — CPeAHEEe KBAPAaTUYHOE OTKJIOHEHHE aMIIJIUTYAbI KOJIeOaHu
KpOBOTOKA; Kv — KoapunmenT Bapuanuu nepdysun; Ae — MakCUMaJIbHasi aMILIUTyAa KolebaHui MUKPOKPOBOTOKA 9H[I0-
TeJINAJIBHOTO IPOUCXOKAEHUS; AN — MaKCHMaJsIbHasl aMIIJIUTYAa KoIeOaHU MEKPOKPOBOTOKA HEHPOTEHHOTO IPOHUCXOsKIe-
HUST; AmM — MaKCUMaJ/IbHAsI aMILTUTY/1a KoJIeOaHIUH MUKPOKPOBOTOKA COOCTBEHHO MUOTE€HHOT'0 ITPOUCXOKIEHNST; Amax — MakK-
cuMaJsbHas aMIIUTYa KosleOaHWi MUKPOKPOBOTOKA B quanasoHne 0,01-0,4 I'n; Fmax — yacToTa, COOTBETCTBYIOIIAst Amax;
UV — naTeHCUBHOCTH N3J1ydeHus1 payopecnennnu HAJ[-H; B— uHTeHCHBHOCTH n3nydenus ¢uyopecrenun PAJl; RR — pe-
JIOKC-OTHOIIeHue. * — p<0,01 npu cpaBHEHUHU C KOHTPOJIbHOM Ipynioi; * — p<0,05 1pu CpaBHEHUH C KOHTPOJIbHOH I'PYIIIOHN.

Ha 15% B rpynne II). Bmecre ¢ Tem, rpynmnst 11 u 111
II0 9TOMY IIOKa3aTeJso He pasnaudanuck. YCC B
rpynne II 6611a Ha 31% HUKe, YeM B KOHTPOJIE,
yero He Habsoganock B rpymme I (Tabmuma).
KpoBoTok B koske (M) y sRKUBOTHBIX 00€HX TPYTII C
BBEJIEHMEM KJIO3aIIHA ObLJI HUKE TI0 CDABHEHUIO
c KoHTpoJeM (Ha 48% B rpynrie I u Ha 37% B rpyI-
e II). Takske B rpyImmnax ¢ BBeIeHUEM KJIO3allnHa
IIPOUCXOAUJIO He3HauYuTeJbHOEe yBeaudeHue Kv
(ma 1,5% B rpynne I u Ha 1,2% B rpynne II), uro
OB1710 00YCJIOBJIEHO CHISKEHNEM KPOBOTOKA B 9THX
rpynmax, a He yBeJW4YeHUeM IIoKasaress ero
N3MEHYUBOCTU: BEJINYMHA 0 HE YBEJUINJIaCh, a
JayKe CHUKAJIACh II0 CPAaBHEHUIO C KOHTPOJIEM Ha
17% B 0b6enx rpynmax. [1o psigy Ipyrux ucciaenye-
MBIX ITapaMeTPOB MUKPOLUPKY/IALNNN, TAKAX KaK
AMILTATYIBI KOJIeOaHNH KPOBOTOKA 9H0TETAATh-
HOT'0, HEIpOIreHHOTO U MUOT€HHOTO IIPOUCXOK/Ie-
HMsI, a TakKe II0 MaKCUMaJIbHON aMILIUTYyJe
(Amax) pasn4uii MeKIy TpyInamMu He Ha0Jroa-
JI¥I, HO JOMUHUPYIOIIAasi 4acToTa Kojae0aHui Kpo-
Boroka (Fmax) B rpynme III ObLTa HUKE, YEM B
KOHTpOJIe. MOKHO IPEAII0JIOMUTD, YTO BBISABJICH-
HOe 3aMeJIeHre KoJiebaHWil MUKPOKPOBOTOKA
(psrarkcmornuii) cBss3aHo ¢ runonepdyaueil uccie-
JyEMOTO permnoHa TKaH!, OJHAKO OOBIYHO TaHHBIN
(peHOMEH CONIPOBOKIAETCS YBEJINUEHUEM aMI1JIN-
TYIbI TAKUX KOJIeOaHu [21], ero He OTMETHIIHN B

HaCTOAIIEM MCCJIeJOBaHUN.

of endothelial, neurogenic or myogenic origin, and
maximal amplitude (Amax), no difference was
noted between the groups. However, the predomi-
nant frequency of blood flow oscillations (Fmax) in
group III was lower than in the control group. It can
be assumed that the observed slowing down of
micro blood flow oscillations (flux motions) is re-
lated to hypoperfusion of the tissue region under
study; however, this phenomenon is usually ac-
companied by the increase of the amplitude of such
oscillations [21], which has not been demonstrated
in this study.

Laser fluorescent diagnostics revealed in-
creased fluorescence intensity of coenzyme NADH
in the skin in Clozapine groups compared to the
control (2.3-fold in group I and 1.9-fold in group II).
However, there was no inter-group difference in the
FAD fluorescence intensity and RR.

Histological examination of heart sections of
Clozapine group animals found uneven blood fill-
ing, interstitial edema, sludge, endotheliocyte nu-
clei oriented perpendicularly to the basal mem-
brane, uneven staining of myocardium with
hypereosinophilic areas, fragmentation and undu-
lating deformity of muscle fibers (Fig. 1-4).

All animals of group ‘Clozapine + alcohol’ dis-
played uneven blood filling, fine-focal hemorrhag-
ing, uneven staining of myocardium with hypere-
osinophilic areas, undulating deformity of muscle
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T'ucToJIornyecKue npenaparsl cepAia KpbIChI Yepes 4 4 1ocJie BBeJeHUsI KJI03aMuHa.

Histological preparations of rat heart 4 hrs. after Clozapine administration.

Note. Staining with hematoxylin and eosin. X400. a— fragmentation of muscle fibers in the rat heart; b— endotheliocyte nuclei
oriented perpendicularly to the basal membrane; c— sludge; d — interstitial edema and eosinophilia.

ITIpumeuanne. OKpacKa reMaTOKCHJIMHOM U 903WHOM. YB. X400. a — (pparMeHTaIHs MBIIIEYHBIX BOJIOKOH B CEPJIIe KPBICH;
b — nepneHAUKYJIspHaA Oa3aapHOM MeMOpaHe OpUEHTAIUs s1ep 9HAOTEJNOIUTOB; ¢ — CJIAIK; d — WHTEePCTHIINATbHBIH

OTEeK U 303I/IHO(I)I/IJ'II/IH.

MerTonoMm ja3epHO# (pJTyopecrieHTHON quar-
HOCTHUKH BBISIBUJIA IOBBIIIIEHHYIO0 NHTEHCUBHOCTh
dumoopecnennun kopepmenta HAJTH B kKoske B
rpynnax ¢ BBeJeHrueM KJI03alliHa 10 CPaBHEHUIO
Cc KOHTpoJIeM (B 2,3 pasda B rpynne I u B 1,9 pasa B
rpymre II). OgHAKO MEKTPYIIOBBIX Pa3IUIni 110
WHTEeHCUBHOCTH (pirioopectienuu @A/l u 3Hade-
HUAM PO He BBISIBUJIN.

[Ipu rucTo0rNYecKoM UCCIeJOBAHUHU Cpe-
30B cepjel] >KUBOTHBIX TIPYINbI «KJI03AMNH»,
BBISIBUJIM HEpPAaBHOMEPHOe KpOBEHAIIOJHEHUE,

fibers. The morphological alterations found in
groups 'Clozapine’ and ‘Clozapine + alcohol’ were
not observed in the control group of animals.

As it was mentioned above, in the groups of
animals that received Clozapine, the simultaneous
decreases of both ABP and peripheral blood flow
(in the skin) were observed. At the same time, in
those groups there was no significant difference in
the microcirculation parameters reflecting the os-
cillatory component of vessel tone regulation,

which evidences absence of a substantial effect of
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WHTEPCTUIINAJIBHBIN OTEK, CJIaIKH, TIepIeHIuKY-
JISIpHYI0 6a3aJIbHOM MeMOpaHe OpHUEHTAITHIO siEP
9HJIOTEIMOLUTOB, HEPaBHOMEPHYIO OKPACKY MUO-
KapAa C TUnepao3nHO(PUIBHBIMU Y4YaCTKAMU,
(¢pparmMenTaIno 1 BOJTHOOOPa3HYIO 1eOopMaInio
MBIIIIEYHbBIX BOJIOKOH (PUCYHOK).

Y BCeX KMBOTHBIX I'PYIIIbI «KJI03aIIAH+AJIKO-
TOJIb» BBISIBUJIA HEPaBHOMEPHOE KPOBEHAIIOJTHEHHE,
MEJIKOOYaroBble KPOBOU3JIUAHMS, HEPABHOMEPHYIO
OKpacKy MHOKapJa C THUIIep303UHO(PUIBHBIMU
y4acCTKaMU, BOJIHOOOPA3HYIO nedopMaliio
MBIITIEYHBIX BOJIOKOH. MOpdoJiorniecKrie u3MeHe-
HY, BbIAABJICHHBIE B IPYIIIAX «KJIO3AIINH» U «KJI03a-
MMTH+AJIKOTOJIb», He HAOJIIOMa I B KOHTPOJILHOM
T'pyIIe Y)KUBOTHBIX.

Kaxk ykaspIBas10Ch BbIIIE, B IPYIIIAX YKUBOT-
HBIX C BBEJ[eHHEM KJI03allnHa OTMEeYaJIv OTHOBpe-
MeHHOe CHU)KeHMe Kak AJl, Tak u nepudepuye-
CKOTO0 KpOBOTOKa (B Koke). [Ipu aTtoM B aTux
rpynax He BbISIBUJIN CyIeCTBEHHBIX pa3Inuui
II0 TapaMeTpaM MUKPOUMPKY/IALUY, OTpaskaro-
UM KOJIe0aTeJbHBIH KOMIIOHEHT DETyIsIun
TOHyCa COCY/IOB, YTO CBHAETETHCTBYET 00 OTCYT-
CTBUM 3HAYMMOI'O BO3JEHCTBUS KJIO3aIlMHa Ha
OCHOBHBIE aKTUBHBIE MEXaHU3MBI €I0 Pery/IAlnn
B KOsKe. TeM He MeHee, HeJIb351 UCKJIIOYUTh OTPU-
[aTeJIibHOE BJAWsIHWE KJI03allMHA HA peoJorude-
CKHe TOoKa3aTeJil KPOBU U TeMOCTa3, KOTOPbIe
Tak)Ke B 3HAUYUTEJIbHOW CTENeHU OIpPeJesisioT
COCTOSTHUE MUKPOLMPKYJIALNNA.

WameHenus GyHKIIMOHAIbHBIX IIOKa3aTesen
CepiedHO-COCYIUCTON CUCTEMBI, BbISIBJIEHHbIE Y
SKUBOTHBIX, II0JIy4aBIINX KJO3allMH, I[OATBEp-
SKIAI0TCA  MOP(OJIOTUYECKUMU  TIpU3HAKaMU
HapyIIeHns1 KpoBooOpaleHus B cepAiie (Hepas-
HOMEepHOe KPOBeHANOJIHEHNeE, CJIasKUA, THTEPCTHU-
[IUaIbHBIN OTEK, IePIEeHINKYIsIpHasA 6a3aaIbHON
MeMOpaHe OpHWeHTanus sAep 9HIOTETHUOINTOB,
MeJIKOOYaroBble KPOBOUIJIUSAHUA) U TOBPEKIE-
HUS MHUOKapjaa (HepaBHOMepHasi OKpacKa MHUO-
Kapja C TUNEep303UHO(MUIBHBIMU YyYacTKaMU,
dparmenTarus u BoJITHoOOOpasHasi gedopMariust
MbIIII€YHbBIX BOJIOKOH).

TakuM 0OpasomM, MmoJrydeHHbIe TaHHbIE CBU-
JeTeJIbCTBYIOT O TOM, 4TO Je¥ICTBHE KJIO3allnHa Ha
KpoBooOpartienne 00ycJI0BJIEHO, TPEKIE BCETO,
MMOBPEKJAeHNEM MUOKAp/ia U CHUKEHNEM Cepied-
HOro BBIOpOCa, a He COCYAMCTON HeIOCTaTo4-
HOCTbhI0. OTHOCUTEIbHAST OpamuKapaus, Ha0JII0-
Jasurascsa B rpynne I, Takyke MOKeT yKa3bIBaTh
Ha IIPSIMOe KapJIUOTOKCUUYECKOEe MEeNCTBUMN O0JTh-
IIUX 103 KJI03anurHa.

[ToBbIlIeHHAsI MTHTEHCUBHOCTD (DJIIOOPECITEH-
nuu kodepmenta HATH B rpynnax II u III mo
CPpaBHEHUIO C KOHTPOJIEM CBUIETEIbCTBYET O CHU-
SKEHUU CKOPOCTHU OKUCIUTETLHOTO MeTabom3Ma
B KJIETKAaX MCCJIELyeMOr0 peruoHa TKaHu [22].
Takoe HapyIlleHNE KJIETOYHOTO a3pOOHOr0 MeTa-

60JIM3Ma MOKET OBITh CJIEACTBUEM KAK IUPKYJIA-

Clozapine on the main active mechanisms of its
regulation in the skin. Nevertheless, Clozapine’s ad-
verse influence on rheological indices of the blood
and hemostasis, which also largely determine the
condition of microcirculation, cannot be ruled out.

The alterations of functional parameters of the
cardiovascular system found in animals that re-
ceived Clozapine are supported by morphological
signs of disturbed circulation in the heart (uneven
blood filling, sludge, interstitial edema, endothelio-
cyte nuclei oriented perpendicularly to the basal
membrane, fine-focal hemorrhaging) and my-
ocardium damages (uneven myocardium staining
with hypereosinophilic areas, fragmentation, and
undulating deformity of muscle fibers).

Hence, the data demonstrate that the effect of
Clozapine on blood circulation is, first of all, due to
myocardium damage and cardiac output reduction
rather than vascular insufficiency. Relative brady-
cardia observed in group II might also indicate di-
rect cardiotoxic action of large doses of Clozapine.

Increased fluorescence intensity of coen-
zyme NADH in groups II and I1I versus the control
testifies for the reduced rate of oxidative metabo-
lism in the cells of the tissue region [22]. Such dis-
turbance of the cellular aerobic metabolism might
result both from circulatory hypoxia (decreased
skin perfusion) and tissue hypoxia (direct influ-
ence of Clozapine on the processes of oxidative
phosphorylation in the mitochondria). Fluores-
cence parameters were registered at the back-
ground of inhalation anesthesia with delivery of
100% oxygen in all groups of animals. Therefore, it
is hardly probable that hypoxemia could be the
reason for aerobic metabolism changes observed.
Besides, absence of difference between the groups
under study in the FAD fluorescence intensity and
RR figures makes it somewhat difficult to find out
the mechanisms of oxidative metabolism changes
in this study [23].

It is also interesting to note that administra-
tion of ethyl alcohol combined with Clozapine to
animals did not significantly alter the effects of the
latter on the functional parameters with the excep-
tion of bradycardia in the Clozapine group.

Conclusion

In case of acute Clozapine poisoning, mor-
phological signs of circulation disturbance and my-
ocardium damage were found in the heart, which
is accompanied by the development of my-
ocardium dysfunction with arterial hypotension
and peripheral blood flow lessening as well as dis-
turbed oxidative metabolism in peripheral tissues.
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TOPHOI I'MIOKCUU (CHUKEHHe ITepdy3un KOKN),
TaK ¥ TKAHEBOU TMIIOKCUH (IIPSIMOe BJIUSTHUE KJIO-
3amnrHa Ha [IPOLeCChl OKUCIUTEIbHOT0 pochopu-
JIMPOBaHUA B MHUTOXOHIPUAX). Perucrpanuio
rnapamMeTpoB (QJII0OpeCcHeHIIMY TPOBOIUIN Ha
¢oHe UHTAJIAIMOHHOM aHecTe3nH ¢ Ttoaveit 100%
KHCJIOPOZA BO BCeX I'PyIIax »KUBOTHBIX. [loaTomy
MaJIOBEPOATHO, YTO TUITIOKCEMUsI MOLJIA CTaTh IIPU-
YUHON HaAOJII0JaeMbIX M3MEHEHUH adpoOHOTO
MeTtaboanama. Kpome TOTo, OTCYyTCTBHE Pa3/ MU
MEYKTy UCCJIelyeMbIMM I'PYIIIIAMU I10 UHTEHCUBHO-
ctu Qumoopecteniiuu PAJ] u 3uavenusim PO, B
oIpefieJIeHHOU CTelleHU 3aTPyJHsET BbIsIBJIeHUE
MEXaHN3MOB U3MEHECHU OKUCJIUTEJIBHOIO MeTa-
OoJiri3Ma B JTaHHOM HCC/eJoBaHuu [23].
HNHTEepecHO TakKe OTMETUTD, YTO BBEJCHUE
SKABOTHBIM pacTBOpPa 3TUJI0BOT'O CIIMPTA B COYeTa-
HUM C KJIO3AalIMHOM CYIIECTBEHHO HE MEHAJIO0
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3akJaoueHnue

IIpr OCTPOM OTpaBJEHUM KJIO3ATTUHOM B
Cep/iLie BBISIBJISTIOTCS MOP(OJIOrnYecKre IpU3Ha-
KU HapyIIeHus KpOBOOOPAIIeHUsI U TIOBPEsKIe-
HUSI MUOKAP/Ia, YTO COIIPOBOKIAETCSI PA3BUTHEM
IUCYHKIIMU MUOKap/Aa C apTepuaabHOU TUIO0-
TeH3Uel U CHUKeHneM reprudepryecKoro KpoBo-
TOKA, a TaK)Ke HAPYIIEHUSIMA OKUCITUTETHHOTO
MeTaboJim3Ma B epupepuiecKux TKaHIX.

BJiarogapHOCTh. ABTOPhI UICKPEHHE TPU3Ha-
TeJIBHEI 1. M. H., pod. A. M. losrybeBy 3a momo1ib
B MIPOBEJIEHNU UCCJIeJOBAHUS U ClleJIAaHHbIE [IEH-
HbIE 3aMeYaHusl.
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