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Iess uccaenoBanust: n3yveHue OOIIENATOTOTMIECKIX TPOIECCOB B JIETKUX B PA3JIMYHBIE CPOKH MTOCJIE OCTPBIX
OTPaBJIEHUI KJIO3AITMHOM 1 €r0 COYETAaHUEM C ITAHOJIOM.

Marepuajibl 1 METOBI. DKCIIEPUMEHTHI TIPOBOAMINCH Ha 25-1 OECOPOIHBIX Kpbicax-camiiax B Bospacre 20
Hezesb Maccoit 290—350 1. JKuBoTHble Oblin pasjie/ieHbl Ha 5 TPYIIL UHTAKTHbBIE KPbIChI — KOHTPOJIbHASL IPYIIIA
1; KpBICHI, BBIBEJICHHbIE U3 HKCIIEPUMEHTA Yepe3 3 U 24 yaca 1ocJjie OTPaBJIeHUs KJIO3AIMHOM — IPYIIILL 2, 3 COOT-
BETCTBEHHO; KPBICHI, BLIBEJICHHbIC U3 9KCIIEPUMEHTA Yepe3 3 1 24 yaca 1ocjie OTpaBIeHus KJI03alMHOM B cOYeTa-
HUW C 9TAHOJIOM — IPYIIIBL 4, 5 cooTBeTcTBeHHO. Kito3arit BBOMIIM T1epopasibHO B 03¢ 150 Musmrpamm Ha K-
JIOTPAaMM MacChl JKHBOTHOTO TI0J] HAPKO30M (XJI0pPOJa3a), CIUPT BBOAMIN C KJIO3AIMHOM MEPOPAJIBHO B 7103€ O
MUJLJIMJIUTPOB HA KUJIOTPAMM MAaCChl JKHBOTHOTO.

JKuBOTHBIE BCeX BbIILIEYKA3aHHbIX IPYIIIT BBIBOAUIKNCH U3 9KCIIEPUMEHTA I1yTeM jekanuTaiyu. OOpasiibl TKaHu
JIETKUX MCCIIEA0BAIMCH METOOM CBETOBOI MuKpockonuu Ha mukpockorne Nikon Eclipse E-400 ¢ Bugeocucremoii
Ha ocHoBe kamepbl Watec 221S (Anouwst) npu yBesudernnn X400.

O1eHIBAIOCH HAJIMYKE CIIEAYIONINX TIPH3HAKOB: PACCTPOICTBA KPOBOOOpaleH st (ITOJTHOKPOBIE, KPOBOU3JII-
SIHUST), HAJIMYKE aTeleKTa30B M JIMCTEIEKTA30B, HATMUne aM(U3eMbl, KIETOUHOI peakinn (yBeJUdeHne 4nucia
JIEHKOIIUTOB), CJIYIIUBAHNUE IIUTENHUS B IIPOCBET OPOHXOB, Hajnuue ciaika. MophoMeTpruuecKuii aHaius npoBo-
Juii ¢ ucnosibsopanuiem cetku LI Apranaunnosa. OuenuBanu (B 00beMHBIX IIPOIEHTAX, 00.%) coiepKaHue 110-
I3/Ib AJIbBEOJI, MEKAJIbBEOJISIPHBIX MEPErOPOIOK, COCY/I0B, JEHKOIUTOB, 10JII0 JEHKOIUTOB B MEKaIbBEOJISPHBIX
[IEPErOPOJIKAX, MJI0IIA/lb, 3AHATYIO OTEKOM 1 IUCTEJICKTa3aMHU.

Pesyabrarbl. Yepes 3 yaca mocJie 0TPaBIeHUs KJIO3AMUHOM ObLJIM BBISIBJICHBI Cle/Iyionme Mopdosornyeckue
U3MEHEHUS B JIETKUX: CITyLIIUBAHUE SIIUTENINS B IPOCBET OPOHXOB, KJIETOUHAsI PEaKlus — yBeJuueHue yucia Jei-
KOIIUTOB, HAJIMUNE ATEJIEKTA30B U IUCTEICKTA30B, YTOJIIEHUE MEKATIbBEOJIIPHBIX TIEPETOPOIOK 3a CUET OTEKA, MH-
(buprpanys MeskaIbBEOSIAPHBIX MEPEropoIOK JIEHKOIMTAMI; Yepe3 CyTKH T0CJIe OPABJICHUS OTMEUCHO Hajiuvue
ATEJICKTA30B U JINCTEJIEKTA30B B APEHXUME JIETKUX, a TaK:Ke MHQPUIBTPAIM JeHKOIUTaMu. B rpy1iie ;kiuBOTHBIX,
Y KOTOPBIX MOJEINPOBAIH OTPABJIEHUE KIO3AIUHOM B COYETAHUM € HTAHOJIOM, Yepe3 3 vaca ObLI OOHAPYIKEHBI
CJIeIyIoIue THCTOJOTHYECKHe U3MEHEHNST: CTYIINBAHUE JMUTEMS B TIPOCBET OPOHXOB, HAJIMYNE CEKPETa B MPO-
cBeTe GPOHXOB, KJIIETOYHAS PEAKIIUS, aTEIEKTa3bl U AUCTEEKTA3bl, IEPUBEHYJISIPHbIE KPOBOUSJIMSHUS, KPOBOUSJIU-
SIHUSI B QJIbBEOJIBI, KPOBOUBJIMSIHUSI B MEKAJIbBEOJISIPHbIE [IEPETOPOKH, PACIIMPEHIE IPOCBETa GPOHXOB, HAJIIMYKE
CJIAJIKA, YTOJIIIEHUE MEKaJIbBEOISIPHBIX TIEPEropo/IoK (3a cueT MH(MUABTPALUMHN JIEHKOIIMTAMU ), OTCJIONHKA H/I0Te-
JINS B COCY/IAX, @ 4epe3 CyTKU apTepuasibHOe MOJHOKPOBHE, KIETOYHYIO Peakins — yBeJndeHne Ynucia JeiKou-
TOB, aTEJIEKTA3bl U JIUCTEJNEKTA3bl, YTOIIEHUE MEKaIbBEOJISPHBIX IIEPETOPOIOK.

Bo Bcex OmnbITHBIX TPYIIIAX MPOCBET aJbBEOJI JOCTOBEPHO HUIKE TI0 CPABHEHUIO € TPYIIION KOHTPOJIS, a T1JI0-
I3/Tb TKAHU MEKaJIbBEOJISIPHBIX IT€PErOPOJIOK, HATIPOTUB, I0CTOBEPHO Bhiie. CyMMapHas 10T/ lb MUKPOCOCY/IOB
JIETKUX HE UMeeT JIOCTOBEPHBIX OTJUYNIT OT KOHTPOJIS Yepes3 3 yaca 1ocJie 0TpaBJieHus Kiao3annHoMm. OqHako ve-
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pe3 24 yaca OHa CTAHOBUTCS JOCTOBEPHO Oouibiite. Takike OTMEUAETCs IOCTOBEPHOE YBeJMYeHNe JJAHHOTO TI0Ka3a-
TeJisl OTHOCUTEIbHO KOHTPOJIS [IPH COUETAaHNN KJIO3aIHA € 9TAHOJIOM, TIPHYEM Kak yepes 3, Tak U dyepe3 24 yaca
110CJIe BBE/ICHUS JIAHHBIX BEIIECTB B OPraHU3M >KHBOTHBIX.

3axumovenue. [1py OTpaBIeHUN KIO3AIIMHOM U €r0 COYETAaHHEM € HTAHOJIOM PA3BUBAETCST KOMILIEKC O0IIerna-
TOJIOTHYECKUX TIPOIECCOB B JIETKHX: AJIBTEPAIHSI ATTUTEI I OPOHXOB U IHIOTEJIHSI COCYIOB, PACCTPOIICTBO KPOBO-
obpaliieHusi, HOBbIIIEHEe IIPOHUIIAEMOCTU COCYIOB, UH(MUIIBTPALIUS MEKAIbBEOJSIPHBIX T1€PEropoiok. Mopdouio-
IUYECKUEe U UMMYHOPEAKTUBHbIE M3MEHEHUsI MOTYT OBITb UCIIOJIb30BAHbBI JJisl OLEHKU CTEIIEHU BBIPAKEHHOCTU
O0IIENAaTONOTMYECKUX MIPOIECCOB MPH OTPABJIEHHU KJIO3AIMMHOM M €r0 COYETAHMEM C ATAHOJOM M YCTAHOBJICHUS
CPOKa X JIJaBHOCTH.

Knroueevte cnosa: KJ103anuw,; ImanoJi,; o6menam0ﬂ02uecxue npoueccol 6 J1eZKux; Mopgbomempuuecrcuﬁ anatus;
Kpumunajivrivle ompasjilenust

The aim of the study: to study general pathological processes in the lungs in different time after acute clozap-
ine and combined clozapine+ethanol poisonings.

Materials and methods. The experiments were performed on 25 outbreed male rats. The animals were divided
into 5 groups: 1) reference (intact rats); 2) clozapine poisoning, 3 hours; 3) clozapine poisoning, 24 hours; 4) com-
bined clozapine and ethanol poisoning, 3 hours; 5) combined clozapine and ethanol poisoning, 24 hours. Clozapine
was administered orally at a dosage of 150 milligrams per kilogram of the animal weight under anesthesia (chloro-
lase); alcohol was administered with clozapine orally at a dosage of 5 milliliters per kilogram of the animal weight.

Animals of all these groups sacrificed by decapitation. Lung tissue samples were examined by light microscopy using
a microscope Nikon Eclipse E-400 with a video system based on camera Watec 221S (Japan) at a 400X magnification.

We evaluated the presence of the following signs: circulatory disturbances (hyperemia, hemorrhage), presence
of atelectasis and dystelectasis, emphysema, cellular response (increased white blood cells count), desquamation of
epithelium into the lumen of the bronchi, sludge. A morphometric analysis was performed using a grid developed
by G. G. Avtandilov. The following signs were evaluated (volume percent, vol.%): the area of the alveoli, intraalve-
olar septi, vessels, white blood cells, the percentage of white blood cells in the intraalveolar septi , the area of the
edema and dystelectasis.

Results. the following histologic signs were found 3 hours after clozapine poisoning: desquamation of epithe-
lium into the lumen of the bronchi; cellular response (increased white blood cells count); presence of atelectasis
and dystelectasis; thickening of intraaveolar septi due to edema; infiltration of intraalveolar septi by WBCs.
Atelectasis and dystelectasis in pulmonary parenchyma and infiltration with WBC were observed 24 hours after
clozapine poisoning. In the group of animals treated with ethanol and clozapine and decapitated 3 hours after the
poisoning the following histological signs were detected: desquamation of epithelium into the lumen of the
bronchi, the secret in the lumen of the bronchi, cellular response, atelectasis and dystelectasis, perivenular hemor-
rhages, hemorrhages into the alveoli, hemorrhages into intraalveolar septi, dilation of the lumen of the bronchi, the
presence of sludge, thickening of intraalveolar septi (due to infiltration with WBCs, detachment of the endotheli-
um in blood vessels. Arterial hyperemia, cellular response (increased of WBC count), atelectasis and dystelectasis,
and thickening of intraalveolar septi were found 24 hours after combined ethanol and clozapine poisoning.

In all study groups the lumen of the alveoli was significantly smaller as compared to the reference group, but
the area of the intraalveolar tissue, on the contrary, was significantly greater. The total area of pulmonary microves-
sels did not differ significantly from the reference group 3 hours after clozapine poisoning. It became significantly
higher 24 hours after the poisoning. A significant increase in this parameter vs. the reference group was found both
3 and 24 hours after the administration of the combination of clozapine with ethanol by animals.

Conclusion. In clozapine and clozapine + ethanol poisoning, a certain complex of general pathological process-
es in lungs develops. There are alteration of bronchial epithelium and the vascular endothelium, circulatory disor-
der, increased vascular permeability, infiltration of intraaveolar septis. Morphological and immunoreactive changes
can be used for valuation of severity of general pathological process in acute clozapine and clozapine + ethanol poi-
sonings and determination of the exact time of the poisonings.

Keywords: clozapine; ethanol; general pothological processes in the lungs; morphometric analysis; criminal poi-
sonings
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Beenenne

OcTpble OTpaBJeHNUS TCUXOTPOITHBIMH JIeKap-
CTBEHHBIMH TIpeTIapaTaMy TO-TIPEeKHEeMY MpPeCTaB-
JSTIOT c0O0I O/IHY 13 CepbesHemX mpodeM coBpe-
MEHHOTO 37ipaBooxpaHeHus [1—4]. B wactHOCTH, B
nocenane roael B Poccnu 6bl10 3ahuKCUpoBaHO
3HAUNTEIBHOE YNCJIO OTPABICHUI aTUIIYHBIM Heli-

Introduction

Acute poisonings with psychotropic drugs
remains the one of the greatest challenges of modern
healthcare [1—4]. Particularly, a great number of poi-
sonings with an atypical neuroleptic clozapine (lep-
onex, azaleptin, clozaril etc.) was observed in Russia
over the previous years. The peak number of such poi-
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POJIENITUKOM — KJIO3AITMHOM (JICTOHEKC, a3aJIelTHH,
KJI03apua 1 T.21.). IIuk aTnx oTpaBieHUi mputesncs
na 2006—2009 rr., onHaKo, Mo3Ke OBLT OTMEUCH He-
KOTOPBIH CITajl B CBSI3U C YCUJIEHNEM KOHTPOJIS 32 OT-
MyCKOM 3TOTO TpenapaTa u3 armTex.

JleTasibHOCTH TIPU OTPABJIEHUU KJIO3AMMUHOM
JIOCTaTOYHO BBICOKA M COCTABJISIET, IO JAHHBIM POC-
cuiickux aBTopos, 12—18% [5—8], mo manubiM 3apy-
6exubIx aBTopoB — 10% [9—11]. IIpu ogHOBpEMEH-
HOM TMpHeMe KJO3AMMHA C ITAHOJOM, UTO TaKKe
YaCcTO BCTPEUaeTCst B CyAeOHO-MEIUIIMHCKON MpaK-
TUKE, 0TMEYAETCsT BO3PACTAHUE TSKECTH CYIIPECCHB-
HOTO JIEUCTBUS KJIO3allMHA HA YeJTOBEYECKUIT opra-
Hu3M. Takue OTpaBjieHHs XapaKTePU3YIOTCs ele
6osee BLICOKOT setambrocThIo (30%) [12].

Kinnunueckue mposiBienust OTpaBIeHMil KJI03a-
MUHOM XapaKTePU3YIOTCs TIyOOKUM YrHETCHUEM
(hyHKIIMI 1eHTpasIbHON HEPBHOW CHUCTEMBI, CTETIEHb
BBIPAKEHHOCTH KOTOPOTO 3aBUCUT OT KOHIIEHTPATIHH
nperapata B kpoBu [13—17]. IIpu moporoBbix 3Have-
HUSIX OTMEYAETCS BSLTOCTD, COHJTUBOCTD, AINHAMUS, B
TO BPEMST KaK MPU KPUTHYECKUX U CMEPTENHHBIX —
KOMAaTO3HOE COCTOSIHVE PA3JIMIHON TITyOUHBI, HAPy-
nrenvie (hyHKIIUK BHETTHETO JBIXaHs, (HEPEIKO Tpe-
Gytoriee mposeeruss IBJT), HecTaOMIBHOCTh TEMO-
JIUHAMWKH, OOYCJOBJICHHAST MAaJjbIM CEPACUHBIM
BbIOpOoCcOM. KOMaTo3HOMY COCTOSTHUIO MOTYT TPeil-
[IECTBOBATH CITyTAHHOCTH CO3HAHUS, 3PUTETbHbIE
raJUTIOIMHAIIAH, TICHXOMOTOPHOE BO30YIKICHIE, TH-
nepcanuBaius [ 18, 19].

B cuity cBoell HeoueBUAHOCTH, BCE CITydau, OI0-
3PUTEJIbHBIE HA OTPABJEHUE KJIO3AMMHOM, MOJIERKAT
cyneOHO-MeMUTIMHCKOMY ccaenoBanmio [20]. Bmecre
¢ TeM, CyleOHO-MEIUIINHCKAsT TMAaTHOCTUKA OTpaBJIe-
HUI 9TUM TIPErapaTtoM 0 HACTOSIIETO BPEMEHU 3a-
TpysHeHa. OOBIYHO YCTAHOBJICHUE JIMArHO3a B TaKUX
CHUTYaIMSIX TPOU3BOIUTCS KOMILIEKCHO C YYETOM KJTH-
HUKO-aHAMHECTUIECKIX, CEKIIMOHHBIX, THCTOJIOTIYEC-
KIX, OMOXUMUYECKUX JIAHHBIX U KOJMUECTBEHHOTO OTI-
peeTeHtst COMEPKAHIS KI03aMHa B GHOMOTITIECKITX
cpemax opranusama. Mopdosorndeckue M3MeHeHNUsT
MIPU OTPABJIEHUSX KJIO3ATIMHOM HE SIBJITIOTCSI CITEITH-
(bUIHBIMU ¥ TIPOSIBJISTIOTCST B OCHOBHOM JIUCITUPKYJISI-
TOPHBIME PACCTPOHCTBAMU U AUCTPODUUECKUMU 13-
MEHEHUSIMU TTAPEHXUMATO3HBIX OPraHoB [21].

CorlacHO [MaHHBIM JIUTEPATYPBHI, KJIO3AMUH U
€ro MeTabOTNTDHI HAKATLIMBAIOTCS B JIETKUX [22—24].
Berpeuarorest uiib OTHETbHBIE PabOTHI 3apybesk-
HBIX aBTOPOB, B KOTOPBIX MPUBOASTCS JaHHBIE O Ta-
TOJIOTUYECKUX M3MEHEHWSX B JIETKUX TIPU OTPaBJie-
HUW  Kiao3amuHoM. Hampumep, coobmraercss o
pasBUTHH JTUMQOIUTAPHOTO ATHBEOJIUTA, TPEIIOIO-
JKUTETHHO CBSIBAHHOTO C CHCTEMATUYECKUM MpUMe-
Henne kiaozanuua [25]. Ommcan ciaydail pasBuThs
WHTEPCTUIIHATBHON THEBMOHWK Y TAllHeHTa, pabo-
TaBIIETO B TIPOU3BOJCTBEHHOM OT/IEJIE ATITEKU U KOH-
TaKTUPOBABIIIETO C MOPOIITKOM KJIO3AMUHA B TEYEHHUE
HECKOJBKUX JieT [26].

sonings was observed in 2006—2009, however, a slight
decrease was observed later due to increased surveil-
lance over the drug dispensing from pharmacies.

The mortality rate due to clozapine poisonings is
high and reaches 12—18% and 10% according to
Russian [5—8] and international authors, respectively
[9—11]. In case of simultancous administration of
clozapine and ethanol, which is often observed in foren-
sic practice, the severity of suppressive effect on the
human organism even increases. Such poisonings are
characterized by a higher mortality rate (30%) [12].

Clinical manifestations of clozapine poisonings
are characterized by severe depression of central ner-
vous system functions, the severity of which depends
on the drug concentration in blood [13—17]. At
threshold concentrations lethargy, drowsiness, ady-
namy are present, while in critical and fatal concen-
trations there may be coma of various depth, impair-
ment of external respiration function (often
requiring mechanical ventilation), hemodynamic
instability due to low cardiac output. Coma may be
preceded by confusion, visual hallucinations, agita-
tion, and hypersalivation [18, 19].

All the cases suspicious for poisoning clozapine
are subject to forensic examination because of their
non-obviousness [20]. However, forensic medical
diagnosis of poisonings with this drug is still chal-
lenging. A complex diagnostics including clinical-
anamnestic, sectional, histological, biochemical data,
and quantitative measurement of clozapine in body
fluids is usually performed. Morphological changes
in case of clozapine intoxications are not specific and
include mainly discirculatory disorders and degener-
ative changes in parenchymatous organs [21].

According to the literary data, clozapine and its
metabolites accumulate in the lungs [22—24]. There
are several studies describing pathological changes in
the lungs in clozapine poisonings. For example, a case
of lymphocytic alveolitis, presumably associated with
systematic use of clozapine [25] and a case of pneumo-
nia in a patient who worked in the pharmacy produc-
tion department and was exposed to clozapine powder
for several years were reported [26].

Thus, morphological changes in the lung were
studied presumably at late stages of the pathological
process. At the same time, the features of the mor-
phological changes in the lung at early stages remain
unclear, which makes it impossible to speak about
the mechanisms of their development and to estab-
lish the time and the sequence of their occurrence.

Aim — to study general pathological processes
in the lungs in different time after acute clozapine
and combined clozapine+ethanol poisonings.

Materials and Methods

The experiments were performed on 25 outbreed male
rats aged 20 weeks and weighting 290—350 g. The animals
were divided into 5 groups:

www.reanimatology.com

GENERAL REANIMATOLOGY, 2017, 13; 4



DOI:10.15360,/1813-9779-2017-4-22-29

9KCH€pV1M€HT3AbHH€ MCCACAOBAHMI

Takum 006pasoM, MOp(hOJOrHIecKie H3MEHE-
HUS B JIETKUX U3yYEHBI B OCHOBHOM Ha TO3/HUX CTa-
JINSX Pa3BUTHA TTATOJIOTUIECKOTO TTpotiecca. B To ke
BpeMsT OCOOGEHHOCTH MOP(MOTOTHIECKUX M3MEHEHUI
JIETKUX HA PAaHHUX CTAANSIX U3yYeHBbI HEIOCTAaTOTHO,
YTO He JIaeT BO3MOKHOCTH CO BCEW OTpefiesIeHHOC-
THIO BBICKA3aThCSI O MEXaHM3MaX Pa3BUTHUS TATOJIO-
TUYEeCKUX N3MEHEHNH JIETKUX U YCTAHOBUTH CPOKU U
TTOCJIeIOBATETHPHOCTD NX BO3HUKHOBEHUS.

ITesb ucceoBalUsT — U3ydeHue 00IIENaToo-
TUYECKUX TIPOIECCOB B JIETKUX B PA3JNYHBIE CPOKU
TTOCJIe OCTPBIX OTPABJIEHNH KJIO3AMTHOM U €TO cove-
TaHWEM C 9TAHOJIOM.

Marepuan u MeTOIbI

IKCIepUMEHTbI POBOJAMIN Ha 25-u OecIopopHbIX
Kpbicax-camiax Bospacra 20 men. maccoit 290—350 r. JKu-
BOTHBIX PAs/IeJIUIN Ha 5 TPYIIN: MHTAKTHbIE KPBICHI — KOH-
TPOJIbHAS IpyTia 1; KPbIChI, BBIBEJECHHBIC M3 9KCIIEPUMEH-
Ta yepe3 3 u 24 yaca 1ocJje OTPaBJICHUS KJIO3AIMUHOM —
IPYIIIBI 2, 3 COOTBETCTBEHHO; KPHIChI, BBIBEIEHHDIE U3 IKC-
NepuMeHTa yepe3 3 1 24 yaca 1ocJie OTPaBJIeHUsT KI03aITH-
HOM B COYETAHWUU C ITAHOJIOM — TPYIIIbI 4, 5 COOTBETCT-
BEHHO.

Kiozans BBOAMIN TiepopasibHO B j03e 150 Musim-
rpaMM Ha KHJIOTPAMM MAcCChl JKHUBOTHOTO TIOJ[ HAPKO30M
(xJ10p0JIa3a); CUPT BBOJIMJIU € KJIO3AITIHOM I1EPOPATBHO B
J103€ 5 MIJIJIIJINTPOB HAa KUJIOTPAMM MacChl ;JKUBOTHOTO.

JKMBOTHBIX BCeX BBIMIEYKA3aHHBIX IPYII BBIBOIUIN
U3 9KCIepUMeHTa nyTeM jekamuranuu, OOpasiibl TKaHU
JIETKUX (DUKCUPOBAINCH B 4% HeHTpajbHOM mapadop-
MasibJieTi/Ie 1 Jajee 00pabaThiBasIy M0 OOIIENPUHATON Me-
ToziuKe. V3roTaBIMBaIM TUCTONOTMYECKUE CPE3BI TOJIIIH-
HOIT 5 MKM, HAHOCHJM Ha NpPeAMETHble CTeKJa U
OKpaIlIMBAJIN TEMOTOKCUJIMHOM ¥ 203MHOM. [Iperapatbi
HCCJIEIOBAJIN METO/IOM CBETOBOI Mukpockonuu B 10 10-
ssix 3penust Ha mukpockore Nikon Eclipse E-400 ¢ Buzeo-
cucteMoil Ha ocHOBe Kamepbl Watec 221S (Anonwus) npu
yBennuennn 400X,

OreHnBaI HATTMYWE CJIEIYIONUX MTPU3HAKOB: PACCT-
poiicTBa KpoBooOpaiieHust (IIOJTHOKPOBUE, KPOBOU3JIMSI-
HUsI), HAJUUME aTEJICKTa30B W JIMCTEJIEKTA30B, HaJIUune
aMDU3eMbI, KJIeTOYHOI peakiiuu (yBeJndyeHre Yucia Jei-
KOILIUTOB), CJIyIIIUBAHUE IUTEHUSI B IIPOCBET OPOHXOB, Ha-
Juuue craajpka. JlJist moATBepIKIeHusT 10CTOBEPHOCTH T10-
SIBJIEHWSI TOTO WMJIM WHOTO THCTOJIOTHYECKOTO IPH3HAKA
mosb3oBasuch kputeprem Duriiepa. [TostBrerue mpusnaka
CUMTAJIM JOCTOBEPHBIM, €CJIM OH HE BBISIBJISJICS HU B OJTHOM
cJTydyae B OJIHOW M3 TPYIIIT U MOSIBJISIICS B YETBIPEX WJIN TisI-
TH CJIy4asiX B IPYTOil.

MopdomeTpruecknii aHaIN3 MPOBOIIIN C UCTIOTH30-
parueM cetku I. I Aranguiaosa. OueHuBanu B 00beMHbIX
nporeHTax (00. %) cieayroliue OKa3aTesi: IPOCBET allb-
BEOJI, MEKAJIBBEOJISIPHBIC TIEPETOPOIOKHU, COCY/IbI, JIEHKO-
IIUTBI, JI0JIIO JIEFKOIUTOB B MEXKAJIBBEOJISIPHBIX TIEPETOPOJI-
Kax, IJI0TIA/Ih, 3AHSTYIO OTEKOM U JINCTETEKTA3aAMU.

Cogeprkarivie JKHBOTHBIX  pabOTy ¢ HUMU TIPOBOJINIIN B
cootBeTcTBUN ¢ Tiprkazom Mumsapasa CCCP Ne 755 or
12.08.1977 r. u Eporneiickoit KonBeniiueii o 3aiure mo3Bo-
HOYHBIX JKHBOTHBIX, HCIIOJB3YEMBIX /ST IKCIIEPUMEHTOB
WM B UHBIX Hay4yHbIX 1eqsx (CrpacOypr, 18.03.1986 1.).

1) reference (intact rats);

2) clozapine poisoning, 3 hours;

3) clozapine poisoning, 24 hours;

4) combined clozapine and ethanol poisoning, 3 hours;

5) combined clozapine and ethanol poisoning, 24 hours.

Clozapine was administered orally at a dosage of 150
milligrams per kilogram of the animal weight under anes-
thesia (chlorolase); alcohol was administered with clozap-
ine orally at a dosage of 5 milliliters per kilogram of the
animal weight.

Animals of all these groups sacrificed by decapitation.
The samples of lung tissue were fixed in 4% neutral
paraformaldehyde and then processed using a standard
technique. 5 pm thick histological slides were prepared; they
were placed onto microscope slides and stained with hema-
toxylin and eosin. The slides were examined by light
microscopy in 10 viewing fields using a microscope Nikon
Eclipse E-400 with a video system based on camera Watec
2218 (Japan) at 400X magnification.

We evaluated the presence of the following signs: circu-
latory disturbances (hyperemia, hemorrhage), presence of
atelectasis and dystelectasis, emphysema, cellular response
(increased white blood cell count), desquamation of epitheli-
um into the lumen of the bronchi, sludge. To confirm the sig-
nificance of the occurrence of histological characteristics,
Fisher's ratio test was used. The presence of a sign was con-
sidered significant, if it was not detected in any case in one of
the groups and appeared in four or five cases in the other.

A morphometric analysis was performed using a grid
suggested by G. G. Avtandilov. The following signs were
evaluated (volume percent, vol. %): the area of the alveoli,
intraalveolar septi, vessels, white blood cells, the percent-
age of white blood cells in the intraalveolar septi , the area
of the edema and dystelectasis.

The animals were kept and handled in accordance to
the Order No. 755 of the Ministry of Health of the USSR
as of 12.08.1977 and the European Convention for the
Protection of Vertebrate Animals Used for Experimental
and other Scientific Purposes (Strasbourg, 18.03.1986).

The statistical data processing was conducted using
the MS Excel software. The mean value and the standard
error of the mean were calculated. To determine the signif-
icance of the data, the Mann-Whitney U-test was used
(the data were considered significant at P<0.05).

Results and Discussion

No pathological changes were observed in the
lungs of the animals from the reference group (Fig. 1, a).

Three hours after clozapine intoxication the
following histologic signs were detected:

e Desquamation of epithelium into the lumen
of the bronchi (Fig. 1, b).

* Cellular response: increased count of lym-
phocytes, WBC (segmented neutrophils) in
intraaveolar septis.

* Presence of atelectasis and dystelectasis.

» Thickening of intraaveolar septi due to
edema.

There were observed atelectasis and dystelecta-
sis in the lungs and infiltration of intraaveolar septis
with WBC 24 hours after poisoning with clozapine.
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CTaTucTUYeCKyIO 06 3.6OTK €3yJIbTAaTOB HCCJIe/[0Ba-
HHS POBOLII By 1 OleaMM ey &Sy Excel. Borau CIJII J— In the group of animals treated with ethanol and
cpeniee srauene, omm6Ky cpesrero. st onpenesrerms | Clozapine and decapitated 3 hours after the poisoning
JI0CTOBepHOCTH rosyuennbx Aannbix npumensin U-kpu- | the following histological signs were detected:
Tepuit Manna-YutHu (3a I0CTOBEPHOCTH TPMHUMAIK Pa3- » Desquamation of epithelium into the lumen
HocThb cpennux npu p<0,05). of the bronchi.
¢ The secret in the lumen of the bronchi.
PesyabraThl U 00CyK/IEHHE * Cellular response.
» Atelectasis and dystelectasis.
B rpyrine KOHTPOJIST MATOJOTHYECKIX U3MEHe- * Perivenular hemorrhages.
HUIT B JIETKUX JKUBOTHBIX He BbIsBUIM (puc. 1, a). * Hemorrhages into the alveoli.
Yepes 3 gaca mocsie OTPaBICHUS KIO3AMMMHOM * Hemorrhages into intraalveolar septi.
BBISIBUJIN  CJICAYIONTHE MOPMOTIOTHUECKUE M3MEHEe- * Dilation of the lumen of the bronchi.
HUS B JIETKHUX: * The presence of sludge.
o CuymuBaHue STUATEIUS B IPOCBET GPOHXOB » Thickening of intraalveolar septi (due to
(puc. 1, b); infiltration with WBCs).

P, ¥ g Q\ .
a. Reference group

P

b. 3 hours after clozapine poisoning

¢. 24 hours after clozapine+ethanol poisoning

IIpenapar 1erkoro KpbIChI.

Rat's lung tissue samples.

Note. Magnification: X400. Hematoxylin and eosin stain.

a: No pathological changes are observed. b: Desquamation of epithelium into the lumen of the bronchi. ¢: Cellular response (increased
WBC count), thickening of intraalveolar septi.

IIpumeuanne. YB. X400; okpacka reMaTOKCUINHOM M 903MHOM. a: IpyIiia KOHTPOJISI — IATOJOTMYECKIe U3MEHEHUsI OTCYTCTBYIOT.
b: 3 waca 1ocsie OTpaBJICHUS KJIO3AIMHOM — CJAYIMBAHUE DIUTEIUST B IPOCBET GPOHXOB. ¢: 24 vaca MocJe OTPaBJIeHUsT KI03aIt-
HOM+3TAHOJOM — KJICTOYHAs! peakins (YBeJuueHne YicIa JCHKOIUTOB), YTONIICHUE MEKaIbBCOJISIPHBIX TIEPETOPOJIOK.
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o Krerounas peaknus: yBeJudeHUE YUCJIA
JUM(OITUTOB, CETMEHTOSIZICPHBIX JIEHKOIUTOB B Me-
JKATTHBEOJISIPHBIX MTEPETOPOIKAX;

*  Hasmume aTeekTa3oB U UCTEIEKTA30B;

*  YTOmIeHne MeKaJTbBEOJISPHBIX TEPEropo-
JIOK 32 CYeT OTeKa.

[Tocsie oTpaBIeHMs KI03aTMHOM Yepes 24 Jaca
OTMEYAETCST HATTMYNE aTEJIeKTAa30B M JIUCTEJICKTA30B
B JIETKUX, a Takke WHOUIBTPAIIUS MeKaTbBEOSIP-
HBIX TIEPETOPOJIOK JIEHKOITUTAMU.

B rpymnme JKMBOTHBIX, Y KOTOPBIX MOJICTUPOBa-
HUU OTPaBJieHUE KJIO3ATMHOM B COUYETAHUU C TAHO-
JioM, yepe3 3 daca OGHAPY KN CIIEAYIONIHE THCTO-
JIOTUIECKIE NU3MEHEHUS:

o CuymmBaHue SMUTENS B TPOCBET OPOHXOB;

* Hasmuue cekpera B ipocsere GPOHXOB;

* Kierounas peakius;

* ATeJeKTa3bl U ANCTETEKTA3bI;

* IlepuBenHyAspHBIE KPOBOUBIHUSHUS;

*  KpoBou3IMSHUS B aJIbBEOJIBI;

* KpoBousmsiHus B MeKaJIbBEOJISIPHBIC Tie-
PETOPOIIKY;

* Pacmmpenue pocsera GPOHXOB;

e Hanwume caamxka;

*  YTOmIeHne MeKaTbBEOJSPHBIX TEPeropo-
MoK (3a cueT WHUABTPAITUN JIEWHKOITUTAMN );

e Orcrolika SHAOTENUS B COCYIAX.

UYepes 24 daca 1ocyie COYETAaHHOTO BO3JEHCT-
BHS KJIO3AlMHA W 9TAHOJA JOCTOBEPHBIM CUUTAJH
HaJIMIue CIEAYIONNUX THCTOOTMIECKUX N3MEHEHUI:

* ApTepuaibHOE IOTHOKPOBUE;

* Krerounas peaknus (puc. 1, ¢);

* ATeJeKTa3bl U ANCTETEKTA3bI.

Pesysbratel  MOp(hOMETPUUECKOTO aHaIN3a
MPEICTaBUIIN B TabJIHIIE.

W3 tabauiibl BUIHO, YTO BO BCEX OIBITHBIX
rpynmnax TPOCBET aJbBEOJ JOCTOBEPHO HUXKE IO
CPaBHEHUIO C TPYIIION KOHTPOJIS, a TIIOMAh TKAHH
MEKATbBEOJISIPHBIX TTEPETOPOIOK, HATIPOTUB, JIOCTO-
BEPHO BBITIIE.

MopdomeTpuyeckuii aHaIU3 r’HCTOJIOTHYECKUX CPE30B.
Morphometric analysis of histological slides.

* Detachment of the endothelium in blood
vessels.

24 hours after a combined ethanol and clozap-
ine poisoning the following histological changes can
be considered reliable:

 Arterial hyperemia.

* Cellular response (Fig. 1, ¢).

* Atelectasis and dystelectasis.

The results of the morphometric analysis
(table) demonstrate that in all study groups the
lumen of the alveoli was significantly smaller as com-
pared to the reference group, but the area of the
intraalveolar tissue, on the contrary, was significant-
ly greater.

The total area of pulmonary microvessels did
not differ significantly from the reference group 3
hours after clozapine poisoning. But it is significant-
ly higher 24 hours after the poisoning. A significant
increase in this parameter was found vs. the reference
group both 3 and 24 hours after the administration of
the combination of clozapine with ethanol by ani-
mals.

The WBC count estimated by their area in
intraalvolar septi tissue was considerably higher in
all study groups than in the reference group. A sig-
nificant increase in the area of dystelectasis was
found 24 after clozapine and 3 and 24 hours after
clozapine and ethanol intoxication.

Lung perivascular edema, plethora and hemor-
rhages were observed in the groups of animals treat-
ed with clozapine and a combination of clozapine and
ethanol. These disorders may occur due to increased
permeability of microcirculatory vessels caused by
hypoxia of a combined etiology. The destruction of
epithelium observed in clozapine and clozapine-
ethanol intoxication occurred due to direct toxic
effects of clozapine on epithelium cells which was
accompanied by the increase of lipid peroxidation
and impairment of antioxidant defense system of
blood [27, 28].

Parameters Values of parameters in groups
reference clozapine clozapine+ethanol
{st 9nd 3d 4th 5th
The lumen of the alveoli , vol.% 65.82%0.57 40.28+0.88* 33.01+0.88* 37.92+0.93* 34.07+0.89*
The tissue (intraalveolar septi), vol.% 23.97+0.43 49.36+0.69*  54.21+0.78*  47.84%0.82*  51.04+0.89*
Vessels, vol.% 5.04%0.23 5.47%0.16 7.05£0.27* 8.91£0.31* 9.07£1.09*
WBC, vol.%, 2.78+0.09 12.12+0.23* 12.16+0.27* 13.11+0.30* 8.59+0.19*
The volume share of WBC in the tissue 11.74%0.31 25.42+0.44*  23.15%0.44%  27.53+0.51* 18.72+1.90*
Dystelectasis, vol.% 0.027£0.027 0 4.80+0.23* 2.52+0.16 * 3.21£0.16*
Edema, vol.% 0.027+0.027 5.92+0.23* 5.36£0.31* 4.09+0.19* 5.36%0.28 *

Note. * — The parameters that significantly differ from the reference group 1 at P<0.05.
Ipumeyanne. Parameters — napamerpor;Values of parameters in groups — 3nadenus napamerpos B rpynmax; The lumen of the alveoli,
vol.% — mpocset anbBeod, 06.%; The tissue (intraalveolar septi) — Tkanb (MeskambBeossiprble eperopoakn ); Vessels — cocyas;WBC —
neiikonuter; The volume share of WBC in the tissue — oGbemuas nous aeiikonutos B Tkauu; Dystelectasis — naucrenexrassr; Edema —
OTeK. * — I0Ka3aTeJiu, JOCTOBEPHO OTJIMYAIONIMECS OT KOHTPOIIbHOI rpymmbt 1 mpu p<0,05.
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UYepes 3 yaca mocie OTPaBIEHUS KJIO3ATTIMHOM
CyMMapHasi TJIOTAb MUKPOCOCYIOB JIETKUX HE UMe-
€T IOCTOBEPHBIX OTJINYHH OT KOHTpOJsA. OmHaKo de-
pe3 24 yaca OHa CTAHOBWTCSI JIOCTOBEPHO OOJIBIIE,
Uepes 3 u 24 yaca 1ocyie BBe/IEHUS B OTPAHU3M K-
BOTHBIX KJIO3AMMMHA C 9TAHOJIOM TaK:Ke OTMETUJIN JI0-
CTOBEPHOE YBETUYEHNE JAHHOTO MOKA3aTesss OTHO-
CUTEIBHO KOHTPOJIS.

KosnuecTBO JIEHKOMTOB, OIlEHUBAEMOE TIO
TJTOIIA/IN, 3AHIMAEMON UMU B TKAHHT MEKATbBEOJISP-
HBIX MEPETOPOJIOK, OBLIO JOCTOBEPHO BBIIIE BO BCEX
OTIBITHBIX TPYIIAX 110 CPABHEHUIO C KOHTPOJHHOM.
Uepes 24 dwaca mocJie OTPaBIECHUS KJIO3AMMHOM, a
TaksKe yepe3 3 M 24 yaca Ipyu COYETAaHHOM BO3JIEHCT-
BUU KJIO3AMUHA C HTAHOJOM, OTMETUJIN yBEJNIEHUE
TIJTOTIA/IN TNCTEICKTA30B.

[TosiBenne B JIETKUX TEPUBACKYJISIPHBIX OTe-
KOB, MTOJTHOKPOBUSI U KPOBOUBJIUSHUIT HAOIIOIAIN B
rpyIax KUBOTHBIX, M30JUPOBAHHO TOJIYJIABIINX
KJIO3AIH, U KOMOWHAIMIO KJIO3AlMHA ¥ 9TaHOJA.
MOJKHO MTPEATTOIOKNATE, 4TO 3TO 06YCIOBIEHO TOBBI-
MIEHWEM TPOHUIIAEMOCTH COCYZOB MUKPOIIMPKYJIS-
TOPHOTO PYCJIa, B TOM YHCJIE TUITOKCHENH KOMOMHUPO-
BaHHOTO reHesa. Habmogaemoe mpu n301MPOBAHHOM
BBEJICHUN KJIO3allMHA U KOMOWHUPOBAHHOM BBeJE-
HUU KJIO3aITMHA U ATAHOJIA TTOBPEXKIEHNE AMTUTENS,
M0 BCeH BUAUMOCTH, OOYCIIOBIECHO HEMOCPEICTBEH-
HBIM TOKCUYECKUM BJIMSTHUEM KJIO3AITHA HA KJIETKH
AMUTEITUS, COMPOBOKIAIONIUMCS YCUJIEHUEM TIPO-
recca nepekncHoro okuciaerus gununaos (I1OJI) u
HApyIIEHNEM AHTHOKCUAAHTHON CHUCTEMBI 3alllUThI
KkpoBm [27, 28].

W3BecTHO, YTO TOBBIIEHNE WHTEHCHUBHOCTU
[TOJI n pazBuTHE OKCHIATUBHOTO CTPECCA IPUBOIAT
K YCUJIEHUIO AUCTPOPUIECKIX TTPOTIECCOB, TIOBPEK-
JIEHUEO0 GPOHXOATBBEOJISIPHOTO SMUTEIHSI, YTPATE €TO
GapbepHO (yHKIMK. TToBbBIIIEHNE arperannoHHON
AKTUBHOCTH SPUTPOIMTOB M TPOMOOIMTOB, HAOJIIO-
JIaeMble TIPU U30JIMPOBAHHOM OTPABJIEHIH KJIO3AITHN-
HOM ¥ KOMOWHUPOBAHHOM OTPABJICHUHU KJIO3ATIMHOM
U 9TAHOJIOM TIPETIONOKUTEIBHO CBSA3aHBI ¢ OJIOKA-
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It is known that the increase of lipid peroxida-
tion intensity and the development of oxidative
stress cause result in enhancement of degenerative
processes, damage of the bronchial epithelium and
loss of its barrier function. Increased aggregation
activity of RBCs and platelets observed in clozapine
poisoning and combined poisoning with ethanol and
clozapine occured presumably due to blockade of
5-HT3 receptors in platelets, according to pub-
lished data [14, 15, 29].

Conclusion

In clozapine and clozapine + ethanol poisoning,
a certain complex of general pathological processes
in lungs develops. There are alteration of bronchial
epithelium and the vascular endothelium, circulato-
ry disorder, increased vascular permeability, infiltra-
tion of intraaveolar septis. Morphological and
immunoreactive changes can be used for valuation of
severity of general pathological process in acute
clozapine and clozapine + ethanol poisonings and
determination of the exact time of the poisonings.

noi 5-HT3 penentopos B TpoMOOIMTAX, UTO COTJIA-
CYETCsi C PSIIOM JIMTEPATYPHBIX JlaHHbIX |14, 15, 29].

3akjaoyeHue

[Ipu oTpaByieHUH KJIO3ATIMHOM M €r0 COYeTaHu-
€M C 9TaHOJIOM Pa3BUBAETCSI KOMILIEKC O0IIENaToI0-
TMYECKUX TIPOIIECCOB B JIETKUX: ajbTepaiius dMuTe-
Jiust OPOHXOB W 9HAOTENUST COCY/IOB, PACCTPOICTBO
KPOBOOOPAIICHUSI, MOBbINIIEHUE MTPOHUIIAEMOCTH CO-
CYZIOB, WHMDUIBTPANNSI MEKATbBEOSIPHBIX TIEPETO-
ponok. Mopdomornyeckne M WMMYyHOPEaKTHBHBIE
U3MEHEHUSI MOTYT ObITh UCIIOJB30BaHBI JIJIST OIICHKU
CTETIEHU BBIPAKEHHOCTH OOIIENaTOJIOTHYECKUX TTPO-
IIECCOB MPHU OTPABJIEHU KJIO3AMMITHOM U €T0 COUeTaH!-
€M C HTaHOJIOM W YCTaHOBJICHUSI CPOKA WX IABHOCTH.
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