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Pe3rome

Iesas ucciaesoBaHusA — U3YYUTh BJIUSAHNE 3TUIMETU/ITHIPOKCUINPUAMHA Ha YJIBTPACTPYKTYpHbIE U3-
MeHEeHWUS 9HJO0TETHNOIUTOB CHHYCOUTHBIX Kanu/IsIpoB (CK) meyeHn 1 COCyUCTO-TPOMOOIIUTAPHOE 3BEHO
CHUCTEMBI TEMOCTa3a B OCTPOM IIEPHOJIe YEPETTHO-MO3TOBOM TpaBMbI (UMT).

MarepuaJbsl 1 MeTobI. B moctTpaBMarudyeckoMm repuofe (ITTTI) UYMT Ha 36 ayTOpeaHbIX KpbICaX-CaMKax
HCCTIeI0BaIN JTUHAMIKY M3MEeHEHHs YIBTPACTPYKTYPhI aHA0TesmnonuToB CK neyeHn MeTooM 3aJ1eKTPOHHOMN
MHKPOCKOIINY ¥ OIIPeJIesIslIA KOJIMYeCTBO TPOMOOIIMTOB HAa TeMOaHa/In3arope. B Teuenne 12 cyT. B OIIBITHON
rpymrne (7=18) 3KUBOTHBIM BHYTPUOPIOIIMHHO BBOJUIN STUIMETHUITUAPOKCUIIUPUIIH B J03e 8,0 MI/KI MacChl
TeJs1a B CyTKY, a B KOHTPOJIbHOMU rpymie (7=18) — pr3noIorndecKuii pacTBOp HATPHsI XJIOPH/IA B TOM JKe OO beMe.

Pesynbrarel. BBeenne sTuaMeruaruaporcunupuayunaa B ITTII ymMenbI1ao nmospeskieHue MUKpOBOP-
CHHOK 9HJ0TeJIMOLUTOB, rellaTOUUTOB U 3Be34aThIX PETUKYJI09HI0TeJIMOLUTOB B IIPOCTpaHcTBe Jlucce,
TOT/Ia KaK B KOHTPOJIBHOMU I'PYIITIE B 9TOT ITepUOJ 0OHAPY>KUBAJIH FX BEIPAKEHHYIO PEeYKITHIO. B oTirdme ot
KOHTPOJIBHOY I'PYTIIIBI, y SKUBOTHBIX OIIBITHOM T'PYIIIBI He BBIABUJINA TPOMOOIUTOIEHUIO B 1-, 3- U 7-e CyTKH
IoCJIe TPaBMbI, OTMETUJIM CTaTUCTHYECKU 3HAaYMMOe YBeJIMUeHHe Y1cjia TPOMOOIIUTOB, OTHOCUTEJIHHO HC-
XOIIHBIX JaHHBIX, TOCTHUTTIIee HANOOJIbIIIeH BeJIMYUHBI K 12-M CyTKaM IIOCJIe TPaBMEI.

3axkJroueHne. BHyTpuOpIONIMHHOE BBeJeHNe 3TUIMETH/ITHAPOKCUTINPUANHA KpbicaM B paHHeM [1TI1
cep>KuBaso MoBpeskaloliee aeiictsue (popmupyomuxcs nocjie YMT BToOpudIHBIX aKTOPOB Ha 9HAOTe-
JINOIATHI CHHYCOMIOB [leYeHH U IIoTpedIeHre TPOMOOIIUTOB.

Katouesbwle croea: uepento-mo3208as. mpasma; IH00menuti; CUHYCOUOHbLe KanuiLlspbl neyeHu; mpomoo-
YUMbl; IMUAMEMUNLUOPOKCURUPUOUH; MEKCUKOD

KoHdIuKT HHTEpecoB. ABTOPHI 3asIBJISIIOT 00 OTCYTCTBUY KOH(MJIMKTA NHTEPECOB U (DMHAHCOBOH 3a-
WHTEPEeCOBAHHOCTH B IPOBEJIEHNH JAHHOTO MCCJIeJOBAHMUS.

Summary

The aim of the study was to investigate the effect of ethylmethylhydroxypyridine on the ultrastructural al-
terations in endothelial cells of liver sinusoidal capillaries (SC) and primary hemostasis in the acute phase of
traumatic brain injury (TBI).

Materials and methods. Ultrastructural endothelial cell changes were studied in 36 female outbred rats in
the acute phase of TBI using electron microscopy, and the platelet count was determined using a blood ana-
lyzer. The experimental group (n=18) animals received intraperitoneal injections of ethylmethylhydroxypyri-
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Experimental studies

dine at the dose of 8.0 mg/kg per day for 12 days, and the control group (7=18) rats were administered with

normal saline solution at the same dose.

Results. Administration of ethylmethylhydroxypyridine in the early post TBI period reduced microvilli
damage in endothelial, hepatic and stellate cells in the Disse space, whereas in the control group a significant
decrease of these cells counts was detected. In contrast to the control group, the experimental group animals
did not demonstrate thrombocytopenia on the days 1, 3, and 7 after injury. There was a significant increase in
the platelet count compared with the baseline values, which was highest on day 12 after injury.

Conclusion. Intraperitoneal administration of ethylmethylhydroxypyridine in rats in early post TBI period
inhibited the TBI-associated damaging effect of secondary factors on liver sinusoid endothelial cells and

platelet consumption.

Keywords: traumatic brain injury; endothelium; hepatic sinusoidal capillaries; platelets; ethylmethylhydrox-

ypyridine; mexicor
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BBenenue

K nHacrosiieMy BpeMeHHU IIOKasaHa Cylle-
CTBEHHasl POJIb 9HJOTEJUOLIUTOB B IaToreHese
pas3nYHbIX 3a00J€BaHUN TepaneBTUYecKOIro U
Xupyprudeckoro rnpocuiis [1-5]. MoHoc101 9H/10-
TeJINAJbHBIX KJIETOK SIBJIAETCS TMTaHTCKUM ITapa-
KPUHHBIM OpTaHOM Maccoli 1,5-1,8 Kr, BeIpabarbl-
BaIOIIMM OTPOMHOE KOJIUYEeCTBO OMOJIOTUYEeCKU
AKTUBHBIX BellecTB. OTIebHbIE HUCCIIeI0BaTe /N
YTBEP>KJAIOT, YTO 3HIOTEJIUN COCYAOB CUMTAETCS
OJTHUM 13 OpraHOB-MMUIIIeHel IPU Pa3BUTUU KPU-
TUYECKUX COCTOSTHUU. J[UCPYHKIIUSA dHIOTETUS
BBISIBJISIETCSI YoKe Ha paHHUX CTAIUsIX 00J1e3HU [6].
ITO CBA3AHO C TeM, YTO IHAOTEeINATbHbIE KJIETKU
OJ1aroiapsi CBoeMy pacIioJIosKeHNIO MKy IIUPKY-
JINPYIOIIel KPOBBIO U TKAHAMMU IIEPBBIMU ITOABEP-
sKeHBI BO3/IeHCTBHUIO M3 COCy/ja TaTOreHHbIX (pak-
TOPOB, MIPUBOIAIINX K JUCPEeryJIanun
rOMeOoCTaTU4ecKoro 6ajaHca, Jeykalnero B OCHOBe
0OJIBIINHCTBA BUTATIBHBIX (DYHKITUN COCYAUCTOTO
sumoresind. PanHee HamMu OBLIM BBISABJIEHBI
MIOBPEsKAEHNUA IH/I0TeJINs IPU YeperTHO-MO3I0-
Boit TpaBMe (UMT) B Muokapge (7, 8], 4To mo3Bo-
JISIeT MPEeINOJ0KUTh HeCIlelTuPUIecKuil Xxapak-
Tep 9TUX M3MEHEeHHUN TMpU KPUTHUYECKUX
COCTOAAHUAX B JPYIrux opraHax. KinnHudyeckumum
HccIe0BaHUSAMHU YCTAHOBJIEHO, YTO COIIPOBOSK-
naromue couetranHyio UMT BropuuHbie pakTOphI
MIOBpesKAeHNA Mo3ra (apTepualjibHasg TUIIOTEH-
3Us, TUIIOKCHUS, alli103, HOBbINIEHHOEe 00pa3oBa-
HUe CBOOOJHBIX PaIUKAJIOB, 9HAOTOKCEMUSI U 1p.)
AIBJIAIIOTCA B TO ’Ke BpeMs HeclenupUuyecCKUMHU
¢arTopamMu nsMeHeHUsI PYHKIMOHATBHO-CTPYK-
TYPHOTO COCTOSIHUS TPOMOOIIMTOB 1 9HIOTEJINO-
OHTOB U BCJIEACTBHE 3TOI'O BBI3bIBAIOT aKTHUBAIIIO
COCYAUCTO-TPOMOOIIMTAPHOTO 3BE€HA CHUCTEMBI
remocrasa [9, 10].

B 3TO¥i CBsI3M HE BBLI3bIBAET COMHEHUA, 4TO
yCTpaHeHHe NUCPYHKIUU IHJIOTEJUA CIYKUT
HaWJIy4IINM CII0COOOM CAepsKUBaHUA Pa3BUTUA
TUIMIXYHBIX [OJId TOI'O WJIM MHOTO KPUTUYECKROTO
COCTOSIHUA IaTOreHeTU4YeCKUX (pakTopoB, KOTO-
Ppble IPOBOLMPYIOT TOBPEXKIeHNE IHI0TeNTHA. ITO
o3Hauaert, uTo npu UMT npezcraBiseTcsa KpaliHe

Introduction

Currently, an essential role of endothelial cells
in the pathogenesis of various internal and surgical
diseases has been widely recognized [1-5]. En-
dothelial cell monolayer is a huge paracrine organ
weighing 1.5-1.8 kg and producing a large quantity
of biologically active substances. Some researchers
consider vascular endothelium one of the target or-
gans in critical illness. Endothelial dysfunction can
be detected in the early stages of the illness [6]. En-
dothelial cells located between the circulating blood
and tissues are the first to be exposed to pathogenic
factors causing disturbance of homeostatic balance
regulating most vital functions of the vascular en-
dothelium. We have previously identified myocar-
dial endothelial damage in TBI [7, 8], which suggests
the nonspecific nature of such changes in other or-
gans during critical illness. Clinical studies have
shown that the TBI-associated secondary factors of
brain damage such as hypotension, hypoxia, acido-
sis, elevated free radicals, endotoxemia, etc. are also
capable of altering function and structure of
platelets and endothelial cells which results in acti-
vation of primary hemostasis [9, 10].

In this regard, correction of endothelial dys-
function is undoubtedly the best way to inhibit the
specific pathogenetic factors, which provoke en-
dothelial damage. Thus, correction of free-radical
processes, hypoxia, endotoxemia, arterial hypoten-
sion and other secondary factors of brain damage
might contribute to survival post-TBI. So far, there
have been no specific agents for the correction of en-
dothelial dysfunction, although many of the drugs
used in cardiovascular and surgical diseases can im-
prove endothelial dysfunction [1, 2, 11, 12]. One of
such medications is ethylmethylhydroxypyridine
(marketed under the trade name Mexicor) [13],
which has antioxidant and antihypoxic effects.

Based on the literature data on factors of en-
dothelial damage developing in critical illness, the
aim of the study was to examine the effect of ethyl-
methylhydroxypyridine on ultrastructural changes
in endothelial cells of liver sinusoidal capillaries and

primary hemostasis during the acute phase of TBI.
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JKCIlepUMEHTAaJJAbHbIe UCCJENO0BaHUSA

BaYKHOU KOPPEKIHsI CBOOOTHOPAANKATbHBIX ITPO-
11eCCOB, TUIIOKCUH, 9HIOTOKCEMUNH, apTepUaIb-
HOU T'MIIOTeH3UH U IPyTUX BTOPUYHBIX (PAaKTOPOB
MOBPEsKIAIIINX T'0JIOBHOM MO3T. /lo cux 1op cue-
IU(pUIecKux CpefCcTB JJIs1 KOpPEKIUU 9HI0Te -
aJIbHOM TUCHYHKIIMUA HET, HO MHOTHE U3 CYyIIle-
CTBYIOLIMX IIpernaparoB, IPUMEHSIOIIUXCS MIPpU
CepJeYHO-COCYIUCTHIX U XUPYPTUYECKHX 3a00e-
BaHMUAX, y>Ke CerolHs I03BOJISIIOT KOPPUTMPOBATh
3HJOTe naJbHy0 nucyHknuo [1, 2, 11, 12].
CoBpeMeHHBIM ITpenaparoM, 00J1a1afoIM aHTH -
OKCHUJJAHTHBIM M IIPOTHUBOTUIIOKCUYECKUM Jel-
CTBUEM, SIBJISIETCS STUJIMETUITUIPOKCUTTUPUANH
(Me)xkIyHapoiHOe HellaTeHTOBAHHOE Ha3BaHUE
Ipenapara, Toproboe HadBaHue — MeKCUKop) [13].

C yueTOM JIuTepaTypHBIX JaHHBIX 0 (popMuU-
PYIOIIUXCA B IIpoliecce PasBUTUSA KPUTHUUECKUX
COCTOSIHUH (paKTOpax, MOBPEKAAIOIINX IHIOTE-
JINY, 11eJIbI0 MCCJIeJOBAHUS SBUJIOCh U3yueHUe
BJIVSTHUSA 9TUJIMETUJITUIPOKCUIIUPUANHA Ha YJIBT-
pacTpyKTypHble H3MEHEHMsI 9HJO0TeJMOLUTOB
CUHYCOWIHBIX KAIIUJIJISIPOB IIeY€HU U COCYIUCTO-
TpoMbomUTapHOE 3BEHO CHUCTEMBI T€MOCTa3a B
octpom nnepuonge UMT.

MarepuaJ u MeTObI

HccnenoBanue BBINOJHWINM HA [OBYX IpyNIax
6esTbIX ayTOPeTHBIX KphIcax-caMKax, maccoi 180-200 r,
1o 18 KpbIC B Kayka0u rpymiie. CopepskaHue sKUBOTHBIX
Y IIPOBOANMEBIE C HUMHW MaHUITYJIAIVN OCYIIIECTBJIAJIN B
COOTBETCTBHUU C HOPMAaTUBHBIMU JJOKYMEHTaMU, IIpeJI-
CTaBJIEHHBIMH B pyKOBOJCTBe «Guide for care and use of
laboratory animals. ILAR publication, 1996, National
Academy Press»  TpeboBanussMu [Iprkasa Mua3gpaBa
Poccuu Ne 267 ot 19.06.03 «O0 yTBEp KI€HUN TPABUJI JIa-
OGopaTopHOU MpaKkTUKH B Poccuiickoit demeparium».
JKuBoTHBIX (prukcupoBaiu Ha nianiere, YMT mopenu-
poBaJIy IyTeM IaZeHus rpyaa ¢ BbICOThI 80 cM Maccoi
100 r Ha TEMEHHO-3aThIJIOYHYIO 00JIACTh TOJIOBEI. Bo3-
JleficTBUE MeXaHNYEeCKOU 9HEPTUHU BbI3bIBAJIO COTPsICeE-
HYe U Y06 roJIOBHOTO M03ra, (OpMHUpPOBaHUE IMHTY-
panbHBIX U CyOaypasIbHBIX reMaroM [14]. B ombITHOMI
rpynie kpbicaM rnocjie UMT B TeueHue 12 nHeil BHyTpU-
OPIOIIMHHO 2 pa3a B IeHb BBOAUIN dTUIMETHUITHAPOK-
cunupuaul (Mexkcukop, OO0 «IroPapmlHuBeCT», I.
Mocksa) B fo3e 8,0 MI'/KI' B CyTKH, & B KOHTPOJIbHOM —
¢usuosiornueckuii pacTBop Harpusa XJOpUza — B
TaKoM ke 00beMe. BBesieHre ITpenapara OCyIeCTBIIAIN
4yepes 1 yac nocse HaHeceHUA KUBOTHBIM UMT. 3a60op
KPOBH Y SKMBOTHBIX OIBITHON M KOHTPOJIBHON I'PYILI
OCYIECTBJISVIN U3 IOAbSI3bIYHON BEHbI Ilepei Ha4aloM
9KCIIepUMeHTa (MCXOQHbIe NaHHble), Ha 1-¢, 3-1, 7-e n 12-e
CYTKHU I10CJIe TPABMBI U OIIpeJieJIsijid KOJIUYeCTBO TPOM-
OOIMTOB HAa reMaToJIOTUYEeCKOM aHaau3arope Abacus
(ABcTpus). Ha 3-1, 7-e u 12-e CyTKH C MOMEHTA HaHece-
Hus1 UMT Ha (poHe BHyTPpHOPIOMIMHHOTO HApKO3a THO-
nenTanaoM HarpudA (100 Mr/Kr) OCylIeCTBJIANN AeKalu-
TalMI0 KpbIC U 4Yepe3 CPeJUHHBIH JIallapOTOMHBIN
JOCTYIl HCCEeKaJd IedeHb y 6 SKUBOTHBIX KaKIOH
TPYyIIIbl B OTME€YE€HHbIE BPEMEHHbIE MHTEPBAJIbl Bpe-
MeHU. AHAJIOTUYHbIE aHECTE3NOJIOTUYECKUE U XAPYypru-
4yeCKre MaHUIYJIAIUY BBIIIOJTHUIIN Y 5 JIOSKHOOIIEpUPO-

Materials and Methods

The study was performed on two groups of white
outbred female rats weighing 180-200 g, 18 rats in each
group. Animal handling and maintenance were per-
formed in accordance with the regulatory documents
presented in the «Guide for care and use of laboratory an-
imals», ILAR publication, 1996, National Academy Press,
and requirements outlined in the Order of Ministry of
Health of Russia Ne 267 from 19.06.2003 «On approval of
rules of laboratory practice in the Russian Federation».
Animals were immobilized on a board, the injury was
modeled by dropping a weight of 100 g from a height of
80 cm onto parieto-occipital region of the head. The im-
pact of mechanical energy caused brain concussion and
contusion associated with formation of epidural and
subdural hematomas [14]. In the experimental group,
rats were injected intraperitoneally with ethylmethylhy-
droxypyridine (Mexicor, LLC «EcoPharmInvest»,
Moscow), two times daily at a dose of 8.0 mg/kg for 12
days after TBI, whereas rats from the control group were
administered with the same volume of the normal saline.
The drug was administered one hour after the traumatic
injury. Blood samples were taken from the sublingual
vein of experimental and control animals before the ex-
periment (baseline data), on 1, 3, 7, and 12 days after in-
jury, and platelet count was determined using blood an-
alyzer (Abacus, Austria). Decapitation and liver removal
from 6 animals of each group were done on days 3, 7, and
12 days after trauma using intraperitoneal anesthesia
with sodium thiopental (100 mg/kg). Similar anesthetic
and surgical manipulations were performed in 5 sham-
operated rats. Liver biopsy specimens were placed in
2.5% glutaraldehyde solution followed by post-fixation
with 1% osmic acid solution, dehydration in alcohols of
increasing strength, and embedded in epoxy resin mix-
ture (Araldite and Epon 812). The ultrathin sections were
prepared on ultramicrotome by Leica Microsystems
(Austria), examined on electron microscope Morgagni
268D (FEI USA), photographed using video camera
MegaView III and studied for structural changes of liver
sinusoidal capillaries (SC). Sinusoidal microcirculation
was analyzed in 10 randomly selected vision fields in
each animal, the area of a single vision field was 78 pmz2.
All SCs were counted and taken as 100%. The percentage
of SCs containing fine amorphous osmiophilic material
and free-floating erythrocytes, or aggregates of erythro-
cytes, platelets and membrane fragments, or reduced
content of amorphous osmiophilic material, as well as si-
nusoids containing no amorphous osmiophilic material
and blood cells was determined.

Statistical analysis was performed using Microsoft
Excel and Statistica 6.0 software. The data were presented
as M+m, where M is the arithmetic mean, m is the stan-
dard error of the mean. The Shapiro-Wilk’s method was
used to test the parameter distribution. The significance
of differences in the samples was assessed using Stu-
dent's test. Differences of mean values were considered
significant at P<0.05.

Results and Discussion

Three days after the TBI, endothelial layer al-
teration in liver SCs was detected in the control
group: endothelial cell cytoplasm was electron-
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BaHHBIX KPbIC. bronrarsl neyenu nomermasn B 2,5% pac-
TBOP IIIOTAPOBOTO aJblIeTH/Ia C MOCaeayIoen 10(puK-
camueit 1% pacTBOPOM OCMHEBOI KUCJIOTHI, leTuipara-
[Mel B ciupTax Bo3pacTaloleil KperoCTU U 3aKJIIo4Yasiu
B CMECB 9IIOKCUAHBIX CMOJI (apaJIInT 1 9110H 812). YIbT-
paToHKHe Ccpe3bl TOTOBMJIM Ha YJIBTPaMUKPOTOME
¢upmel LeicaMicrosystems (ABCTpus1), IpocMaTpUBaIu
Ha 3JIEKTPOHHOM MHUKpOcKoIle Morgagni 268D (pupMbl
FEI, CIIIA), ¢oTorpaduponaiu c IOMOIIbIO BUAEOKA-
Mepsl MegaView I u n3ydanu CTpyKTypHbIE U3MEHEHUA
CAHYCOMJHBIX KanuyiApoB (CK) meuenu. AHaIM3 MUK-
POLMPRYIALVYA B CHHYCOUJaX IPOBOAUINA B 10-1 CJIy-
YalHO BBIOPAHHBIX MOJIAX 3PEHUS Y KasKA0r0 SKUBOT-
HOI'0; IIOILIAAL OJHOIO II0JIA 3pEeHUdA cocTaBJisdnia 78
MkM2. [logcuuteiBanu Bce CK, nprnanmMast nx 3a 100%. 113
9TOT'0 KOJIMYECTBA MUKPOCOCYIOB OIIPEIEJIAIN IIPOLIEHT
CK, B mpocCBeTe KOTOPBIX BBISIBJISIA TOHKOAMCIIEPCHBIA
aMOp(HBIA 0CMUO(UIBLHBINA MaTepras U CBOOOTHO Je-
sKaBIlIMe 9PUTPOLUTHI; arperarbl 9pUTPOLUTOB, TPOM-
6onuTOB 1 MeMOpaHHbIe (hparMeHThl; CHUSKEHHOE CO-
nepskanre amop¢pHOTro 0cMUO(pUIJIBHOTO Marepyuasia u
CUHYCOU/IBI, HE COjiepsKaBIIyie aMopP(HBINH 0CMODUIIb-
HBIN Marepuas 1 GOpMeHHbIe 3J1eMEeHTb] KDOBHU.
Craructryeckyro 00paboTKy JaHHBIX BHITTOTHUIN
¢ momotisio mporpamm Microsoft Excel u Statistica 6.0.
PesyneraTel npencrasuian B Buae M+m, rne M — cpen-
Hee apu(dMeTHIecKoe, m— CTaHAapTHas OIINOKA Cpel-
Hero. JIJ1A IPOBEPKU I'MIIOTE3BI O XapaKTepe pacnpee-
JIEHUs1 UCCJleyeMbIX ITapaMeTPOB IIPUMEHSIN MeTO[
[MManupo-Yuika. Midydenne CTaTUCTUYECKUX 3aKOHO-
MepHOCTeH B BEIOOPKaX OCYIIIECTBJISIH C IPUMeHEeHNEM
kputepusi CrblofieHTa. Pasiuuusa cpegHUX BeJMYUH
pU3HaBaJ/JIy CTaTUCTUYECKU 3HAaYUMBbIMU I1pu p<0,05.

Pe3ynbTarhl M 00CYK/IEHHE

Uepes 3-e cyTok nocsie YMT B KOHTPO/IBHON
T'pyIIIe KUBOTHBIX BBIABUJIM aJIETE€PaLUIO dHI0Te-
JuaibHOro cj1os CK redyenu: nuronsasma sHgore-
JINOITUTOB ObIJIa 3JIEKTPOHHO-TIPO3PAYHOM, HAOJTIO-
Jamd  y4JacTKM ee HabyxaHWsi © OTeka. B
9HJOTEJIMOLUTAX BbIABAJIM MHOYKECTBO IIMHOLUTO3-
HBIX ITy3bIPHKOB, OTJEJIbHbIE BAKYO0J/I1, 3HAYNUTE/Ib-
HOe cojiepskanue Ju30coM (puc. 1, a, b). fAapa anmo-
TEJIMOLIUTOB conepyKann reTepoxpoMaruH,
oTMevasu HeOOoIbIIoe HabyXaHre HyKJIeOIIa3Mbl,
MHBarvHAIWIO KapruoJieMMbl. MUTOXOHAPUN OBLIA
B OCHOBHOM Ha0yXIITHE WJIA BAKYOJIM3UPOBaHHbBIE. B
3Be3T4aThIX MAKpO(arax BbIABIJIN KJIETOUHBIN JeT-
puT. B HEKOTOPBIX y4acTKax NPOCTPaHCTBO [lucce
OBIIO pacIIpeHo, MUKPOBOPCHUHKY YaCThIO pemy-
poBanbl. B mpocBete 32% CK HaxoquImCch CBOOO-
HO JIesKaBIINE SPUTPOLUTHI U TOHKOAUCHEPCHBIN
ocMUOUITBLHBIN amopdHbIlT Marepuasd, a B 36%
MHKPOCOCYIOB — MaKpO- 1 MUKpOarperarbl 3puT-
po1uTOB; B oTfiebHbIX CK — MeMOpaHHbIE CTPYK-
Typbl, MUKpOArperarbl 3puTPOLIUTOB C HEUTpodu-
JlaMu 1 apuTporuTamu (puc. 1, b, puc. 2). B 24% CK
HAMeJId MECTO KOary/aAalys U YMEHbIIeHHue OCMUO-
¢ursbHOTrO aMopHOro Marepuasa, a B 8% cirydaeB —
IIPOCBEThl MUKPOCOCYIOB HE COLEpsKaju OCMHO-
(pusIbHBIN MaTepyas, 4TO YKAa3bIBAJIO Ha OTCYTCTBHE
B HUX [IUPKYJ/IsAIMY ((eHoMeH no-reflow).

transparent, areas of swelling and edema were ob-
served. Numerous pinocytic vesicles, scattered vac-
uoles, significant number of lysosomes were de-
tected in endothelial cells (Fig. 1, a, b). The nuclei
of endothelial cells contained heterochromatin,
there were a slight swelling of the nucleoplasm and
nuclear membrane invaginations. Mitochondria
were mostly swollen or vacuolated. Stellate
macrophages showed cellular detritus. In some
areas the space of Disse was enlarged, microvilli
were partially reduced. The lumen of 32% of SCs
contained free red blood cells and finely dispersed
osmiophilic amorphous material, while 36% of mi-
crovessels contained macro- and microaggregates
of red blood cells; some SCs contained membrane
structures, microaggregates of erythrocytes with
neutrophils (Fig. 1, b, Fig. 2). Coagulation and re-
duction of osmiophilic amorphous material oc-
curred in 24% of SCs, and in 8% of cases the lumen
of microvessels did not contain osmiophilic mate-
rial, indicating the no-reflow phenomenon.

On day 3 after the TBI, the SC endothelium in
experimental group animals exhibited normal ap-
pearance and contained numerous pinocytic vesi-
cles, mitochondria, scattered vacuoles and lyso-
somes (Fig. 1, ¢). Areas of swelling were also
observed. The space of Disse was dilated in some
places. Enlargement of microvilli was noted. Nu-
merous primary and secondary lysosomes were
found in stellate macrophages. Free-floating red
blood cells and finely dispersed amorphous osmio-
philic material were found in the lumen of 58% SC
(Fig. 1, d), red blood cell microaggregates, neu-
trophils, and monocytes were found in 14% of cap-
illaries. Coagulation and reduction of osmiophilic
amorphous material were detected in the lumen of
28% SCs (Fig. 2).

On day 7 post TBI, the alterations of the SC en-
dothelial cells in the control group animals were
more significant compared to day 3: along with en-
dothelial cells with clear cytoplasm, the cells with
dark cytoplasm were found more commonly (Fig.
3, a, b); the number of pinocytic vesicles increased,
lipid droplets appeared. In some cases, edema, de-
pletion, loosening and disintegration of the en-
dothelial layer were detected. Mitochondrial
swelling and destruction were observed. Nuclei had
slight invaginations and contained heterochro-
matin. The cytoplasm of stellate macrophages was
filled with cellular detritus. The space of Disse was
dilated, and microvilli were reduced. Red blood cell
aggregation, erythrocyte, neutrophils, and platelet
aggregates (Fig. 3, a), and membrane structures
were detected in the lumen of 36% of sinusoids.
Only 24% of capillaries contained free-floating red
blood cells and finely dispersed osmiophilic amor-
phous material. Lymphocytes, monocytes, platelets
along with erythrocytes were detected in sinusoids.

Reduced content of osmiophilic amorphous mate-
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Puc. 1. YIBTpacTpyKTypa CHHYCOUAHBIX KAIMJIJISIPOB IT€YE€HH KPBIC Ha 3-U CYyTKH IIOCTTPAaBMAaTHYECKOT0 IEPHOa.

Fig. 1. The ultrastructure of liver sinusoidal capillaries of rats on day 3 post TBI.

Note. Control group — a, b; experimental group — c, d. Large-scale segment: a— 1 micron; b, ¢, d— 2 microns. Magnification: a—
X14000; b, d — X5600; c— X11000. C — lumen of sinusoidal capillaries; Er — erythrocyte; En — endothelium; N — nucleus; V—
vacuole; Ls — lysosome; Mc — mitochondria; D — Disse space; Ne — neutrophil; H — hepatocyte.

IIpumeuanue. KoHTpoJIbHASA rpylia — a, b; onbITHAA Ipynna — ¢, d. MacmTabHbIH 0Tpe3ok: a — 1 MKM; b, ¢, d — 2 MKM. YBe-
audenue: a— x14000; b— x5600; c— X11000; d— X5600. C — npocBeT CUHYCOMIHBIX KaNU/IsApoB; Er — aputpouut; En — an-
nporenwnit; N — saapo; V— BakyoJib; Ls — sin3ocoma; Mc — muroxonapusi; D — npocrpancrso [ucce; Ne — Helitpodus; H—re-

IIaTOIIUT.

B OIIBITHOM TpyIIie 5KUBOTHBIX HA 3-U CYTKU
nocjae UMT saporesnuii CK ObLI 00BIYHOTO BUA,
cofiepskaJjl O0JIBIII0E KOJIMYECTBO THHOIMTO3HBIX
BE3UKYJ, MUTOXOHJADUH, €eIUHUYHBbIe BaKYyOJIH,
JIM30COMBI (pHC. 1, ¢). BcTpeuanu 30HBI ero Habyxa-
Hus. [IpocTpancTBo [luicce MecTamMu OBITIO PACIIIH-
peHo. OTMevanu yBeJIn4eHrne MUKPOBOPCUHOK. B
3Be3/IUaThIX Makpodarax HaXoAUINCh MHOTOYHC-
JIEHHbIe [IepBHUYHbIEe U BTOPUYHbBIE JIU30COMBI. B
npocsete 58% CK ob6HApY;KMJIM CBOOOTHO JIEXKaB-
Ve PUTPOIUTHI M TOHKOAUCIIEPCHBIA OCMUO-
duabHBIN aMopdHBIA MaTtepuaJ (puc. 1, d), B 14%
MHMKPOCOCYI0B — MUKpOarperarbl 3puTpOIUTOB,
HeUTpomIbl, MOHOIIUTHI. B mpocBere 28% CK
BBISIBUJIM KOAry/lIsAlUI0 U YMeHbIIIEHHe OCMUO-
¢duabHOTO aMopdHOTO Marepuaa (puc. 2).

Ha 7-e cyrkm IITII B KOHTPOJIBHOU Tpymie
TOBPEsKIEHUS 9HI0TETNATbHBIX KJ1eTOK CK ObLIHI
OoJiee BEIpasKEHHBIMU 110 OTHOIIIEHHIO K 3-UM CYT-

rial was found in 28% of SCs (Fig. 3, b). Dark blood
plasma was detected in some sinusoids. The num-
ber of SCs that did not contain osmiophilic material
and blood cells increased by 4% and amounted to
12% in comparison with the day 3 post TBI.

In experimental animals on day 7 post TBI, he-
patic SC endothelium had normal appearance, with
clear cytoplasm in some areas. Focal endothelial
swelling was detected. The cytoplasm contained a
significant number of coated vesicles, pinocytic vesi-
cles, as well as lysosomes, cisterns of granular endo-
plasmic reticulum, and scattered vacuoles (Fig. 3, c,
d). The nuclei of many endothelial cells had mem-
brane invaginations, contained nucleoli, which in
some cases were displaced peripherally; mitochon-
dria were mostly swollen. Stellate macrophages con-
tained primary and secondary lysosomes (Fig. 3, d).
Numerous microvilli were noted in the space of
Disse (Fig. 3, ¢). Free-floating red blood cells and

GENERAL REANIMATOLOGY, 2021, 17; 1

www.reanimatology.com

61



62

https://doi.org/10.15360/1813-9779-2021-1-57-68

Experimental studies

KaM: Hapsay € 9HJOTeJHUOLUTAMU CO CBETJION
IIUTOIJIA3MOM YaIlle BBIABJISAIN KJIETKU C TEMHOM
OUTOILIa3MOH (puC. 3, 4, b); yBEIUUUIOCH COAED-
’KaHMe MUHOLMTO3HBIX ITy3bIPHKOB, NIOSIBUJINCH
JIMIIUHBIE KallJIi. B HEKOTOPBIX CJIy4asix BbISIBU-
JIM OTEK, UCTOIIeHNe, pa3pbIXJIeHUe U HapylIeHue
1IeJIOCTHOCTH  9HJIOTeJINaJbHOU  BBICTUJIKH.
Otmeuanu HabyxaHnue u gectpykiuio MX. fnpa
OBbLIIN C HeOOJTBIITUMY WHBAaTMHAITASIMY, COJlepsKa-
JIU reTepoxpoMaTuH. lluTomyiasma 3Be3q4aThIX
MaKpodaros ObLJIa HATlO/JTHEHA KJIE€TOYHBIM JeT-
putom. ITpoctpancTBo [lrcce pacmupeHo, 00Ha-
PY’KUJIN PeNyKIINI0 MUKPOBOPCUHOK. B mpocBeTe
36% CHUHYCOMJOB OIIpeeJIsAu arperanuio 9puT-
POIIMTOB, MUKpOArperarbl 3puTPOLUTOB C HEM-
Tpoduaamu, TpoMbonmTaMu (puc. 3, a), MeMOpaH-
HbIe CTPYKTYpbl. Toabko 24% KanuWJLIsIpOB
cofiepskaii CBOOOIHO JIesRaBIIINE 9PUTPOLIUTHI 1
TOHKOJUCIIEPCHBINA OCMUODUABHBIA aMOPHBIN
MarepuaJl. Hapsiay c apuTpouuTaMu B CHHYCOUaX
BBIABUJIN TUM(OIIUTHI, MOHOITUTEI, TDOMOOITUTHL.
CHI)KeHME  COmep)KaHusI  OCMHO(MUIHHOTO
amopdHOro Marepuasna obHapyskuau B 28% CK
(puc. 3, b). B HeKOTOPBIX CHHYCOUAX OIIpeAesIsIIN
TeMHYIO II1a3My KpoBu. Yuciso CK, He copep:xas-
X 0CMUODUIBHBIA MaTepuaa U (popMeHHbIe
3JIeMEeHTBI KPOBH, YBEJIMYMUJIOCH Ha 4% U 110 OTHO-
meHuo K 3-M cytkam IITII cocrasasano 12%.

VY ONIBITHBIX KUBOTHBIX Ha 7-e cyTKu IITII
aggoresuii CK medyenu ObLI OOBIYHOIO BHJA,
MecTaM¥ UMeJI CBETIyIo nuToriasmy. OGHapysku-
JIV JIOKYCBI ero HabyxaHus. B nuronasme Haxoau-
JINCh 3HAYUTEJbHOE KOJUYECTBO OKaWMJIEHHBIX
BE3UKYJI, IMHOIIUTO3HBIX IY3bIPHKOB, a TaKsKe
JIN30COMBI, IIUCTEPHBI I'PAHYJIAPHOrO 9H0IIA3-
MaTHUYEeCKOTO PEeTUKYIyMa, eJUHNYHbIEe BAKYOJIHN
(puc. 3, ¢, d). figpa MHOTUX 9HJOTETNOIUTOB UMEJIN
WHBaruHaIyu KapuoJieMMBbl, COlepyKasIu sIPbIIII-
KW, B YaCTU HAOJTIOEeHU SITPBINTKO OBIJIO 9KTAIIH-
pOBaHO K KapHloJIeMMe; MUTOXOHIPUY OOJbIIEN
yacTpio Habyxmme. 3Be3muarble Makpodaru
collepsKajy epBUYHble U BTOPUYHBIE JIM30COMBI
(puc. 3, d). B mpocrpancTse /lucce oTMedaar MHO-
TOYMCJIEHHbIEe MUKPOBOPCUHKU (puUc. 3, ¢). B ipo-
cBere 52% CK meuyeHU OIpenesisiii CBOOOIHO
JesKalle JSPUTPOLUTHI U TOHKOAWCIIEPCHBIN
ocMuopUIBHBINA aMop(HBINA Marepuas. Hapsmy
CO CBOOOTHBIMM 9PUTPOIHUTAMH 23% CHUHYCOU-
HbBIX TeMOKAWJIJIIPOB COJlepsKaIu MUKpoarpera-
TBI 9PUTPOIUTOB C HEUTPODUIaMU U TPOMOOITH-
Tamu. CHIPKeHUe cofepsKaHusl 0CMUO(PUIBHOIO
amop@dHoro Marepuasna oOHapyxkuau B 25% CK.

Uepes 12 cytok nocsie YMT B KOHTPOJIbHON
rpynne augoTesnuii CK rmeyeHu 66171 Kak 00BIYHOTO
BHUJIA, TaK U C y9acTKaMu HabyxaHus. flmpo conep-
JKaJIo rerepoxpoMarus (puc. 4, a). lluromnasma
9HJIOTEJIUOLIUTOB CBeTIasi, B Hell BBISIBUIN MUTO-
XOHJIpUY, JTU30COMBI, OKaliMJIeHHbIe MUKPOBE3U-
KYJIBL, OTJeJIbHbIE BakyoJu. B 79% CK umeso mecro
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Puc. 2. IIpouentHoe cooTHomeHHe CK neyeHy B KOHTPOJIb-
HO¥ (a) ¥ onbITHOH (b) rpynIax B 3aBUCHMOCTH OT UX BHYT-
PHCOCYAMCTOrO COAEPKUMOro Ha 3-H, 7-€ M 12-e CyTKH I10CT-
TpaBMaTH4eCKOro Iepuo/ja.

Fig. 2. The percentage of sinusoidal capillaries in the liver of
the control group (a) and experimental group (b) animals in
relation to their intravascular content on days 3, 7, and 12 of
the post-traumatic period.

Note. The percentage of capillaries, the lumen of which con-
tained: 1 — finely dispersed amorphous osmiophilic material
and free red blood cells; 2 — aggregates of blood cells and
membrane structures; 3 — reduced amorphous osmiophilic
material; 4 — no amorphous osmiophilic material and blood
cells. * — significant differences vs day 3 at different stages of
the study in the control and experimental groups, P<0.05; ** —
significant differences vs control group, P<0.05.
ITpumeuanue. [IporieHTHOE CofepsKaHKe KallU/ISAPOB, B IIPO-
CBeTe KOTOPBIX OBIJI0 BBIABJIEHO Cjlefylomee: 1 — TOHKOAUC-
nepcHoe aMopdHOoe 0cCMUODUIbHOE BellleCTBO U CBOOOIHbIE
9PUTPOLUTHI; 2 — arperarbl POPMEHHBIX 3JIEMEHTOB KPOBU U
MeMOpPaHHBIX CTPYKTYP; 3 — HeDOJIbIIIOe KOJTUIECTBO aMopd-
HOT'0 0CMHO(MUIIBHOIO MaTepHala; 4 — OTCYTCTBHE aMOP(hHOT0
0CMHO(UILHOI0 MaTepuaJsa U KJIeTOK KPOBH. * — 3HAaYUMbIe
Ppa3Iu4ns OTHOCHUTEIBHO 3 CYTOK Ha 3TAIlaX UCC/IEJOBAHUS B
KOHTPOJILHOM U OIIBITHOH Tpymax, p<0,05; ** — 3HaunMbIe pas-
JINYUSI OTHOCUTEJIbHO KOHTPOJIBHOM rpynibl, p<0,05.

finely dispersed osmiophilic amorphous material
were detected in the lumen of 52% of hepatic SCs.
Microaggregates of red blood cells with neutrophils
and platelets were revealed in 23% of sinusoid cap-
illaries. Decreased content of osmiophilic amor-
phous material was found in 25% of SCs.

Twelve days after the TBI, the hepatic SC en-
dothelium in the control group had areas of normal
appearance and areas of swelling. The nuclei con-
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Puc. 3. YIbTpacTpyKTypa CHHYCOMIHBIX KallHJIJIAAPOB IIeYeHH KPBIC HA 7-€ CYTKH NOCTTPaBMaTHYECKOro Iepuoja.

Fig. 3. The ultrastructure of sinusoidal liver capillaries of white outbred rats on day 7 post TBI.

Note. Control group — a, b; experimental group — ¢, d. Large-scale segment: 2 microns. Magnification: a, b, ¢, d — %X11000. C —
lumen of sinusoidal capillaries; Er — erythrocyte; En — endothelium; D — the space of Disse; N — nucleus; V — vacuole; P1 —
platelet; CV — coated vesicle; M — monocyte; Mc — mitochondria; SM — stellate macrophage.

ITpumevanue. KOHTpo/IbHAA IPYIIA — a, b; ONBITHAsA IpyIna — ¢, d. MaciuTabHbIN OTpe3oK: 2 MKM. YBeJIMueHue: 4, b, ¢, d— x11000.
C — poCBeT CUHYCOUTHBIX KaluJIApoB; Er — apurpornut; En — angoresnit; D — npocrpancTso [ucce; N — sapo; V— BaKyoib;
Pl — tpombouuT; CV — okaiiM/IieHHas1 Be3UKYJIa; M — MOHOIUT; Mc — MUTOXOHIpHsT; SM — 3Be3I4arblii Makpodar.

BOCCTAHOBJIEHHE KPOBOTOKA, B 21% 0OHapy>KeHbI
MaKpo- U MUKpOAarperarbl 3pUTPOLUTOB, ITy3bIPH,
KJIETOYHBIN IETPUT U TPOMOOIIUTEI (pHC. 4, b).

VY SKMBOTHBIX OTIBITHOM I'PyNIIbI Ha 12-€ CyTKU
[ITT1 sunorenwii CK reyeHy orpenessiicsi CBETIbIM,
cofiepsKaJI MUTOXOH/IPYHY, OKalMJIEHHBIE BE3UKYJIBI,
NIMTHONNTO3HbIE MY3bIPbKY, BAKYOJIH; sApa 00Jb-
el 4acTbio ObLIM C AApBITIKaMu (puc. 4, o).
HeGoutbIvie yaacTky 9HI0TE VA ObLTA HAOYXIIIIM.
B npocrpancTse /lycce oTMeYa i MHOTOUHUCTIEHHBIE
MUKPOBOPCUHKU. B 90% CK BbIABMJIN BOCCTAHOB-
JIeHHe KPOBOTOKA (pHc. 4, d), B 10% oOHapyRuIN
MUKpOarperarbl 3pUTPOLUTOB, a TAKKE eJMHUYHbIE
HEUTPODUIIBI, 1 903UHODUJIBI.

HccnenoBanme comepsRaHus TPOMOOIIUTOB Y
KPBIC KOHTPOJbHOM TPYIIIBI YEPE3 CYyTKU IMOCTe
UMT, 0o cpaBHEHHWIO C WUCXOJHBIMU JTaHHBIMU,
1I0Ka3aJl0 CTAaTUCTUYECKU 3HAUYUMOe CHUKeHUe
X KOJIMYECTBA, C MAKCUMaJIbHbIM YMEeHbIIIeHUEeM
TOKa3areJisi Ha 7-€ CYTKU U BOCCTAHOBJIEHUEM [0

tained heterochromatin (Fig. 4, a). Cytoplasm of
endothelial cells was clear and contained mito-
chondria, lysosomes, coated microvesicles, and
scattered vacuoles. Blood flow was restored in 79%
of SCs, whereas macro- and microaggregates of ery-
throcytes, vesicles, cellular detritus and platelets
were found in 21% of SC (Fig. 4, b).

On day 12 post TBI, the hepatic SC endothe-
lium was clear, contained mitochondria, coated
vesicles, pinocytic vesicles, vacuoles; most nuclei
had nucleoli (Fig. 4, ¢) in the experimental group.
Small areas of the endothelium were swollen. Nu-
merous microvilli were found in the space of Disse.
Blood flow recovery was detected in 90% of the SCs
(Fig. 4, d); in 10%, erythrocyte microaggregates, as
well as single neutrophils and eosinophils, were de-
tected.

One day after the TBI, the platelet count sig-
nificantly decreased compared with the baseline,
with the maximum reduction seen on the day 7,
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Puc. 4. YIBTpacTpyKTypa CHHYCOUAHBIX KAITH/IJISIPOB IIeYeHH OeJIbIX ayTOPEAHBIX KPBIC Ha 12-e CyTKU MOCTTPaBMaTHYECKOT0

nepuoja.

Fig. 4. The ultrastructure of sinusoidal liver capillaries of rats on day 12 of the post TBI.
Note. Control group — a, b; experimental group — ¢, d. Large-scale segment: 2 microns. Magnification: a, b, ¢, d — X11000. C —
lumen of sinusoidal capillaries; Er — erythrocyte; En — endothelium; D — the space of Disse; N — nucleus; NI — nucleolus; Ls —

lysosome; V— vacuole; Pl — platelet.

IepBOHAYAIbHBIX 3HAYEHUH TOJIBKO Ha 12-e CyTKHI
(puc. 5). ConpoBoskaaroIiias ocTpelii nepuog YMT
TPOMOOIIUTOIIEHNSI OTPAYKAET IOTPeDIEHNE TPOM-
OOIMTOB B AKTHMBHO MPOTEKAMIUX MPOIleccax
COCYyIUCTO-TPOMOOIIMTAPHOTO 3BeHA CHUCTEMBI
remocrasa [15]. CiiegyeT OTMETUTD, UTO y KUBOT-
HBIX, KOTOpble B TeyeHue Bcero [ITII mosyyanu
3TUJIMETUITUAPOKCUNIUPUANH, HE BBIABJIAIU
TPOMOOUIHTOIIEHHIO B 1-€, 3-1 U 7-€ CYyTKH I0CJIe
TPaBMBbI, B OTJIMYKE OT KOHTPOJIbHOU rpynnbl. Ha
BCeX 9Tamax MCCJAeJOBAaHUS B ONBITHOHN TpyIIie
OTMeYaJM CTaTUCTUYECKH 3HAUYMMOE ITOCTEIeH-
HOe yBeJIMYeHUe YHUCJIa TPOMOOIUTOB, OTHOCH-
TeJbHO MCXOOHBIX TaHHBIX, JOCTUTAIOIIee Hau-
OosbIllell BeJMYMHBI K 12-M CYTKaMm IOCJe
TPaBMBI.

[ToBrIllIeHNE coOfepsKaHUsI TPOMOOIIUTOB B
COCYyAMICTOM pycJie B ocTpoM nnepuoge UMT cBupe-
TeJIbCTBYET O TOM, YTO 3TUIMETUIITUIPOKCUIIUPHU-
JIVH CITOCOOCTBYET BOBJIEYEHUIO B OOIIHIT KPOBO-
TOK JOTIOJTHUTEJIbHBIX TDOMOOIIUTOB.

and recovered to the baseline values only on day 12
(Fig. 5). The thrombocytopenia accompanying the
acute phase of TBI reflects platelet consumption in
activated primary hemostasis [15]. Notably, in ani-
mals that received ethylmethylhydroxypyridine
throughout the post TBI period, no thrombocy-
topenia was detected on days 1, 3 and 7 after injury,
in contrast to the control group. At all stages of the
study, there was a significant gradual increase in the
platelet count, compared to the baseline, reaching
the highest value by day 12 after injury, in the ex-
perimental group.

Increased platelets in the bloodstream during
the acute phase of TBI demonstrate that ethyl-
methylhydroxypyridine promotes recruiting more
platelets into the circulation.

Electron microscopy of hepatic SC and intrasi-
nusoidal changes in the control group showed sig-
nificant microcirculatory disturbances on day 3
after a focal brain injury, which worsened on day 7.
The increasing level of secondary brain injury fac-
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OneHKa pe3ysbTaTOB 3JIEKTPOHHO-MUKPO-
CKONM4YecKoro ucciaenosannsa CK neyeHu u BHyT-
PUCHHYCOUATIBHBIX U3MEHEHUI B KOHTPOJIbHOU
TpyIIIe 03BOJIAeT 3aKIIOUNATh, YTO IIPH JIOKAJIb-
HOU TpaBMe Mo3ra Ha 3-u cytku IITII onpene-
JISTIOTCSI BBIpa)KeHHble HapyllIeHUsI MUKPOLIUPKY-
JIATIAA, KOTOPBIEe YCYIyOJISIOTCST Ha 7-€ CyTKHU.
BeposiTHO, Hapacraroliye 1o UHTEHCUBHOCTH JIeH-
CTBUsI BTOPHUYHBIE (DaKTOPBI HOBPEKIEHNU MO3Ta,
LUPKYJIUPYS B COCYIUCTOM PyCJie, IOCTOSTHHO BO3-
JEWCTBYIOT Ha 9PUTPOIIATHI, TPOMOOIINTHI ¥ 9HAO-
TesuasbHble KJIeTKU CUHYCOUHBIX KalIUJIJISIPOB
IMe4YeHU U MPUBOJAT K UX MOBPEMXKIACHUIO U JT1C-
¢dynknuu [10, 16]. BeisgiBjieHHOe B 9HIOTEJHNU
CHHYCOUTHBIX KaUJJISIPOB 00JIBIIIOE KOJIMYECTBO
IMMHOIIUTO3HBIX ITY3BIPbKOB 1 MHOTOYUNCJI€HHBIX
BKJIOUEHUN CBHUAETEJIbCTBYET O HaIPSIKEHHON
paboTe 3aIUTHO-PETYIATOPHON (PYHKITUN 9H]IO-
IMUTAapHBIX MEXaHNU3MOB B IIOJAEepPKaHUU ITIOCTO-
SAHCTBA COCTaBa KPOBHU W BHYTPHUKJIETOYHON
cpenbl rernaTonuToB [17]. Onpenesissemas reTepo-
FeHHOCTh KJIETOK 9HJIOTEJINsI, OUYEBHUIHO, U3Me-
HAET IPOCBET CUHYCOUJOB I1€Y€HU, 1 BCJICACTBUE
3TOT0 HapyllaeTcsl TPAaHCCUHYCOUIHBIA KPOBOTOK
Y MTHTEHCUBHOCTh TeMaTOTKaHeBOTro oOMeHa [18].
B aHI0Te/ MY TTOABJIAIOTCA BaKYOJIN U JIMITUTHBIE
kanau. HakomnsieHre JUIIUHBIX KaleJb B IIUTO-
IJ1a3Me CBUETEeJIbCTBYET O IIepexo/ie 9H0TeIN0-
IUTOB C YIVIEBOOAHOI'O Ha IMIPENMMyIIEeCTBEHHO
SKUPOBOH oOMeH [17]. MopdoJsioruueckre mpo-
SIBJIEHUS B BUJIE OTEKA, CIJIaYKUBAHUS 9HJIOTEHU-
aJIbHOU BBICTUJIKY, UICTOHYEHNA, PA3PBIXJICHUA U
HapylLIeHUs [eJIOCTHOCTH 9HJ0TEJIMOIIUTOB CBU-
JeTeJILCTBYIOT 00 MCTOIIeHUN KOMIIEHCATOPHO-
MIPUCTIOCOOUTEIHFHBIX MTPOIECCOB B KJIETKax [19,
20]. HartostHeHHM e KJI€TOYHOI'O 1eTpUTa 3Be3aua-
TBIMHM MaKpodaraMy CBUJIETETHCTBYET 00 aKTHUB-
HOM OCYIIeCTBJIEHUU UMU (harouTapHOU (PyHK-
nuu. Pacmimpenue  npocrtpaHcTBa  Jlucce
CONPOBOSKIAETC pelyKIIMed MUKPOBOPCHUHOK.
]_II/ITOH.JIaSMaTI/I‘-IECKI/Ie BBIPDOCTHLI TelaToIHuTOB,
9HJIOTEJTUOIMTOB U 3BE3/TUaThIX PETUKYI0IHI0TE-
JIMOLIUTOB CJIy’KaT IJis1 BbIBEJEHUsI NPOIYKTOB
MeTaboJI3Ma, PeryIupyIoT KPOBOTOK, YYaCTBYIOT
B oOecmedyeHnu romeocrasa. [Ipu JOKaJIbHOU
TpaBMe MO3ra MHUKPOBOPCHUHKH, PaspylIasch,
NIONAaJAI0T B CUHYCOUJHOE IIPOCTPAHCTBO U MO~
BepraoTcs IpoTeoansy [21]. BbIABJIEHHBIE BBIIIIE-
Iepevrc/IeHHbIe YIBTPACTPYyKTYPHbIE H3MEHEeHU s
9HOTEeJIMSI CHHYCOWJIOB TIe4eHU B KOHTPOJILHOM
I'pyIiIle KPbIC AABJISAIOTCS MOP(OJIOTHYEeCKON OCHO-
BOU CHUKEHUS ero aHTI/ITpOM6OFEHHOI‘O IIOTEeH-
nyana ¥ BHYTPUCHHYCOUAAJBHBIX HapylLIeHUN
MUKPOIUPKYJIAIAN.

dopmMupyomascs 3JHAOoTeIda/bHasE IHUC-
(PYHKIIUA COIPOBOKAAETCS IKCIIPECCUe NHIAYK-
TOPOB arperamuy TPOMOOITUTOB: TPOMOOKCaHA A,,
dakTopa akTuBamuu TpoMbonmToB 1 AJIP [22]. K
JIpyruM pakTopaMm, IOBBIIIAIOIINM arperanuoH-

Control group
—a— Experimental group
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300 -

250 -

200 T T

Time after TBI, day

Puc. 5. /luHaMHKa KOJIUYECTBA TPOMOOLIMTOB Y KPBIC
CpPaBHHBAEMBIX IPYIIII ITOCJIe YePeITHO-MO3T0BOH TPaBMBI.
Fig. 5. Changes in the platelet count of animals in the com-
pared groups after traumatic brain injury.

Note. * — significant differences vs control group, P<0.05; ** —
significant differences vs baseline values (before exposure),
P<0.05; *— significant differences vs day 1 at different stages of
the study in the control and experimental groups, P<0.05.
Platelet count in rats before the drug exposure was
374.00+9.81X10%/1.

IIpumeyanme. * — 3HAYMMBbIE PA3JIMYUA OTHOCUTEIHHO KOHT-
POJIbHO rpymibl, p<0,05. ** — 3HAYMMbIe Pa3JIU4YHs OTHOCH-
TeJIbHO 3HAYEHUH, II0JIYYeHHBIX 10 BoaelcTus, p<0,05; * —
3HAYMMBbIe Pa3/IMYUs OTHOCUTEIBHO 3HAUeHUH, TI0JTyIeHHBIX
Ha pas3J/IMYHBIX CTaAUsAX UCC/IeIoBaHuA B AeHb 1, p<0,05. Co-
JlepskaHyie TpPOMOOIIUTOB Y KPbIC 10 BO3eHCTBUSA IIpenapara
cocTaBJIAI0 374,00+9,81X10%/ 1.

tors in the bloodstream could persistently affect red
blood cells, platelets and endothelial cells of the
liver sinusoid capillaries and cause their damage
and dysfunction [10, 16]. The large number of
pinocytic vesicles and numerous inclusions de-
tected in the endothelium of sinusoid capillaries
prove the intense protective and regulatory activity
of endocytic mechanisms which maintain blood
homeostasis and stability of intracellular content of
hepatocytes [17]. The heterogeneity of endothelial
cells evidently modifies the diameter of liver sinu-
soids, causing impaired transsinusoidal blood flow
and inhibiting the blood-tissue metabolism [18].
Vacuoles and lipid droplets appear in the endothe-
lium. Accumulation of lipid droplets in cytoplasm
indicates the transition of endothelial cells from
carbohydrate to predominantly fat metabo-
lism [17]. Morphological changes such as edema,
endothelial flattening, thinning, loosening and dis-
turbance of endothelial cell integrity demonstrate
loss of cellular compensation and adaptation [19,
20]. Appearance of cellular detritus in stellate
macrophages evidences their active involvement
into phagocytosis. Dilation of the space of Disse is
accompanied by reduction of microvilli. Cytoplas-
mic protrusions of hepatocytes, endothelial and
stellate cells serve to eliminate metabolic waste
products, regulate blood flow, and participate in
homeostasis maintenance. In focal brain injury, the
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Experimental studies

HyI0 aKTUBHOCTBH TpoMboruToB mpu UMT, oTHO-
CAT YBeJTWYEHNE B KPOBH COfIEPIKaHMsI TPOMOMHA,
angpeHalnHa, HOpaJpeHa/JMHa, CEpPOTOHMHA,
MMMYHHBIX KOMIIEKCOB ¥ MeJUaTOPOB BOCHase-
Hus [10, 11, 23]. Bce atu hakTOpbI, pa3BUBAIOIIME-
ca B IITII, BBI3BIBAIOT B KOHTPOJIBHOU rpylile
SKUBOTHBIX TIPOT'PECCHUPYIONIYI0 TPOMOOIIATOIIE-
HMIO B [IepBbIe 7 CYyTOK II0CJIe TPaBMbI MO3Ta. AHa-
JIN3UPYA NIPpeACTaBICHHbIE BBIIIE JaHHbIE MOYKHO
3AKJIIOYUTH, YTO OCTPhIN nepuog UMT xapakrepu-
3yeTcsi aKTUBANMEN COCYAMCTO-TPOMOOIIUTapHO-
I'0 3B€Ha CUCTEMBbI reMOCTa3a ¥ HapylIeHneM MUK-
POLUPKYJIAINAYN B CHHYCOUJAX IICYEHHU.

AHaJ/n3 pe3y/sTaToB B CPABHUBAEMBIX IPYII-
I1ax II0Ka3aJl, 4TO BBeJEeHUE 3TUJIMETUITAIPOKCH-
nupuanHa kposicaM B panHeM IITII cnep:xuBaer
MoBpesxiamlIee JelcTBrue (OpMUPYIOIUXCS
nocse UMT BropUYHBIX HAaTOTEHHBIX (paKTOPOB HA
9HOTETNOIUTHI CHHYCOW/IOB IIeYeHH U ToTpedJie-
HHE TPOMOOIMTOB. PaHee B aKCIIepUMEHTE HAMH
OBIJI0 TOKA3aHO, YTO BHYTPUOPIOIITMHHOE BBEE-
HHUE OTUJIMETUITHAPOKCUNIMPHUAYHA KpbICaM,
nepeeciiuM YMT, cHUIKAJIO KOHIEHTPALUIO
MaJIOHOBOTO JHAJNbIETUA U arperanuio 3puTpo-
OUTOB, YBEJWYHWBAJO HUX IJIEKTPOOTPHULATEJIb-
HOCTb U TTOBBIIIAJIO B HUX cofiepskanue 2,3 nudoc-
¢ornurepara (2,31PI') [24, 25]; BoccTaHABINUBAJIO
MHUKPOLIUPKY/IALHUI0O U CTPYKTYPHO-(YHKINO-
HaJIBHYIO [1€JIOCTHOCTb 9HI0TEJIN MUKPOCOCYLOB
MUOKap/a [8]. B KJIIMHUKe yCTaHOBJIEHO, YTO BHYT-
PUBEHHOE BBEJICHUE 9TUJIMETUITAIPOKCUIINPU-
JWHA B IIOCTTPaBMAaTU4YE€CKOM IIepUOJe MalyeH-
TaMm ¢ TsisKes10i couetanHoit UMT npepynpesknao
¢dopMUpOBaHUe BTOPUUHBIX (PAKTOPOB IIOBPEK-
JIeHU TOJIOBHOTO MO3TIa: TUIIOKCHUIO, OKUCJIUTEJIb-
HBIIl CTpecC, 3HAOTOKCEMHIO, apTepHasbHYIO
TUIIOTEH3UIO U 1p. [13, 26].

Boiasiiennbie B IITII MeHee BbIpaskeHHBIE
HapylIeHUs CTPYKTYPHO-(DYHKIMOHAIBHOH 11eJI0CT-
HOCTHU 9HJOTEJIAS CUHYCOHUJIOB IICUYCHU, a TAKKe
YMEHBIIICHAE B HX IIPOCBETE arperaroB KJIETOK
KPOBHU Y KPBIC, IIOJTyYaBIINX 9TUJIMETUITAIPOKCH-
NUPUINH, II0 CPABHEHHUIO C KOHTPOJIBHOM I'PYyIITON
CBUJETESIbCTBYET O COXPAHEHNH Y HUX 00JIee BHICO-
KOT'0 @aHTUTPOMOOTE€HHOTO TIOTEHIIAAIIa IHIOTEJHO-
IIUTOB. JTO MOATBEPSKIAETCSI OTCYTCTBHEM TPOMOO-
OUTONIEHUN Y SKABOTHBIX, IIOJIyYaBIIUX 3TOT
Iperiapar IocJjie TpaBMbl. BBeieHre aTUIMeTHIIT A -
porcunpuavsa B ITTII ymMeHbIIano oBpesxIeHne
MHUKPOBOPCHUHOK 9HAOTEJIMOLUTOB, IeIaTOLIUTOB 1
3BE3IYaThIX PETUKYJI09HI0TE/IMOLATOB B IIPOCTPaH-
cTBe Jlncce, Toraa Kak B KOHTPOJIBHOM I'PyIIIIEe B 3TOT
reprof; 0OHAPY)KHUBAJIACh MX BRIPAsKEHHAs PeyK-
1us. baaronpusiTHoe JelicTBUe ITperapara Ha 9H]10-
TEJINOIUTHI, TPOMOOIIUTEI ¥ MUKPOIMPKY/IAIIIO
CHUHYCOUIHBIX KaHUJIAPOB Ie4eHn 0OyCIOBIEHO
TEM, YTO OH B CBOEM COCTaBe CONEPKUT IMOKCUIINH
1 CYKIMHAT, BJISIOIINE HA OKACINUTEIbHBIN U 9Hep-
reTUYeCKUI MeTaboIN3M KJIEeTOK [13, 27-29]. IMOK-

destructed microvilli get into the sinusoidal space
and undergo proteolysis [21]. The above-men-
tioned ultrastructural changes in hepatic sinusoid
endothelium in the control group underlie reduced
antithrombotic potential and intrasinusoidal mi-
crocirculatory disorders.

The developing endothelial dysfunction is ac-
companied by increased expression of platelet ag-
gregation inducers such as thromboxane A,,
platelet activation factor and ADP [22]. Other fac-
tors inducing platelet aggregation in TBI include in-
creased blood levels of thrombin, adrenaline, nora-
drenaline, serotonin, immune complexes and
inflammatory mediators [10, 11, 23]. All these fac-
tors caused progressive thrombocytopenia in the
control group of animals during the first 7 days
after TBI. Analyzing the data presented above, we
concluded that activation of primary hemostasis
and impaired microcirculation in the liver sinu-
soids develops during the acute phase of TBI.

Analysis of the study groups showed that ad-
ministration of ethylmethylhydroxypyridine to rats
in early post TBI period inhibited the damaging ef-
fect of secondary abnormal factors on liver sinu-
soidal endothelial cells and platelet consumption.
Earlier in a series of experiments we showed that
intraperitoneal injection of ethylmethylhydrox-
ypyridine in rats after TBI reduced malondialde-
hyde concentration and erythrocyte aggregation,
increased RBC electrical negativity and 2,3 diphos-
phoglycerate (2,3-DPG) concentration [24, 25], re-
stored microcirculation and structural and func-
tional integrity of myocardial microvascular
endothelium [8]. Clinical investigations demon-
strated that intravenous injection of ethylmethyl-
hydroxypyridine in patients post severe combined
TBI prevented the development of secondary brain
damage factors such as hypoxia, oxidative stress,
endotoxemia, arterial hypotension, etc. [13, 26].

Less severe disturbances of hepatic sinusoid
endothelium structure and function, as well as re-
duced blood cell aggregates in the capillary lumen
in rats treated with ethylmethylhydroxypyridine,
compared with the control group, indicate main-
tained higher antithrombotic potential of endothe-
lial cells. This is confirmed by lack of thrombocy-
topenia in animals receiving this drug after injury.
Administration of ethylmethylhydroxypyridine in
post TBI period reduced damage to microvilli of en-
dothelial, hepatic and stellate cells in the space of
Disse, whereas the control group showed their
marked decrease during this period. Emoxipine
and succinate, the ingredients of ethylmethylhy-
droxypyridine affecting the oxidative and energy
metabolism of cells, are responsible for the benefi-
cial effect of the drug on endothelial cells, platelets
and microcirculation in the liver sinusoid capillar-
ies [13, 27-29]. Emoxipine stabilizes membranes of

endothelial cells, platelets, and red blood cells and
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JKCIlepUMEHTAaJJAbHbIe UCCJENO0BaHUSA

CUNVH CTaOMTN3UPYET MEMOPaHbBI 9HJOTETNOIIUTOB,
TPOMOOIIUTOB, 3PUTPOITUTOB M BOCCTAHABJIMBAET FX
(PYHKIMOHATIBHYIO AaKTUBHOCTD 3a CYET AaHTHOKCHU-
JAHTHOTO JeUCTBUs (8, 24]. CyKIIMHAT NOBBIIIAET
9HepreTUYECKUi MOTEHIMAJ B KJIeTKaX, aKTUBUPYsI
JbIXaTeJbHYI0 IIellb MUTOXOHIPHUU peausaiyeit
¢eHOMEHA OBLICTPOTO OKUCIEHUST STHTAPHON KHCJIO-
Tl CYKIUHATJIeruAporeHaso [27], yiydiiaeT
JOCTaBKYy KMCJIOPOJA TKAHAM BCJIEICTBUE IIOJI0KHU-
TeJIbHOTO AEeHCTBUsS HAa reMOJUHAMUKY [26] U yBe-
JuyeHus1 cuHTesda 2,3/1PI" B apurponurax [24].

3akJrouenue

[Mpumenenre Mmekcukopa y Kpsic B [TTII 6i1a-
rogapsi ero aHTUOKCUIAHTHBIM U IIPOTUBOTUIIOK-
CHYECKHM CBOMCTBaM yMeHBIIIaeT 00pa3oBaHUe
BTOPUYHBIX (DAKTOPOB, BbI3BaHHBIX UMT, 1 Bcyie-
CTBHE 9TOI'0 OIPaHUYMBACT UX IIOBpesKIaloliee
JleICTBUE Ha 9HJOTEJTNOIUTHI CHHYCOUI0B ITeYeHU
¥ TPOMOOIIMTHI, a TaKKe OKAa3bIBAET OJIaronpu-
SITHOe MeTaboIM4YecKoe JericTBre (BOCCTaHABJIM-
BaeT IPO- ¥ aHTHOKCOAAHTHBIN OQIaHC, TOBBITIIAET
9HepreTU4YeCKUH MoTeHI[ha/l KIeTOK) HellocpeI-
CTBEHHO Ha 9H/IOTEJINOIUTHI, TPOMOOIIUTHI, 9PUT-
POLHUTHL U B pe3yJIbrare 3TOr0 CAEePsKUBAET aKTHU-
BAaIUI0  COCYJUCTO-TPOMOOIIMTAPHOTO  3BEHA
CHCTEMBI I'eMOCTa3a U HapylIeHUs1 MUKPOLUPKY-
JAOUMKA B MHUKpoOcocynax IedeHu. IlosiygyenHble
pe3yJIbraThl II03BOJIAIOT pacCMaTpUBaTh ITHUIIME-
TWITUIPOKCUNNPUAVH KaK IaTOr€HEeTU4YeCKU
000CHOBaHHBIN ITpernapar NpopUIaKTUKU U KO-
peKIMN HapylUIeHUH yJIBTPACTPYKTYpbl 9HAOTe-
JIMOLIATOB U MUKPOLUPKYJIALNAN CHHYCOUIHBIX
KaluIJspOB MEYeHU ¥ COCYANCTO-TPOMOOIUTAp-
HOT'0 3B€Ha CUCTEMBbI I'eMOCTa3a B OCTPOM IIepuojie
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restores their function due to antioxidant effect of
the drug [8, 24]. Succinate increases the energy po-
tential in cells by activating the mitochondrial res-
piratory chain via the rapid oxidation of succinic
acid by succinate dehydrogenase [27], improves
oxygen delivery to tissues by stimulating the hemo-
dynamics [26] and increases 2,3-DPG production
in red blood cells [24].

Conclusion

The use of ethylmethylhydroxypyridine, pos-
sessing antiradical and anti-hypoxic properties, in
post-TBI rats reduces the secondary TBI-associated
factors and limits their damaging effect on liver si-
nusoidal endothelial cells and platelets. The drug ex-
erts a favorable direct metabolic effect on endothe-
lial cells, platelets, red blood cells by restoring pro-
and antioxidant balance and increasing cell energy
potential, which results in inhibition of primary he-
mostasis activation and improved hepatic microcir-
culation. These findings suggest that ethylmethylhy-
droxypyridine could be used for the prevention and
correction of disorders of endothelial cell ultrastruc-
ture and hepatic sinusoidal capillary microcircula-
tion, as well as the primary hemostasis disturbances
in the acute phase of TBI. There is a need for further
investigation of pharmacological agents with anti-
hypoxic and antiradical properties for the correction
of endothelial dysfunction in critical illness.

UMT, a TakKe onpenessiioT HeOOXOTHUMOCTD TaJIb-
Heiimero uay4ueHus papMaKkoJIOTUIECKUX CPEACTB
C MPOTUBOTUIIOKCUYECKNMHU Y AHTUOKCUTAHTHBI-
MM CBOMCTBAMU JIjIsI KOPPEKIIUU 9HI0TETUATbHON
IUC(HYHKIUYU IPU KPUTUUECKUX COCTOSTHUSIX.
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