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Hcnoab3oBanue nepdropaHa ¢ 1eJbI0 HUTONPOTEKIUH CTPYKTYP JETKHX IPH TPAMOTPULIATeIbHbIX HH(PEKIHUAX JeTKUX U3Y-
4YeHO HeNoCTaTouHo. Ieny uccaedosanus — BbISIBUTH B 9KCIEPUMEHTE XapakTep MOPQDOIOrHYECKUX UBMEHEHHIl B JIETKUX
[PU COYETAHHOM HHTAISIMOHHOM Bo3/elicTeun unonosmcaxapuaa (JIIIC) u nepdropana, 061a1al01M€ero HUTONPOTEKTOP-
HBIMH CBOcTBaMu. Mamepuanvt u memoovl. IKCIEPUMEHT GbLT BHIIOIHEH Ha 48 GeJbIX GECOPOAHBIX KPbICaxX-CaMIaX Mac-
coit 320—350 r. IkcnepuMeHTaIbHbIE KUBOTHBIE ObUIM pacnpenenensl rpymusi: rpymna 1 (Ip. 1, n=12) — kourpoibHas
(BJI1 4.); rpymna 2 (Ip. 2, n=12) — unransuuonnoe Beeaenue JIIIC 1,0 mr; rpynna 3 (Ip. 3, n=12) — unransiumonHoe BBe-
nenne nepdropana 1,0 mr; rpynna 4 (Ip. 4, n=12) — unransiuuonnoe eeenenune JIIIC 1,0 mr, 3aTeM HHraJIsHOHHOE BBe/Ie-
nue nepdropana 1,0 mu. Pesyavmamot. Ilo nanubiM Mopdonornyeckoro uccaenosanusi B Ip. 1 (KoHTPoJb) He GbLIO BISIB-
JIEHO NPU3HAKOB NMOBPEXAeHHsS CTPYKTYp Jerkux. B Ip. 2 (JIIIC) 6buu ormevennl npusHaku JIIIC-unaynuupoBaHHOro
nopesxaenus gerkux. B Ip. 3 (mepdropan) cnycrs 3 4. nocie HHraJIsSIMOHHOTO BBeAeHus nepdTopana B npoceeTe GPoH-
XOB OOHAPYKUBAIOTCS KOMILIEKCHI MAaKPO(daroB ¢ BaKyoJIM3uPOBaHHON uTomwiasmoii (nepdropodaru). B Ip. 4 unramusiu-
OHHOe BBeJleHue nepdTopaHa OKa3pIBaeT IUTONPOTEKTOPHBIN 9 eKT: cTenens Bipa:keHHOCTH MOPGOI0THYECKUX H3MEHe-
HWUiA B Jierkux, BbizBannbix JIIIC, Gblia 3HAYNTEIHHO MEHBIIIE MOCIE HHTAIANNN TepdTopana no cpasuenuio ¢ Ip. 2. Boisoowt.
B sxcnepumenTanbHoii Mosenn JITIC-uHaynupoBaHHOTO MMOBPE:K/ICHNS JIETKUX IOKa3aHo, yTo uHrasus JIIIC npuBoaur k
MOBPEIK/IEHUIO AIbBEOISIPHOTO ¥ GPOHXHAIBHOTO JIUTENHS, PA3BUTHIO MHTEPCTHIIMAIBHOTO U ATbBEOJISIPHOTO OTEKA, BBIPA-
JKEHHOW KJIeTOYHOIl HHUIbTPanuu 3a cyeT IMM(QONUTOB, CETMEHTOSIEPHBIX JTEHKOUTOB 1 Makpodaros. B nannoii moxe-
JIM TIOKa3aHOo, YTO MHTAJISINOHHOE BBeAeHne nepdTopaHa MUHUMU3UPYET MOBPEK/EHUE ATbBEOISAPHOTO  OPOHXHAIBHOTO
SIMTENNS, YMEHBIIAET BHIPAKEHHOCTh HHTEPCTUIHATILHOTO H AJIbBEOJISIPHOTO OTeKa. JTO MOATBEP:K/IAET AaHHbIe KIHHHYEC-
KHX HCCJIeZIOBAaHUIT ¥ OTKPBIBaeT BO3MOKHOCTH /UISI HCIIOJIb30BAHUS HHIAJAIMHU epgpTOpaHa B peaHNMAaTOJIOTHH.

The use of perfluorane for the cytoprotection of lung structures in gram-negative lung infections has been inade-
quately studied. Objective: to experimentally reveal the pattern of morphological changes in the lung during com-
bined inhalation of lipopolysaccharide (LPS) and perfluorane that has cytoprotective properties. Materials and
methods. The experiment was carried out on 35 outbred male albino rats weighing 320—350 g. The experimental ani-
mals were allocated to groups: 1) one-hour ventilation (controls) (7=5); 2) inhaled LPS 1.0 mg (n=10); 3) inhaled
perfluorane 1.0 ml (2=10); 4) inhaled LPS 1.0 mg and then inhaled perfluorane 1.0 ml (2=10). Results. According to
morphological findings, Group 1 (controls) was found to have no signs of lung structural changes. Group 2 (inhaled
LPS) was noted to have signs of characteristic LPS-induced lung injury. Group 3 (inhaled perfluorane) showed com-
plexes of macrophages with vacuolated cytoplasm (perfluorophages) in the bronchial lumen 3 hours after inhaled
perfluorane administration. In Group 4, inhaled perfluorane exerted a cytoprotective effect: the degree of LPS-
induced morphological changes in the lung was much lower than that in Group 2. Conclusion. The experimental
model of LPS-induced lung injury indicated that LPS inhalation led to alveolar and bronchial epithelial damage,
interstitial and alveolar edema, and obvious cell infiltration at the expense of lymphocytes, segmented leukocytes,
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and macrophages. This model showed that inhaled perfluorane reduced the signs of alveolar and bronchial epithelial
damage and the degree of interstitial and alveolar edema. This supports clinical findings and offers possibilities of
using inhaled perfluorane in resuscitation. Key words: critical conditions, lipopolysaccharide-induced lung injuries,

perfluorane, cytoprotection.
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BBenenue

Kputnueckue coCTOSTHUST OCTOKHSIOTCS WH(DEKIHS-
Mu JierkuX y 25—30% GoJIbHBIX. ACCOIMAIMK TPaMOTPHUIa-
TETbHBIX MUKPOOPranu3MoB (Pseudomonas aeruginosa,
Acinetobacter spp., Klebsiella pneumonia) ssnsiiorcs Bey-
HIMMU TIPU HOB0KOMHUAJIbHBIX MH(peKImsx jJerkux. [To nan-
HbIM Hamrero uccaenosanus [1—2], y 70—80% GosbHbIX B
moceBax GPOHXOATHLBEOJISIPHON JIABAKHOMN JKIIKOCTH BbISIB-
asiercst Pseudomonas aeruginosa, y 70—90% — Acinetobacter
baumanii/calcoaceticus, y 30—40% — Klebsilella pneumonia.
Bemyniee 3BeHO maToreHesa TpaMOTPHUIIATENBHBIX HH(EK-
unit — jmmnonosmcaxapuy (JIIIC). JlerarprocTs Tpn rpa-
MOTPHIATETHBIX WHGEKIMAX Jerkux pocturaet 70% [3].
OcCTpblil PeCMPaTOPHBIil AUCTPECC-CUHIPOM OCTIOKHSIETCS
HO30KOMHAIBHOU THeBMOHMelH y 34—60% O0JMbHbIX, a Ts-
JKeJTbIe HO30KOMUANTbHbIE THeBMOHNH B 12—33% — ocTpbiM
PECIMPATOPHBIM JINCTPECC-CHHAPOMOM, UYTO YBEJTHMUUBAET
JretasbHOCTD 110 80% [4].

[Tepdropan obsagaer AOKA3aHHBIMU IIUTOTIPOTEK-
tTopubiMu adextamu [5, 6]. B T0 ske BpeMst, HCTOIb30Ba-
Hue nepdTopaHa C IeJIbI0 IIUTONPOTEKIUN JIETKUX TIPU
IPaMOTPUIATEBHBIX NHMEKIMSAX JIETKUX ¥ MX OCJOKHE-
HUSIX U3YYEHO HEIOCTATOUHO.

[Tesb vccsieioBaHmsT — BBISIBUTD B 9KCIIEPUMEHTE Xa-
paxTep MOp(hOJIOTHUECKUX UIBMEHEHUT B JIEPKUX MIPH cOYe-
tanHoM uHrassimonHoM Boszeiicteun JIIIC u nepdropa-
Ha, 06JIa/IAI0IIETO IUTOMPOTEKTOPHBIMU CBOUCTBAMMU.,

Marepuan u MeTO/bI

[IpOTOKOJ HKCTIEPUMEHTATBHOTO MCCAETOBAHUS OBLI 010~
6pen JlokanbHbiM JTHYecKUM KomuteTroM HUU o6meit peanu-
marosoruu uM. B. A. HeroBckoro. JKcrepuMeHT ObLI BIIOJ-
Hen Ha 48 OGenbix OeCMOPOXHBIX KPBICAX-CAMIAX MacCOi
320—350 r. (Bec XKUBOTHBIX HE PA3INIATICS MEXKIY TPYIIITAMI).
O6uryo aHecTesnio NMpoBoAWIN Xjopairuapatom (15—20
MT/KT, BHYTPHOPIOMINHHO, OAHOKPATHO). /lajee BBIMOTHSIIN
naTy6anuo Tpaxen TpyOKOM 2,5 MM IMaMeTPOM U OCYIIECTBIISA-
M MCKyCCTBeHHYI0 BeHTmusinmio Jjerkux (MBJI) anmaparom
«TSE Animal Respirator Process Control 02-25» (Technical
Scientific Equipment, Tepmanust). UBJI nipoBogniu B KOHTPO-
JIIPYEMOM TI0 00beMY pexkUMe: JbIXaTelbHblii 06beM 2 M (6
MJI/KT MacChl JKWBOTHOTO), 9acToTa Abixanuii 40 B munyTy. [1u-
KOBOE JIaBJIEHNE B JIBIXaTEJbHBIX MYTSIX COCTABJSIIO MPU ITOM
13—15 ¢M BOJH. CT.

IKCIepUMEHTATbHbIE KUBOTHBIE ObIIN PACTpeleseHbl Ha
CJIE/LyTOIINe TPYIITIbL

. rpymma 1 (Ip. 1, n=12) — xourposbhas (Hapkos, M1BJI
B Teyenne 1 4., MpobysKIeHNe JKUBOTHBIX, 9KCTYOAINS] U TPAHC-
MIOPTUPOBKA B BUBapuii). BeiBesienne ;KMBOTHBIX TAHHOI TPYTIIIBI
13 BKCIEPUMEHTA OCYIIECTBIIAIOCH ITyTeM JleKalnTaluy 1oj1 Hap-
Ko30M 4epe3 3 4. (n=6) u 24 4. (n=6);

. rpymma 2 (I'p. 2, n=12) — napkos, BJI, nnransimon-
noe seegenne JIIIC B gose 1,0 mr B Teyenne 15 mun., nanee NBJI
B Teyerne 1 4., MpobysKIeHNe JKUBOTHBIX, 9KCTYOAINS] U TPAHC-
MIOPTUPOBKA B BUBapuil. BeIBeieHNe KUBOTHBIX JJAHHOI TPYTIIIBI

Introduction

Critical states are complicated by pulmonary infections
in 25—30% of patients. Associations of critical illness with
aeruginosa,
Acinetobacter spp., Klebsiella pneumonia) are leading in noso-

gram-negative  bacteria  (Pseudomonas

comial pulmonary infections. According to our studies [1—2],
in bronchoalveolar lavage fluid Pseudomonas aeruginosa is
detected in 70—80%, Acinetobacter baumanii / calcoaceticus
in in 70—90%, Klebsilella pneumonia — in 30—40% of
patients. The leading link in the pathogenesis of gram-nega-
tive infections infections is lilpopolysacchoride (LPS). The
mortality in gramnegative pulmonary infections is close to
70% [3]. Acute respiratory distress syndrome is complicated
by nosocomial pneumonia in 34—60% of patients, and severe
nosocomial pneumonia is complicated by the acute respirato-
ry distress syndrome in 12—33% patients that increases the
mortality up to 80% [4].

Perfluoran derivative, the Perftoran, has proved
cytoprotective effects [5, 6]. However, cytoprotection of
lung tissues in gram-negative pneumonia and its complica-
tions has been poorly studied.

The aim of the study was to investigate the morpho-
logical aterations in lungs following inhaled administration
of LPS and perftoran in a rat model of LPS-induced damage.

Materials and Methods

The experimental protocol was approved by the Local ethical
committee of the V.A. Negovsky Research Institute of General
Reanimatology. The experiment was done on 48 outbred male rats,
weight 320—350 g (no differences in weight between the groups).
General anesthesia was induced by chloralhydrate 15—20 mg/kg
intraperitoneally as a single bolus. The trachea was intubated with
a 2.5 mm tube and mechanical ventilation (MV) started («TSE
Animal Respirator Process Control 02-25», Technical Scientific
Equipment, Germany). Ventilation was volume-controlled with a
2 ml tidal volume (6 ml/kg per body weight), respiratory rate
40/min, peak airway pressure — 13—15 water cm.

Experimental animals were split into 4 groups:

. group 1 (n=12) — controls (narcosis, MV for 1 h, awak-
ening, extubation, transportation to the animal facility). Animals
were executed by decapitation 3 (n=6) and 24 hrs. (n=6) after that.

e group 2 (n=12) — narcosis, MV, inhaled LPS 1.0 mg
within 15 mons, then MV for 1 h, awakening, extubation, trans-
portation to the animal facility. Animals were executed by decap-
itation 3 (n=6) and 24 hrs. (n=6) after that.

. group 3 (n=12) — narcosis, MV, inhaled perftoran 1.0
ml within 15 mins, then MV for 1 h, awakening, extubation, trans-
portation to the animal facility. Animals were executed by decap-
itation 3 (n=6) and 24 hrs. (n=6) after that.

e group 4 (n=12) — narcosis, MV, inhaled LPS 1.0 mg with-
in 15 mins, then inhaled perftoran 1.0 ml within 15 mins, then MV for
1 h, awakening, extubation, transportation to vivarium. Animals were
executed by decapitation 3 (7=6) and 24 hrs. (n=6) after that.

Escherichia coli LPS was used in this experiment (Sigma-
Aldrich, Taufkirchen, Germany) and perftoran (company
«Perftoran», Russia). Perftoran and LPS were administered via the
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13 9KCIIEPUMEHTA OCYIECTBIIAIOCH ITyTeM JleKarnTaluy Moj Hap-
Kxo30M 4epe3 3 4. (n=6) u 24 4. (n=6);

. rpynna 3 (Ip. 3, n=12) — napkos, VIBJI, nnransimon-
Hoe BBejieHue nepdropana B o3e 1,0 it B redenne 15 MuH., 1aee
VBJI B Teuenue 1 4., npolysaeHue KUBOTHBIX, 9KCTYOAIUs 1
TPAHCIOPTUPOBKA B BUBapuil. BbiBe/qeHne KUBOTHBIX JaHHON
TPYHIIBI U3 9KCIEPUMEHTA OCYIINECTBJISJIOCH IIyTeM JeKaUTaIIN
10/ HapKo30M uepe3 3 4. (n=6) n 24 4. (n=6);

. rpynna 4 (Ip. 4, n=12) — napkos, V1BJI, nnransimon-
noe Beejierre JITIC B no3e 1,0 mr B redenvie 15 MuH. u 3arem 1ep-
dropana B no3e 1,0 M B Tevenne 15 mum., nanee MBJI B Teuenne
1 ., IpoGyK/IeHUE KUBOTHBIX, 9KCTYOAIUS U TPAHCIIOPTUPOBKA B
BUBapuil. BeiBezieH1e )KIBOTHBIX JAHHOI IPYTIIIBI U3 9KCIIEPUMEH-
Ta OCYNIECTBIISIOCH ITYTEM JIeKAITUTAIlIH 110]l HAPKO30M depe3 3 4.
(n=6) n 24 u. (n=06).

B uccanenosanuu ucnoabzosan JIIIC Escherichia coli (Sigma-
Aldrich, Taufkirchen, Tepmanust) u nepdropan (HIID «Ilepdro-
pan»). Beenenne JIIIC u nepdropana nmpoBogauan mpu moMOILI
HeOynaiizepa «Aeroneb Pro» (Aeroneb, Mpaanaus) B coorBerct-
BUHI ¢ MHCTPYKIUsIME ipoussoautesst. HeGymnaiizep pasmernain B
MHCIUPATOPHOM IILJTAHTE JIBIXaTeJIbHOTO KOHTYPA, HA PACCTOSTHIU
10 cM oT aHAOTPaxeanbHON TPYOKH.

TTocsie AeKaUTAINK Y BCEX KPBIC TTPOBOANIICS 3a00p JIETKUX
JUII THCTOJIOTHYECKOro nccsenoBanust. Kycouku Jsierkux dukcn-
poBasu B HeiliTpaibiom 10% pactBope dopmainna, 3aauBain B
napadun. [McTosornueckue cpesbl OKpAlIMBAIN IeMaTOKCHIIN-
HOM ¥ 303uHOM. /{151 aHam13a MoOpgoI0rnueckux n3MeHeHuil nc-
nosib3oBas Mukpockornr OLYMPUS BX41 u nporpammy anasu-
3a maobpakenuss IMAGE SCOPE.

Mopostornyeckne u3MeHeHUs B JIETKUX (MHTEPCTHIINAIID-
HBIIl OTeK, KPOBOM3IMSAHUSA (IePUBACKYJISPHBIX M aJIbBEOJISAP-
HBIX), aTeJIEKTa3bl ¥ JANCTEJIEKTa3bl, HAPYLIIEHNST MUKPODUPKYJIs-
mun  (cTaspl M arperanus  PUTPOIUTOB), CIyIHIMBAHUE
GPOHXHMAIBHOTO U ATBBEOJISIPHOTO SMUTEJHsI, CTENIEHD BBIPAKEH-
HOCTH KJIETOYHON peakiyn, Haamdue nepdropodaros) orennsa-
JIM HellapaMeTpudeckumu Mertogamu (kpurepuii x°). Pasmmumist
cunTanu gocrosepubivu mpu p<0,05.

PesyabraThl U 00CyK/IEHHE

ITo manHBIM MOPGOJOTHYECKOTO HCCICOBAHUS B
Ip. 1 (KoHTPOIIB) He GBLIO BBIABICHO MPU3HAKOB TOBPEIK-
JIeHUsT CTPYKTYP Jierkux. [IpocBeTsl anbBeos n GPOHXOB
CBOGOJIHDI, He OOHAPYKEHO MPU3HAKOB IOBPEKACHUS
GPOHXMAJIBHOTO U aTbBEOJISIPHOTO AnuTeNnst. PaccTpoii-
CTBa KPOBOOODAIIEHNsI, HHTEPCTUI[HATBHBIIT 1 abBeO-
JISIPHBII OTEK, aTeJIeKTa3bl U TUCTEIEKTa3bl OTCYTCTBOBA-
au. Mopdosornyeckre U3MeHEHHU B JIETKUX B JaHHON
TpYIIIe 0CTOBEPHO OTJINYAIIICH OT NU3MEHCHUI B OCTANIb-
ubix rpymmax (p=0,0001). Takum o6pasom, B TaHHOH ce-
PHUH KCIIEPUMEHTOB T1aTOJIOTUYECKUX U3MEHEHUI B Jier-
KUX BBISIBJIEHO He ObLIO.

B Ip. 2 (unrassiunonnoe seaetue JIIIC) Gbim ot-
Meuenbl ipusHaku JIIIC-uHayupoBaHHOTO MOBPEKICHUS
Jlerkux yepes 3 4. u 24 4. nocse nnransiun JITIC. Yepes
3 4. mocye narassanuu JIIIC otMedaeTcs nepuapTeprab-
HBII U TIEPUBEHYJISIPHBII OTEK, MEePUBACKYJISIPHBIE U aJIb-
BeoJIsIpHbIEe KpoBouausiius (puc. 1), pacimipenue Jnum-
(harmueckux cocynoB. MHOTHE abBeOJIBI PACIIPABIICHBL, B
TO K€ BPeMs 0GHAPYKUBAIOTCST 0YArOBbIE IICTENeKTas3bl. B
IIPOCBETE AJIbBEOJI BCTPEYAIOTCS KJIETKH CIYIEHHOTO aJlb-
BEOJIIPHOTO SIUTEHS I MaKpoaru. AJbBeoJISIPHBIE XO/IbI
paciupensl. B mpocserax 6poHX0B 0GHAPYKUBAIOTCS CET-
MEHTOSI/ICPHBIE JIEWKOIUTbI, JUMMOLUTbI, B HEOOJIBIIOM

r

Puc. 1. AsbBeousipHble KPOBOMBIMSIHYS Yepe3 3 4. M0CIe UHIa-
JsiuM Jnonoscaxapuaa. OKpacka reMaTOKCHIMHOM U 903U-
HOM. ¥YB. X200.

Fig. 1. Alveolar hemorrhages three hrs after lypopolysaccha-
ride inhalation. Hematoxyline and eosine. X200.

«Aeroneb Pro» nebulizer (Aeroneb, Ireland) according to the man-
ufacturer’s instructions. Nebulizer was put into the inspiratory
limb of the circuit at a 10-cm distance from the endotracheal tube.
Lung tissue specimens for histological examination were
withdrawn after the decapitation of animals, fixed in neutral 10%
formalin and embedded into paraffin. Histological slices were
stained by hematoxyline and eosine. OLYMPUS BX41 micro-
scope and IMAGE SCOPE software were used for morphometry.
Morphological alterations in the lungs (interstitial edema,
perivascular and alveolar hemorrhages, atelectases and dystelectases,
microcirculatory disturbances (red blood cells stasis and aggregation),
desquamation of bronchial and alveolar epithelium, cellular response,
macrophages harvested the perftoran nanoparticles — perfluoro-
rophages) were assessed by nonparametric method (y* criterion).
Differences were considered statistically significant when p<0,05.

Results and Discussion

There were no signs of pulmonary damage in group 1
(controls). The lumen of alveoli and bronchi was free,
there were no signs of alveolar or bronchial epithelium
damage, no circulatory disturbances, interstitial or pul-
monary edema, atelectases or dystelectases. Morphological
alterations on this group significantly differed from the
other groups (p=0,0001). Therefore there were no patho-
logical changes in these groups of animals.

In group 2 (inhaled LPS) signs of LPS-induced
lung injury in 3 and 24 hours after LPS inhalation
became evident. Three hours after LPS inhalation peri-
arterial and perivenular edema, perivascular hemor-
rhages, dilated lymphatic vessels were detected (Fig. 1).
Many alveoli were free, but some dystelectases were
seen. Desquamated alveolar epithelium and macrophages
were seen in some alveoli. Alveolar ducts were dilated.
Neutrophils, lymphocytes and some macrophages,
desquamated epithelial cells, apoptotic bodies were
accumulated in bronchial lumen. Interalveolar septi
were infiltrated by lymphocytes, neutrophils and
macrophages.  Lymphocytes,  neutrophils  and
macrophages were also detected in peribronchial and
perivascular connective tissue.
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Puc. 2. AnbBeonsipHblii OTEK, IOIHOKPOBHE KAIMLISPOB, ajlbBe-
OJISIpHDbIE KPOBOUBJIHUSIHUS Yepe3 24 4. Mocjie MHraIsI|H JUIONO-
smcaxapuga. Okpacka reMaTOKCHJIMHOM U 903UHOM. YB. X400.
Fig. 2. Alveolar edema, capillary plethora, alveolar hemorrhages
24 hours after lypopolysaccharide inhalation. Hematoxyline and
eosine. X400.

KOJIMYecTBe Makpodaru, CIyHieHHble 3MUTeTHAIbHBIE
KJIETKH, allONTOTHYECKUE TesIblla. MeskaTbBeossIpHBIE Tie-
peropoakn UHGUIBTPUPOBAHBI JUMGBOIUTAME, HEGOIb-
M KOJTMYECTBOM CEIMEHTOS/ICPHBIX JICHKOIIITOB 1 MaK-
podaros. B nepubpoHXuanbHOU U IEPUBACKYJISPHOIL
COEIMTHUTEJIBHOI TKAHU TAK’Ke BBIABIIAIOTCS JTUM(MOINTEL,
CErMEHTOsI/IepHBIE JIEHKOIUTHI 1 MaKpodaru.

Yepes 24 u. nocae unransuuu JIIIC (puc. 2) o6Ha-
PY’KUBaeTCs aTbBeossipHbIil oTek. HapacTtaet nnguisrpa-
IIUST MEKATbBEOJISIPHBIX TI€PETOPOZIOK CETMEHTOSIIEPHBI-
MH JIeHKOIMTaMH, YTO TIPUBOAUT K YTOJIICHUIO
MESKATbBEOJISIPHBIX MIEPETOPOIOK U YMEHBIIECHHIO TTPOCBe-
Ta anbBeos. OOHAPYKUBAIOTCSI OYATOBBIE ATEJIEKTA3bl U
JMCTesIeKTa3bl. B mpocBeTe GPOHXOB OTMEYAIOTCS CKOTLIE-
HYSI CETMEHTOSIIEPHBIX JIEHKOIUTOB 1 HEGOJIBIIOTO KOJIU-
yecTBa Makpodaros.

B Ip. 3 (uuransgimonnoe BejeHue rmepdTopaHa)
crryctst 3 4. 1ocJie MHTaISIIIHOHHOTO BBeAeHHs epdTopa-
Ha B MpocBeTe OPOHXOB OOHAPYKMBAIOTCST KOMILIEKCHI
Makpo(haroB ¢ BaKyOJIU3UPOBAHHON ITUTOILIA3MOI (11ep-
dropodarn). B popmupoBannn Takux KOMILJIEKCOB MPHU-
HuMmaet yvyactue 10 30 makpodaros. B anbBeosiax BeTpe-
galoTest  HeboIbIIe
nepdropodaru (puc. 3). AIbBeosIBl PacIPaBICHBI, HEKO-
TOPbIE MEXKAJIbBEOJISIPHBIE EPETOPOJAKH YTOJIICHBI 3a

CKOIIJICHU A 14 C€/IMHNYHbIC

cyer I/IH(I)I/IJIBTPH.L[I/II/I I[I/IM(bO]_[I/ITaMI/I C IPUMECHIO CETMCH-
TOSIIEPHBIX JIEHKOIUTOB. [IpocBeTH GPOHXOB 1 GPOHXUOJT
cB0OOAHBI. [IpusHAKU MOBPEXKACHUS OPOHXUATIBHOTO
ATUTEJUST OTCYTCTBYIOT.

Yepes 24 4. ainbBeoJibl PACIPaBJICHb, CBOOOAHbI, B
npocBetax OpoHXHos 06HapysKUBAIOTCS TiepdTopodaru u
HeGOJTBINTOE KOJIMYECTBO CETMEHTOSIIEPHBIX JielikonnToB. K
(hOITNKYJISIPHOMY SITHTEJNIO MPUIIEKAT CKOIICHUST JIM-
dormToB, ¢ HeboMBIIUM UncaOM HepdTopodaros u cer-
MEHTOSIIEPHBIX JIEHKOIIUTOB. MUTpanms KJIeTOK, 10 BCei
BIJINMOCTH, OCYIIECTBJISIETCS MEXK/IY KJIeTKaMn (hOJUIHKY-
JIIPHOTO SMUTENNS U B 001aCTH KOHTAKTA (hOJITUKYJISIPHO-
r0 U MeprarespbHOro anureans. OTaeabHbIe MEKATbBEO-

Puc. 3. Ilepdropodaru B npocsere anbBeos yepes 3 4. mocie
unragsun nepdropana. Okpacka reMaTOKCHINHOM H D903HHOM.
V8. X400.

Fig. 3. Perfluorophages in alveolar lumen three hours after
perftoran inhalation. Hematoxyline and eosine. X400.

Twenty four hours after the LPS inhalation (Fig. 2)
the alveolar edema was detected, infiltration of interalveo-
lar septi by neutrophils and thickening of them with a
decrease of alveolar lumen were seen. Focal atelectases and
dystelectases were observed, as well as accumulation of
neutrophils and some macrophages in the bronchial lumen.

In group 3 (inhaled perftoran), three hours after
inhalation of perftoran macrophages with vacuolized cyto-
plasm (perfluorophages) were detected. These complexes
were comprised of up to 30 macrophages (Fig. 3). Alevoli
were dilated, some interalveolar septi were thickened due
to cellular infiltration with lymphocytes and neutrophils.
Brochial and bronchiolar lumens remained free. No signs of
bronchial epithelium damage were observed.

After 24 hours after the end of experiment the alve-
oli remained free, dilated, perfluorophages and some neu-
trophils were detected in bronchiolar lumens. Complexes
of lymphocytes with some perfluorophages were adjacent
to follicular epithelium. Migrating cells apparently accu-
mulated between the cells of the follicular epithelium and
within the contact area of follicular and ciliated epitheli-
um. Separate interalveolar septi were thickened due to cel-
lular infiltration.

Morphological changes in the lungs in group 3 (eval-
uated at 3 and 24 hours after the administration of
perftoran) differed significantly from changes in group 2
(inhalational administration of LPS), i.e. there was a lower
incidence of interstitial edema, hemorrhage (perivascular
and alveolar), atelectases and dystelectases, less pro-
nounced microcirculation disturbances (stasis and aggre-
gation of red blood cells), and the severity of bronchial and
alveolar epithelium desquamation (p=0,0001). There were
no significant differences between the groups in the sever-
ity of cell reaction. In group 3 perfluorophages were
observed in bronchi and alveoli (p=0,0001).

In a Group 4 (combined inhalational administra-
tion of LPS and perftoran), in three hours after the end
of experiment alveoli were mostly free and dilated. In
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Puc. 4. Ilepdropodaru yepes 3 4. nocjie HHraISIUH JUIIOTIOIH-
caxapua u nepdropana. Okpacka reMaTOKCHIMHOM M D03H-
HOM. ¥B. X400.

Fig. 4. The perfluorophages three hours after lypopolysaccha-
ride and perftoran inhalation. Hematoxyline and eosine. X400.

JISIPHBIE TIEPETOPOJIKU YTOJIIICHBI 32 CUET YBEJINYEHHS CO-
JepskaHusT TUM(GONIHBIX KIETOK 1 B MEHBIIIEM KOJTIIEeCTBE
CETMEHTOSI/ICPHBIX JICHKOITITOB.

MopdoJorinueckie nuaMeHeHus B JIETKUX B TpyIIe 3
(ottenennl yepe3 3 u 24 4. nocsie BBenenus [lepdropana)
JIOCTOBEPHO OTJIMYATMCH OT U3MEHEHUN B Tpytie 2 (MHra-
nanmonnoe sefenne JIIIC): Gplma MeHbIIEH yacToTa BbI-
SIBJIEHISI THTEPCTHIINAIBHOTO OTEKA, KPOBOMIIUSHNUI (T1e-
PUBACKYJISIPHBIX U aTbBEOJSPHBIX), aTeNeKTa3oB U
JINCTEJIEKTA30B, OBLIN MeHee BBIPAKEHbI HaPYIIEHIsT MUK-
podupkysay (CTa3bl U arperaiys SpUTPOIMTOB) U CTe-
[EeHb BBIPAKEHHOCTH CJIYIIUBAHISI OPOHXHATIHLHOTO U aJlb-
Beossiproro snutesus (p=0,0001). He Obuio BbIABIEHO
JIOCTOBEPHBIX PA3JIIYMI MeXK/Iy IPYIIIAMU 10 CTEIIeHU BBI-
PAKEHHOCTHU KJIETOUHOU peakiuu. B rpymie 3 3akoHoMep-
HO GbLIM BBIsIBJIEHBI TIepdTopodarn B mpocseTax GPOHXOB
u anbeeost (p=0,0001).

B Ip. 4 (couerannoe unramsanuonHoe Beegenne JIIIC
u nepdropana) yepes 3 4. OT Hayala HKCIIEPUMEHTA aJIbBe-
0JibI B GOJIBIIMHCTBE CBOEM PACIIPABJIEHbI, BO3/YIIHbI. B
YACTH aJIbBEOJI 0OHAPYKUBAIOTCS MaKpodar ¢ BakyoJI-
3UPOBAHHOI ITUTOIJIA3MOIl, KOTOPbIE PACTIOJIATAIOTCS O/ -
HOUHO Win HeGoblMMu rpymnamu (puc. 4). B meskanbse-
OJIIPHBIX IEPErOPOJIKAX BBISBJSIOTCS CETMEHTOSICPHBIE
JIEHKOTUTBI, TUMGOIUTEI, Makpodaru. BeisBisiiorest ova-
roBble AucTeseKTasbl. [I[pOCBEThl KPYIHBIX OPOHXOB U
OGPOHXMOJI CBOOOHBI, B HEKOTOPBIX U3 HUX B HEOOJIBIIOM
KOJIMYECTBE COAEPIKATCS CETMEHTOSI/IePHBIE JIEHKOIUTBI 1
enruHNYHbIe Makpodarn. B Benysiax ormedaercsl KpaeBoe
pacrosioxKeHne CeTMeHTOS/IEPHBIX JeHKONNUTOB. BorsaBis-
eTcsI IepuapTepHasIbHbIN OTEK, B OTEYHOMN JKIIKOCTH CKOII-
JICHUSI CETMEHTOSIICPHBIX JIEHKOIIUTOB.

Yepes 24 4. B mpocBeTe KPYITHBIX OPOHXOB BBISIBJIS-
I0TCSI CKOIJICHUSI CETMEHTOSI/ICPHBIX JIEHKOIIUTOB U KPYII-
HBIX Makpo(haros ¢ MeIKOBAKYOJN3NPOBAHHON IIUTOILIA3-
Mmoit  (nmepdropodarn).
IIePETOPOKHU YTOJIIIEHBL 32 CYET HMOBBIIIEHHOTO COIEPIKa-

Muorue MeXaabBeOJSIpHBIE

Hus KJIeToK (puc. 5). B causucroit obosiouke GPOHXOB
MHOTO GOKAJIOBUIHBIX KJIETOK. B mpocseTax ambBeos eau-

Puc. 5. YromueHne Me:KaabBEOISIPHBIX NEPErOPOOK, KIETOU-
Hasi peakuys yepes 24 4. nocje MHIrasIuy JUION0IMcaXapu/ia u
nepdropana. Okpacka reMaTOKCUIMHOM ¥ 903HHOM. YB. X400.
Fig. 5. Thickening of interalveolar septi, cellular response 24
hours after lypopolysaccharide and perftoran inhalation.
Hematoxyline and eosine. X400.

Puc. 6. Ilepdropodarn u cermeHTos1epHbIE JIEHKOLUTHI B TIPO-
cBeTe GpoHxa uepes 24 4. MocJie MHrAISLHH JTUIIONOIHCAXaPH/IA U
nepdropana. Okpacka reMaTOKCHJINHOM M 903HHOM. ¥YB. X400.
Fig. 6. Perfluorophages and neutrophils in bronchial lumen 24
hours. after lypopolysaccharide and perftoran inhalation.
Hematoxyline and eosine. X400.

some alveolar macrophages the cytoplasm was vac-
uolized, the vacuoles were separate or organized in
groups (Fig. 4). In the interalveolar septi the accumula-
tions of neutrophils, lymphocytes and macrophages were
detected. Lumens of the large bronchi and bronchioli
were free, some of them contained a small amount of neu-
trophils and macrophages. In venules a marked boundary
location of neutrophils was seen. Periarterially edema
and neutrophils was detected.

24 hours after the end of experiment complexes of
neutrophils and large macrophages with small-vacuolized
cytoplasm (perfluorophages) were detected in large
bronchi. Interalveolar septi were thickened due to cellular
infiltration (Fig. 5). Many goblet cells were seen in
bronchial mucus layer. Separate perfluorophages were seen
in alveolar lumens (Fig. 6). Edematous fluid with lympho-
cytes, macrophages and some neutrophils was detected in
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Mexaumsmsr Pa3BUTNUIA KPUTUICCKUX COCTOSIHUM

HuuHble tepdropodaru. B mpocserax 6poHX0B 06HAPYKHU-
BaioTcs mepdropodart U CerMeHTOsI/IEPHbIE JIEHKOITUTHI
(puc. 6). B mepuaprepnasbHOil COeAMHUTENBHON TKAHU
(eIMHUYHBIE aPTEPUN) COACPIKUTCS OTEUHAs KUAKOCTD, B
KOTOPOIi BUAHBI JUMMOILUTEI, MAKPO(haru, B HeOOJIBIIOM
KOJIMYeCcTBe CeTMEHTOsIZiepHble JelKonmuTel. [IpocBeTst
OPOHXOB ¥ OPOHXMOJ CBOOGOIHEL

Mopdosiorinueckue u3MeHEHUS B JIETKUX B TAHHOI
rpymre (depes 24 4. mocse BBefieHNs nepdropana) He OT-
JINYAJIUCH OT U3MEHEHMIT B rpyTine 3 (MHTAISIMOHHOE BBe-
nenue nep@ropaHa) u JOCTOBEPHO OTJINYAINCH OT U3MEHE-
HUH B Tpymme 2 TO yKa3aHHBIM BbINE MPU3HAKAM
(unramsinnonnoe Beezienue JIIIC) (p=0,0001).

[leHTpa/IbHBIM 3BEHOM IATOTEHE3a TPAMOTPHIIATE -
HBIX NH(MEKINH ABASCTCS eHcTBIE (PPATMEHTOB 0O0JI0UKN
IPaMOTPUIIATEIbHBIX OAaKTEPUii, 10 XUMUYECKOU CTPYKTYPE
otHOCAmMuxcss kK sgunonoancaxapugam (JIIIC). Tepmun
<IHJ/IOTOKCUH» BIIEPBbIE TTOsIBUJICS B iuTeparype B 1892 ro-
J1y 110 OTHOLIEHUIO K TePMOCTAOMIBHOMY KOMIIOHEHTY JIK-
3aTa rpaMOTpuUIaTe/IbHbIx Gakrepuil [7]. Jlunonosucaxa-
PUI  COCTaBJSIET OKOJO 75% HapyKHOU MeMOpaHbl
IPaMOTPUIIATEIbHBIX OAKTEPUI U COCTOUT U3 THAPOHOOHO-
ro simnuga A u osmmcaxapugnoro O-anturena. Jlumonosu-
caxapujl B KpoBu Tpancrnoprupyercsi B csizu ¢ JITIC-cBs-
JITIC
pacro3HaeTcss KJeTKaMU BPOJKIAEHHOTO MMMYHHUTETA MO-

3bIBAIONUM  TIpOTEeUHOM. JlunujHas  4vactb
cpencrBom Toll-nmopoGHbIMU perieniTopaMu 4 TuIa, 1oce
4ero MpOUCXO/IUT AKTUBAIMS BHYTPUKJIETOYHOTO SIJIEPHOTO
(axropa kB (NFxB) u cunres nuroxunos (UJI-8, NJI-6,
NJ-1, NJI-12, MJI 15, ®HO-a). Nnranxsnuontoe BBee-
nue JIIIC conpoBokmaeTcss 3HAUUTEJNBHBIM yCHUJIEHUEM
cunre3a DHO-a ampBeosonramu 2 tura. Kpome Toro, -
ruzt A JITIC BbI3bIBAET MOBPEK/ICHNUE IHAOTETUOIUTOB MO~
CPEJICTBOM CTUMYJISIIMU BHIPAOOTKU IUTOKUHOB U POCTO-
dakTopa,
AH/IOTENINONNTOB. BO MHOTHX MCC/IEIOBAHUSIX TOKA3aHO,

BOTO KOTOpblEe TPHUBOJAT K  alolTO3y
4YTO 9KCIEPUMEHTATIbHOE MHTAsIAIMoHHOe BBeneHue JIITC
COITPOBOK/IAETCS] PA3BBUTHEM ITPU3HAKOB OCTPOTO PECIpa-
TOPHOTO JIMCTPECC-CUH/IPOMA C BBIPAKEHHOM KJIETOYHOM
peakiueit Ha Tepputopun Jerkux |7, 8]. VicnosibzoBanue B
SKCIIEPUMEHTE IIpenapara cuibsesiectat (6J0KaTop aacTa-
3bl HEIUTPOMUIOB) CHIOCOOCTBYET YMEHBIIEHUIO BbIPAsKEH-
HOCTH TOBpesKieHus Jierkux nocsie unrasnsiiuu JITIC [9].
WuransiumonHoe BBeeHue nepdTopaHa OKa3blBaeT
IUTONPOTEKTOPHBIH ahheKT: cTerneHb BIPaKEHHOCTH MOP-
dosrornueckux uaMeHeHu B Jierkux, BoizBanuboix JIIIC,
ObLJIa 3HAUMTEJBHO MEHBIIIE TI0CJIE MHTAIAINY TTepdhTOpaHa
1o cpaBHenuto ¢ Ip. 2 (unrassuus JITIC 6e3 nepdropana).
Hawm me yzmanmoce HaliTH B IOCTYITHOM JinTepaType aHaso-
PMYHBIX 110 JIM3aHHY M UCIIOJIb3YeMbIM BeliecTBaM (11epd-
TOpaH ) dKCIIePUMEHTATbHBIX MCCe/[0BaHnil. bplro mokasa-
HO, 4TO BHYTPUBEHHOE BBe/leHUE T1epdOTOPYTIEPOAHOI
amyJibenn 10 unrasstiuuu JIIIC o6sazaer nuTonpoTeKkTop-
HBIM JIEHCTBMEM Ha CTPYKTYPbI JieTkux [8], a uHransims
nepdropyriepojia CriocoOCTBYET YBEJIMIECHUIO MHACKCA OK-
CUTEHAIMH, CTATMYECKOTO KOMILJIAHCA U JIBIXaTeJbHOTO
obbeMa 1pu MOBPEKACHUN JIETKUX, BHI3BAHHOM JI€TEPreH-
toM |10, 11]. IToyueHHBIC HAMM 9KCIIEPUMEHTAIBHBIE IaH-

periarterial connective tissue. Bronchial and bronchiolar
lumens were free.

Morphological changes in this group did not differ
from those in group 3, but were significantly different from
those in a group 2 (p=0,0001).

The central part of the pathogenesis of gram-negative
infections is the action of lipopolysaccharide (LPS) on the
cells. The term «endotoxin» first appeared in the scientific
literature in 1892 in relation to a thermostable negative
bacteria lysate component [7]. Lipopolysaccharide compos-
es about 75% of the outer membrane of gram-negative bac-
teria and consist of a hydrophobic lipid A and O-polysac-
charide antigen. Lipopolysaccharide is transported in the
blood in connection with the LPS-binding protein. The
lipid part of the LPS is recognized by the innate immune
cells, Toll-like receptor type 4 (TLR4), which mediate sig-
naling process to activate the proinflammatory transcrip-
tion factor NF«B, initiating the production of cascade of
inflammatory cytokines (IL-8, IL-6, IL-1, IL-12, IL 15,
TNF-¢). Inhalational administration of LPS is accompa-
nied by a significant increase in the synthesis of TNF-a by
alveolocytes. Moreover, lipid A, the LPS component, caus-
es endothelial damage by stimulating production of
cytokines and growth factors, which leads to apoptosis of
endothelial cells. Experimental inhalational administration
of LPS is accompanied by the development of acute respi-
ratory distress syndrome with a significant cellular reaction
in lungs [7, 8]. Use of an experimental drug silvelestat
(blocker of the neutrophil elastase) reduces the severity of
lung damage after LPS inhalation [9].

In present study, the inhalational administration of
perftoran resulted in cytoprotective effects: the severity of
morphological changes in the lungs caused by LPS was sig-
nificantly lower after the inhalation of perftoran compared
to animals received only LPS without perftoran (group 2).
To our knowledge, this was the first morphological analy-
sis of lungs following the inhalational use of perfluocorbon
derivative in experimental model of sepsis. Earlier papers
reported the cytoprotective effects on lungs of the intra-
venous administration of perfluorocarbon emulsion [8],
whereas the inhalation of perfluorocarbons increased the
oxygenation index, static respiratory compliance and tidal
volume in the lung injury caused by detergent [10, 11].
Our experimental data are in compliance with the results
of several clinical studies that demonstrated the efficacy of
endobronchial administration of perftoran in improving
gas exchange parameters and the functional conditions of
the lungs. Thus, the administration of the endobronchial
perftoran was more effective in patients with acute respi-
ratory distress syndrome caused by direct damaging fac-
tors. In this group the treatment increased the oxygena-
tion index to 34.6% compared to 17.8% in control (no
perftoran),whereas the decrease of pulmonary shunt frac-
tion was 23.3% vs. 14.3% in control. The efficacy of
perftoran is presumably results from its cytoprotective
effects and improvements of lung biomechanics. Definitely
the less pronounced effect of endobronchial perftoran in
acute respiratory distress syndrome caused by indirect
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HBIE TIO/ITBEPIKIAIOTCS PE3YJIbTaTaMU Psijla KINHIUYECKUX
UCCIeIOBaHKH, B KOTOPBIX Oblia noKasaHa a(p(MEeKTUBHOCT
9HI0OPOHXUAIBHOTO TIep(TOPaHa B OTHOIIEHUU YJIydIle-
HUSI [TOKasartesiell ras000MeHa u (GyHKIIMOHAIBHOTO COCTO-
SIHUSL JIETKUX. B KJIMHUYECKOM MCCIe0BaHuK ObLIO BIEp-
BbIC 9HZI06POHXNATHHOE
nepdropana Gosee apdextusHo y 6ombHbix OPIC, BBI-

3BAHHBIM TPAMBIMH TTOBPEK/IAIOIITNMN CbaKTOpaMI/IZ B J1aH-

IIOKa3aHO, 4YTO BBeEJ/ICHUE

HOM TpyHIle IPUPOCT MHAEKCA OKCUTCHAIMH COCTABHII
34,6% (mpotus 17,8%), cHrskenne (Hpakinu BHYTPUIETOT-
moro myntupoBanust 23,3% (mpotus 14,3%). dbdexTn-
HOCTB riepdTopaHa P 9HT00POHXMATEHOM BBEICHNUST CBSI-
3aHa, BEPOSITHO, C €T0 IIUTONPOTEKTUBHBIME ahdexramu n
yJIydIlleHue JTeroaHoit Guomexanuiu. OUeBH/HO, YTO MEHb-
masi KJInHIdecKast 3GGhEeKTHBHOCTD 9HA0OPOHXUATBHOTO
nepdropana npu OP/C, BbI3BAHHOM HETIPSIMBIMU TTOBPEIK-
JAIONIMH (haKTOPaMH, CBSI3aHa € IVIOXUM €TI0 IPOHNKHOBE-
HIEM B [OBPEK/IECHHBIC 30HBI JIETKUX [, 12].

MexaHU3MBI IIUTONPOTEKTOPHOTO JeHCTBUS Tepd-
TOPYIJIEPOJIOB HA CTPYKTYPBI JIETKUX OCTAIOTCS AUCKYCCH-
OHHbIMU. 3BeCTHO, 4TO 11ephTOPYIIEPObI HHIUOUPYIOT
cuntes OHO-a B neiitpodmiax [13], monorurax [14] u
aTbBEOJIIPHBIX Makpodarax [15—17], cHmKaoT akcmpec-
CHIO MEKKJICTOTHOI MOJIEKYJIBI a/ire3uu 1 Tnumna Ha aHjpoTe-
JINOIIMTAX, YTO yrHeTaeT Murpaiuio Heiirpodusnos [18].
Tak:ke Ipe/IIoNaraioT, 4YTo 1epdTopyIIepoIbl MOTYT Gop-
MUPOBaTh (Gapbhep BOKPYT KJIETOK HMMYHHOH CHCTEMBI,
IPenAaTCTBYIOMNN MEKKJIETOYHBIM B3aUMOJICHCTBUAM
[19—20]. Heo6xoanM0o OTMETUTD, YTO BBINIEEPEdnCICH-
HbIE MCCJIEA0BAHSI OBLIN BBITOJHEHDI € MCIOJIb30BAHUEM
11epdTOPYTIEPOTHBIX IMYIbCHUIL, OTINYHBIX IO COCTABY OT
nepdTopana.

BroiBoasl

Takum 06pa3oM, B 9KCIEPUMEHTAIBHON MOJEIIH
JIIIC-nuAyninpoBaHHOrO TOBPEK/CHUS JIETKUX MOKa3a-
Ho, uto nHTangug JIIIC npuBoanT K TOBpEsKIeHNIO aTh-
BEOJISIPHOTO M OPOHXMATBHOTO ATUTENNs, PA3BUTUIO WH-
TEPCTUINAIBHOTO U aJIbBEOJISIPHOTO OTEKA, BhIPAKEHHOM
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damaging factors was associated with its poor penetration
into lung areas [5, 12].

Cytoprotective mechanisms of action of perfluorocar-
bons on lung structure remain debatable. It is known that
perfluorocarbons inhibit the synthesis of TNF-a in neu-
trophils [13], monocytes [14] and alveolar macrophages
[15—17], reduce the expression of the intercellular adhe-
sion molecule type 1 (ICAM-1) on endothelial cells, which
inhibits the migration of neutrophils [18]. It is also sug-
gested that perfluorocarbons may form a barrier around the
cells of the immune system preventing cell-cell interactions
[19—20]. It should be noted that the abovementioned stud-
ies were performed using perfluorocarbon emulsions differ-
ing in composition from perftoran.

Conclusion

This experimental model of LPS-induces lung injury
confirmed that LPS causes damage of alveolar and
bronchial epithelium, results in development of interstitial
and alveolar edema, induces extensive cellular response
through accumulaqgting the lymphocytes, neutrophils and
macrophages within the lung tissue. This study demon-
strates that inhaled perftoran decreases pulmonary alveo-
lar and bronchial epithelium damage and decreases the
degree of pulmonary edema. This data confirm clinical
investigations of perftoran and provide the way to a broad-
er implementation of inhaled perftoran in intensive care
medicine.

KJIETOUHON WHGUIBTpAIIUN 3a cYeT JUMGOIINTOB, CeT-
MEHTOSI/IEPHBIX JIEWKOIUTOB W MakpodaroB. B nanuoit
MOJIEJIN TTOKa3aHo, YTO MHTASIMOHHOE BBefeHue mepd-
TOpaHa MUHUMU3UPYET TOBPEXACHNE aTbBEOJIIPHOTO T
OPOHXMAJIBHOTO BIUTENUS, YMEHbUIAET BHIPAKEHHOCTD
WHTEPCTUIINAIBHOTO U aJbBEOJSIPHOTO OTeKa. IJTO TIOJI-
TBEP)KAAaeT AaHHBbIE KIMHUUECKUX HMCCIACTOBAHUN W OT-
KPBIBAeT BO3MOKHOCTHU JIJISI MHTAJISIIMOHHOTO TTpUMEHe-
Hust nepdropaHa B peaHuMaTOJIOTHH.
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