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Experimental Studies
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ITenb uccaeroBaHus: OIEHNUTH MOPHOJIOrYECKUE M3MEHEHNUS B JIETKUX B 3ABUCUMOCTHU OT KOHIIEHTPAIIUH KJIO-
3allMHa U ero OCHOBHBIX METabOJUTOB B TKAHU JIETKOTO U CHIBOPOTKE KPOBH.

Marepuaisl © METOABI. JKCIEPUMEHTBI MPOBOAMIN Ha GECTIOPOAHBIX Kpbicax-camiax Maccoit 290—350 r B
Boapacte 20 remenb (n=15). JKUBOTHBIX pasaequin Ha 3 rpynibl: 1-s — KOHTpoJIbHast (MHTaKTHBIE KPBICH) (n=5);
2-51 — oTpaBJIeHNE KJI03aUHOM (17=5); 3-51 — oTpaBJieHne KoMOuHaIel Kao3annHa ¢ atanosoM (n=>5). Kiosarmun
BBOJIMJIM NTEPOPAJIBHO B 103e 150 MI' Ha KT MacChl ;JKMBOTHOTO MO 061muM 06e360IMBaHieM; CIIUPT BBOIUJIH CO-
BMECTHO € KJIO3AITUHOM TI€POPAJILHO B /103€ 5 MJI Ha KI' MACChl ;KUBOTHOTO. /[abHeiliee nccae[0BaHue TPOBOINIIH
yepes 24 yaca 1ocJjie BBe/IeHUS [1Pernaparos ;KMBOTHBIM 2-if 1 3-#1 rpynir. Ilocsie aBranasmm JKMBOTHBIX METOJIOM Ji€-
KanuTaruy o0pasilbl TKAHU JIETKUX 3aJMBaIK B napadut 1o o6IenpuHsaAToil Metouke. /lajiee u3roTaBinBaim ri-
CTOJIOTMYECKHUE CPE3BI TOJIIIIMHOI 5 MKM, KOTOPbIE HCCJIEI0BAJIH C TIOMOIIBIO CBETOBOW MUKPOCKOIIMHU HA MUKPOCKOIIE
Nikon Eclipse E-400 ¢ Buzeocucremoii Ha octose kamepsr Watec 221S (Amonus) npu ysenndernn X200 u X400.
OueHnBaIy HaJIMYUeE CJAEAYIONUX MTATOJOTHYECKUX IPU3HAKOB: PACCTPOHCTBO KPOBOOGpalieHust (OJIHOKPOBUE,
KPOBOMBJIUSIHUS, HATMYNE CJIQJKA), HAIMYNE aTeJeKTa30B U [IICTEJNEKTa30B, HAIMUNe SMPU3EMbl, KI€TOUHON pe-
akiy (yBeJnyeHue Yncsia JEHKOIUTOR), CAYIIBAHIE SIUTEJHSI B TPOCBET OPOHXOB. XUMUKO-TOKCHKOJIOTHIECKOE
ucce[oBate MPOBOANIIN Ha BBICOK0a((HEKTHBHOM JKUIKOCTHOM XpoMarorpade ¢ macc-aerekropom Agilent Tech-
nologies 430 Triple Quad LC/MS (Tepmanust). [sist mosydeHnst XpoMaTOrpaMM TIPUMEHSIIIN TiporpamMmy Agilent
Mass Hunter Workstation for series tripple Quadrapole vers. B06.00 build 6.0.6.25.4sp4.

Jlnst 06paboTKK XpoMaTorpaMM MCIIoab3oBaau rnporpamMmy Agilent Mass Hunter Quantitive Analysis vers. B
07.00 build 7.0.457.0. OuenuBasu cojep:kanne KJao3annHa, HOPKJIo3anHa 1 KJI03amuH-N-OKCHIa B CBIBOPOTKE
KPOBU 1 TOMOTEHATe JIEFKUX KPBIC.

Pesyabratel uccaexoBanusi. Yepes 24 yaca Bo 2-ii rpyrie ;JKUBOTHBIX OTMETHJIN HAJTMYUE ATEJIEKTA30B U JIHC-
TEeJIEKTA30B B TKAHU JIETKUX, a TAKKe ee MHPUIBTPAIIMIO JIEUKOIIUTAMI; B 3-If IPYIIie — apTepuaIbHOe MOJHOKPO-
BUE, KJIETOYHYIO peakiuio (yBeJMueHue 4YHucja JIEHKOIUTOB, aTeJeKTa3bl W JIMCTEJIEeKTa3bl, YTOJIIEHIe
Me3KaJIbBEOJISIPHBIX ITEPETOPoIoK). Uepes 24 yaca B JIErkuX KMBOTHBIX 3-# IPYIIITbI KOHIIEHTPAIINST KIO3AITMHA BO3-
pocuia B 22,2 pasa, Hopkio3anuia — B 6,6 pasa, kinozanun-N-okcnia — B 6,2 pasa 1o cpaBHeHHIO €O 2-i TPYIIION;
B CBIBOPOTKE KpOoBH — B 5,7, B 2,0 1 B 4,6 pas, COOTBETCTBEHHO.

3akmouenue. [Ipi oTpaBiieHNN KJIO3AITIHOM B COUETAHUH C 9TAHOJIOM PA3BUBAETCSI KOMIIJIEKC MATOJOTHYECKITX
U3MEHEeHUIl B JIerkuX, 6oJiee BbIPasKEHHBIX [0 CPABHEHUIO ¢ U30JMPOBAHHBIM BO3/ICHCTBIEM KJIO3AIIMHA KAK MOHO-
npenpara. [Ipy 9TOM KOHIEHTPAIUs KJI03aIIMHA U er0 MeTabOJUTOB B JIETOYHON TKAHM U CHIBOPOTKE KPOBU BbIIIIE
[PH €r0 TIOCTYIJIEHUH B OPTaHU3M B KOMOUHAIMH C 9TAHOJIOM.

Kmouesvie cnosa: HOPKJIO3anum, mo3anuH-N—oxcua; JeZrue; SMaHnol; KpUMUHAIbHbLE OMPABIEHUA; MOKCUKOJI02UA

The purpose of the study: to assess the morphological changes in the lungs depending on the content of clozapine
and its metabolites in the lungs and serum.
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Materials and methods. The experiments were performed on male outbred rats weighing 290-350 g at the age
of 20 weeks (n=15). The animals were divided into 3 groups: Group 1 — reference group (intact rats) (7=5); Group
2 -poisoning with clozapine (n=5); Group 3 — poisoning with a combination of clozapine with ethanol (n=5). Cloza-
pine was administered orally at a dose of 150 mg per kg of animal's body weight under general anesthesia; alcohol
was administered together with clozapine orally at a dose of 5 ml per kg of animal's body weight. Further study was
carried out 24 hours after administration of drugs to animals of the 2nd and 3rd groups. After euthanasia of the an-
imals by decapitation, tissue samples of lungs were embedded in paraffin according to the standard technique. Then
5-um thick histological sections were made and examined using light microscopy with the aid of a Nikon Eclipse E-
400 microscope equipped with a video system based on the Watec 221S camera (Japan) at magnification of X200
and x<400. The following pathological patterns were assessed: disorder of blood circulation (hyperemia, hemorrhage,
and sludge), the presence of atelectasis and dystelectasis, the presence of emphysema, the cellular response (an in-
crease in the white blood cell count), and desquamation of epithelium into the lumen of the bronchi. A chemical and
toxicological study was performed on a high-performance liquid chromatograph with mass detector Agilent Tech-
nologies 430 Triple Quad LC/MS (Germany). To obtain chromatograms, the following software was used: Agilent
Mass Hunter Workstation for series tripple Quadrapole vers. B06.00 build 6.0.6.25.4sp4.

The following software was used for processing chromatograms: Agilent Mass Hunter Quantitive Analysis vers.
B 07.00 build 7.0.457.0. Serum and lung homogenate levels of clozapine, norclozapine, and clozapine-N — oxide were
evaluated.

Results. In 24 hours, animals in the 2nd group exhibited atelectasis and dystelectasis in the lung tissue, and leuko-
cyte infiltration; in the 3rd group, arterial hyperemia, cellular response (an increase in the white blood cell count),
atelectasis and dystelectasis, and thickening of interalveolar septa were revealed. In 24 hours, in the lungs of animals
of the 3rd group, the concentration of clozapine increased by 22.2-fold, norclozapine by 6.6-fold, and clozapine-N-
oxide by 6.2-fold as compared to the 2nd group; in serum it increased by 5.7-, 2.0- and 4.6-fold, respectively.

Conclusion. In the case of poisoning with clozapine in combination with ethanol, a complex of pathological
changes in the lungs develops, which is more severe than the isolated effect of clozapine administered as a single
drug. The concentration of clozapine and its metabolites in the lung tissue and blood serum is higher when it enters

the body in combination with ethanol.

Keywords: norclozapine; clozapine-N-oxide; lungs; ethanol; criminal poisoning; toxicology
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BBeneunne

XapaKTepHOW 4epTOoi OTpaBJIEeHUH aTUITUYHBIM
HEHPOJICIITUKOM KJIO3AIIMHOM SIBJISIETCS  TSIXKEJIoe
TeYeHMe M BbICOKAs JIETAJIbHOCTD, JOCTUTAIONIAs, 110
JIAHHBIM OTEYECTBEHHBIX aBTOPOB, 18—20%, 10 naH-
HbIM 3apybeskHbix aBropos — 10% [1, 2].

Kmnozamun (Jleroneke, Azanentun, Knazapw,
Wnpoxc, Jlarrenakce, Jlerorexkc) — aTo HEWPOJENTHK C
BBbIPa’KEHHBIM ceZIaTUBHBIM ahdexToMm. I1o xummyecko-
MY CTPOCHHIO OH TIPEICTABJISIET COOOI TPUITHKINYe-
CKOE COeJIMHEHNE, MOJIEKYJIbI KOTOPOTO UMEIOT dJIeMeH-
TBI CXO/ICTBA C TPOU3BOAHBIMU 1,4-6GeH30/11a3enmHa.
Dapmakosiornyeckoe eficTBIe KJI03aITNHA CKII/IbIBA-
€TCsT U3 HECKOMTBKHX a(h(heKTOB 1 BKITIOYaeT B cebst 6J10-
KaJly HEHTPaJIbHBIX U IeprdepryecKux Xo0JnHOoperer-
TOPOB, (-aJIPEHOPEIENTOPOB, CEPOTOHMHOBLIX U
TUCTAMUHOBBIX PEIEIITOPOB, TOPMOKEHUE BBICBOOOIK-
neHust podaMUHa MPECUHANTHYECKON MeMOPaHOIL.
EnmHoro MHEHMS 0 TOM, KaKOH 13 3TUX MEXaHU3MOB
peobJIaIaeT, Ha CeTOAHSIIHUN IeHb HE CYIIECTBYET.
Tem He MeHee, GOIBITNHCTBO UCCIENOBATEICH CUNTACT
HanboJiee 3HAUMMBIMU [IEHTPAIbHBIE XOJTUHOJIUTIHYE-
ckue ahdexTs [3].

Kirozanun oTHOCUTCS K TaK Ha3bIBaeMbIM (DYHK-
IMUOHAJIBHBIM siiaM. [Ipu o/1o3pennn Ha OoTpaBJicHIE
UM HEOGXOIMMO ITPOBEIEHIE CYIeOHO-MEIUITHTHCKOTO
uccseoBatust. JIHarHoCTHKa B MOMOOHBIX CIIyYastx
MTPOU3BOIUTCS KOMILJIEKCHO € y4ETOM BCEX JIOCTYITHBIX
JAHHBIX: KIMHUKO-aHAMHECTUYECKUX, MTaTOJOrOaHa-

Introduction

Poisoning with an atypical antipsychotic cloza-
pin results in a severe course and high mortality rate
reaching 18—20%, according to Russian studies, and
10%, according to international studies [1, 2].

Clozapine (Leponex, Azaleptin, Clazarile, Ibrox,
Lapenas, Lepotex) is an antipsychotic with significant
sedative effect. According to the chemical structure,
Clozapine represents a tricyclic compound molecular
structure of which is similar to the derivatives of 1,4-
benzodiazepine. Several pharmacological effects of
clozapine include blockade of central and peripheral
cholinoreceptors, a-adrenoreceptors, serotonin and
histamine receptors, inhibition of the release of
dopamine by the presynaptic membrane. There is no
consensus on which mechanism prevails. However,
most researchers consider central cholinolytic effects
to be the most significant [3].

Clozapine is a so-called functional poison.
Forensic examination should be performed when
poisoning is suspected. In such cases, the diagnostic
process is a comprehensive one, taking into account
all the available data: clinical data and medical his-
tory, autopsy data, histomorphological and quanti-
tative analysis of the clozapine levels in biological
fluids of the body.

There is a large number of cases of criminal poi-
soning with clozapine. The most profound suppressive
effect on the human body is typical for the combined
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TOMUYECKUX, TUCTOMOPMOTIOTNIECKUX, KOJNIECTBEH-
HOTO aHaJIN3a COEPIKAHUs KJI03auHa B GHosiornye-
CKUX Cpe/laX OpPraHu3mMa.

OTrMmeuaercst GOJIBINOE YUCIO CIYYAEB KPUMU-
HaJIbHBIX OTpaBJieHnii kirosarmHom. Haubosee riy6o-
KO€ CYIIPECCHBHOE JIEHiCTBUE HA OPraHU3M YesioBeKa
XapaKTePHO /IJisI COYETAHHOTO MpUeMa KJI03arnHa 1
9TAHOJIA, YTO YACTO UCIIOJIb3YETCsI 3TI0YMBIIIJIEHHUKA-
MU B TIPECTYITHBIX TeJIsIX [4].

[l71s1 kTo3anHa XapaKTepeH y3KUil TeparneBTu-
yeckuil nHAeKC (BbIciias cyTouHas jo3a — 600 wmr,
cMmepresbHast — 2 T.) [5, 6], 4TO TOBbIIAET PUCK BO3-
HUKHOBEHUS CJYYANHBIX OTPABJIEHUI, B TOM YHCIIE,
CMEePTEJIbHBIX, TI0ITOMY OYEHb BAXKHAsI POJIb OTBOIUT-
Csl UCCJEeNOBAHUIO OMOJOTUYECKUX  KUIKOCTEN
(KpoBH, MOUYM ) U BHYTPEHHUX OPraHoB [7].

CorslacHO JaHHBIM JIUTEPATYDBI, KJIO3AIUH
KyMYJIUDY€eT B roJIOBHOM Mo3re u Jierkux [8]. Tem ne
Metee, 0cOOEHHOCTH TTaTOreHe3a U3MEHEHUH BO BHYT-
PEHHUX OPraHaX, B YaCTHOCTH, B JIETKUX ITPH COUETAH-
HOM BO3/IEMICTBUU KJIO3AIMHA M 9TAHOJIA, U3YUEHBI
He0CTaTOYHO.

[lenb vicce[oBaHUsT — OLEHUTH MOPQOJIOrUYe-
CKU€e U3MEHEHUsI B JIETKUX B 3aBUCUMOCTHU OT KOH-
[EHTPAINY KJI03AINHA U €70 OCHOBHBIX METAB0JIUTOB
B TKaHU JIETKOTO U CBIBOPOTKE KPOBU.

MaTepI/IaJI N METO/1bl

IKCIepUMEHTbI IPOBOJIMIHN Ha 15 6eCIOPOHBIX KPbI-
cax-camiiax maccoit 290—350 rp. B Bospacre 20 nezesb. ;Ku-
BOTHBIX Pa3/lelMJIN Ha 3 TPYHIbBL 1-91 — KOHTPOJbHAS
(MHTaKTHBIE KPBICHI, 7=>5); 2-5 — OTPaBJI€HIE KJI03AITIHOM
(n=>5); 3-91 — oTpasJieHre KOMOMHAIIME} KJI03alliHa ¢ 9Ta-
HOJIOM (1=13).

Kitosams BBOAMIIN TIepopaibHoO B 03¢ 150 Mr Ha KT
MacChl JKMBOTHOTO MO 061M 06€300IMBAHNEM; TUIIOBBIET
CIIUPT BBOJIWJI B COUETAHUHN C KJIO3AITMHOM II€POPATBLHO B
Z03€e 5 MJI Ha KT Macchl *KMBOTHOTO. /lasbHelilee ncciemno-
BaHe POBOJIMJIN Yepes 24 yaca 1ocJie BBeJIeHUs Tperapa-
TOB JKUBOTHBIM 2-11 1 3-1 TPyTIL.

JKMBOTHBIX BCeX TPYII BBIBOJMJIN M3 9KCIIEPUMEHTA
nyteM gekarurariin. OGpasiibl TKAHU JErKUX (GUKCHPOBATIH
CTaHJIAPTHO B 4% HeHTPaIbHOM MapadopMab/erujie 1 ajee
oGpabarbiBaii 10 00IENPUHATON MeToanke. V3rorasiu-
BaJIM THCTOJIOTMYECKUE CPE3BI TOJIIMHOI 5 MKM, HAHOCHIIH
Ha IpeZIMETHBIE CTEKJIA U OKPAIINBAIN TeMOTOKCUIIMHOM M
203nHOM. [Ipenaparsl ¥iccieIoBasIi METOIOM CBETOBO MUK-
pockonuu Ha mukpockornie Nikon Eclipse E-400 ¢ Bugeocu-
creMoii Ha ocHoBe Kamepbl Watec 221S (Anonms) npm
yBesmmaernn X200 n X400.

X¥UMn4ecKoe HCCIIeI0BaHNEe CBIBOPOTKH KPOBH KPBIC
U TOMOTeHAaTa UX JIETKUX ITPOBOJUIN METOJOM BBICOKO-
a(hdeKTUBHOI JKUAKOCTHOHN XpoMaTorpadni ¢ Macc-/1eTeK-
tupoBanueM (BOJKX-MC/MC) na BeicokoaberTHBHOM
JKUIKOCTHOM Xpomarorpacde ¢ Macc-gerekropom Agilent
Technologies 430 Triple Quad LC/MS (Tepmanus). dus
06pabOTKH XPOMATOTPAMM HCIOJIB30BAIN IPOrpamMmy Ag-
ilent Mass Hunter Quantitive Analysis vers. B 07.00 build
7.0.457.0.

Copepskanue KUBOTHBIX U PabOTY ¢ HUMU TPOBO/AIIN
B cootBeTcTBUM ¢ TTprkazoM Munsapasa CCCP Ne 755 ot
12.08.1977 . u EBpornetickoii KonBentueii o 3amure mo3Bo-

intake of clozapine and ethanol, which is often used by
criminals for criminal purposes [4].

Clozapine is characterized by a narrow therapeu-
tic index (the highest daily dose is 600 mg, the lethal
dose is 2 g) [5, 6], which increases the risk of acciden-
tal poisoning, including fatal ones, therefore, a study
of biological fluids (blood, urine) and internal organs
is crucial [7].

According to the literature, clozapine accumu-
lates in the brain and lungs [8]. However, the patho-
genesis of changes in the internal organs, in particular,
in the lungs, with the combined effects of clozapine
and ethanol, has not been sufficiently studied.

The purpose of the study: to assess the morpho-
logical changes associated with the content of clozap-
ine and its metabolites in the lungs and serum.

Materials and Methods

The experiments were carried out on 15 outbred male
rats weighing 290—350 g. at the age of 20 weeks. The animals
were divided into 3 groups: Group 1 — reference group (in-
tact rats); Group 2 — poisoning with clozapine; Group 3 —
poisoning with a combination of clozapine with ethanol.

Clozapine was administered orally at a dose of 150 mg
per kg of animal's body weight under general anesthesia;
ethanol was administered together with clozapine orally at
a dose of 5 ml per kg of animal's body weight. Further study
was carried out 24 hours after administration of drugs to an-
imals of the 2nd and 3rd groups.

Animals of all groups were removed from the experi-
ment by decapitation. Lung tissue samples were fixed in 4%
neutral paraformaldehyde and further processed according
to the standard procedure. Histological sections, 5 um thick,
were placed on glass slides and stained with hematoxylin
and eosin. Then histological sections were examined using
light microscopy by means of a Nikon Eclipse E-400 micro-
scope with a video system based on the Watec 221S camera
(Japan) at magnification of X200 and x400.

Chemical study of rats' blood serum and their lung ho-
mogenate was performed by a high-performance liquid chro-
matography with mass detection (HPLC-MS/MS) using a
high-performance liquid chromatograph with a mass detec-
tor Agilent Technologies 430 Triple Quad LC/MS (Ger-
many). The following software was used for processing
chromatograms: Agilent Mass Hunter Quantitive Analysis
vers. B 07.00 build 7.0.457.0.

Animals were kept and all works with them were car-
ried out in accordance with Order No.755 of the Ministry of
Health of the USSR dated 12.08.1977 and the European
Convention for the Protection of Vertebrate Animals used
for Experimental and other Scientific Purposes (Strasbourg,
18.03.1986).

Statistical processing of the study results was carried
out in MS Excel. To verify a histological change in the qual-
itative analysis, the Fisher test was used.

Results and Discussion

24 hours after the administration of clozapine,
precipitous circulatory disorder (severe plethora of
capillaries of interalveolar septa and venous plethora)
was found in animals' lungs. Interstitial edema devel-
oped. Alveolar hemorrhages were observed.
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HOYHBIX JKIBOTHBIX, MCIIOJb3YEMBIX /ST HKCIIEPUMEHTOB
WK B MHBIX HayuHbIx 1esistx (CrpacOypr, 18.03.1986 1.).

CraTtuctuaeckyio 00paboTKy Pe3yIBTaToB UCCIeI0Ba-
HuUs npoBoausu B iporpamve MS Excel. s noarsepskie-
HUS  JIOCTOBEPHOCTH TIOSIBJIEHWS TOTO WJH HHOTO
THCTOJIOTNYECKOTO U3MEeHEHNUST ITPU POBEe/ICHNH KaueCTBEH-
HOTO aHaJM3a puMeHsH kKputepuii AOumrepa.

Pe3ybTarhl 1 00CYKAEHHE

Yepes 24 gyaca riociie BBe/leHUs KJIO3AITUHA B JIeT-
KUX JKUBOTHBIX OTMEUAJIN PE3KOe HAPYIIEeHe KPOBO-
o6patienust (BbIpaskeHHOE OJTHOKPOBUE KATTHJISIPOB
ME>KaTbBEOJIIPHBIX [I€PETOPOJIOK U BEHO3HOE TIOJTHO-
kpoBue). Pa3BuBajicssi WMHTEPCTUIMAIBHBIN OTEK.
Hab6monanu anbBeossipHble KPOBOUIIUSHUS.

B rpymie 2, nosryuasineit KJo3anuH Kak MOHO-
mpernapar, Ipu CPaBHEHUM C KOHTPOJIEM METOIO0M
ODuriiepa, IOCTOBEPHO OTMEYAIN HATMYUE aTeTeKTa-
30B U IUCTEJIEKTA30B.

Yepes 24 yaca riocsie KOMOMHUPOBAHHOTO BBE/IE-
HUST KJIO3AITHA 1 9TAHOJIA OTMEYAIN TOJHOKPOBUE,
KPOBOUBJIMSIHUS B ATbBEOJIBI M MEKAJIbBEOJISIPHbIE
MepPEropojiku, MOBpekAeHue OPOHXUATBHOTO ITUTE-
JIUST, YTOJIIIeHNEe MeKaIbBEOISIPHBIX TIEPETOPOJIOK 32
cyeT oTeka 1 MHpUIbTpanuu Jeiikormuramu. O6Hapy-
JKMBAJIN OPUTPOIIUTHI B TPOCBETE OPOHXOB U AJIbBEOT.
OTMeTH/IM CcIy4au Pa3BUTUS WHTEPCTUIIMAIBHOTO
oreka (puc. 1, a).

[locToBepHBIMU B IpyIIie 3 MOKHO CUUTATH CJIe-
nyroiire Mop(OIOrIecKrie MI3MEHEH S apTEPUATIBHOE
MOJTHOKPOBHE, KJIETOYHYIO PEAKIUI0 — YBeJIudyeHue
qrcaa JIEHKOINUTOB, YTOJIIEHNE MeXaIbBEOSIPHBIX
HIEPETOPOJIOK, ATEJIEKTa3bl 1 AUCTeeKTasbl (puc. 1, b, ¢).

TaxuMm 06pasoM, TIPKU COYETAHHOM BO3JICHCTBIN
KJIO3allMHA ¥ 9TaHoja Habmomaau 6ojee TayOoKue
naToMopdoIornyecKne M3MeHEHUsI B JIETKUX 110
CPaBHEHWIO C U30JIMPOBAHHBIM BO3/IEIICTBUEM KJI03a-
mHA. AHAJIOTUYHBIE JAHHBIE HAMU GBI TOJYYeHbI
patiee Ipu UCCIeA0BAHNN MOP(OJIOTHIECKUX U3MEHE-
HUIT B cep/iie Kpbic [9].

Conep:kanuve KJI03aMnHa U €r0 OCHOBHBIX MeTa-
GOJIUTOB — HOPKJIO3ANUHA W KJI03annH-N-OKcH/Ia B
CBIBOPOTKE KPOBU U TOMOTEHATE JIETKUX SKUBOTHBIX
AHAJIM3UPOBAJIN 110 BAJIMIMPOBAHHOM MeTomKe [8].
[MosyyeHHbIe JaHHBIE TIPEICTABICHBI B TaOJIWIIE.

Kak cienyer u3 maHHBIX, MPEJCTABIEHHBIX B
TabJL., cojepKaHue KJI03aluHa B CHIBOPOTKE KPOBU
66110 B 5,7, HOpKJIo3anuHa — B 2,0, a Kao3anuH-N-
okcujia — B 4,6 pas BbIle B TPYIIIIE 3, MOJIydaBIIeid
KJIO3AITUH ¥ 9TAHOJI [10 CPABHEHUIO C TPYIIION 2, TIOJTy-
YaBlIleil KJI03aMuH B BUjie MOHOIIPeIapara.

CxopiHble TaHHbIE MOJIYYUITH TIPU XUMUKO-TOK-
CUKOJIOTUYECKOM MCCIeIOBAHUN TOMOTEHATA JIETKUX
kpbic. Yepes 24 yaca y ;KMBOTHBIX, [TOJIy4aBITUX 3Ta-
HOJI ¥ KJIO3AIUH, COjlep:KaHye KJI03alnHa B JIETKUX
6bL10 B 22,2 pasa, HOpKJIo3anuHa — B 6,6 pasa, a KJ1o-
3anuu-N-okcuma — B 6,2 pasa BbIlIe 110 CPABHEHUIO C
TPYIIOH 2, moJyyaBIiell KJI03amuH U30JIMPOBAHHO.
JlocTaTOuHO BBICOKME 3HAUEHUs OMUOKU CpeiHei,

Puc. 1. IIpenapar jerkoro Kpsichbl yepes 24 yaca nocie orpasJe-
HHS KJIO3ANMMHOM U 9TAHOJIOM.

IIpumeyanue. a — MHTEPCTUIIMATBHBII OTeK, yB. X200; b — Kie-
TouHas peaknus (yBeJaudeHue Yuciia JeHKouToB), yB. X400; ¢ —
KJIETOUHAs Peakiyst (yBeJIMYEHIE YUCIA JIEHKOLUTOB), YTONIIEHIE
MeRAIbBEOJISIPHBIX TTEPErOpo/IoK, yB. X400. Oxpacka reMaToOKCH-
JIMHOM M 903MHOM.

Fig. 1. Specimen of rat's lung 24 hours after poisoning with
clozapine and ethanol.

Note. a — interstitial edema, magnification X200; b — cell re-
sponse (an increase in the white blood cell count), magnification
X400; ¢ — cell response (increased number of white blood cells),
thickening of interalveolar septa, magnification X400. Hema-
toxylin and eosin staining.
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Copepskanue KI03anyuua U ero MeTaGoJUTOB B CHIBOPOTKE KPOBH M TOMOTEHATE JIETKUX y KPbIC.
The levels of clozapine and its main metabolites in blood serum and homogenate of rats' lungs.

Parameters The value of parameters in groups
blood serum, pg/ml lung homogenate, ug/g
Group 2 Group 3 Group 2 Group 3
Clozapine 0.28+0.089* 1.42+0.33 458.03£107.95%  10177.45+891.45
Norclozapine 1.28+0.41 2.52%0.60 274.48+104.93* 1808.96+317.28
Clozapine-N-oxide 0.05+0.01* 0.23+0.10 1.90+0.34* 11.80+3.55

Note. * — significant differences between groups, P<0.05.

IIpumeuanue. Parameters — nokasarenn; Values of ... in groups — mokasaresu B rpymimax; blood serum — coiBoporka kposu; lung ho-
mogenate — romorenar Jjierknx; Clozapine — kirosanun; Norclozapine — nopkiosarnun; Clozapine-N-oxide — knosanuu-N-oken. * —

JIOCTOBEPHbBIE PasIHyist Meskay rpyrmamu npu p<0,05.

0.4

03 +—+

0.2

[ i —

0.0041  0.0012

0 +— T
Norclozapine/clozapine  Clozapine-N-oxide/clozapine

B Group2

E Group 3

Puc. 2. CooTHOmEHHE METAGONT/KI03ANHMH B CHIBOPOTKE KPOBU
(a) uromorenare Jgerkoro (b) Kpbic.

Fig. 2. The metabolite/clozapine ratio in serum (a) and lung ho-
mogenate (b) of rats.

HOJIyYeHHbIe [TPU IPOBEIEHUN XMMUKO-TOKCUKOJIOTH-
YEeCKOTO HUCCJIEIOBAHUSI, BO3MOKHO, 00YCJIOBJIEHDI
reHeTUYeCKON  HEOTHOPOAHOCTHIO  ITOAOIBITHBIX
SKMBOTHBIX 1 MAJIOX BBIOOPKOIA.

Bosee Bbicokoe cojiepaniie KJI03amuHa U ero
MeTabonTOB (HOPKJIO3alnHa 1 KJI03aIiH-N-OKCH/Ia)
B JIETKUX COOTBETCTBOBAJIO MOSABJIEHUIO B HUX OoJiee
BBIPAKEHHBIX U PA3HOOOPA3ZHBIX THCTOMOP(OIOrnye-
CKMX U3MeHeHU.

CooTHolleHrie HOPKJIO3aMUH,/KJI03aIIUH B ChIBO-
POTKe KPOBH KPBIC IPYIIIIbI 2, TIOTyYaBIIell KJI03amuH

In Group 2 treated with clozapine as a single-drug
therapy, there were atelectasis and dystelectasis as com-
pared to the reference group using the Fisher test.

There were hyperemia, alveolar and interalveolar
septa hemorrhages, damage to the bronchial epithelium,
and thickening of the interalveolar septa due to edema
and infiltration by leukocytes 24 hours after concomi-
tant administration of clozapine and ethanol. Red blood
cells were found in the bronchial lumen and alveoli.
Cases of interstitial edema were observed (fig. 1, a).

The following morphological changes can be
considered significant in Ggroup 3: arterial plethora,
cellular response (an increase in the leukocyte count),
thickening of interalveolar septa, atelectasis and dys-
telecasis (fig. 1, b, ¢).

Therefore, the combined effects of clozapine and
ethanol showed deeper pathomorphological changes
in the lungs compared to the isolated effects of cloza-
pine. Similar data were obtained earlier in the study
of morphological changes in rat hearts [9].

The levels of clozapine and its main metabolites,
norclozapine and clozapine- N-oxide, in blood serum
and homogenate of animal lungs were analyzed using
a validated procedure [8]. The acquired data are pre-
sented in the table.

Data presented in the table demonstrate that the
level of clozapine in serum was 5.7-fold, norclozapine
2.0-fold and clozapine-N-oxide 4.6-fold higher in
group 3 receiving clozapine and ethanol as compared
to group 2 receiving clozapine in the form of a single-
drug therapy.

Similar data were obtained in chemical and tox-
icological study of the rats' lung homogenate. The
level of clozapine in the lungs was 22.2-fold, norcloza-
pine 6.6-fold, and clozapine-N-oxide 6.2-fold higher
than in group 2 receiving clozapine alone. Relatively
high values of the error of mean obtained during the
chemical and toxicological study may be explained by
genetic heterogeneity of experimental animals and a
small sample.

A higher concentration of clozapine and its
metabolites (norclozapine and clozapine-N-oxide) in
the lungs corresponded to the development of more
pronounced and diverse histomorphological changes
in them.

Fig. 2 demonstrates the metabolite/clozapine ratio
in rat's blood serum and their lung homogenate. The nor-
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KaK MOHOIIPerapar, COCTaBuIO 4,57, a COOTHOIIEHNE
kno3anuH-N-okcu/kino3anua — 0,18. B rpymnre 3,
MOJTyYaBIIIei KIO3aIUH U 9TAHOJI, COOTHOIIEHIE HOPK-
JIO3aIMH /KJI03anuH coctaBuiio 1,77, a cooTHoleHMe
ko3anuH-N-okcu/kmno3anud — 0,16.

CooTHollIeHIIe HOPKJIO3AMUH /KIO3AITIH B TOMO-
reHare JIETKIX KPbIC B TPYIIIIe 2, OJyYaBIieil Kjio3a-
uH, cocrasuio 0,60, a cooTHOIIEHNE Ko3altnH-N-
okcuj/kno3anun — 0,0041. B rpynme 3, nosryuasiieii
KOMOWHAIIMIO KJIO3alMHA U ATAHOJIA, COOTHOIICHUE
HOpKJIo3anuH,/kno3anuu coctasuio 0,18, a coorno-
nmenue kao3anuu-N-okcu/kino3anun — (0,0012.

Ha puc. 2 cootHomenns MeTaboIuT /KI103auH
B CBIBOPOTKE KPOBH KPbIC ¥ TOMOTHATE UX JIETKUX
IPEJICTABIEHb! B IPAdUUYECKOM BUE.

B ocHOBe MaToJIOTMYeCKUX MPOIECCoB, HabI0-
JIA€MBIX B JIETKUX KBOTHBIX IPYIII 2 U 3, JIEJKUT, BEPO-
SITHO, TIOBBIIIIEHNE CBEPTHIBAEMOCTH KPOBU, CBSI3aHHOE
€ MEXaHU3MOM JIECTBUSI KJIO3ATIMHA, 1 HETIOCPECTBEH-
HOE TIOBPEKIEHNE HOTENNS COCYZ0B MUKPOIIUPKY-
JIATOPHOTO PYyCJia IO/ IefICTBUEM CaMOTO KJIO3AITNHA,
YTO coTJIacyeTcs ¢ JaHHbIMU Ppsijia aBTopos [3, 10, 11].

Pe3skoe 1oBbllIeHNE arperannoHHON aKTHBHOCTH
APUTPOIUTOB ¥ TPOMOOIIMTOB, HAOMIOAEMOE 1 TIPH
M30JIMPOBAHHOM OTDPABJIEHUU KJIO3AIMMHOM, W HPU
KOMOUHMPOBAHHOM OTPABJIEHUN KJIO3AIIMHOM U 9Ta-
HOJIOM, BEPOSITHO, CBs13aHo ¢ 610kanoii 5-HT3-penen-
TOPOB B TPOMOOITMTAX, YTO TAKIKE COTJIACYETCSI C JIaH-
HbIMU JiuTepaTypbl [5]. B orBer Ha sK3orenHoe
BO3/IeiiCTBIE HA JIeTKUE, (DOPMEHHBIE 9JIEMEHThI KDOBH
caumaroTcest, 06pasys ciajku. KposeHanotenve pas-
JINYHBIX OTIEJI0B MUKDPOIIMPKYJIATOPHOTO PycJia CTa-
HOBUTCSI HEPABHOMEPHBIM. JTO OTPUIIATETBHO CKA3bI-
BAaeTCsl U HA MUKDOIMPKYJSINKM, ¥ HA TKAHEBOM
MeTaboJIM3Me, YTO PUBOAUT K YCYTIyOIeHIO THITIO-
kcuu u anuiosy tkanei [12, 13]. Cxoanyio kapTuHy
HabJIIO/Ia/IN KK B [TPOBEICHHBIX HAMU PAHEE UCCIIE0-
BaHusX [14], Tak ¥ B JaHHOM 9KCIIEPUMEHTE.

[lon BO3melicTBUEM KJIO3AMUHA HAPYIIAIOTCS
cBolicTBa cypdakTanta. ITo, B CBOIO OU€PEb, IPUBO-
JIUT K BO3HUKHOBEHUIO aTesiekTa3oB [15, 16]. B mpo-
Be/IEHHOM 9KCIIEPUMEHTE ATeJIeKTa3bl U AUCTEIEKTA3bI
HOSIBJISITIMCH BO 2-ii ¥ 3-1 IPYIINax >KUBOTHBIX.

B sierkux KpbIc, ITOJIyYaBIInX KIO3AIH 1 €10 KOM-
GUHAITIO C TAHOJIOM, BEPOSATHO, TIPOUCXOIUT TIOBPESK-
JIeHVe SHIIOTEJIVS MUKPOIUPKYJISTTOPHOTO PYCJIa JIETKIX
U aJIbBEOJIAPHOTO SITUTEIUS, UTO MOJKET OBITH CBS3AHO C
HEINOCPEeICTBEHHBIM AJIBTEPUPYIONINM JEHCTBUEM Ha
HUX KJIO3AIIMHA, & TAKIKE C PE3KUM YCUJIEHUEM TIPOIIecca
niepexucHoro oxkucyaenus sunuoB (ITOJT) u moBpeske-
HPEM aHTUOKCHIAHTHOW CUCTEMBI 3aIUThI KPOBH. JTO
noaTBepskaaeTcs psgoM pabor [11, 17, 18].

B ny6imKaIusix mocJieiHux JieT MoKa3aHo, 4to B
pesyJIsTaTe HEIOCPENCTBEHHOTO BJIMSHUS TUIIOKCUU
06pasyioTcs psaj GHONOTUYECKH aKTHBHBIX BEIECTB,
KOTOPbIe OKa3bIBAIOT JAJIbHEliIIIee TIOBPEsK/IAIoIIee BO3-
NEIiCTBIE HA HHIOTEINATBHYIO MEMOPAHY, B YaCTHOCTH,
B JIETKUX M3 [TOBPEKIEHHBIX TYYHbIX KJIETOK BBICBOOOK-
JIAeTCst TACTAMUH, a TaKxKe Psi| pepPMEHTOB, BbI3bIBAIO-

clozapine/clozapine ratio in blood serum of rats of group
2 receiving clozapine as a single-drug preparation was
4.57, and the clozapine-N-oxide/clozapine ratio was
0.18. In group 3 receiving clozapine and ethanol, the
norclozapine/clozapine ratio was 1.77, and the clozap-
ine-N-oxide/clozapine ratio was 0.16. The norclozap-
ine/clozapine ratio in the lung homogenate of rats of
group 2 receiving clozapine was 0.60, and the clozapine-
N-oxide/clozapine ratio was 0.0041. In group 3 receiv-
ing clozapine and ethanol, the norclozapine/clozapine
ratio was 0.18, and the clozapine-N-oxide/clozapine
ratio was 0.0012.

Pathological processes observed in the lungs of
animals of groups 2 and 3 are probably based on in-
creased blood coagulation associated with the mech-
anism of action of clozapine and a direct damage to the
endothelium of the microcirculatory vessels under the
effect of clozapine itself, which is consistent with the
data of several authors [3, 10, 11].

A precipitous increase in the aggregation activity
of red blood cells and platelets observed in both iso-
lated poisoning with clozapine and combined poison-
ing with clozapine and ethanol, probably, is associated
with blockade of 5-HT3-receptors in platelets, which
is also consistent with the literature data [5]. In re-
sponse to exogenous effects on the lungs, blood cells
stick together forming, sludge. The blood supply of the
various parts of the microvasculature becomes hetero-
geneous. This has a negative effect on microcirculation
and tissue metabolism, which leads to worsening of
tissue hypoxia and acidosis [12, 13]. A similar picture
was observed both in our earlier studies [14] and in
this experiment.

The properties of surfactant are impaired under
the effect of clozapine. This, in turn, leads to the emer-
gence of atelectasis [15, 16]. In the experiment, atelec-
tasis and dystelectasis developed in the 2nd and 3rd
groups of animals.

In lungs of rats receiving clozapine and its com-
bination with ethanol, endothelium of the microcir-
culatory bed of the lungs and alveolar epithelium
may be damaged, which may be associated with a di-
rect alteration effect of clozapine on them, as well as
with a precipitous increase in the lipid peroxidation
(LPO) and damage to the antioxidant system of
blood protection. This is confirmed by a number of
works [11, 17, 18].

Recent publications have demonstrated that
due to direct influence of hypoxia, a number of bio-
logically active substances (particularly, histamine)
are formed, which have a further damaging effect on
the endothelial membrane and causing releasing the
various proteolytic enzymes from the damaged mast
cells in the lungs. Increased concentration of hista-
mine in blood exacerbates bronchospasm and post-
capillary vasoconstriction. This leads to an increase
in pressure in the pulmonary capillaries and an ac-
tive release of the fluid in the interstitium [19—22].
It can be assumed that this mechanism is the basis
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KX [TPOTEOJIN3. YBeIYeHre KOHIIEHTPAIMU TUCTAMU-
Ha B KPOBHU yCyTybIisieT OPOHXOCIIA3M U MOCTKATMILIISIP-
HYIO Ba30KOHCTPUKIINIO. DTO IIPUBOJUT K YBEJIUUYECHUIO
JIaBJICHUA B JIETOUHBIX KAITUJISIPaX ¥ aKTHBHOMY BBIXO-
Ny sKugroctu B unrepcruiuii [19—22]. Mosxxuo niper-
HOJIOKUTD, YTO JIAHHBII MEXaHU3M JIEKUT B OCHOBE Pa3-
BUTHUA UTEPCTUIUATIBHOTO OTE€KAa Yy JKUBOTHBIX,
BKJIIOYEHHBIX B IIPOBE/ICHHBII 9KCIIEPUMEHT.

Kpowme Toro, matosiornyeckue mpoueccsl, 1mnpo-
UCXOJIAIIHE B JIETKUX, MOTYT ObITH OOYCJIOBJICHBI [TPHU-
CYTCTBUEM IUTOKUHOB, K KOTOPBIM OTHOCSTCSI TaKHe
BerecTBa, kak unrepaeiikuiel (MJI-1-18), unrepde-
poubl (MDH-q, -, -y), kaxekTuHb ((hakTopbl HEKPO-
3a OITYXOJIN ), KOJIOHUECTUMYJIUPYIoNre GaKkToOpbl 1
psan apyrux [23—25].

Bce BBITIEnIEpeunicIeHHOE, HAPSIY C HApYTICHN-
€M MUKPOITUPKYJISTIN B JIETKUX, BBI3bIBAET 3aUNTEITh-
HOE MOBBITIIEHNE TTPOHUTIAEMOCTH JIETOUHBIX KaITUJIIS-
POB, a TakyKe pa3BUTHE OTEKa, YTO HAOMIOAATOCH B
MPOBe/ICHHOM paHee [ 14] 1 B TaHHOM KCIIEPUMEHTE.

B moceytotieM pa3BUBAtOTCS KJIETOUHAST peak-
NS KYMYJISATINS B JIETKUX HEHTpohnios, Makpoda-
TOB, TUM(DOINTOB ), THTEPCTUTNATHHBIN 1 ATbBEOJISIP-
HBII OTEK, aTeJIeKTa3bl M INCTEIeKTa3bl, PACCTPOICTBA
TeMo- 1 TNM(DOMIKPOTTMPKYJISITINH, HAPYIIaeTcsI po-
XOIUMOCTH GPOHXHOIT [26].

YkazaHHble I3MEHEHUS TIPUBOJSAT K HAPYTITCHITO
razoo6Mena B JIETKUX, HAPACTAHUIO PECTTPATOPHOI
TUITOKCHH, TUITOKCEMUN ¥ YXY/IIECHUI0 OUOMEXaHUKN
JieTkux [27].

B xozme mpoBesieHNsT XUMUKO-TOKCHKOJOTHYE-
CKOTO MCCIIEIOBAHISI TOMOTE€HATA JIETKIX GOJTee BHICO-
KOe cofiepskafme KI03aMiHa 1 eT0 MEeTabONTNTOB —
HOPKJIO3aNiHA W KJI03anmnH-N-OKCHa OTMETHJIHN B
IPYIIE JKABOTHBIX, MOJYUYABIIIX KOMOMHAIIIO KJIO-
3amHA 1 3TaHOJA. JTAHOJ, BEPOSTHO, TPUBOAUT K
VCUJICHWIO KYMYJISITIAY KJI03alTHA B JTIETKHUX.

3akiaoueHue

HpI/I OTPpaBJIECHNN KJO3aIlIMHOM B COYETaHUHN C
9TAHOJIOM Pa3BUBAETCA KOMILJIEKC MOp(l)OJIOI‘I/I‘-IeCKI/IX
M3MeHEeHUI B JIETKUX, boutee BbIPDAa’KEHHBIX 10 CpaBHE-
HUIO C U30JIMPOBAaHHBIM BO3lI€IL/,ICTBI/IGM KJIO3allMHa KaK
MOHOIIpeIpara. HpI/I 9TOM KOHIIEHTPaMA KJI03aIllnHa
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for the development of interstitial edema in animals
included in the experiment.

In addition, pathological processes occurring in
the lungs may be due to the presence of cytokines,
which include such substances as interleukins (IL-1-18),
interferons (IFN -, -8, -y), cachectins (tumor necro-
sis factors), colony stimulating factors and a number
of others [23—25].

All of the above, along with impairment of mi-
crocirculation in the lungs, causes a significant in-
crease in the permeability of pulmonary capillaries, as
well as the development of edema, which was observed
in the previous [14] and this experiment.

Then, the cellular reaction develops: accumulation
neutrophils, macrophages, and lymphocytes in lungs, in-
terstitial and alveolar edema, atelectasis and dystelecta-
sis, disorders of hemo — and lymphomicrocirculation;
the patency of the bronchioli is impaired [26].

These changes lead to the impairment of gas
exchange in the lungs, the increase in respiratory hy-
poxia, hypoxemia and deterioration of lung biome-
chanics [27].

During the chemical-toxicological study of the
lung homogenate, higher levels of clozapine and its
metabolites, norclozapine and clozapine-N-oxide, were
found in the group of animals that received a combina-
tion of clozapine and ethanol. Ethanol probably leads
to increased accumulation of clozapine in the lungs.

Conclusion

In the case of poisoning with clozapine in a com-
bination with ethanol, a complex of pathological
changes in the lungs develops, which are more severe
than the isolated effect of clozapine as a single drug
therapy. The concentration of clozapine and its
metabolites in the lung tissue and blood serum is
higher when it enters the body in combination with
ethanol.

1 ero MeTaboJIUTOB B JIETOYHON TKaHU U CbIBOPOTKE
KPOBHU BbIIIE ITPU €T0 IMOCTYIIJIEHUN B OPraHr3M B KOM-
6I/IH3.HI/II/I C 9TaHOJIOM.

References

1. Stopnitsky A.A., Akalaev R.N. Intensive therapy of patients with acetic
acid poisoning complicated by shock. Obshchaya Reanimatologiya = Ge-
neral Reanimatology. 2014; 10 (2): 18-22. DOI: 10.15360,/1813-9779-
2013-2-18. [In Russ., In Engl.]

2. Schulz M., [wersen-Bergmann S., Andresen H., Schmoldt A. Therapeutic and
toxic blood concentrations of nearly 1,000 drugs and other xenobiotics.
Crit. Care. 2012; 16 (4): R136. DOI: 10.1186/cc11441. PMID: 22835221

3. Mashkovsky M.D. Medicinal products. 16-th ed. Moscow: Novaya Volna;
2012: 73-74. ISBN 978-5-7864-0218-7. [In Russ. |

4. Slyundin D.G., Livanov A.S., Anuchin V.V., Bobrinskaya I.G., Tutova E.V.
Criminal clozapine intoxications. Anesteziologiya i Reanimatologiya.
2007; 4: 61-64. PMID: 17929492. [In Russ.]

5.  VIDAL directory. Medicines in Russia. 21-st ed. Moscow: AstraFarm-
Servis; 2012: 8. ISBN: 978-5-89892-165-1. [In Russ.]

6.  Subramanian S., Véllm B.A., Huband N. Clozapine dose for schizophrenia.
Cochrane  Database Syst. Rev. 2017, 6: CD009555. DOL
10.1002,/14651858.CD009555.pub2. PMID: 28613395

www.reanimatology.com

GENERAL REANIMATOLOGY, 2018, 14; 4



DOI:10.15360,/1813-9779-2018-4-44-51

91{CH€pTAMeHTaAthIe MCCACAOBAHMA

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

bapcezsan C.C., Huxoraesa H.O., Onuwenxo M.M., Caromamun E.M.,
Canvrurxosa E.A. Onpejiesienyie KI03amiHa mpu cye0HO-XUMITYECKOM
MCCJIEIOBAHIN TPYITHO KPOBH, MOYHN 1 MIEYEHH C IPUMEHEHIEM BbICO-
K03(h(HEeKTUBHOM sKuAKOCTHON XpomaTorpaduu. Cyd.-med. skcnepmusa.
2012; 55 (4): 43-47. PMID: 23008960

Pomanosa O.JI., Cmenanosa E.C., Bapceean C.C., Cyndykos /I.B., Qucms-
k06 B.B. OniHoBpeMeHHOe 0OHapy/KeHIe KI03aliHa, HOPKJIO3alliHa 1
KJ103annH-N-OKCH/a B CIBOPOTKE KPOBH 1 opranax. @apyayus. 2016;
65 (5): 27-29.

Pomanosa O.JI., Cynoyxos /1.B., lToay6es A.M., Babxuna A.C., Ioay6es
M.A. Mopdosorndyeckue n3MeHeHUsI B CEeP/ILie TP OTPABICHIN KJI03a-
UHOM (9KCIIepUMEHTaIbHOE HccaeoBanme). Obuwas peanumamonozus.
2017; 13 (2): 6-13. DOI: 10.15360,/1813-9779-2017-2-6-13

Tony6es A.M., Mopos B.B., Mewepsixos I'.H., Jlvicenxo /[.B. Tlatorenes u
MOPMOJIOTUS OCTPOro MOBPeKACHU JIerkuX. O6was peanumamonozus.

2005; 1 (5): 5-12. DOI: 10.15360,/1813-9779-2005-5-5-12

Hnvsiwenxo K.K., Jlyocnuxos E.A., benrosa M.B., Epmoxuna T.B., Jlucosux
KA., Kapesa M.B., Envxos A.H., S3umuna JI.H., bapunosa M.B. Ocoben-
HOCTH OCTPBIX OTpaBJieHnii kiozaruoM. Toxcukou. secmmuuk. 2009; 2: 2-5.

Michard F., Fernandez-Mondejar E., Kirov M.Y., Malbrain M., Tagami T.
A new and simple definition for acute lung injury. Crit. Care Med. 2012;
40 (3): 1004-1006. DOI: 10.1097/CCM.0b013e31823b97fd. PMID:
22343856

Bernard G.R., Artigas A., Brigham K.L., Carlet J., Falke K., Hudson L., Lamy
M., Legall J.R., Morris A., Spragg R. The American-European Consensus
Conference on ARDS. Definitions, mechanisms, relevant outcomes, and
clinical trial coordination. Am. J. Respir. Crit. Care Med. 1994; 149 (3 Pt
1): 818-824. DOI: 10.1164 /ajrccm.149.3.7509706. PMID: 7509706

Pomanosa O.J1., Cyndyros /I.B., loaybes A.M., Brazonpasos M.JL., [onybes
M.A. XapakrepucTrka o6IIenaToJorH4ecKuX MpoIecccoB B JIETKUX MPH
orpasJieniu kiaozanutom. O6uas peanumamonoeus. 2017; 13 (4): 22-29.
DOI: 10.15360,/1813-9779-2017-4-22-29

Ziliene V., Kondrotas A,J., Kevelaitis E. Etiology and pathogenesis of acute
respiratory failure. Medicina (Kaunas). 2004; 40 (3): 286-294. PMID:
15064552

Kuzovlev A.N., Moroz V.V., Goloubev A.M., Polovnikoo S.G. Diagnosis of acute
respiratory distress syndrome in nosocomial pneumonia. Semin. Cardiotho-
rac. Vasc. Anesth. 2010; 14 (4): 231-241. DOI: 10.1177,/1089253210388297.
PMID: 21193470

Iywxos C.H., Kyuenxo C.A., Kapnuwenxo A.U., Hosuxosa T.M. Cocrosi-
HU€e CHCTEMBI TJTyTATHOHA U [POIECCOB MEPEKUCHOTO OKNUCJIEH IS JINTIH-
OB B 9PUTPONUTAX TAIMEHTOB B KJIWHWKE OCTPHIX OTPaBIEHUN
BellleCTBaMU Ce/laTUBHO-TUITHOTUYECKOTO ﬂCﬁC'l‘BMﬂ. becmc(m. BeCMHUK.

2003; 5: 6-12.

boeomonosa 1.H., bozomonos /[.B. Tanarorenes mpu oTpaBIeHUN ICUXO-
dapmakostornyeckumu cpeacrsamin. Cyd.-med. sxcnepmusa. 2005; 48 (2):
19-22. PMID: 15881137

Yepusiee AJL., Camconosa M.B. O6mast n yacTHast MaTOJNOTHsI JIETKUX.
Pectiuparopras meaunmna. M.: TDOTAP-Meaua; 2007: 131-155.

Mapuno I1.JI. Unrencusnas tepanus. M.: TDOTAP-Meaua; 2010: 770.
ISBN 978-5-9704-1399-9

Moroz V., Goloubev A., Kuzovlev A.N. Acute respiratory distress synd-
rome: new classification. Semin. Cardiothorac. Vasc. Anesth. 2010; 14 (1):
46. DOI: 10.1177,/1089253210364249. PMID: 20472624

Tony6es A.M., Mopos B.B., Cyndyxos /[.B. Ilatorenes octporo pecrupa-
TOpHOTO AcTpece-cunapoma. Obwas peanumamonoeus. 2012; 8 (4): 13-
21.DOI:10.15360,/1813-9779-2012-4-13

Cook J.A., Gesel J., Haluska P.V., Reines H.D. Prostaglandins, tromboxa-

nes, leukotrienes and cytochrome P-450 metabolites of arachidonic acid.
New Horiz. 1993; 1 (1): 60-69. PMID: 7922394

Yang G., Hamacher J., Gorshkoo B., White R., Sridhar S., Verin A., Chakra-
borty T., Lucas R. The dual role of TNF in pulmonary edema. J. Cardio-
vasc. Dis. Res. 2010; 1 (1): 29-36. DOTI: 10.4103/0975-3583.59983.
PMID: 21188088

Hirani N., Antonicelli F., Strieter R.M., Wiesener M.S., Ratcliffe PJ., Haslett
C., Donnelly S.C. The regulation of Interleukin-8 by hypoxia in human
macrophages: a potential role in the pathogenesis of the acute respiratory
distress syndrome (ARDS). Mol. Med. 2001; 7 (10): 685-689. PMID:
11713368

Hardaway R.M. Pathology and the physiology of disseminated intravas-
cular coagulation. Pathophysiology of shock, anoxia, ischemia. Balti-
more: Williams & Wilkins. 1982: 186-197.

Leaver S.K., Evans T.W. Acute respiratory distress syndrome. Br. Med. ].
2007; 335 (7616): 389-394. DOI: 10.1136/bm;j.39293.624699.AD.
PMID: 17717368

Mocrymuna 27.02.18

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Barsegyan S.S., Nikolaeva N.O., Onishchenko M.M., Salomatin E.M., Sal-
nikova E.A. The determination of clozapine for the forensic chemical
study of cadaveric blood, urine, and liver with the use of high perfor-
mance liquid chromatography. Sudebno-Meditsinskaya Ekspertiza. 2012;
55 (4): 43-47. PMID: 23008960. [In Russ.]

Romanova O.L., Stepanova E.S., Barsegyan S.S., Sundukov D.V., Chistyakov
V.V. Simultaneous determination of clozapine, norclozapine, clozapine-n-
oxide in serum and organs. Farmatsiya. 2016; 65 (5): 27-29. [In Russ.]

Romanova O.L., Sundukoov D.V., Golubev A.M., Babkina A.S., Golubev
M.A. Morphological changes in the heart with clozapine poisoning (ex-
perimental study). Obshchaya Reanimatologiya = General Reanimato-
logy. 2017; 13 (2): 6-13. DOI: 10.15360/1813-9779-2017-2-6-13. [In
Russ., In Engl.]

Golubev A.M., Moroz V.V., Meshcheryakov G.N., Lysenko D.V. Acute pul-
monary lesion: pathogenesis and morphology. Obshchaya Reanimatolo-
giya = General Reanimatology. 2005; 1 (5): 5-12. DOL
10.15360,/1813-9779-2005-5-5-12. [In Russ., In Engl.]

Ilyashenko K.K., Luzhnikoo E.A., Belova M.V., Ermokhina T.V., Lisovik Zh.A.,
Kareva M.V., Elkov A.N., Zimina L.N., Barinova M.V. Features of acute po-
isonings by klozapin. Toksikologichesky Vestnik. 2009; 2: 2-5. [In Russ. ]

Michard F., Fernandez-Mondejar E., Kirov M.Y., Malbrain M., Tagami T.
A new and simple definition for acute lung injury. Crit. Care Med. 2012;
40 (3): 1004-1006. DOT: 10.1097/CCM.0b013e31823b97fd. PMID:
22343856

Bernard G.R., Artigas A., Brigham K.L., Carlet J., Falke K., Hudson L.,
Lamy M., Legall J.R., Morris A., Spragg R. The American-European Con-
sensus Conference on ARDS. Definitions, mechanisms, relevant outco-
mes, and clinical trial coordination. Am._J. Respir. Crit. Care Med. 1994;
149 (3 Pt 1): 818-824. DOI: 10.1164/ajrccm.149.3.7509706. PMID:
7509706

Romanova O.L., Sundukoo D.V., Golubev A.M., Blagonravov M.L., Golu-
bev M.A. Characteristics of general pathological processes in the lungs
following clozapine poisoning. Obshchaya Reanimatologiya = General
Reanimatology. 2017; 13 (4): 22-29. DOI: 10.15360/1813-9779-2017-
4-22-29. [In Russ., In Engl.]

Ziliene V., Kondrotas A,J., Kevelaitis E. Etiology and pathogenesis of acute
respiratory failure. Medicina (Kaunas). 2004; 40 (3): 286-294. PMID:
15064552

Kuzovlev A.N., Moroz V.V., Goloubev A.M., Poloonikov S.G. Diagnosis of
acute respiratory distress syndrome in nosocomial pneumonia. Semin.
Cardiothorac. Vasc. Anesth. 2010; 14 (4): 231-241. DOL
10.1177/1089253210388297. PMID: 21193470

Glushkoo S.1., Kutsenko S.A., Karpishchenko A.1, Novikova T.M. The state
of the glutathione system and processes of lipid peroxidation in red blood
cells of patients with acute poisonings with sedative-hypnotic substan-
ces. Toksikologichesky Vestnik. 2003; 5: 6-12. [In Russ.]

Bogomolova I.N., Bogomoloo D.V. Thanatogenesis in poisoning with psyc-
hic drugs. Sudebno-Meditsinskaya Ekspertiza. 2005; 48 (2): 19-22. PMID:
15881137, [In Russ.]

Chernyaev A.L., Samsonova M.V. General and special pathology of the
lung. Respiratornaya Meditsina. Moscow: GEOTAR Media; 2007: 131-
155. [In Russ.]

Marino P.L. Intensive care. Moscow: GEOTAR-Media; 2010: 770. ISBN
978-5-9704-1399-9. [In Russ.|

Moroz V., Goloubev A., Kuzovlev A.N. Acute respiratory distress synd-
rome: new classification. Semin. Cardiothorac. Vasc. Anesth. 2010; 14 (1):
46. DOI: 10.1177,/1089253210364249. PMID: 20472624

Golubev A.M., Moroz V.V., Sundukov D.V. Pathogenesis of acute respira-
tory distress syndrome. Obshchaya Reanimatologiya = General Reani-
matology. 2012; 8 (4): 13-21. DOIL:10.15360,/1813-9779-2012-4-13. [In
Russ., In Engl.]

Cook J.A., Gesel J., Haluska P.V., Reines H.D. Prostaglandins, tromboxa-
nes, leukotrienes and cytochrome P-450 metabolites of arachidonic acid.
New Horiz. 1993; 1 (1): 60-69. PMID: 7922394

Yang G., Hamacher ]., Gorshkov B., White R., Sridhar S., Verin A., Chakra-
borty T., Lucas R. The dual role of TNF in pulmonary edema. J. Cardio-
vasc. Dis. Res. 2010; 1 (1): 29-36. DOI: 10.4103,/0975-3583.59983.
PMID: 21188088

Hirani N., Antonicelli F,, Strieter R.M., Wiesener M.S., Ratcliffe PJ., Haslett
C., Donnelly S.C. The regulation of Interleukin-8 by hypoxia in human
macrophages: a potential role in the pathogenesis of the acute respiratory
distress syndrome (ARDS). Mol. Med. 2001; 7 (10): 685-689. PMID:
11713368
Hardaway R.M. Pathology and the physiology of disseminated intravas-
cular coagulation. Pathophysiology of shock, anoxia, ischemia. Balti-
more: Williams & Wilkins. 1982: 186-197.
Leaver S.K., Evans T.W. Acute respiratory distress syndrome. Br. Med. ].
2007; 335 (7616): 389-394. DOI: 10.1136,/bmj.39293.624699.AD.
PMID: 17717368

Received 27.02.18

GENERAL REANIMATOLOGY, 2018, 14; 4

www.reanimatology.com

51



