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Iexb: oreHNTH CTPYKTYPHbIE N3MEHEHNS KAMJJITPOB, apTEPUOJI, BEHYJI, BHYTPHU- I BHECOCY/INCThIE HapyIIe-
HUS B MHOKap/e KPbIC, TIepeHecInX deperrHo-Mo3roByio Tpasmy (UMT).

Marepuan u metozpl. Ha 18 Gesrbix HesmHENHbIX Kpbicax-camkax Mozeanposaan YMT. Yepes 3, 7 u 12 cyTok
nocJie TpaBMbl Ha (hoHe BHYTPUOPIONIMHHOTO BBEJCHUS THOTICHTAIA HATPUST OCYIIECTBIISIIN IEKAMTUTAIIIO KPBIC,
IPOU3BOINIIN CPEIMTHHYIO TOPAKOTOMMIO M U3BJIEKAJIHN ceplie. TKaHb MIOKap/a JIeBOTO JKeJIyI0UKa NCCAe0BAIN
C IIOMOIIIBIO CBETOBOTO U 9JIEKTPOHHOTO MUKPOCKOIIA.

PesynbraTsl ncciegoBaHus 10Ka3ain, 4To y Kpbic, nepeneciiux YMT, B Muokapzie hopmMupyiorcest usMmeHeHust
CTEHKU MUKPOCOCY/IOB, KOTOPBIE MPOSIBJSIIOTCS. B HAPYIIEHUH €€ MTPOHUIAEMOCTH, TTEPUIIE/LITIONSIPHOM OTeKe, 00-
Pa3soBaHUU BBIPOCTOB HHIOTENUS B IPOCBET COCY/Ia, HaOyXaHUH, OTEKe, UCTOHUEHUH ¥ AeOPMAIIK TIOBEPXHOCTH
SHJIOTEIUAJIBHBIX KJIETOK, BaKyalu3alluu U BbIOyXaHUU (PParMeHTOB [UTOIIA3Mbl. BHYTPUCOCYIMCThIE U3MEHE-
HUSI [IPOSIBJISIOTCS] 00Pa30BaHUEM MMAIMHOBBIX TPOMOOB, MUKPOArPEraToB U CJajiKeil, B 0OHAPYKEHUU B IPOCBe-
Te COCY/I0B MEMOPAHHBIX CTPYKTYD, My3bIPE U JaKe IOJHOTO OTCYTCTBUS IIUPKYJISIIIUU B YaCTH Kanuuisipos (be-
nHomen no-refloy). Hapymenust 3a npeziesiaMu cocyIucToil CTEHKM NPOSIBISIIOTCS B (DOPMUPOBAHUH [IATIEI€3HBIX
KPOBOUBJIUSHUI 1 PA3BUTHI BBIPAKEHHOTO MEPUBACKYISPHOTO OTeKa. [[0BpesKIeHIsI MUKPOCOCYIOB U, 0COOEHHO,
MUKpopeJibeda JTIOMUHAIBHON TTOBEPXHOCTU HH/IOTEJNOIIUTOB SBJISIOTCS 3HAUUMBIMU (haKTOPAMU aKTUBAIUH CO-
CYMCTO-TPOMOOIUTAPHOTO 3BEHA CHCTEMBI T€MOCTA3a.

3axumouenue. Teparuist TpaBMATHUECKO# GOJIE3HN JJOJKHA OBITH HAMTPABJIEHA HA CBOEBPEMEHHYIO KOPPEKIIUIO
MATOreHETHYECKNX (PaKTOPOB, BBI3BIBAIONINX IIEPECTPOIKY IIUTOCKEIETA SH/IOTEINATBHDBIX KJIETOK, a TaKXKe 9H/10-
TeJMANbHON TUChHYHKITMY U HAPYITEHUI MUKPOITUPKYJISIIUH.

Kantouesvie cnosa: uepenno-mo32068as mpasma; noepercoeHusi KANUINSAPO8; ApMeEPUO0JL U 6€HYL MUOKAPOA

Aim of the research is to evaluate the structure changes of the capillaries, arterioles, venules and intra- and
extravascular alterations in myocardium of rats after traumatic brain injury (TBI).

Material and methods. Experiments were performed in 18 white male non-inbred rats. Midline thoracotomy
was performed, and the heart excised under intraperitoneal anesthesia (sodium thiopental) on 3, 7 and 12 days
after TBI. Myocardial tissue of the left ventricle was examined under light and electron microscopy.
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The results showed that following brain trauma there were changes of microvascular wall characterized by
alterations of permeability, paracellular oedema, outgrowths of vessel endothelium, swelling, edema, and thinning
of endothelial cells, intussusceptions, vacuolization of cytoplasm with fragmentation within the myocardium of the
rats with TBI. Intravascular changes were manifested by the formation of hyaline thrombi, microaggregates and
sludge of red blood cells in the lumen, altered vascular membrane structures, bubbles or even complete absence of
circulation in capillaries (no-reflow). Alterations outside of the vascular wall were manifested by the formation of
diapedetic hemorrhage and development of a strongly pronounced perivascular edema. The injury of microvessels
and the microrelief of the luminal surface of endothelial cells appeared to be important factors of activation of vas-

cular-platelet mechanism of hemostasis.

Conclusion. Treatment of traumatic disease should consider the need in timely correction of non-specific alter-
ations associated with TBI to optimize the restructuring of cytoskeleton of endothelial cells, abrogate endothelial

dysfunction and prevent microcirculatory complications.

Key words: traumatic brain injury; injury of myocardium capillaries; arterioles and venules
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BBenenne

W3BecTHO, 4TO OCTPBIN EPUOJL TSIZKEJION Yepen-
HO-M03r0BOI TpaBMbl (UMT) xapakrepusyercs ak-
TUBAIUENH COCYIUCTO-TPOMOOIUTAPHOTO TeMOCTa3a
[1], rmaBHBIM 06Pa30M B CHCTEME MUKPOIIUPKYJISIIIAN
[2—4]. Bce KOMIIOHEHTBI COCYTUCTON CTEHKHU (3HIO-
TeJINii, CyOaHIOTENUI, CPEIHSIS 1 HapysKHAst 000104~
KW) YYaCTBYIOT B IO/IEPKAHUN T€MOCTA3U0JIOTHYEC-
KOO TOMEOCTa3a ¥ B3aUMOCBS3€H CHUCTEMBI
PETYJIAINN arperaTHOrO COCTOSHUS KPOBH C IPYTUMU
(byHKIIMOHANTBHBIMYM CHCTEMaMU OPTaHU3Ma, OJTHAKO
COCY/IUCTBIN 9H/IOTEJINI TIPU 3TOM 3aCJIYKUBAET 0CO-
6oro Bunmanus [1, 2, 5, 6]. B uccienoBanusx, mocss-
IIEHHBIX IIpolleccy CBepTbiBaHUsl KpoBu mpu UMT,
Mpe/ICTaBJIeHA B OCHOBHOM XapaKTEPUCTUKA MOBPEK-
JICHHOTO 9H/IOTEJINS B ovare nopaskeHus mosra. [1pu-
HUMasi BO BHUMaHue TOT (haKT, 4TO MOBPEKICHIE IH-
JIOTEeJIUSL TIPU  KPUTHUYECKUX COCTOSHUSAX HOCUT
Hecrierudmueckuii xapakrep [1, 4—8], To JjormuHO
MIPE/IIOTIOKITD, YTO AHAJIOTUYHbIE HAPYIIEHUS 9H/I0-
TEJMOIIUTOB MOTYT (DOPMHUPOBATHCSA TIPU TPaBME TO-
JIOBHOTO MO3Ta M B MUKPOIUPKYJISITODHOM pYyCJe
JIpyTUX opraHoB. HakormieHo MHOTO JaHHBIX O TOM,
YTO [JIA3MOJIEMMA SH/IOTETMAJIbHBIX KJIETOK HE SABJIS-
€TCcs TOCTOSHHON U T0J] BAUSHUEM PAa3JIMYHBIX (hak-
TOPOB MOKET U3MEHSATH CBON JIIOMUHAJIBHBIH pesbed.
Daxropamu, UHAYIUPYIOIMUMI U3MEHEHUST MIKPO-
pesbeda JIOMIHAIBLHON TOBEPXHOCTH 9HIOTETNOIH-
Ta, MOTYT CJIYKUTH BHYTPUCOCYIUCTBIE PACCTPOICTBA
MUKPOIUPKYJISIIUH, TUIIOKCHs], U30BITOYHOE HAKOII-
JieHre akTuBHBIX (hopMm kuciaopona [6, 9, 10]. Ilpu
HTOM Ha SHJIOTEJIUH MOSBJSETCS GOJIBIIIOE KOJHUECT-
BO HEPOBHOCTEH B BUjie MUKPOBO3BBIIIEHUN U OYXTO-
00pasHbIX yriyOJeHn, BaKyal3aius 1 my3bipeo0-
pasoBaHMe, a TAKXKe IUTOTIIA3MATHIECKUE BBIPOCTBI
u ckiaaku. Takas mepecTpoiika IUTOCKeIeTa 3HA0Te-
JINATTBHBIX KJIETOK SBJSETCS 3HAYUMBIM (haKTOPOM
AKTHBAI[H COCYUCTO-TPOMOOIIUTAPHOTO 3BEHA CUC-
Tembl TeMocTaza [1, 2, 4, 9, 11] [lnsa noarBepaeHust
(hopmupoBanms HapyIIeHNT KPOBEHOCHBIX MUKPOCO-
CY/ZIOB BHE 30HBI TIEPBUYHOTO MTOBPEKACHUS MBI TIPO-
BEJW CBETO- M 3JEKTPOHHOMUKPOCKOITMYECKOE HC-

Introduction

It is well-known that acute period of traumatic
brain injury (TBI) is characterized by activation of
platelet-vascular hemostasis [1]. This activation
occurs mainly in microcirculation and plays an
important role in the hemostasis [2—4]. It is known
that all the components of the vascular wall
(endothelium, sub-endothelium, middle and outer
shell) are regulated by hemostasis and coordination
of the aggregate state of the blood with other func-
tional systems. Threfore, the vascular endothelium
deserves special attention [1, 2, 5, 6]. To date, only
limited number of studies of blood coagulation in
traumatic brain injury (TBI) described the damage
of brain vascular endothelium. Because the damage
of the vascular endothelium in critical conditions is
non-specific [1, 4—8], similar alterations of the vas-
cular wall can be formed within the microvascula-
ture of other organs. Currently a various data regard-
ing the impermanence of the plasma membrane and
its sensitivity to different factorsdemonstrate the
changes of luminal relief. Factors inducing changes
of microrelief of the luminal surface of endothelio-
cyte may cause intravascular disorders of microcir-
culation, hypoxia and excessive accumulation of
reactive oxygen species [6, 9, 10]. Thse events result
in vacuolization, cytoplasmic protuberances and
folds. These rearrangements of the cytoskeleton of
endothelial cells significantly contribute to the acti-
vation of vascular-platelet mechanism of hemostasis
[1,2,4,9, 11]. To support this thesis, we investigated
the components of the wall and the contents of the
vascular lumen of left ventricular myocardium in rats
after the traumatic brain injury by light microscopy
and ultrastructural studies.

Materials and Methods

An experimental study was performed on 18 white male
rats of 180—200 g body mass. The study was performed in
accordance with the normative documents «Guide for care
and use of laboratory animals. ILAR publication, 1996,
National Academy Press» and the requirements of the Order
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cjeloBaHNe KOMIIOHEHTOB CTEHKU U CO/IEPKUMOTO
MpOCBeTa KalnJJIsSIpOB, apTEePHUOJ U BEeHYJI MUOKap/ia
JIEBOTO JKeJyI0UKa y KpbIc, ieperectinx YMT.

Ilesb nccoeoBanms — OLEHUTH CTPYKTYPHbBIE
U3MEHEHUS KaluIJISPOB, apTEePUOJI, BEHYJI, BHYTPU-
¥ BHECOCYTUCTBIE HAPYIIeHUS B MUOKap/ie KPBIC, Tie-
penecuiux UMT.

Marepuan u MeTobI

IKCmepuMeHTAIbHOE UCCIE0BaHIe OBLIO BBITIOIHE-
HO Ha 18 GeJsibIX HEJMHEHHBIX KPbICAX-CaMKaX, MacCoi
180—200 r. Coneprkanue KUBOTHBIX U ITPOBOJMMBIC C HU-
MU MaHUITYJISIIMUA OCYIIECTBIISIN B COOTBETCTBUM € HOP-
MATHUBHBIMU JIOKYMeHTAMH, ITPE/ICTABIEHHBIMU B PYKOBO/I-
crBe «Guide for care and use of laboratory animals. ILAR
publication, 1996, National Academy Press» 1 TpeGoBaru-
amu [Tpukaza Munsapasa Poccun Ne 267 or 19.06.2003
«O6 yTBepKIeHNU TIPaBUl JTabOPATOPHOU IIPAKTUKU B
Poccuiickoit Meneparmuy». KUBOTHBIX GUKCHPOBAIN HA
mnanmere, YMT MozepoBay IyTeM ¢cBOOOJHOIO Hajie-
Hus rpy3a ¢ BeicoThl 80 cM Maccoit 100 T Ha TeMeHHO-3aTHI-
Jounyto o6aactb rososbl [12]. Ha 3-u, 7-e u 12-e cyTku ¢
MomeHTa HaHeceHusst UMT Ha (one BHYTPUOPIOIIMHHOTO
BBeZieHust TnonenTtasna Hatpus (100 Mr/Kr) ocyriecTBisin
JIEKAMUTAIMIO KPBIC, TPOU3BOIUIIN CPEJNHHYIO TOPAKOTO-
MUIO U u3BJeKan cepiile (1o 6 JKUBOTHBIX B YKa3aHHbIe
BpeMeHHble MHTEePBaJIbI). [lJIs TpoBeIeHNsT MCCTe0BAHNI
Ha CBETOOITHYECKOM YPOBHE CPa3y ke MOcCJIe CeKIINN Mate-
puas nomenanu B 10% 3a0ydepeHHblii pacTBOp HEHTpasb-
noro dopmanuna. Oukcanus Marepuaga TPOIOIKAIACH
72—96 yacos, 3aTeM 110cJie 00e3BOKMBAHUS KYCOUKU TKAHH
MHOKap/Ia JIEBOTO JKeJTy0uKa 3aK/odany B mapadun. s
0630pPHOTO MPOCMOTPA TPOUBBOIUIN OKPAIITMBAHUE CPE30B,
MPUTOTOBJIEHHBIX Ha caHHOM MuKporome MC-2 (Ykpau-
Ha), TeMaTOKCUJIMH-303UHOM. TOJIIIHA CPE30B COCTABJISLIA
7 mxm. [Ipocmotp u hoTorpadrpoBaHe roTOBBIX TIPENapaToB
MPOBOJIUJIN C MTOMOIIbIO MuKpoBusopa Vizo 101 (JIOMO,
C-Ilerepbypr). [list MpoBeAeHNsT MCCIe0OBAaHUN € TOMO-
IBIO AJIEKTPOHHOTO MUKPOCKOTIA TKaHb MHOKAp/a JIEBOTO
JKEJTYI0UKA TIOMEIAIN B 2,5% PACTBOP TJIIOTAPOBOTO aJlb-
JeTuzia ¢ Tmocenyionei rodukcarnmeit 1% pactBopom oc-
MUEBOM KUCJOTBI, AleTUpaTalueil B CIUpTax BO3PACTAIO-
el KPernocTy M 3aKJII0¥all B CMECh AIOKCHHBIX CMOJI
(apanmut u amon 812). YasrpaToHkue cpe3bl TOTOBUIA Ha
yasrpamukpotrome dhupmer Leica Microsystems (ABcTpust),
MIPOCMATPUBAJIN Ha 3JIEKTPOHHOM MHUKpockore Morgagni
268D (dbupmsr FEI CIITA), dortorpaduposasiu ¢ oMOoIbs10
Buieokameprl Mega View 111 1 usyuanau cTpyKTypHbBIe 13-
MEHEHUS TeMOKAIMJIJISPOB.

Pe3yabraThl 1 00CYK/IEHHE

CBETOMUKPOCKOITMYECKOE HCCJIEIOBAHNE MHO-
Kap/ia JIEBOTO JKeIyIoukKa yepe3 3 CyTOK MocJie HaHe-
cenua UYMT noxkasaiio, uTo 60JIbLIAd YaCTh KallWJLLd-
poB Obina paciupena. ONpeensiuch ananeaesHbe
KPOBOM3JIMSTHUST M BBIPAKEHHDBIN [TePUIIeJITION S PHBIN
orek (puc. 1, a). [Ipu ocMOTpe apTepuost Tak:Ke OTMe-
YaJiCs BBIPAYKEHHBIN TIEPUBACKYJISIPHDIN OTEK U OTEK
sHpoTeMst, B mpocBete 10% apTepros BBISIBISIIIICDH
ruanHoBbie TPOMOBI (puc. 1, b). B Beryiax Takxe on-

Puc. 1. MuKpouupKyIsaTopHOe PyCJ0 MUOKap/a JIEBOTO KEy-
JI0YKa Ha 3-M CYTKU MOCTTPAaBMaTHYECKOTO MEPUO/IA.

Fig. 1. Microcirculatory bed of the left ventricular myocardium
on 3rd day of post-traumatic period.

Note: Magnification: a, b, ¢ — ocular X 7, lens X 20.
Ipumeyanne: Yeeamuenue: a, b, ¢ — ok. X 7, 00. X 20.

of the Russian Ministry of Health, number 267, from 19.06.03
«On approval of the rules of a good laboratory practice in the
Russian Federation». Anesthesized animals were fixed on the
plate. TBI was modeled by applying free falls (height — 80 cm,
weight — 100 g) on parietal-occipital region of the head [5].
At 3,7 and 12 days after TBI the decapitation of rats was per-
formed under the intraperitoneal anesthesia with thiopental
sodium (100 mg/kg), the heart was excised by median thora-
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Puc. 2. TeMoKanmusipsl MHOKap/ia JIEBOTO JKeJIy/104Ka Ha 3-1 CYyTKU [HOCTTPABMATHYECKOrO IIEPUOJIA.
Fig. 2. The blood capillaries of the left ventricular myocardium on 3rd day post-traumatic period.

Note: Magnification: a, ¢ — X4400; b — X22000; d — X5600.
IIpumevanue: Ysenuuenue: a, ¢ — X4400; b — x22000; d — X5600.

PDeIesIsiICST BBIPAKEHHBII OTEK 9HIOTENS, B IPOCBETE
YaCTO BCTPEUAIIUCH arPETaThl 3PUTPOIUTOB, CBOOOIHO
JIEKATIIE DPUTPOIIUTHI U IIPUCTEHOUHO PACIIOIOMKEH-
Hble THAJIMHOBOIIOA00HbIE Macchl (puc. 1, ¢).

DJIEKTPOHHOMUKPOCKOIINYECKOE HCCIIEeN0Ba-
HUe TeEMOKAIIUJIISIPOB MUOKAP/Ia JIEBOTO JKEIYI0UKa
[O0KA3aJI0, YTO HA 3-M CYTKHU MOCTTPABMATUYECKOTO
nepuojia SHAOTEJUI B PsAle KANUJIAPOB ObLI Ha-
OyXIIuii, MeCTaMK OTEYHBII1, BBIABJIAIACH BAKYOJIH-
3a1ud IUTOIIA3Mbl (pHC. 2, a). B HEKOTOPBIX ciryda-
SIX HAOJIOIaJICST BBIXOJ[ SPUTPOIUTOB 32 ITIPEJIEJIbI
COCY/JICTOTO PYCJa, BEPOSITHO, AUAIEJEe3HOrO Xa-
pakrepa (puc. 2, d). B mpocsere psiia MUKPOCOCYIOB
06HAPYKMBATMCH MEMOPAHHBIE CTPYKTYPbI, y3bIPH
(puc. 2, a, d), TpoMObBI U3 HPUTPOIUTOB U TPOMOOIIHU-
ToB (puc. 2, b), MUKpoarperatbl 3pUTPOIIUTOB, HEUT-
poduiet (puc. 2, b). Hajinune MeMOpaHHBIX CTPYK-
TYp, Ty3bIpell U MUKPOTPOMOOB 3aTPYHAHSIIIO
MukpouupkyJsiuio. B 20% ciayyaeB mpocBerb Ka-
MUJIIIPOB He colepKaiu OcMUOMUIbHBIN MaTepH-
aJI, YTO YKA3bIBAJIO HA OTCYTCTBUE IUPKYJISIIUNA B
aTX MUKpococynax (penomen no-refloy).

cotomy (n=6, each experiment). After the section the samples
of heart tissue were placed into 10-percent buffered aqueous
solution of neutral formalin. Total fixation lasted for 72—96
hours, then after e dehydration the pieces of myocardium tis-
sue excised from the left ventricle were embedded in paraffin.
Sections were prepared with the aid of a sledge microtome
MS-2 (Ukraine) and stained with hematoxylin-eosin. Slice
thickness was 7 microns. Viewing and photographing of
preparations were carried out by «Microvizor Vizo 101»
(Lomo, St. Petersburg). For the electron microscopy the
myocardium tissue of the left ventricle was placed in a 2.5%
solution of glutaraldehyde followed by final fixation with 1%
osmium acid solution, dehydration in alcohols, and embed-
ding in a mixture of epoxy resins (Araldite and Epon 812).
Ultrathin sections were prepared on ultramicrotome «Leica
Microsystems» (Austria) observed by electron microscopy
(«Morgagni 268D», FEI,LUSA, «FEI»),photographed with a
video camera «Mega View III» and studied for structural
changes of the hemocapillars.

Results and Discussion

Alot of capillaries were dilated in the microvas-
culature of the myocardium of the left ventricle of
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Puc. 3. MuKpoIupKyIssTOpHOE PYCJI0 MHOKAp/a JIEBOTO JKeJry-
JI0YKa Ha 7-€ CyTKH II0OCTTPaBMaTUYECKOTO TIEPHOJIA.

Fig. 3. Microcirculatory bed of the left ventricular myocardium
on 7th day of post-traumatic period.

Note: Magnification: @ — ocular X7, lensx40; b, ¢ — ocular X7,
lens x20.

Ipumeuanue: Yseanuenne: a — oK. X7, 00. X40; b, ¢ — ok. X7, 00.
X20.

Ha 7-e cyrku mocsie TpaBMbl IIPU HU3YyUYEHUU
MUKpOIIpellapaToB MUOKap/a € IIOMOILBIO CBETOBOI'O
MUKPOCKOIIAa B 4acTU KallUJIAPOB OIpele/aUCh
PUTPOUUTAPHBIE CIAKU. OTMeYaycs BBIPAKEH-
HBII TIEePUBACKYJSIPHBI OTEK M OTEK 3SHIAOTeJNs

rats on day 3 after the injury. Diapedesis hemor-
rhages and intensity of paracellular edema were
determined (Fig. 1, a). Paravascular edema and
swelling of the endothelium were marked in the arte-
riole, hyaline clots were revealed in the lumen of 10%
arterioles (Fig. 1, b).

The expression of endothelial edema was deter-
mined in venules. Units of red blood cells, unconfined
red blood cells and parietally located gialine-like mass
were observed frequently in the veins (Fig. 1, ¢).

Electron microscopic study of hemocapillars of
the myocardium of the left ventricle showed that the
endothelium of some capillaries was swollen, and
vacuolization of the cytoplasm was identified on day
3 post-trauma (Fig. 2, a). The exit of erythrocytes
outside the vascular bed, probably by diapedesis was
observed in some cases (Fig. 2, d). Membrane struc-
tures, bubbles (Fig. 2, a, d), clots of red blood cells
and platelets (Fig. 2, b), microaggregates of erythro-
cytes, reticulocytes, neutrophils (Fig. 2, b) were
found in the lumen of some capillaries. The presence
of membrane structures, blood clots contributed the
difficulty of the microcirculation. Osmophilic mater-
ial didnot contain in 20% of the lumens of capillaries
that indicates a lack of circulation in the microvas-
culature (no-reflow).

The sludge of red blood cells was determined in
a portion of capillaries on day 7 after the trauma.
Strong paravascular edema and swelling of the
endothelium were observed (Fig. 3, a). Strongly
expressed paravascular edema and moderate edema
of the endothelium were detected in arterioles, units
of red blood cells were accumulated within the
lumen of most of the arterioles (Fig. 3, b). Freely
lying red blood cells were detected in the lumen of
some venules, blood cells were absent in most other
venules. Strongly expressed paracellular and par-
avascular edema were defined everywhere (Fig. 3, ¢).

The damage of hemocapillars of left ventricu-
lar myocardium was increased on 7th day after the
injury at the luminal surface of endothelial cells,
along with swelling, edema or thinning of the cells;
micro-outgrowths, and vacuolation of the cyto-
plasm with scaffold fragmentation were also
observed (Fig. 4, a). These patterns were markers of
alterations of rheological properties of blood capa-
ble to promote aggregation and thrombosis of
blood. Erythrocyte aggregation, altered membrane
structure, reduced osmiophilic amorphous material
were commonly observed within the capillaries
(Fig. 4, D), whereas the stasis of platelets were
found in a few cases (Fig. 4, ¢). The number of ves-
sels with no osmiophil amorphous material and
blood cells (no-reflow) were slightly decreased
compared to day 3 after the injury (Fig. 4, d).

Moderate edema of myocardial capillaries was
observed in the left ventricle on day 12 post-trau-
ma, erythrocytes were freely localized in the lumen
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Puc. 4. TeMOKanmusIpsl MHOKap/Ia JIEBOTO JKeJIy/I04Ka Ha 7-€ CYyTKU [OCTTPABMATHYECKOTO TIePUOJIa.
Fig. 4. The blood capillaries of the left ventricular myocardium on 7th day post-traumatic period.

Note: Magnification: a, b, d — X11000, ¢ — X5600.
Ipumeuanue: Ysenuuenue: a, b, d — X11000, ¢ — X5600.

(puc. 3, @). B aprepuosiax BbIABJILICS TaKKe CUIHHO
BBIPAKEHHBIN MEePUBACKYJISIPHBIA OTEK U YMEPEHHO
BBIPQKEHHBIA OTEK HHIOTENUs, B TPOCBETE (OJb-
NIMHCTBA apTEPUOJT OTIPEEIISAIICH arperaTbl dPUT-
pouutos (puc. 3, b). B npocsere HEKOTOPHIX BEHY.JI
BBISIBJISIIICH CBOOOJTHO JIEJKABIIIME SPUTPOIUTEI, O
HaKO B GOJIBIIMHCTBE BEHYJI OTCYTCTBOBAIU (hOPMEH-
HbIe 2JIeMEeHThI KpoBW. [loBceMecTHO ompezessics
BBIPAKCHHDIN TTEPUBACKYJIAPHBIN U TIEPUTIEILTIONSP-
HbIl oTek (puc. 3, ¢).

Ha 7-e cyTku nocJie TpaBMBbI IIPU 3JIEKTPOHHO-
MUKPOCKOITMYECKOM HCCIEIOBAHUN TIOBPEKICHUS
reMOKAIIJIJIIPOB MIOKAp/Ia JIEBOTO JKeJIy/04YKa OKa-
3a/Ch HoJIee BHIPAsKEHHBIMU: HA JIIOMUHAIBHOM 110~
BEPXHOCTH HJIOTEJUOIUTOB, HAPSI/Ly ¢ HAOyXaHUEM,
OTEKOM, UCTOHUEHUEM U jiehopMaliueii moBepxXHOC-
TU KJIETOK, TIOSBUJINCH MUKPOBBIPOCTBI, BaKyaJn3a-
1Us1 U BoIOyxaHue )parMeHTOB IIUTOILIA3MbI (pUC. 4,
a). BoigaBieHHble HapylieHUS SABUJIUCH NPUITHON
PAcCTPOUCTB PEOTOTMYECKUX CBOMCTB KPOBU U CIIO-
cOOCTBOBAJIM arperainu, CIasKuPOBaHUI0 (hOpPMeEH-

(Fig. 5, a). Blood cells were detected in most arteri-
olar lumen, mild swelling of endothelial and moder-
ate paravascular edema were determined (Fig. 5, b).
Not attached blood cells were determined in the
lumen of the most venules too, and mild paravascu-
lar edema and swelling of the endothelium were
observed (Fig. 5, ¢).

On day 12 of post-traumatic period the elec-
tron-microscopic examination showed a gradual
restoration of the structure of the microvasculature
compared to the previous stages of the research.

On the evaluation of the structure of the
microvasculature of the left ventricle of myocardium,
on days 3 and 7 post-trauma the changes in capillar-
ies, arterioles and venules and intra- and extravascu-
lar alterations were observed. Changes of the vascu-
lar walls included enhanced permeability,
paracellular edema, formation of endothelial out-
growths into the lumen of the vessel, swelling,
edema, or thinning of endothelial cells, intussuscep-
tions, vacuolization of cytoplasm with fragmenta-
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HBIX 3JIEMEHTOB KPOBH 1 TpoMboo6pasoBanmio. B va-
CTH KaNUJIJISIPOB ONPEEsSIIINCh arperaiust 3puTpo-
IUTOB, MEMOPAHHBIE CTPYKTYPbI, CHUKEHHUE COJIEP-
KaHusg aMophHOro ocMHOGUIBHOTO MaTepuasa
(puc. 4, b), B eIUHUYHDIX CJIydasix 0OHAPYKUBAJICS
cTas TpoMOoIUTOB (puUc. 4, ¢). Ynucmo cocynos, He co-
JIepyKaBIINX OCMUOMUIBHOTO aMOp(hHOro mMarepua-
Ja 1 (GOPMEHHBIX 2JIEMEHTOB KpoBU ((heHOMEH no-
refloy), HECKOJIbKO YMEHBIIUIOCH 110 OTHOIIEHUIO K
3-um cyrkam (puc. 4, d).

Ha 12-e cyTku mocTTpaBMaTUyeCcKOro mepuoja
C IIOMOII[HIO CBETOBOI MUKPOCKOIIUY B MUOKAP/IE Jie-
BOTO JKEJIyI0OUKA OMPE/EsIICs YMEPEHHBIN OTEeK 9H-
JOTEJHST KAlUJUISIPOB, B UX MPOCBETE CBOOOIHO Jie-
KAl SpUTPOUMTHL (puc. 5, a). B Goibmuncrse
apTEpUOJT B IPOCBETE BBISIBIISLINCH TAaKXKe CBOOOIHO
JexkaBiive (hopMeHHbIE dJIEMEHTHI KPOBH, OTMEYaI-
cst ¢J1abo BBIPAsKEHHBIN OTEK SHIOTENHS U YMEPEHHO
BbIPaKEHHBIN [IepUBACKYJISPHBIN oTek (puc. 5, b). B
pocBeTe OOJIBIIMHCTBA BEHYJI TAKAKE OMPEIEIISIIICH
cBOOOHO JieskaBie (hOPMEHHbBIE DIEMEHTHI KPOBH,
OTMEYAJICSI YMEPEHHO BBIPAKEHHBIN TePUBACKYJISAP-
HBII OTEK W OTeK dHI0Te s (PUC. J, ).

[Ipu 2J1eKTPOHHOMUKPOCKOITNYECKOM UCCIIEI0-
BaHUM Ha 12-e CyTKU MOCTTPaBMATUYECKOTO ITEPUOJIA
110 CPABHEHWIO C IPEANIECTBYIOIUMEI ITAAMU UC-
cJieoBaHusT HAOIIOIAI0Ch OCTEIIEHHOE BOCCTAHOB-
JieHIEe CTPYKTYPbI 9HOTEIUOIUTOB.

OreHuBast CTPYKTYPY MHUKPOIMPKYJISTOPHOTO
pycIa MUOKap/ia JIEBOTO KEJIyI0YKa, MOKHO 3aKJIIO-
YUTh, YTO HA 3-U U 7-€ CYTKU IIOCTTPABMATHIECKOTO
[ePUOIa OMPEIEJSIOTCS BbIPA)KEHHbIE NU3MEHEeHUsI
KaK caMUX cOCy/10B (KaIlUJIPOB, apTEPUOJI U BEHYJI),
TaK W BHYTPHU- U BHECOCYJMCTble HapylieHus. V3me-
HEHUsI COCYIUCTOU CTEHKH IPOSIBJISIIOTCS B HApYyIIe-
HUU ee TPOHUIAEMOCTH, ITEPUIIE/ITIONSIPHOM OTEKe,
(hopMUPOBAHIK BBIPOCTOB JH/IOTENMS B IIPOCBET CO-
cyna, HabyxaHuM, OTeKe, MCTOHYEHUU U iepopMarium
[TOBEPXHOCTH DHAOTENNANBHBIX KJIETOK, BaKyasn3a-
1K 1 BBIOyXaHuu (DParMeHToB MUTOIIa3Mbl, BHyT-
PUCOCYANCTBIE M3MEHEHHUST TIPOSIBJAAIOTCS 0OpasoBa-
HUEeM T'HNaJIMHOBDBIX TpOM6OB, MUKpOarperatoB mn
CHQJKEN KJIETOK KPOBH, B OOHAPYKEHUU B MPOCBETE
COCYZIOB MEMOPaHHBIX CTPYKTYP, Iy3bIpeil U jaxke
[IOJIHOTO OTCYTCTBUSI IIUPKYJISIIIUN B YACTU KA
pos (peromen no-refloy). Hapyuienus 3a npegenamu
COCY/IUCTOU CTEHKH, CBSI3aHHbIE C M3MEHEHUEM ee
[IPOHUIIAEMOCTH, TIPOSIBJISTIOTCST B (hOPMUPOBAHUY /11~
alle1e3HbIX KpOBOI/ISJII/IﬂHI/Iﬁ " Pa3BUTHUU BbIPAKEHHO-
ro IepuBacKyJsipHoro oreka. DopMmupyioirecs
CTPYKTYDHbIE MOBPENKAEHUST MUKPOIIUPKYIITOPHOTO
pycIa MEOKap/ia JIeBOTO JKeTyI0uKa Y KpbIC, IepeHec-
mux UMT, ycunuBaioT HapylieHUS PeOJOTHYeCKUX
CBOWCTB KPOBH U CIIOCOOCTBYIOT aJIle31H, arperaiun,
CHA/KUPOBAHUIO (DOPMEHHBIX 3JIEMEHTOB KPOBU U
TPOMO006PAZOBAHUIO.

Takum 0OpasoM, Pe3yJIBTaThl HCCIEI0BAHUS CBU-
JIETETLCTBYIOT O TOM, UTO B TIPOIIECCE PA3BUTH TPABMa-

Puc. 5. MuKpomupKyJ/siTopHOe pycio MUOKAp/a JIEBOTO KeJy-
JIOYKa Ha 7-€ CyTKU [OCTTPaBMaTUYECKOTO [IEPHO/IA.

Fig. 5. Microcirculatory bed of the left ventricular myocardium
on 7th day of post-traumatic period.

Note: Magnification: @ — ocular X7, lensx40; b, ¢ — ocular X7,
lens x20.

Ipumeuanue: Yseauuenne: a — oK. X7, 00. X40; b, ¢ — ok. X7, 00.
x20.

tion. Intravascular changes included accumulation of
hyaline thrombi, microaggregates and sludges com-
posed of blood cells, various membrane structures,
bubbles and even the complete absence of circulation
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THYECKOI OOJIE3HN JIOKAJIBHOE TIOBPESK/IEHIE MO3Ta BbI-
3BIBACT TIEPECTPOHKY aPXUTEKTOHUKNA MUKPOITUPKYJISi-
TOPHOTO PYCJIa HE TOJIBKO B OOIACTU TIOBPEKIEHUS TO-
JioBHOTO MO3ra [1, 13], HO U B MUKpOcCOCy/iaX cepaIa.
Conposozxatonpe IMT runonupKy/Isaims KpoBooo-
palieHus, TUIIOKCKs, arno3 | 14—18], mosbiienHoe 06-
pasoBaHue CBOOOAHBIX PaMKaIOB U dHAOTOKCeMUs |1,
19, 20] mpuBOAAT K MIBMEHEHUTO KOMIIOHEHTOB CTEKU Ka-
MTUJIJISIPOB, apTEPUOJI, BEHYJI, BHYTPU- M BHECOCY/INC-
TBIM HApYIICHUAM B MUOKapjie. [lepeunciieHnbie Boiie
(haxropsl, a Takke, hopmupytontmecs nociae YMT, Ha-
PYIIeHUsI Pe0JIOTHUECKUX CBOMCTB KpoBH [1, 4, 21] BbI-
3BIBAIOT AKTUBAIMIO JHIOTEJNONNTOB. CTUMYIMPO-
BaHHbIC  HHOTEJUAJIbHBIE  KJIETH  TIPOSIBJLIOT
ITPOKOATYJITHTHBIE CBOWCTBA, U BCJEACTBUE HTOTO MTPO-
UCXOAUT TIOTpebIieHrEe TPOMOOIIUTOB, T.€. AKTUBHPYET-
Cs COCYZICTO-TPOMOOIIUTAPHDIN TeMOCTa3. BbistBiieH-
Hble BHYTPUCOCYIUCTbIC U3MEHEHUS B MUOKAp/Ie KPbIC,
neperectix YMT, agresus u arperaryst (hopMeHHBIX
3JIEMEHTOB KPOBU MOTYT YKA3bIBATh HA CHUKEHHE TTPO-
JIYKITUU 9HIOTEIEM OKCH/IA a30Ta — MOIITHOTO aHTHAT-
peranTa. YMEHbIIICHUE CHHTE3a OKCHIA a30Ta MOKET
ObITH 00YCJIOBJICHO KaK MOBPEKIECHUEM CaMUX 9HJI0Te-
JIMOITUTOB, TaK 1 PA3BUBAIOIIEHCS B TIOCTTPaBMaTHUCC-
KOM TIEPHO/Ie TUTIOIUPKYJistieit kposu [13—17], ubo
M3BECTHO, YTO OCHOBHBIM PETYJIATOPOM €T0 9KCIIPECCHU
SBJIAETCS CUJIA, IEHCTBYIONIAS HA 9HOTEIUN TIPU JIBU-
JKeHun KpoBu [4, 22]. CHWKeHue reHeparyi OKCH/Ia
a30Ta TPUBOMUT K JUCOATIAHCY TIPO- U aHTHOKCHIAHT-
ubix cucteM anzoresus [10, 11], uto, B cBoIO ouepesib,
yCyTyOJIsieT TIOBPEKIEHNST COCY/IOB U aKTUBUPYET COCY-
JIACTO-TPOMOOTIUTAPHBIN TeMocTas. [1oaToMy cucteM-
HOE TTOBPEXK/ICHNE MUKPOCOCYZIOB U Hecelupuieckas
AKTUBAIUST COCYIICTO-TPOMOOIIMTAPHOTO T€MOCTa3a B
paHHEM MOCTTPABMATHYECKOM TIEPHO/IE SBJISIOTCS BaK-
HBIMHU TATOTeHETHYeCKUMHU (hakTopamu (HOpMHUPOBa-
HUS TIOJIMOPTaHHOM HEJIOCTATOYHOCTH ITPU TPaBMaTHde-
CcKoii bosestu. TTo TaHHBIM JIUTEPATYPBI, HOBPEKICHIE
SH/IOTENINSA TIPUBOINT K PA3BUTHIO CUCTEMHOTO BOCIIA-
JINTEIBHOTO OTBETA, SHIOTEHHOW MHTOKCUKAITUH, BOJI-
HO-3JIEKTPOJINTHBIX HAPYIIEeHWUH, MOJMOPraHHON HeZlo-
CTATOYHOCTH, TEMOCTa3NOJOTHYECKUX CUHIPOMOB |8,
23—25]. Iloaromy akTyasbHOI 3a/1aueil JIeYeHus TPaB-
MaTUYeCKOil GOJIE3HU SIBJISIETCSI CBOEBPEMEHHAsT KO-
pekius conpoBokaaonmx UYMT necrenmdpuyecknx
(hbakTOpOB, BBHI3BIBAIOIINX TEPECTPOHKY ITUTOCKETETA
SHIIOTEJIMAIBHBIX KJIETOK M aKTUBAIMIO COCYANUCTO-
TPOMOOIUTAPHOTO TEMOCTA3a, & TAK/KE SHIOTETHATLHOI
TCHYHKINN U HAPYIEHWI MUKPOITMPKYJISATIH.

3akiaoueHue

Paccrpotictsa pusnonorndeckux (pyHkimii op-
raHu3Ma Py TPaBMe FOJIOBHOTO MO3Ta HOCST YPE3BbI-
YaifHO PA3HOOOPA3HBIN XapaKTep U MPOTEKAIOT B PaM-
KaX JUHAMUYECKOTO CTEPUOTHIIA, Ha3BAHHOTO
60JIE3HDIO TTOBPEKIEHHOr0 Mo3ra. BosjieiicTBue Mexa-
Huyeckol sHepruu mpu UM T npuBOUT K IEPBUYHBIM

in capillaries (no reflow). Alterations localized out-
side of the vessel wall were associated with changes
in permeability, manifested in the formation of hem-
orrhages via diapedesis and significant perivascular
edema. Therefore, increased structural damage of the
microvasculature of the myocardium of the left ven-
tricle in rats undergoing TBI led to multiple alter-
ations of blood rheological patterns and contributed
to aggregation, sludges and thrombosis of blood cells.

Conclusion

Results of the experimental studies demon-
strate that localized brain damage causes the reorga-
nization of the architectonics of the microvascula-
ture not only in the area of brain damage [1, 13], but
also in the myocardium.

Accompanying concomitant head injury, the
hypocirculation and hypoxia [14—18] that is relat-
ed to increasing free radicals level and endotox-
emia [1, 19, 20] lead to the changes of components
of vascular wall in capillaries, arterioles and
venules. The latter changesresult in intra- and
extravascular myocardial disorders. These factors,
as well as hemorheology alterations after the TBI
[1, 4, 21], are considered as a result of activation of
endothelial cells. Procoagulant patterns appearing
in stimulated endothelial cells activate the con-
sumption of platelets duringof the vascular-
platelet hemostasis. Changes in rat myocardium,
adhesion and aggregation of blood cells may
demonstrate a consequence of a decreased synthe-
sis of endothelial relaxing factor - nitric oxide
(NO). Decreasing the NO production can be
caused by the damage of the endotheliocytes or
blood hypocirculation in posttraumatic period
[13—17] because generation of this substance is
associated with a stressful pressure on endothelium
during blood flow [4, 22]. Reducing tyhe NO gen-
eration leads to imbalance of pro- and antioxidant
systems of the endothelium [10, 11], which exacer-
bates the damage of blood vessels and activates the
vascular-platelet hemostasis. Therefore, systemic
microvessels damage and non-specific activation of
vascular-platelet hemostasis in early posttraumatic
period represents an important pathogenic mecha-
nism of multiple organ failure, complicating the
course of traumatic disease.

According to published data, generalized dam-
age of the endothelium leads to the development of
systemic inflammatory responses, endogenous
intoxication, fluid and electrolyte disorders, multi-
ple organ dysfunction, hemostatic syndromes |8,
23—25]. Therefore, to solve the problem of treat-
ment of traumatic disease it is necessary to in-time
correct the pathogenic mechanisms associated with
TBI causing, the restructuring of the cytoskeleton
of endothelial cells, activation of vascular-platelet
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CTPYKTYPHO-(DYHKIIMOHAIBHBIM OBPEKACHISAM TOJIO-
BHOTO MO3Ta, KOTOPbIE, B CBOIO 0Yepe/Ib, 3AITyCKATOT I1e-
JIBIM KacKa/l BTOPUYHBIX PEaKIMil Ha MOJIEKYJISIPHOM,
KJIETOUHOM, TKAaHEBOM, OPTAaHHOM, CICTEMHOM U OpTa-
HU3MEHHOM YPOBHSX. JTH PEAKIIUN BOBJIECKAIOT B Ta-
TOTEHE3 TPABMATUUYECKO# OOJIE3HN HE TOJIHKO TIEPBUY-
HO TOBPEXKJCHHDbIC, HO U M3HAYATHHO WHTAKTHBIC
CTPYKTYPBI H, BCJEJCTBUE HTOTO, PA3BUBACTCS [IUC-
(byHKITNSA OCHOBHBIX (DYHKIIMOHATIBHBIX CUCTEM, yda-
CTBYIOIIUX B MOJ/IepKanny romeoctasa. Heemotps Ha
3HAYUTEIBHYIO POJIb MUKPOCOCYZIOB B CUCTEME TE€MO-
cTasa U KU3HEOOECIIEYeHUH KJIETOK OPTaHOB, JI0 Ha-
crostiero Bpemenu mpu YMT B siutepatype ripecras-
JIeHA XapaKTePUCTUKA HAPYIICHWI UX apXUTEKTOHUKH
B OCHOBHOM B OOJIACTH TOJIOBHOTO MO3Ta U HEOCTa-
TOYHO y/IeJICHO BHUMAHUE TIOBPEKICHUIO COCYIOB MU-
KPOIIMPKYJIATOPHOTO PYCJa BHE OYara MOPaKCHMUS.
[ToaTomy nsydyenmne natopusnogornIecKux aclekToB
CHCTEMHOTO TOBPEXKICHUSA MUKpococynoB mpu UMT
SABJISIETCS BasKHOI 1TPOOJIEMOI, CTOSIIEN 1Iepet uccJie-
JIOBaTEeJISIMU TPABMATHIECKOU OOJIE3HU.

[TonyuenHbie pe3yabTaThl MOPHOJOTHIECKOTO
MCCeIOBAHUS KOMIIOHEHTOB CTEHKU W COJIEPIKIMO-
TO TTPOCBETA KANWJLJISPOB, aPTEPUOJ U BEHYJ MHUO-
Kap/a y kpbic, nepeneciux YMT, u ananus aurepa-
TYPHBIX JAHHBIX ITTO3BOJISIOT ClIEJATh CJeyioliee
3akyoueHue. B mporecce pa3BuTHA TpaBMaTuyec-
KOIi 60JIe3HU, BO3HUKAIOIINE B OTBET HA JIOKAJIbHYIO
MEXaHWYECKYI0 TPABMY T'OJIOBHOTO MO3Ta, BTOPHUY-
Hble (aKTOPBl TOBPEXKACHUSA (TUMTONUPKYJISIINAS
KPOBOOOpAIeHUsI, TUIIOKCHUS, al[/[03, TIOBBIIIEHHOE
obpasoBaHue CBOOOAHBIX PaJUKAIOB, dHIOTOKCE-
MUS ¥ JIP.) BBI3BIBAIOT MEPECTPONKY apXUTEKTOHMU-
KM MUKPOIUPKYJISITOPHOTO PycJia He TOJBKO B 06-
JIACTU TOJIOBHOTO MO3Tra, HO M B MHKPOCOCYaX
cepaua. O6pasyloniyecst U3MeHeHUs, 0COOEHHO MU-
KpopeJsibeda JIOMUHAIBHON TOBEPXHOCTH HIOTE-
JINOTIUTOB, ABJSAIOTCA CTPYKTYPHOU NMPUYMHOU Ha-
pyIIEHUS ~ PEOJIOTUYECKUX  CBOHCTB  KPOBH,
CIIOCOOCTBYIOT aJIT€3WH, arperariy, CJIaKIpoBa-
HUIO (DOPMEHHBIX 3JIEMEHTOB KPOBU U TPOMOOOOpa-
3oBanuio. IlepecTpoiika MUTOCKeNETAa IHIOTEIU-
AJbHBIX KJETOK CHUKAET aHTUTPOMOOTEHHDBIN
MOTEHIIUAJ COCYAUCTONH CTEHKH U CTUMYJIUPYET
TPOMOOITUTBI, YTO IIPOBOJUT K AKTUBAI[UHU COCYIUC-
TO-TPOMOOIIUTAPHOTO 3BEHA CHCTEMbBI TE€MOCTA3a.
[TockosnbKy 2TM HapylieHUS MUKPOIUPKYIAIUU
HOCAT HecTenmdUIecKuil XapakTep, ToO B TeUeHUE
TpPaBMaTHYECKOU 00Jie3HU OHU (HOPMUPYIOTCS He
TOJIBKO B TOJIOBHOM MO3T€, Cep/Iiie, HO B IDYTUX Op-
ra"ax, T. e. nocje YMT Bo3HUKaeT cuCTEMHOE I10-
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hemostasis, endothelial dysfunction and microcircu-
lation disturbances.

There are various alterations of physiological
functions after the brain trauma. They are associated
with dynamic stereotype and named as disease of
injured brain. In brain trauma the mechanic influence
leads to injury of primary structures and functional
consequences with secondary induction of reactions
cascade on molecular, cellular, tissue, organ, systemic
and whole organism levels. These reactions include
both initially injured amd intact structures that asso-
ciate with dysfunction of main systems of the organ-
ism contributing to homeostasis. Due to significant
role of microvessels in homeostasis and cellular life
cycle, there are no clear characteristics of microcircu-
lation disorders in brain traumatic disease in cere-
brum and not damaged, extra-brain locations. This is
why the clarification of pathophysiology of systemic
microvascular dysfunction represents a very impor-
tant problem for this trauma.

The results of our morphological study demon-
strated changes of vessels wall and content of capillar-
ies, arterioles an venules in rats myocardium after
traumatic injury. Secondary mechanisms of injury
(hypocircualtion, hypoxia, acidosis, hyperproduction
of free radicals, endotoxemia etc.) caused by a local
mechanic trauma lead to restructurization of micro-
circulation not only in the brain, but also in heart
microvessels. These changes are accumulating within
the luminal surface of endotheliocytes causing the
alterations of blood rheology, activation of adhesion,
aggregation and sludges of blood cells associated with
stimulation of trombogenesis. Cytoskeleton redistrib-
ution in endothelial cells decreases antitrombogenic
potential of vascular wall followed by trombocyte
stimulation. It causes activation of vascular and trom-
bocyte link of the hemostasis. These microcirculation
disorders are non-specific and demonstrate that trau-
matic brain injury induces systemic dysfunction of
microvessels. That is why the prophylaxis and target-
ed correction of hemostasis disorders in acute period
of brain traumatic disease should be an obligate, path-
ogenically based component of its complex treatment.

BpesK/eHe MUKPOCOCY/10B. B aToil cBsA3H, mpeay-
NpekeHne U 1ejeHanpaBieHHasd KOPPEKIUI TeMo-
CTa3MOJOTUYECKUX HAPYIIEHUN B OCTPOM IepUoje
nocine YMT gBingercd 00A3aTeIbHBIM ITATOTCHETU-
YeCcKU 000CHOBAHHOM KOMIIOHEHTOM KOMILJIEKCHOTO
JleyeHUst TpaBMaTHUeCKOil 00JIe3HN.
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