DOI:10.15360,/1813-9779-2017-6-6-17

Experimental Studies

Heiipo-rimo-cocyaucTbie KOMILUIEKCHI TOJIOBHOTO MO3ra MOCJe OCTPOii HIIeMUN
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Ies» uccaeqoBaHusA — CPABHUTEIBHOE U3YUYEHUE CTPYKTYPHO-(DYHKIIMOHAIBHOTO COCTOSHIS HEHPO-TII0-CO-
CYZICTBIX MUKPOCTPYKTYPHBIX KOMILTTEKCOB comaroceHcopHoii kopbl (CCK), CA1 runmokamna u MUH/IQJIEBUHOTO
tesia (MT) rosioBHOTO MO3ra GeJibIX KPbIC B HOPME U [OCJIE OCTPOU UIIEMUHU, BHI3BAHHO 20-MUHYTHO OKKJIIO3Uel
001X COHHBIX apTEPUIL.

MarepuaJiisl 4 METOABL. B aKcriepuMenTe ¢ TIOMOIIBIO 3JIEKTPOHHOI 1 (hJIyOpecieHTHOI MUKPOCKOTUN (OKpacKa
DAPT) 6bu11 u3yueHbl HEIPOHbL, ACTPOLIUTHL, IHAOTEIUOIMTHI, [IEPUIIMTHI, GazaibHas MeMOpPaHa MUKPOCOCYIOB TO-
JIOBHOTO MO3Ta B HOpMe (7=>5) u peniepdysuonnom nepuoze (1-, 3-, 7-, 14-, 21- u 30-e cyT.; n=30). Mopdhomerpuye-
CKUI1 aHAJIN3 TIPOBEJIH € TOMOIIBIO TIporpammbl Image] 1.46.

Pesyabrarel. B BoCcCTaHOBUTEIBHOM TIEPUOIE TIOCIIE UIIEMU OTMETUIIN PEAKTUBHBIE (OTE€K-HaOyXaHue, THHK-
TOpPUAJIbHBIC CBONCTBA KJIETOK) U KOMIICHCATOPHO-BOCCTAHOBUTEJIbHBIC (TUIIEpIIazus, rureprpodus, nposude-
parysi, yCuJaeHue TPAHCIIMTO3a) U3MEHEHUS HEHPO-TIN0-COCYAUCTBIX KOMILIEKCOB. [locse uieMun KoJimyecTBo
HEeHPOHOB yMeHbIaIoCh (Ha 8,7%—55,3%), a comepkanue rIHaJIbHbIX KJIETOK BO3PpACTAO B 2—3 pa3a. Y BeandeHne
Heiiporaunanabaoro uHaekca (HI'T) conpoBoxkianoce: 1) nosiBjieHneM MUKPOCOCY/IOB ¢ MHOTOUMCJICHHBIMU Pa3-
BETBJIEHHBIMU OTPOCTKAMU TIEPULIUTOB, 2) YCI0KHEHUEM IIPOCTPAHCTBEHHON opraHusanuu 6a3aibHbIX MeMOpaH,
3) CTPYKTYPHBIMU NPU3HAKAMU aKTUBAIMK [IPOIECCOB TPAHCIUTO3a (OOJIbIIOE KOJUYECTBO KABEOJI, IJIAMKUX U
KJIATPUHOBBIX BE3MKYJI, KPYITHBIX BE3UKYJI) B IEPUIUTAX U IH/IOTEIUATBHBIX KICTKAX.

3axmouenne. [losyueHHble TaHHbIE CBUIETEILCTBYIOT 00 KOMIIEHCATOPHO-BOCCTAHOBUTEIbHBIX U3MEHEHUSIX
KOMITOHEHTOB Helpo-rimo-cocyanctbix kKomiuiekcoB CCK, CA1 runmokammna n MT rosioBHOro Mosra GeJbix Kpbic
nocsie 20-MUHY THOI OKKJII031U OOIIIX COHHBIX apTepuii. Hanbosee noiHO peainsaius MEXaHU3MOB 3alllUThI U BOC-
CTaHOBJICHUSA MOBPEKACHHBIX HeHpoHOoB mponcxoaut B CCK u M T, obrapatonux soicokum HI'T.

Kniouesvie cno6a: 201106101 M032; HEUPOHDL; ACMPOUUMDL; KANULLSAPYL; Yavmpacmpyxmypa; gayopecuenvus DAPI;
2emamosnyedaruieckuti bapvep; mophomempus

The purpose of the study is to compare the structural and functional state of neuro-glio-vascular mi-
crostructural complexes of the somatosensory cortex (SSC), CA1 of the hippocampus and amygdala of the brain
of white rats under normal conditions and after acute ischemia caused by a 20-minute occlusion of common
carotid arteries.

Materials and methods. In this experiment, neurons, astrocytes, endotheliocytes, pericytes, basal membrane of
the microvessels were studied in the normal (n=5) and the reperfusion period (1, 3, 7, 14, 21 and 30 days, n=30)
using electron and fluorescence microscopy (DAPI staining). The morphometric analysis was carried out using the
Image] 1.46 software.

Results. During the recovery period after ischemia was noted reactive (edema-swelling, tinctorial properties of
cells) and compensatory-restoration (hyperplasia, hypertrophy, proliferation, increased transcytosis) changes in
neuro-glia-vascular complexes. After ischemia, the number of neurons decreased (by 8.7%—55,3%), and the glial cell
count 2—3 fold increased. Increasing neuroglial index (NGI) was accompanied by: 1) the emergence of microvessels
with numerous branched processes of pericytes, 2) the complication of the spatial organization of basal membranes,
and 3) the structural features of activation of transcytosis processes (large number of caveolae, smooth and clathrin
vesicles, large vesicles) in pericytes and endothelial cells.

Conclusion. These findings indicate the compensatory-restoration changes in the components of neuro-glio-
vascular complexes SSC, CA1 of the hippocampus and amygdala of white rat’s brain after a 20-minute occlusion of
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the common carotid arteries. The most complete implementation of mechanisms for the protection and repair of
damaged neurons occurs in the SSC and amygdala exhibiting high NGI values.
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morphometry
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BBenenue

M3BecTHO, 4TO B Tpolecce aMOpHOreHesa 1Ipo-
UCXOMUT Tiepexofi oT auddy3Horo Tpohudyeckoro
obecrieueHns Heiipo6IacTOB K MOAYJIbHOI OpraHusa-
UU COCYAMCTOrO PyCJa, CHaOKAIOIIEro HeHpOHbI
TOJIOBHOTO MO3Ta MJIEKOTUTAONUX. B 3pesiom Mo3re
(bopMUpYIOTCST  CJIOKHBIE YACTUYHO ABTOHOMHBIE
CTPYKTYPHO-(PYHKIIMOHAIbHbIE CHCTEMBbI (KJIETOK,
GazasbHBIX MEMOPaH U MEXKKJETOUHOrO IIPOCTPaH-
CTBa) €O crieuPUIecKUMU 1 HecleluuIecKuMu
BHYTPEHHUMH JIOKQJIbHBIMU CBSI3SIMU — HEHPO-TJINO-
COCY/IUCThIe MUKPOCTPYKTYPHbIE KOMTLITeKCHI [1—3].
B 3T1 KOMIITEKCHI BXOJISIT HECKOJILKO THUIIOB KJIETOK:
HEPOHBI, riinajbHble KaeTKU (DuOpUIIApPHbIE U
MPOTOIJIA3MATUYECKIE ACTPOIUTHI), MEPUIIUTHI U
AH/IOTENNOIUTHI [3—6].

[Tpu uzyuennu coiicts '9b B HOpMe 1 1ipu utITe-
MITYECKOH T1aTONIOrnu GOJIbIIoe BHUMAHUE YIEJISeTCs
MIEPUITATAM U SHJIOTEJTUAIbHBIM KIIETKaM, KOTOPBIE Pac-
CMaTPUBAIOTCST BAJKHOU YaCThIO HEWPO-TJINO-COCYIH-
CTBIX MUKPOCTPYKTYPHBIX KOMILJIEKCOB TOJIOBHOTO
MO3Ta. ITU KJIETKH y4acTBYIOT B CHHTE3€ MAaKPOMOJIe-
KyJ1, X Tpancnopte yepe3 ['9b (tpancuuros) [7—11],
00ecIeunBaOT KOMIIEHCATOPHYIO PeopraHu3alluio
MUKPOCOCY/IUCTOTO PYCJIa M HEOAHTHOTeHe3 B HOPME U
nipu natoJioruu [12; 13].

[To nawHBIM JTUTEPATYPHI, B IIPOIECCE U3YUEHUST
TparciuTosa B [OB Oblia BhIsSBJIEHA POJIb BE3UKYJIO-
TYOYJISIPHBIX CTPYKTYP KJIETOK — KaBeoJI, IIPOCThIX U
KJIATPUHOBBIX BE3UKYJI, CIIOCOOHBIX 0OPasOBbIBATH
TPAHCIH/IOTEJNAIbHBIE KAHAJIBI U TIEPEHOCUTD KPYITHbBIE
MaKpPOMOJIEKYJIbI. Y CTAHOBJIEHO, YTO TPAHCIIUTO3 U
06pas3oBaHue TPAHCOHAOTEINATBHbIX KAHAJIOB aKTHBH-
3UPYIOTCS TPU TPaBMax Mo3ra [ 14]. AKTyasbHbIM TakKe
SIBJISIETCST MICCIIEZIOBAHME COCTOSTHUST HEHPO-TJINO-COCY-
JIUCTBIX MUKPOCTPYKTYPHBIX KOMILJIEKCOB B 9KCIIEPH-
MEHTe ITPY MTOCTUIIIeMUIecKoi perepdysun [15].

[lenp HacTOSIIETO MCCAENOBAHUS — CPABHHU-
TeJbHOE M3YyYeHWe CTPYKTYPHO-(DYHKIIMOHATBLHOTO
COCTOSTHUS HEHPO-TJINO-COCYIMCTBIX MUKPOCTPYKTYP-
HBIX KOMILIEKCOB coMaTtoceHcopHoi Kopbl, CA1 tum-
MOKaMITa ¥ MUHIQJIEBUIHOTO TeJjia TOJIOBHOTO MO3Ta
OeJIbIX KPBIC B HOPME M II0CJe OCTPOl HINEeMHUH,
BBI3BaHHOIT 20-MUHYTHOI OKKJII03UEl 00IIMX COHHBIX
apTepuil.

MaTepI/IaJI U METOAbI UCCJIIENOBAHUA

PaGora Beinoarena Ha 6aze DI'BOY BO Omckoro ro-
CY/IapCTBEHHOTO MEJIUIIMTHCKOTO YHIUBepcuTeTa. JlaHHoe nc-
caeoBatue ogo6peHo atuyeckuM komurerom PTBOY BO
OMCKOTO roCcy/IapCTBEHHOTO METUITIMHCKOTO YHIBEPCUTETA.

Introduction

It is known that during embryogenesis there is a
transition from diffuse trophic supply of neuroblasts
to the modular organization of the vascular bed sup-
plying mammalian neurons to the brain. Complex, par-
tially autonomous structural-functional systems
(cells, basal membranes and intercellular space) with
specific and nonspecific internal local bonds are
formed in the mature brain. They are called neuro-
glio-vascular microstructural complexes [1—3]. These
complexes include several types of cells: neurons, glial
cells (fibrillar and protoplasmic astrocytes), pericytes
and endotheliocytes [ 3—6].

When studying properties of the blood-brain bar-
rier (BBB) under normal conditions and in the case of
ischemia, much attention is paid to pericytes and en-
dothelial cells, which are considered an important part
of the neuro-glio-vascular microstructure of the com-
plexes of the brain. These cells are involved in the syn-
thesis of macromolecules, their transport (transcytosis)
through the BBB [7—11], provide compensatory reor-
ganization of microvascular bed and angiogenesis under
normal and pathological conditions [12, 13].

According to literature data, studies of transcyto-
sis in the BBB demonstrated the contribution of vesi-
cle-tubular structures of cells (caveolae, simple and
clathrin vesicles capable of forming transendothelial
canals and transferring large macromolecules). It has
been established that transcytosis and the formation of
transendothelial canals are activated in brain traumas
[14]. Studies neuro-glio-vascular microstructural com-
plexes in experiments using postischemic reperfusion
models were focused on only local alterations [15].

The purpose of this study was to compare the
structural and functional state of neuro-glio-vascular
microstructural complexes of somatosensory cortex,
hippocampus and amygdala of the white rats brain in
norm and after acute ischemia caused by a 20-minute
occlusion of common carotid arteries.

Materials and Methods

The work was carried out at the Omsk State Medical
University. This study was approved by the institutional
Ethical Committee.

White outbred rats (males) weighing 180—200 g were
used as experimental animals. The animals were kept in the
usual vivarium under conditions regulated by the require-
ments of Resolution No. 51 of the Chief State Sanitary Doctor
of the Russian Federation as of August 29, 2014 «Sanitary and
epidemiological requirements for the construction, equipment
and maintenance of experimental biological clinics (vivar-
ium). «The qualitative and quantitative composition of the
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B xavecTBe 9KCIIEpIMEHTAIBHBIX JKHBOTHBIX HCIIOJIB30-
Bau GestbIx 6eciopOAHBIX KpbIc (camitbr) Maccoid 180—200 .
JKuBorHbie coziepKainuch B 0ObIMHOM BUBAPHUHU B YCIOBHSX,
PErJlaMeHTHPOBAHHBIX — TpebGoBanusiMu  [locTaHOBICHS
['maBHOTO TOCYIAPCTBEHHOTO CaHWTApHOTO Bpada Poccnii-
ckoit Mexeparun ot 29.08.2014 Ne 51 «CamnurapHo-ammzie-
MHOJIOTHYeCcKUe TPeOOBAHUS K YCTPOUCTBY, 060PYA0BAHIIO
U COZIEPIKAHIIO DKCIIEPUMEHTATLHO-OHOMOTHYECKUX KITMHIK
(BuBapueB)». KauecTBeHHBIH 1 KOTNYIeCTBEHHBIN COCTAB Pa-
IIMOHA OPe/IeJISIIN 0 HOpMaM, YTBEPKIeHHBIM [Iprkasom
M3 P® Ne 163 ot 10.03.96. VccieoBanust poBOIUIIN B CO-
orBercTBuH ¢ «[IpaBramu mpoBeieH st PaboT ¢ MCTOTB30-
BaHMEM 9KCIePUMEHTAIBHBIX JKUBOTHBIX» (IIpriokenue K
npukazy Muwuanctepctsa 3apaBooxpanenuss CCCP ot
12.08.77 Ne755) 1 ¢ pekoMeHIaIsIMi MesKIyHapOIHOTO KO-
MHTETA [0 HayKe 0 JIAG0PATOPHBIX JKUBOTHBIX, MO/ICPKAH-
weix  BOJ3, nupextnBoii EBpomeiickoro Ilapmamenta
Ne2010/63/EU ot 22.09.10 «O 3ammuTe ;KUBOTHBIX, HCITOJIb-
3YEMBIX [/ HAYIHBIX TIeJeis.

B axcrepuMeHTAIBHOM HCCIEAOBAHUM  ITPOBEJH
CpaBHEHHE CTPYKTYPHO-(GYHKINOHAIBHOTO — COCTOSTHUS
HeHPO-TIINO0-COCYMCTHIX MUKPOCTPYKTYPHBIX KOMIIJIEKCOB
comarocerncopnoit kopsl (CCK, cmon 111, V), runmoxammna
(CA1) u munnanesuanoro teaa (MT; cymmapho 6asanbHo-
JIaTePATbHBIN KOMILIEKC, TIEHTPAJIbHO-MeINAJIbHBIE Spa 1
KOPKOBO-MeINAJIbHBIE SIIPa) TOJIOBHOTO MO3Ta OEJIBIX KPbIC
(n=30) uepes 1, 3,7, 14, 21 u 30 cyT nocJie octpoii 20-MUHyT-
HOU HITIEMII MO3Ta, BBI3BAHHOM TIepeskaTieM OOIIIX COHHBIX
aprepuii (IBYX-COCYANCTas MOAE/b HENOJIHOM T100anibHON
uireMus Ge3 TUTITIOTOHUI ). DTa MOJIEJTb TO3BOJISIA OCTAHOBUTh
KPOBOTOK Ha JJIUTEJIBHOE BPEMs, 32 KOTOpoe (hOPMHIPOBATIOCH
YCTOIUYMBOE HATOJOTUYECKOE COCTOSTHIIE, AKTHBHIPOBAJIICH Me-
XaHM3MBI HEKPO32 U alloIT03a, PA3BIBATIACH BTOPUIHAST HITIe-
muist [ 16]. KoHTposieM citysKumi HHTaKTHBIE SKABOTHBIE (7=5).

TomoBHOI1 MO3T hrKcHpoBan mMyTeM nepdysnn cmecn
1% pacTBOpa TIIOTAPOBOTO ANB/ErHIa, 4% pacTBOpa mapa-
dopma Ha 0,1 M docdarnom 6ydepe (pH — 7,4) 1 5% pac-
TBOPA CaXapo3bl Yepe3 BOCXOJSIIYIO YaCTh yTH a0PTHI MOJ
nasrennem 90—100 MM pT. CT. B TedeHue 15 MUH 1 TyTeM UM-
MEepPCHH B aHAJIOTHYHOM PACTBOPe. 3aTeM N3BJIEKAIN TOJIOBHOM
MO3T, BBIZIEJISIIH, corsiacHo atiacy [17], dparmentst CCK, CA1
runmokamia u M T, paccexai Ha KOHEYHbIE OJIOKH, KOHTPa-
crupoBayit 1—2 4 B 1% He3abyhepeHHoM pacTBOpe YeThIpex-
OKHCH OCMUSI, TIPOMBIBAJIN, 00e3BOKUBAIN M 3AKTI0YATIN B
CMech 9TI0HA 1 apasiinTa. {J1s1 271eKTPOHHOI MUKPOCKOTINH HC-
niosib3oBany yabrparonkue (70—100 uM) cpesbl, KoTopble
OKPAIIMBAIN YPAHUIAIIETATOM 1 IATPATOM CBHHIIA Ha CETKAX
6e3 ToUIoKKH. J1JIsT TIOTyYeHUsT CPE30B MCIIOMb30BAIH YIIbT-
pamuxporomsl ¥ MTII-4 (Cymcxwmii 3aBoz, Ykpanna) u LKB-
8800 (IlIerus), a a1d WX TPOCMOTPAa — MHUKPOCKOITBI
IMB-100JIM (Yxpanna) u Hitachi-600H (Smommst). B kaxk-
noM cirydae dotorpaduposasu mmo 10 mosmett 3perns (Ha mia-
ctunbt 9X12 em) mpu yBesmaennn 12000. Ha ormdpoBannsix
AJIEKTPOHOTPAMMAaX MTPOBONIIN KaueCTBEHHYIO OIIeHKY Hell-
POHOB, aCTPOIINTOB, IHAOTEIHATBHBIX KJIETOK ¥ TEPHITITOB.

Oxkpacky o Hucestio nemmosb3oBastn 171st o61meit kave-
CTBEHHOIT OIIEHKHM HEPBHON TKAHU M3YYEeHHBIX OT/EJIOB TO-
JIOBHOTO MO3Ta 3KCIIEPUMEHTAJIBHBIX JKUBOTHBIX. Jliis
BU3YAJM3AIIH KIETOYHBIX si7iep HEPOHOB, aCTPOIUTOB, TTe-
PHIIUTOB 1 SHIOTEINATBHBIX KJIETOK UCIIOTb30BATIHN OKPACKY
DAPI (4',6-diamidino-2-phenylindole), kotopsiii npoxukaer
yepes HEMOBPEKICHHbIe MeMOPAHBI U H30UPATETHHO CBSI3bI-
Baercs ¢ sueproit IHK. TIpu obayuennn yabTpaduoaeTom
s7ipa ucmyckaiot cutee csedenne [ 18]. [Ipumensiim qyxka-
HAJIBHYIO )JIyOPECIIEHIINIO JIIsT OTHOBPEMEHHOTO BBISIBIIEHNS

diet was determined according to the regulations approved
by Order No. 163 of the Ministry of Health of the Russian
Federation as of 10.03.1996. The studies were carried out in
accordance with the «Guidelines for carrying out works using
experimental animals» (Appendix to Order No. 755 of the
USSR Ministry of Health as of 12.08.1977) and with the rec-
ommendations of the International Committee on Laboratory
Animals Science supported by WHO, and European Parlia-
ment Directive No. 2010/63/EU as of 22.09.2010 «On the
protection of animals used for scientific purposes».

In the experimental study, the structural and functional
state of neuro-glio-vascular microstructural complexes of the
somatosensory cortex (SSC, layers IIT and IV), hippocampus
(CA1) and the amygdala (AM; basolateral complex, central-
medial nuclei, and corticomedial nuclei) in the brain of white
rats (n=30) was compared 1,3, 7, 14, 21 and 30 days after acute
20-minute cerebral ischemia due to cross-clamping of common
carotid arteries (2-vascular incomplete model of global is-
chemia without hypotension). This model permitted to stop
the circulation for a long time enough to develop a stable patho-
logical condition due to activation of the mechanisms of necro-
sis and apoptosis and developing the secondary ischemia [16].
Intact animals were used as a reference group (n=5).

The brain was fixed by perfusion of a mixture of 1%
glutaraldehyde solution, 4% paraformaldehyde solution in
0.1 M phosphate buffer (pH 7.4) and 5% sucrose solution
through the ascending part of the aortic arch at a pressure
of 90—100 mm Hg for 15 minutes and by immersion in a
similar solution. Then, the brain was removed and fragments
of the SSC, hippocampus and AM were extracted according
to the atlas [17], dissected into final blocks, embedded in 1%
non-buffered osmium tetroxide solution for 1—2 hours,
washed, dehydrated and enclosed into an epon-araldite mix-
ture. Ultrathin (70—100 nm) sections were used for elec-
tronic microscopy; they were stained with uranyl acetate
and lead citrate on meshes without a substrate. Thin sec-
tions were performed by ultramicrotomes UMTP-4 (Sumy
factory, Ukraine) and LKB-8800 (Sweden); microscope Hi-
tachi-600H (Japan) was used for their inspection. Under the
microscope, in each case, 10 random fields were chosen and
photographed at a 12 000 magnification. A qualitative eval-
uation of neurons, astrocytes, endothelial cells and pericytes
was carried out on digitized electron diffraction patterns.

Nissle staining was used for general qualitative assess-
ment of the nervous tissue of the studied parts of the brain of
experimental animals. Neuron, astrocyte, pericyte and endothe-
lial cell nucleus visualization was performed using DAPI (4', 6-
diamidino-2-phenylindole), ~which  penetrates intact
membranes and selectively binds to nuclear DNA. When it is
irradiated with ultraviolet, the nuclei emit a blue glow [16].
Two-channel fluorescence was used to simultaneously detect
DAPI and NSE (neuron-specific enolase) in neurons. Immuno-
fluorescent stain for the NSE labeled the neuronal cytoplasm
(red), and the fluorescent color for DAPI emphasized the DNA
of the nuclei (various shades of blue) of all cells of the neural
tissue. Primary rabbit polyclonal antibodies (ImG) (Rabbit
Anti Human NSE Polyclonal Antibody; Spring Bioscience,
Pleasanton, USA, No. E3304) were used for determining the
NSE at a dilution of 1:300. The visualization was carried out
using the fluorescent stain Texas Red conjugated secondary
reagent goat polyclonal antibodies to Rabbit IgG — H&L
(Texas RedR), No. ab6719, Abcam, UK, in dilution 1:200.

The DAPI working solution at a concentration of 0.02 ug /
mL was placed on slides, exposed for 15 minutes at room temper-
ature, and then the glasses were washed twice with 0.05% phos-
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SCHepMMeHTQAbeIG MCCACAOBAHMA

B HetipoHax DAPI u NSE (nefiponcnennduaeckas eHomasa).
NmmynodayopeciientHast okpacka Ha NSE mMapkupoBara
NUTOTIIa3My HeHpOoHOB (KpacHas), a QiyopecieHTHAT
okpacka DAPI seigsmsana JIHK sgep (pasnuanbie oTTeHKN
CUHETO) BCeX KIeTOK HepBHOH Tkanu. /[ omrpenenenuss NSE
VICITOJI30BAJIH TIEPBIYHBIE KPOJTWYbH TTOJIMKIOHAIBHBIE aH-
turesa (ImG) (Rabbit Anti Human NSE Polyclonal Anti-
body; Spring Bioscience, Pleasanton, USA, Ne E3304),
passezenne 1:300. Busyanuaaims ocyIecTBIIsIach ¢ TOMO-
MIBI0 KOHBIOTHPOBAHHOTO ¢ ()III0OPECIIeHTHBIM KPACUTeIeM
BTOPHYHOTO PeareHTa — MOJTUKJIOHATBHBIX aHTUTET KO3BI
nporus 1gG — H&L kposmka (TexasRed®), Ne ab6719,
Abcam, BenikoOpuranust, 8 pasbasiernu 1: 200.

Pabounit pactBop DAPI B konmentpanun 0,02
MKT/MJI TIOMETIAJIN Ha cJIaii/ibl, 9KCIIOHIPOBAJIH B TEUeHHE
15 MUH TIpH KOMHATHOI TeMIIepaType, 3aTeM CTeKJa
aBaxbl mpoMbiBasin 0,05% docharubim Gydepom, 3a-
KJTIOYAJIH B CMeCh TJIHIEePUHA € TUCTUIINPOBAHHON BOZIOM
1:9 n makpsIBasn mokpoBHBIME cTekaamu. 100, kamepoii Ha
CCD parunke — AxioCam MRc 1 o6bekriBom EC Plan-
Neofluar X40 (anmeptypa 0.9) mosywaau nudpoBbie MUKPO-
dororpadun (pasmep nzobpaxenns 1300x1030 nukceeii,
axTaecknit pazmep — 220X174 mxm). [lpumensmn 2
dbusbrpa npoussozactsa Karl Zeiss: Habop 00, Bo3Oy:kaeHue
BP 530—585, cseronenurens FT 600, ncmyckanue LP 615
mst Texas Red® u mabop 02, Bo3Oysxnenne G 365, csero-
nemurtens FT 395, ncnyckanne LP 420 mmst DAPI. TIpo-
rpamMMoi AxioVision pon3BONIN 3aXBaT M300PAKEHUSI C
Kax10r0 cpesa obmeit momaznbio 382800 mxm?2 (10 Mukpo-
(otorpaduit) yepes Bce ca0M HEOKOPTEKCA, ABAXKIBI IS
KaKI0TO H300pakeHsl, TTOCKOJIBKY HUCIIOIb30BAIICH J[Ba
nabopa GUIBTPOB, GOPMUPOBAIN IBYXCIONHBIE Tpadde-
ckue daiist [19]. Hefipormmaneusrit nngexe (HIM) pac-
CYMTBIBAIIM TIyT€M COOTHECEHWs OOIel YnCAeHHOI
TIOTHOCTH (B TiepecyeTte Ha 1 MM? 1107151 3peHns ) siep Tn-
QJIBHBIX KJIETOK U sifiep Heliponos (mpamuanbix B8 CCK n
TUTITIOKaMIle, MyJIbTUIOMAPHBIX B MT). 9Tt nocratouno
KPYTIHBIE HEHPOHBI JIETKO BePU(DUIINPOBAINCH, TAK KaK UX
uromnasMa Oblia okpaiena Ha NSE B kpacHblii 1Ber.

[Toyyenre OCHOBHBIX KOJTMIECTBEHHBIX ITOKa3aTeeH,
OIIpe/ieIeHIe XapaKTepa paclpesiesieHus] BapUallOHHBIX
PSIZIOB, TIPOBEPKY CTATHCTUIECKHUX THUIIOTE3 OCYIIECTBIISIIH C
nomoripio mporpamm MedCalc® u StatSoft Statistica 8.0. Hc-
I0JIP30BAJIN HellapaMeTpuueckue Kputepnn (Brikokcona,
Manna-YutHu, oqH0oMaKTOPHBIN ANCIIEPCHOHHBIN aHaINn3
Kpackena-Younuca, A2 — kpurepwuit [Tupcona). Marepuasn
npeacrasiaeH kKak Meauana (Me), auknuii (Qf) n BepxHUit
(Qu) xBaptuu. B Xoze mpoBeieHnst cTaTUCTUIECKOTO aHa-
JI3a HyJieByIo THIoTesy orseprasu mpu p<0,05.

Pe3yabraTel 4 00Cy:KIeHHE

DuKcaIys ToJI0BHOTO MO3Ta C TTOMOTIIBIO Tiepdy-
3UH TI0/T (DU3NOTOTUIECKIM JaBICHUEM TTO3BOJUIA
GoJIee TOTHO MOKA3aTh TIPOCTPAHCTBEHHYIO OPTaHN3a-
IIUI0 HEHPO-TJINO-COCYANCTOTO MUKPOCTPYKTYPHOTO
KoMmTTekca. Ha Takux mpemapartax Kalmuiispbl ObLIi
Pa3BEPHYTHI, UX TPOCBETHI WMEJU KPYTJIYIO WJIH
OBAJIBHYIO (hOPMY, TIOMUHAIBHAS TOBEPXHOCTH IHJIO-
TEJMOITOB He 00Pa30BhIBATIA CKIIAMIOK, 4 B TIUTOTLIA3-
Me OTCYTCTBOBAJH KPYIHBIC BaKYOJH, CKOTJICHUS
MEeJIKMX BE3WKYJI 1 KaBeoJbl (puc. 1, a, b).

CrpyKkTypa KanmmIsIpoB B HOPMe TTpecTaBIeHa
TOHKOII 6a3a/IbHOI MeMOPAHOIT 1 IBYMST THIIAMU KJIe-

phate buffer, enclosed in a mixture of glycerin with distilled water
(1:9) and covered with cover slips. 100, a camera on a CCD sensor
— AxioCam MRc and an EC Plan-Neofluar }40 lens (aperture
0.9) received digital micrographs (image size 13001030 pixels,
actual size: 220X 174 pm). Tvo Karl Zeiss filters were used: kit 00,
excitation BP 530—585, beam splitter FT 600, emission LP 615
for Texas Red® and kit 02, excitation G 365, beam splitter FT 395,
emission LP 420 for DAPI. The AxioVision software captured im-
ages from each section with a total area of 382,800 um? (10 mi-
crophotographs) through all the layers of the neocortex, twice for
each image, because two sets of filters were used, and two-layered
image files were formed [ 19]. The neuroglial index (NGI) was cal-
culated by correlating the total numerical density (per 1 mm2 of
the field of view) of glial cell nuclei and neuron nuclei (pyramidal
neurons in the SSC and hippocampus and multipolar ones in the
AM). Relatively large neurons were easily verified, as their cyto-
plasm was staining red with the NSE.

Basic quantitative parameters and statistical analysis
was performed with the aid of software MedCalc© StatSoft
Statistica 8.0. Nonparametric tests (Wilcoxon, Mann-Whit-
ney, one-way ANOVA Kruskal-Wallis, 12 — Pearson crite-
rion) were employed to determine the significance of
differences. Data are expressed as a median (Me), lower (Qf)
and upper (Qu) quartile. In the course of statistical analysis
the null hypothesis was rejected at P<0.05.

Results and Discussion

Perfusion under physiological pressure made it
possible to reveal the spatial organization of the neuro-
glio-vascular microstructural complex. Fig. 1, a, b
demonstrated that capillaries were unfolded, their lu-
mens were round or oval in shape, the luminal surface
of the endotheliocytes did not form folds, and there
were no large vacuoles, clusters of small vesicles and
caveolae in the cytoplasm.

The structure of capillaries is normally repre-
sented by a thin basal membrane and two types of cells:
endothelial cells lining the capillary from the inside
and pericytes located in the duplication of the basal
membrane (Fig. 1, b). Caveolae and vesicles (endoplas-
mic vesicles, organizers of macromolecular flows in the
cytoplasm) were normally small (Fig. 1, ). The cyto-
plasm of the cells contained a small amount of or-
ganelles; clusters of condensed chromatin were
observed along the periphery of the nuclei. Normally,
these cells lacked degradation products. Astrocytes
and neurons were located near the vessels (Fig. 1, a, b).

The spatial composition of the neuro-glio-vascu-
lar microstructural complex depended on the neuronal
distribution density and differed in the SSC, hippocam-
pus and AM. In the hippocampus, the neurons were
very densely distributed, not separated by neuropil, and
there were 2—4 or more pyramidal neurons per glial cell
(NGI=0.25—0.5). In the AM, neuro-glio-vascular mi-
crostructural complexes were separated by extended
areas of the neuropil (Fig. 1, @). There was one neuron
per up to 3 gliocytes (NGI=3.0). In the SSC, there was
one neuron per 1—2 gliocytes (NGI=2.0).

In the acute postischemic period (1 and 3 days)
structural changes associated with disturbances of en-
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Puc. 1. dnekTpoHOrpaMMa MUH/AJIEBH/IHOTO TeJIa TOJOBHOTO MO3ra Gelloii KPbIChI B HOpMe.

Fig. 1. The amygdala complex of a white rat is normal, e-gramma.

Note. a — neuro-glio-vascular microstructure complex, a capillary in a native state without folds of the endothelium, a multipolar neuron,
an astrocyte, dendrites and a neuropil; b — the ultrastructure of all components of the pericarion (nucleus, cytoplasm with organelles) and
neuropilia without signs of damage and swelling, mitochondria are dark compact. Ac — astrocyte; /T — dendrite; Hp — neuron (pericarion);
* — neuropil; ITK — capillary lumen; ITp — pericyte; arrow — endothelial capillary cell. Fixation by perfusion, staining with uranyl acetate
and lead citrate. Magnification X8000; scale — 3 pm (@); 2 um (b).

IIpumeyanue. a — HEMPO-TINO-COCYAUCTHII MUKPOCTPYKTYPHBIIT KOMILJIEKC, KAITMJLISAP B HATUBHOM COCTOSTHUY (€3 CKJIaZ0K 9HA0Te-
JIMst, MYJIbTUIOJAPHBINA HEPOH, aCTPOIUT, ICHAPUTHI U HEHPOIUIIL; b — yIbTPaCTPYKTypa BCEX COCTABJAIONIMX epUKapuona (sapo,
[UTOIIA3MA € OPraHe/IaMu) U Heldponnsist Ge3 NPU3HAKOB MOBPEXKIACHUS U OTeKa-HabyXaHust, MUTOXOHAPUH TEMHbIE KOMIIAKTHBIE.
Ac — acrporut; /I — nennput; Hp — Heiipon (nepukapnon); * — neitpornmib; [IK — npocser kanmisipa; [Ip — nepuiur; crpeska —
sHJIOTeNMAIbHAs KieTKa Kanuiisapa. Oukcauus nepdysueii, okpacka ypaHUJIaleTaToM U IUTPaToM cBuHia. Y seandenue X8000;

mkana — 3 MM (a); 2 MM (D).

TOK — 9HJIOTEJUATbHBIMU, BBICTUIAIOIIUMU KaITUJLIISIP
U3HYTPH, U IEPUITUTAMU, PACTIOTIOKEHHBIMU B Ty TLITH-
Katype OasajibHOIl MeMOpanbl (puc. 1, b). Kaseoa u
Be3UKYJI (H/IOTITIA3MATHYECKHUE TTy3bIPbKH, OPraHu3a-
TOPbI MAKPOMOJIEKYJISIPHBIX TIOTOKOB B IUTOTLJIA3MeE )
B HOpMe ObLi1o Majio (puc. 1, b). IluToriasma KieTok
cozepkajia HeGOJIbIIOE KOJUYECTBO OpPraHesuI, 110
nepudepun siiep OTMEYaINCh CKOTIIIEHUS] KOH/IEHCH-
POBAaHHOTO XpOMaTHHA. B HOPMe B 3TUX KJIETKaX MTPaK-
TUYECKH OTCYTCTBOBAJIU TIPOAYKTHI JIerPaJlalliu.
PsinoMm ¢ cocyamu pacriosiaraiuch acTpOIUTHI U HEl-
pomnbi (puc. 1, a, b).

[TpocTpaHcTBEHHAS KOMITO3UIINASI HEUPO-TJINO-
COCYIMCTOTO MUKPOCTPYKTYPHOTI'O KOMILJIEKCA 3aBH-
ceja OT TUIOTHOCTU PpacripejiejieHus HEMPOHOB U
otsmmyasiack B CCK, runmokamie u MT. B runnokam-
e HEHPOHBI PACIIOJIAraIUCh OY€Hb MJIOTHO, TPAKTH-
YECKU He Pas/ielisIuCh HEUPOTUIIEM, U I03TOMY Ha
OJIHY IVIMAJIbHYIO KJIE€TKY IPUXOAMIOCh 2—4 1 GoJiee
nupaMuaabix Heiipona (HIM=0,25—0,5). B MT
HEHPO-TJIMO-COCYUCTBIE MUKPOCTPYKTYPHbIE KOM-
MJIEKCHl  Pa3JIEISINCh TPOTSUKEHHBIMUA  yYaCTKAMU
Heviponuiist (puc. 1, a). Ha onnn Helipon npuxoan-
sock 110 3-x ramorutoB (HIM=3,0). B CCK Ha onun
HENPOH NMPUXOAUI0CH /10 2-X ranorutoB (HITM=2,0).

B octpom noctunemuyeckom riepuogie (1- u 3-e
CYT.) BBISIBUJIN CTPYKTYPHbIE MI3MEHEHWUSI, CBSI3aHHbIE
C HAPYUIEHUSIMU 9HEPTO3aBUCUMbBIX BOJIHO-3JIEKTPO-
JIUTHOTO ¥ 0EJIKOBOTO 0OMeHa, MPUBOJSIINE K U3Me-
HEHUIO KOJIOMIHO-OCMOTHYECKOTO JIABJICHUS B KJIET-

ergy-dependent water-electrolyte and protein metabo-
lism leading to a change in the colloid-osmotic pressure
in the cell and the development of cytotoxic edema-
swelling were observed. Fibrillar astrocytes around mi-
crovessels, protoplasmic astrocytes and other structures
of the neuropil (synaptic terminals, small dendrites)
were mostly damaged (Fig. 2, a). The death of neurons
occurred by necrosis and apoptosis (Fig. 2, b).

It was found that processes of detoxification and
utilization of irreversibly damaged (necrosis, apatosis)
cells of the brain were activated in the early recovery
period. Cells of the neuro-glio-vascular microstructure
complex (endothelial cells, pericytes, astrocytes) as
well as oligodendrogliocytes and microgliocytes were
major contributors to this process. Manifestations of
transcytosis significantly increased in endothelial cells
and pericytes (Fig. 3).

It is important that microcirculatory disorders
and insufficiency of draining and sanitizing mecha-
nisms due to edematous damage of a part of the glial
cells were preserved in all studied parts of the brain
not only 1 and 3 days after the reperfusion, but also
in the later recovery period (7 and 14 days). We
found out moderate edema of the processes of astro-
cytes, compression of the lumen of microvessels, al-
terations of erythrocytes, vacuolization of the
cytoplasm of endothelial cells, folds and outgrowths
of the laminar membrane of these cells, signs of
thrombogenesis (platelet aggregation) in the lumen
of the vessels (Fig. 3, a, b). Large number of mi-
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Puc. 2. daekrponorpamma u ¢GiryopuciieHTHast MUKpocKonus caos 11T coMaTtocencopHoii KOpbI TOJIOBHOTO MO3ra GeJ0i KPbICHI B MO~
CTULIEMUYECKOM MIEPHOJIE.

Fig. 2. Layer III somatosensory cortex of a white rat in the postischemic period, e-gramma and fluorescence microscopy.

Note. a — 1 day after — there are pronounced hydropic changes, the appearance of free fluid in the perivascular and intercellular space (*),
intravascular aggregation of blood elements (erythrocytes, leukocytes). b — 3 days after — there are swelling, destruction of the processes of
astrocytes, apoptosis of the neuron. ¢ — 1 day after — there are formation of a large number of caveolae (white arrow) at the border with the
basal membrane (*) and vesicles (black arrow) in the cytoplasm of the capillary endothelial cell. d — of pericyte, ultrastructural preservation
of the basal membrane (*), endothelium and its zones of continuous dense intercellular contacts (white arrows). e, f — 7 days after — there is
a local increase in the number of protoplasmic astrocytes (arrows). e — fluorescence microscopy, astrocyte nuclei is bright oval, nuclei of
neurons is dark blue, cytoplasm is red. f — electron microscopy, a group of astrocytes (arrows). AH — apoptotic altered neuron; OA — processes
of astrocyte; K — capillary; Jleit — leukocyte; M — mitochondria; 9K — endothelial cell; 9p — erythrocyte; arrow — basal membrane. Staining
with uranyl acetate and lead citrate. Magnification x10500; scale — 2 pm (a, b) and 500 nm (¢, d); magnification x9500» scale — 2 pm (f).
Fluorescent staining of DAPT and immunofluorescent on NSE (e), the increase in lens x40; scale — 20 pm.

IIpumeuanue. a — uepe3 1 cyT. — BbIPAKEHHbIE THAPOIIMIECKUE U3MEHEHUS], TIOSIBIICHUE CBOOOHOI SKUAKOCTU B IIEPUBACKYJISIPHOM 1 MEK-
KJIETOYHOM TIPOCTPAHCTBE (*), BHYTPHCOCYANCTAsE arperartiist GOPMEHHBIX JJIEMEHTOB KPOBH (3PUTPOIIUTOB, JTEHKOIUTOB). b — Yepe3 3 cyT. —
oTek-HalyxaHue, pa3pylieHne OTPOCTKOB ACTPOIUTOB, AMOITO3 HeiipoHa. ¢ — yepes 1 cyT. — o6pasoBatue GOJIBIION0 KoIMuecTBa Kaseo (Oeast
cTpesika) Ha rpanuiie ¢ 6asaibHoii MeMOpaHoii (*) 1 Be3HKyJI (YepHas CTPEJIKa) B IIUTOIIA3ME SHAOTEUATIbHOI KIETKU KallMLIspa. d — OTeK-
HaOyXaHe MePHINTA, YIbTPACTPYKTYPHAST COXPAHHOCTD GasabHON MeMOpaHb! (*), SHAOTENS U €T0 30H HEMPEPHIBHBIX TIOTHBIX MEKKIIe-
TOYHBIX KOHTAKTOB (OesIble CTpesikm). €, f — yepes 7 CyT. — JIOKAIbHOE YBeJINIeHHe KOTMYeCTBA TPOTOIVIA3MATIHYCCKHIX ACTPOIIUTOB (CTPEJIKI).
e — duryopeciieHTHast MUKPOCKOIIUS, SIPA ACTPOIUTOB — SIPKUE OBAJIbHBIE, SIIPA HEIIPOHOB — TEMHO-CUHIE, [IUTOIIA3MA — KPACHast. f — aJieK-
TPOHHAST MUKPOCKOTIVS, TPYTIIa acTponuToB (cTpesikn). AH — anonrosno mamenenubiii Heliporr; OA — oTpocTku actponnTa; K — Kammisp;
Jleit — nefikonut; M — mutoxonzpust; DK — sHporesmanbHast KieTka; Ip — 9pUTPOINT; cTpesika — GasanbHast MeMOpana. OKpacka ypaHuia-
[IETaTOM U IIUTPaToM cBuHIfa. YBeindenue X 10500, mkana — 2 MM (@, b) u 500 uuM (¢, d); yesmuenne X9500, ukana — 2 mum (f). Dayopec-
nenrras okpacka DAPI u ummynodayopectentiast ia NSE (), o6bextns x40, mikana — 20 MKM.
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K€ U Pa3BUTHIO IUTOTOKCHYECKOTO OTeKa-HaOyXaHMUsL.
B nauGosbiineil creneHu MOBPEXKAATUCH OTPOCTKU
(hUOPUIISPHBIX ACTPOIUTOB BOKPYT MUKPOCOCY/IOB,
MPOTONIA3MATUYECKUX ACTPOIIUTOB M IPYTUX CTPYK-
Typ Heliponuiisg (CUHAITHYeCKe TEPMUHAIN, MEJTKIe
neHaputhl) (puc. 2, a). TuGenb HEHPOHOB OCYIIECTB-
JISLJIACh IyTeM HEKpo3a u aronTosa (puc. 2, b).

Hawmm BoIsIBIIEHO, uTO HA (hOHE IIUTOTOKCUYECKO-
ro oTeka-HabyXaHWsl B PaHHEM BOCCTAaHOBUTEJIbHOM
TeproJie aKTUBUPOBAJINCH ITPOTIECCHI IETOKCUKATINN U
YTUIU3AI[UU HeOOPATUMO MOBPEKACHHBIX (HEKPO3,

crovessels with richly branched processes of peri-
cytes (Fig. 3, a, b) and structural signs of activation
of the transcytosis processes (caveolae, simple and
clathrin vesicles) in pericytes and endothelial cells
were observed (Fig. 3, ¢, d).

Data demonstrate that the recovery period after
the occlusion of carotid arteries was accompanied by
reactive, compensatory and reparative reorganization
of neuro-glio-vascular microstructural complexes.

In a remote postischemic period (21 and 30
days), the manifestations of active transcytosis prac-

Puc. 3. duextpoHorpamMmma MuKpococyzoB B cioe III comaToceHCOPHOi KOPbI TOJIOBHOIO MO3ra GeJI0ii KPbICHI B IOCTHIIEMIYECKOM IIEPHO/IE.
Fig. 3. Microvessels in the layer III of somatosensory cortex of white rats in the postischemic period, e-gramma.

Note. a (7 days) and b (14 days) — moderate manifestations of edema swelling of perivascular processes of astrocytes; the accumulation
of platelets in the lumen of the vessel; complex spatial organization of the basal membrane (black arrows), a large number of powerful
branched processes of pericytes. ¢ — high density of caveolae (black arrows) in the process of pericyte on the border with the basal membrane
(*). d — asignificant accumulation (white arrows) of smooth and clathrin (fringed) vesicles in the cytoplasm of the endotheliocyte, the
appearance of large vesicles (KB), outgrowths and invaginations of the cytolemma, thickening of the basal membrane (*). OA — appendages
of astrocyte; OTIp — processes of pericytes; ITK — lumen of capillary; M — mitochondria; T — platelet; 9K — endothelial cell; 9p — ery-
throcyte. Staining with uranyl acetate and lead citrate. Magnification X10500; scale — 2 pm (&, b), 500 nm (¢) and 250 nm (d). b — is en-
larged fragment a; d — is enlarged fragment b.

Ipumevanue. a (7 cyr.) u b (14 cyr.) — ymMepeHHble IPOABJICHNSA OTeKa HaOyXaHUs IePUBACKYJISIPHBIX OTPOCTKOB aCTPOIUTOB; CKOILIEHUE
TPOMGOIIUTOB B TIPOCBETE COCY/IA; CI0KHAS IIPOCTPAHCTBEHHAS OPraHu3alist 6azaqbHON MeMOpPaHbl (YePHBIE CTPEJIKH ), OOJIBIIOE KO-
YECTBO MOIIHBIX PA3BETBJICHHBIX OTPOCTKOB MEPUIIMTOB; ¢ — BBICOKAS IJIOTHOCTh KaBEOJI (YEPHBIC CTPEJIKN) B OTPOCTKE MEPUIUTA HA
rpanmuiie ¢ GazaabHoi MeMOpaHoii (*); d — 3HaunTebHOE CKOTIeHe (Gesble CTPEJIKI) MIaKIX U KJaTPUHOBBIX (OKalMJIEHHDIX ) BE3UKYJI
B IIUTOTITa3Me 9HIOTETNOINTA, OSIBJIeHNE KPYTTHBIX Be3nKyJ1 (KB), BBIPOCTOB 1 MHBATMHAIIMI IINTOJIEMMBI, yTOJTIIEHIe 0a3albHOI MeM-
6paust (*). OA — orpoctku acrporuta; OIlp — orpoctku nepunutos; [IK — npocser kannisapa; M — muroxouapust; T — tpombonuT;
9K — sugorennanbHas Kiaerka; Ip — spurpoiut. OKpacka ypaHUIAIETATOM ¥ IIUTPAaTOM cBuHIA. Y Besmuenne X 10500, mkana — 2 MKM
(a, b), 500 1™ (¢) u 250 um (d). b — yBesmuenublii hparMenT a; d — yBearmdeHHbIi pparmMent b.
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amnanTo3) KJIeTOK FOJOBHOTO Mo3Ta. KioueByto poJib
MIPU 3TOM UTPAJIU KJIETKU HEHPO-TINO-COCYTUCTOTO
MUKPOCTPYKTYPHOTO KOMILJIEKca (9HAOTETNATbHbIE
KJICTKH, TEPUTTITBI, ACTPOIIATBI ), & TAKIKE OJIUTOECH/IPO-
TJIMOIUTBl U MUKPOTJIMOIUTLI. B aHI0TEIMaIbHBIX
KJIeTKaX W TMEPUIUTAaX 3HAYUTEJBHO YCUJIUBAJINCH
MIPOSIBJIEHUST TPAHCIINTO3a (PHC. 3).

CyniecTBEHHO TO, YTO MUKPOIUPKYJISTOPHBIE
HapymieHusT ¥ HEJ0CTaTOYHOCTD JIPEHUPYIONUX U
CAaHUPYIOINX MEXaHU3MOB, U3-32 OTEYHOTO TTOBPEK-
JIEHUST 4acTW TJUAJBHBIX KJIETOK, COXPAHSJIUCH BO
BCeX M3YYEHHBIX OTJIEIaX MO3Ta He TOJIbKO yepe3 1 u
3 cyT. penepdysui, HO 1 B 6oJiee Mo3HEM BOCCTAHO-
BUTETbHOM Tiepuojie (yepe3 7, 14 cyt.). Boiasumm:
YMEPEHHBIN 0TeK-HaOyXaHKe OTPOCTKOB aACTPOIIUTOB,
CIaBJIMBaHKE MIPOCBETa MUKPOCOCYIOB, HAPYIIEHWE
MPOXOJIUMOCTH IPUTPOIUTOB, BAKYOJIU3AIHS TTUTO-
MJIa3Mbl SHIOTEUAJIBHBIX KJIETOK, CKJIAIKUA W BBIPO-
CThI JIAMUHAJIBHOU MeMOPaHbI 9TUX KJIETOK, TPU3HAKI
TpoMbo0OpasoBanus (arperaiust TpPOMOOIIMTOB) B
npocsete cocynos (puc. 3, a, b). Ilpu stom HamMm
OTMEUYEHO OOJIBIIIOE KOJUYECTBO MUKPOCOCYIOB C
MOIITHBIMU PA3BETBIEHHBIMI OTPOCTKAMU MTEPUITUTOB
(puc. 3, a, b) v CTPYKTYPHBIMU ITPU3HAKAME aKTHBa-
IIUU TIPOIIECCOB TPAHCIINTO3a (KAaBEOJbI, TPOCTHIE U
KJIATPUHOBBIE BE3UKYJIbI) B TIEPUIIMTAX U HHIAOTEIH-
aJIbHBIX KJeTKax (puc. 3, ¢, d).

Takum 06pasoM, YCTAaHOBIJIU, YTO BOCCTAHOBH-
TEJILHBIN TIePUO]] TTOCJe OKKIIO3UN COHHBIX apTepuii
poTeKasa Ha (hoHe BTOPUIHON HETOJTHON UIEMUH U
COTIPOBOKJIAJICST PEAKTUBHOM, KOMIEHCATOPHOH W
pernapaTuBHON peopraHnu3aIeil Helpo-TIno-COCYIH-
CTBIX MUKPOCTPYKTYPHBIX KOMILTIEKCOB.

B GoJiee oTIaIeHHOM MTOCTUIEMITYECKOM TIEPHO-
ne (21-, 30-e cyT.) ycTaHOBUIIHN, UTO B KJIETKAX HEWPO-
TJINO-COCYIMCTBIX MUKPOCTPYKTYPHBIX KOMILTIEKCOB
MIPAKTUYECKU NCUE3aJTN TIPOSIBIIEHUS] aKTUBHOTO TPAHC-
IIUTO32, HO COXPAHSINCH YIBTPACTPYKTYPHBIE TIATOJIO-
IrUYeCKre U3MEHEHUS KIeTOK (B OCHOBHOM CKOTIIIEHUST
MTPOIYKTOB HemoJiHOW Aerpanarnyn) (puc. 4). Ckorte-
HUST OCTATOYHBIX TEJIET], BTOPUIHBIX JIN30COM, KPYITHBIX
U MEJKUX BaKyoJiel, Heo(OPMIEHHOTO CJIOUCTOTO
MaTepHaJia BBISIBUJIN TaKyKe B OTPOCTKAX TIEPUITUTOB U
ACTPOITUTOB.

[To manubIM hyopectierTrHol okpackun DAPI, B
HOPMe pacripe/ieJieHue TIUATbHBIX KIETOK B HEPBHOM
TKaHU 3aBUCENIO OT UX TUTA. ACTPOITUTHI PacTIpe/ieisi-
JIFICh PABHOMEPHO, PSAZIOM € cocyaamut ((pUOPIILISIpHBIE)
1 HelipoHaMu (TIPOTOTIA3MAaTHIECKUE ), OJTUTOEHPO-
TJIMOIUATHI — B MECTAX CKOTICHNST MUETTMHU3UPOBAHHBIX
AKCOHOB, MUKPOTJIHAbHBIE KIIETKU BCTPEYANCH PEITKO.
Anpa TMaTbHBIX KJIETOK UMETH OKPYTIIYIO VI OBAJIb-
Hy10 (hopMy raMeTpoM 6—8 MKM, IHIOTETMOIINTOB U
MIEPUITUTOB — BBITSHYTYIO (hOPMY, HO Siipa 9HAOTEIH-
AJILHBIX KJIETOK ObLy OoJiee IIocKumu (puc. 5).

Yepes 3-u n1 7-e CyT. TOCTUIIIEMITYECKOTO TT€PUO-
JIa BOKPYT KPOBEHOCHBIX COCY/I0B U HEHPOHOB ObLIN
BBISIBJICHBI OYarOBbI€ CKOTIJIEHUS TIPOTOIJIa3MaTiye-
CKHUX acTpOIMTOB (puc. 2, ¢, [).

tically disappeared in the cells of neuro-glio-vascular
microstructural complexes, but ultrastructural patho-
logical changes of cells (mainly accumulations of in-
complete degradation products) persisted (Fig. 4).
Accumulations of residual bodies, secondary lyso-
somes, large and small vacuoles, unformed layered ma-
terial have also been found in pericytes and astrocytes.

According to the fluorescent DAPI staining, the
normal distribution of glial cells in neural tissue de-
pended on their type. Astrocytes were distributed
evenly, near the vessels (fibrillar) and neurons (proto-
plasmic), oligodendrogliocytes were at sites of accu-
mulation of myelinated axons; microglial cells were
rare. Glial cell nuclei had a round or oval shape with a
diameter of 6—8 um, endotheliocytes and pericytes
had an elongated shape, but the endothelial cell nuclei
were flatter (Fig. 5).

Three and seven days after the postischemic pe-
riod, there were focal clusters of protoplasmic astro-
cytes around the blood vessels (Fig. 6, a, b).

According to our data, pyramidal neurons with
glial satellites were detected in the somatosensory cor-
tex (layers 11T and V), the maximum content (25—45%,
represented as 95% confidence interval — 95% CI) was
found 14 days after ischemia (Fig. 7, a, b). Under the
normal conditions, there were 10—15% (95% CI) of
such neurons. It should be noted that fourteen days
after ischemia, along with the satellites, a large number
of pyramidal neurons with a high NSE concentration
appeared in the SSC(Fig. 7, b).

Using the DAPI staining, we found that there
was one SSC pyramidal neuron per 1.6 (1.2;1.7) glial
cells, one hippocampal neuron per 0.5 (0.2; 0.7) glial
cells, and one AM multipolar neuron per 2.4 (2.1;2.6)
glial cells (Table).

After ischemia, the NGI values throughout the
recovery period were significant in all studied parts of
the brain, but the degree of these changes varied
(Table).

In the SSC, the maximum NGI value was reached
in 14 days, in the hippocampus and AM maximum val-
ues were observed in 7 days after the reperfusion. After
the peak increase in NGI (7 and 14 days), its subse-
quent recovery occurred only in AM (Table).

In the delayed recovery period (21 days later),
the total numerical density of stained DAPI nuclei of
pyramidal neurons in the SSC was statistically lower
than that in the reference group by 31.5% (95% CI:
8.7—55.3%, 100 fields of vision). There were SSC
zones with an insignificant 15.0 (8.7—23.5%), moder-
ate 25.0 (16.9—34.7%) and a severe 45.0 (35—55.3%)
neuronal deficiency. Similar changes were detected in
the hippocampus: the neuronal deficiency was 41.2%
(95% CI:31.5—51.5%) 21 days later. In these parts of
the brain, a decrease in the content of free glial cells
and satellite cells was observed, but the NGI did not
reach the reference level. Neuro-glio-vascular com-
plexes of SSC and hippocampus were reconstructed
after reperfusion so that glial cells numbers were in-
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[IK

Puc. 4. deKTPOHOrPaMMa YIbTPACTPYKTYPHBIX OCTATOUHBIX U3~
MEHEHHH B KJIETKaX HeHPO-TJINO-COCYUCTOTO MHKPOCTPYKTYP-
HOTO KOMIUIEKCA TUIIOKaMNa OeNoi KPbIChI B OTAAJEHHOM
HOCTHIIEMHYECKOM IIEPUOJIE.

Fig. 4. Ultrastructural residual changes in the cells of the neuro-
glio-vascular microstructure complex of the white rat hippocam-
pus in the distant postischemic period.

Note. 30 days after — there are accumulations of layered forma-
tions in the endotheliocyte (arrow). Hp — a neuropil; ITIK — a
lumen of a capillary. Staining with uranyl acetate and lead citrate.
Magnification X12500; scale — 2 pm.

IIpumeyanue. 30-¢ CyT. — CKOIJICHUS CJIOUCTBIX 0Opa3oBaHuil B
augotesauonure (crpesnka). Hp — neiiponuin; [IK — mpocser ka-
myisipa. OKpacka ypaHUJIAIlleTaTOM U IUTPATOM CBHHIIA. Y Be-
smyenne X12500; mkana — 2 MKM.

[To HaMIMM JTaHHBIM, B COMAaTOCEHCOPHOI KOpe
(corom 111 u V) makcumanbioe comepxanue (25—45%,
MPeJCTaBIeHO Kak 95% MOBepUTEIbHBIN HHTEPBAT —
95% W) mupaMuIHbIX HEHPOHOB C TIMAJbHBIMU
caTeJIJINTaM¥ BBISIBUJIN Yepe3 14 cyT. mocye uieMun
(puc. 6, a, b). B HopMe Takux HelipoHoB ObL10 10—15%
(95% ). Cuenyer oTMeTHTD, 4TO 4yepe3 14 cyT.
nocye wumeMnuu, Hapsaay c carteianutamu, B CCK
HOSIBJISIJIOCH GOJIBIIOE KOJIMUECTBO IIMPAMUIHBIX HEll-
POHOB C BU3YaJIbHO BBICOKUM cojiepkaHneM NSE
(puc. 6, b).

C nomombio okpacku DAPI ycranosuiu, 4yto B
HOpMe Ha ofinH nupamMuubiil Helipor CCK npuxonn-
gock 1,6 (1,2—1,7, nHTepKBapPTUIIBHBIN pa3Max ), FUI-
nokamma — 0,5 (0,2—0,7), a Ha 0IUH MYJIbTHIIOJISAP-
Hori Heitpon MT — 2,4 (2,1—2,6) riimaibHbBIX KJIETOK
(Tabsmia).

[Tocyre nunremMuw MokasaTean HEHPOTJINATbHBIX
orrommennit (HI' M) B amaamMmke BOCCTAaHOBUTETBHOTO
Mepuojia CTAaTUCTUYECKU 3HAYUMO U3MEHSJINCH BO
BCEX UBYUYEHHBIX OT/IeJIaX TOJIOBHOTO M0O3Ta, HO CTe-
IIeHb TUX U3MEHEeHUH pasimuasach (Tabauia).

B CCK makcumanbnaoro 3nauenns HI'U, gisa
NAHHOTO OTJIeJa, TOCTUTa Yepe3 14 cyT. TUTIToKaM-
ne 1 MT — uepes 7 cyT penepdysun. Ilocie yse-
anaenusi HTUW no makcumyma (7, 14 cyt.) ero
MOCJIeIyIoIee BOCCTAHOBJIEHME TTPOUCXO/IUIIO TOJTh-
ko B MT (Tabauna).

B oTmaseHHOM BOCCTAaHOBHUTEJBHOM MEPHUOJIE
(uepes 21 cyT.) obIast YHCAEHHAST MJIOTHOCTh OKpa-

Puc. 5. MostekyisipHblii €J10if COMaTOCEHCOPHO| KOPbI TOJIOBHOTO
Mo3ra 610l KPbIChI B HOPME.

Fig. 5. The molecular layer of the somatosensory cortex of the
white rat's brain is normal, fluorescence microscopy.

Note. Yellow arrows — astrocytes (nuclei) are located in small
amounts around the vessels; red arrows — endotheliocytes and per-
icytes; white arrows — microspoon lumen. Fluorescent staining of
DAPI and immunofluorescence on NSE. NSE is found in red blood
cells and serum, so staining on it, in addition to neurons, verifies
the vessels of the brain. The increase in lens X40, scale — 20 um.
IIpumeuanue. JKenTbie cTpeskn — acTpounThl (s1pa) B HEOOMb-
IIOM KOJIYECTBE PACTIOJIOKEHBI BOKPYT COCY/IOB; KPACHBIE CTPEIIKI
— 9HJIOTEJIMOIUTDI 1 TIEPUIIUTHI; OEJIbIE CTPEJIKI — MPOCBET MIK-
pococyna. Mayopectientrast okpacka DAPI 1 ummynodyopec-
nentHas Ha NSE. NSE cozepskutcst B 3puTpoIuTax u cbIBOPOTKE
KPOBH, MO3TOMY OKPacKa Ha Hee KPOMe HEIIPOHOB BepudUIINpyeT
cocybl Mo3ra. O0bexTuB X40, mkana — 20 MKM.

creased. In AM, the neuronal deficiency was only
14.2% (95% CI: 8.0—22.6%) in 21 days, the NGI in-
creased insignificantly and returned to the reference
level as early as 14 days after ischemia (Table).

Data demonstrate the reorganization of the
neuro-glio- vascular microstructural complexes in the
brain neocortex, hippocampus and AM after acute is-
chemia. According to the literature, such information
is of great importance for understanding the funda-
mentals of structural and functional recovery of the
brain after its damage [1—4].

The study of neuro-glio-vascular microstructural
complexes was carried out by electronic microscopy
and fluorescence staining of nuclear DNA using 4, 6-
diamidino-2-phenylindole (DAPT). This compound is
able to bind selectively to DNA on the A-T enriched
sites, demonstrating bright blue fluorescence with a
peak at 461 nm [18, 19]. DAPI reliably verified the nu-
clei of neurons, glial, endothelial cells and pericytes,
i.e. all components of the brain neuro-glio-vascular mi-
crostructural complexes.

Data on the organization of neuro-glio-vascular
complexes SSC, CA1 hippocampal AM under normal
conditions was of particular importance. Due to the
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a

Puc. 6. @ayopecuenTHast MUKPOCKONH €105t V MOTOPHOI KOPBI TOJIOBHOTO MO3Ta GEJI0i KPbIChI B IOCTUIIEMUYECKOM IIEPHOJIE.

Fig. 6. Into the layer V of the motor cortex of the brain of the white rat in the postischemic period, fluorescence microscopy.

Note. 14 days after — a — high content of pyramidal neurons (white arrows) with satellite gliocytes (yellow arrows); b — pyramidal
neurons (white arrow) with hypertrophied pericarion, a large number of NSE fluorescent granules; Clusters of glial cells, satellite cells,
there are 1,7 glial cells per 1 neuron. Fluorescent staining of DAPI and immunofluorescent staining on NSE. The Increase in lens x40,

scale — 25 pm.

IIpumeyanue. Yepes 14 cyT. a — BbICOKOE COIEPKAHUE TMPAMU/IHBIX HEHPOHOB (GeJIble CTPEJIKI) € CATe/UTUTAPHBIMU TIHOTIUTAMU (JKEJITBIE
crpeniku); b — nupamunbie Heliponbl (Oesast cTpesika) ¢ TUnepTpoUpPOBaHHBIM HEPUKAPUOHOM, OOJIBITIM KOJUYECTBOM (DIyopeciiu-
pyionux rparys NSE; cKorieHus TMaibHbIX KJIETOK, KJIeTKU-caTe/UinThl, Ha 1 Heiipon npuxoautcst 1,7 ramanpubix kiaerok. Diayopec-
nentnast okpacka DAPT u ummynodyopectientiast okpacka Ha NSE. O6bextu X40, mkana — 25 MKM.

menHbix DAPI axep nupamuaneix vHetiponos B CCK
ObL1a cratucTuyecku Huske KouTposis, 100% (95% JAU:
96,4—100%), ma 31,5% (95% AU: 8,7—55,3%, 100
nosieii 3pernst). [Ipu atom BeTpevasnmcs 30861 CCK ¢
HesuauureabubM 15,0 (8,7—23,5%), ymepennnim 25,0
(16,9—34,7%) u Boipaxkennsim 45,0 (35—55,3%)
neUIIUTOM HEHPOHOB. AHAJTOTUYHBIE MU3MEHEHUS
BBISIBUJIN B TUIITIOKaMIIe: leUITUT HEHPOHOB Yepes
21 cyr. cocrasua 41,2% (95% [AW: 31,5—51,5%). B
9TUX OT/IEJIAX MO3Ta YMEHBIIAIOCH COJIEPsKaHNE CBO-
GOJHBIX TJIMAIbHBIX KJIETOK U KJIETOK-CATEJJIUTOB, HO
HEHPOTrTMATbHBINA WHIEKC KOHTPOJIBHOTO YPOBHS HE
nocturan. To ecTb, HEWPO-TIUO-COCYIUCTBIE KOM-
mekcel CCK n runmokama mocsie peniepdysnu repe-
CTPaMBAJIMCh TAK, YTO B HUX MPOUCXOMIIO YBeJude-
HUe cojiepKaHue TauanbHbiX Kiaetok. B MT nedutur
Heltponos yepe3 21 cyT. coctaBus TosbKo 14,2% (95%
JIN: 8,0—22,6%), HI' yBemuuBasicst He3HAYNTEND-
HO ¥ BOCCTAHABJIUBAJICS JO YPOBHS KOHTPOJISI yiKe
yepes 14 cyr. mocJie uiremun (Tabaura).

B nacrosiem wccieoBaHUN MOJTy4eHbl HOBbIE
JIaHHBIE 00 OTHOHATIPABJICHHOI PEOpPraH3alii HHTET-
PUPOBAaHHBIX HEHPO-TJIMO-COCYAUCTBIX MUKPOCTPYK-
TYPHBIX KOMILJIEKCOB HeoKopTekca, CA1 rurimokammna u
MT romoBHOTO MO3ra T0ocJIe ocTpoii utemun. [lo gan-
HBIM JINTEPATYPBI, TOA00HAs MH(bOPMALHs UMeeT 6OJIb-

high neuroglial relations, complexes of AM and SSC
had a large compensatory and restorative potential at
the baseline (normal conditions). This demonstrated
that neurons of neuro-glio-vascular complexes of AM
and SSC were in the most favorable conditions during
ischemia and immediately after it. The influence of glia
on neurons in the postischemic period increased even
more. So, 14 days after ischemia, there was one SSC
neuron per 3.0—4.8 astrocytes (NGI). According to
the literature, these changes contributed to the pro-
tection and recovery of damaged neurons [8§—10]. In
the hippocampus, due to the high density of neurons,
positive impact of astrocytes expressed to a lesser ex-
tent (NGI: 0.9—1.5). Tt is likely that this is one of the
factors of selective damage of the neurons in the CA1
of hippocampus, as described previously [16].

Data shown that in the early postischemic period
manifestations of edema of astrocytes, necrosis and
apoptosis of neurons prevailed. At that, processes of
transcytosis in pericytes and endothelial cells were ac-
tivated, and the permeability of the blood brain barrier
increased. On this background, the percentage of mi-
crovessels with a richly branched processes of peri-
cytes and complexity of the spatial organization of the
basal membranes increased. It was evaluated as evi-
dences of compensatory activation of astrocytes and
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Heiiporamanbubie otnomenusi (HITH) B pasupIx oT€/1aX T'OJOBHOIO MO3ra GeJIbIX KPbIC B HOPME M IIOCJIe OCTPOI Ulle-

muu, Me (Ql—Qu)

Neuroglial relations (NGI) in different parts of the brain of white rats in norm and after acute ischemia, Me (Ql—Qu)

Indexes Values of indexes for parts of the brain ANOVA Friedman (d;=2)
SSC Hippocampus Amygdala

Control (n=5) 16(13-1.7) 05 (0.2-0.7)" 24 (21-2.6)7** 77=26.5, P=0.0001

Postischemic period. days (n=30)

I 15(1.2-20) 0.6 (0.3_08) 23(1.9 2.7) = %=24.8, P=0.0001

30 18(14_21)~ T1(0.7 12y 77 25 (21_2.6)7** %7=20.4; P=0.001

7th 2.4 (1.8—2.5)*#* 1.4 (0.9—1.5)%### 2.9 (2.4—3.2)*#%*5% 22=18.6; P=0.01

40 32 (3.0 48)7* 12(08 13y ## 26 (21 2.7y %  2=24.3; P=0.0001

27 22 (1.6 24)+ T1(0.6_14)~ 22 (1.7_25)7** 7 =14.6, P=0.02

30t 2.1 (1.7—2.3)% 0.8 (0.4—1.1)*### 2.3 (2.0—2.7)** 22=16.6; P=0.01

ANOVA (dg=5) H=38.4; P=0.0001 H=22.5; P=0.001 H=12.4; P=0.02 —

Note. NGI is the neuroglial index. The material is represented as the median (Me), the lower (Q/), and the upper (Qu) quartiles.
SSC — somatosensory cortex. * — Differences in comparison with SSC; ** — with hippocampus (Wilcoxon test); # — with previous
term; #* — with control (Mann—Whitney test) are statistically significant at P<0.05. ANOVA — one-way variance analysis; H —
Kraskel—Wallis criterion; y? — Pearson's criterion. The zero hypothesis for ANOVA was rejected at P<0.05.

Ipumevanue. HTV — neiipornmanprbiii nngeke. Matepuasn npejcrasied kak meauana (Me), musknuii (QI) u sepxuuii (Qu) KBapTuiim.
Indexes — nokazaresu; Values ... for parts of the brain — snauenus B otenax mosra; SSC — comarocerncopuast kopa; Hippocampus — ruri-
nokam; Amygdala — munnanesuanoe Teno; Postischemic period, days — noctunemuueckuii mepuo, gHu. * — pasinuust B CPABHEHUHN C
SSC; #* — ¢ runmokammoMm (kputepuii Buiikokcona); * — ¢ mpeAbI Iy M cpokoM; ## — ¢ koHTpoJsieM (Kputepuit ManHa— YWTHU) cTaTh-
cruveckn 3HaunMbl 1pu p<0,05. ANOVA — ogrodakropubiii guctneperonnsiii ananus; H — kpurepuit Kpackena—Yosmuca (K-Y); y? —
kpurepuii [Tupcona. Hynesast runoresa ipu ANOVA orseprasacs npu p<0,05.

roe 3HaYeHue /Ui MTOHUMAaHUST OCHOB 3aIUTBI U BOC-
CTAHOBJIEHUST TOJIOBHOTO MO3Ta TIpu peniepdysnn [ 1—4].

W3yuenne HENPO-TIINO-COCYTUCTBIX MUKPOCTPYK-
TYPHBIX KOMIIJIEKCOB MBI ITPOBOJIUIIN C TIOMOTITHIO JIEK-
TPOHHOM MWKPOCKONUH U (DJIYOPECIIEHTHOW OKPACKU
syepHoit JIHK 4',6-mumamuinno-2-denummngon (DAPT).
ITO coeMHEHNEe ceJeKTUBHO cBs3biBasioch ¢ JJHK Ha
A—T oboralieHHBIX y4acTKaX, IEMOHCTPUPYS SIPKYIO
CUHIOIO (hITyOPECIIEeHITUTO ¢ MaKCUMyMOM Ha 461 um [ 18,
19]. DAPI mazexxno Bepuduimposas sapa HeHPOHOB,
TJIMATBHBIX, 9HAOTETNAIBHBIX KJIETOK U MEPUITUTOB —
BCEX COCTABJISIONINX HENPO-TJINO-COCYIUCTBIX MUKPO-
CTPYKTYPHBIX KOMILJIEKCOB FOJIOBHOTO MO3Ta.

Ocoboe 3HaueHNE UMEJIH JaHHBIE 00 0COGEHHO-
CTSIX OPraHu3aIu HEHPO-TIIMO-COCYAUCTHIX KOMILTEK-
coB CCK, CA1 runmoxamna n MT B HOpMe. 3a cyer
BBICOKOTO HEWPOTJINATBHOTO OTHOIIEHUS KOMILIEKCHI
MT u CCK usHayasbHo (B HOpMe) 00/1a1a/11 GOIbIITIM
KOMTIEHCATOPHBIM W BOCCTAHOBUTEIBLHBIM MOTEHITHA-
JIOM. DTO CBUIETETLCTBOBAJIO O TOM, UTO TP UITIEMUH 1
cpasy MocJie Hee B HanboJiee BBITOIHbIX YCJIOBHSIX HAXO-
JTAJTACH HEPOHBI HEMPO-TIIMO-COCYMCTBIX KOMILTEKCOB
MK u CCK. Euie 6osblite yCUITUBATIOCH BJIMSTHIE HEM-
POTJIMN Ha HEHPOHBI B TIOCTUIIIEMUYECKOM Tiepurojie. Tak,
yepe3 14 cyT. mocsie ntiemun #Ha ogH Heiipon CCK mpu-
xoausiock 3,0—4,8 actpormuroB (HI'M). ITo muarepatyp-
HBIM JIAHHBIM, [I000HBIE U3MEHEHISI CIIOCOOCTBOBAIN
3alUTe U BOCCTAHOBJIEHUIO TIOBPEKIEHHBIX HEHPOHOB
[8—10]. B rurmmoxamrre, n3-3a BBICOKOM MJIOTHOCTH HEH-
POHOB, TTO3UTUBHOE BJIMSTHYAE HA HUX aCTPOIUTOB BhIPa-
skeno B Menpieil crerern (HTU: 0,9—1,5). Brosme
BEPOSITHO, UTO TO SIBJISIETCST OIHUM U3 (DaKTOPOB, OTIH-
caHHoll pasee [16], cesleKTMBHOW TOBPEXIAEMOCTU
yactyu HetlipoHoB CA1 rurnmokamra.

Hamu yctaHOBJI€HO, UTO B pAHHEM MTOCTHIIIEMU-
YEeCKOM IEPHUO/Ie TIPEBATUPOBAJIN ITPOSIBJICHUS OTEeKa-
HaOyXxaHUs acTPOIMTOB, HEKPO3a U aIlOITO3a Helipo-

angiogenesis [12, 13]. Similar results on possibility of
neoangiogenesis were obtained in the study of neuro-
glio-vascular complexes in other models of acute is-
chemia [8—10, 12, 14].

Currently there is a large number of works, indi-
cating the existence of functionally specific, complex,
integrated cellular systems. These include neuro-glio-
vascular microstructure complexes in the brain. They
provide protection of neurons and recovery of nervous
tissue after damage. Research in this direction is prom-
ising and has a practical value [3—8].

Conclusion

Data confirm multiple adaptive and compensa-
tory alterations within the neuro-glio-vascular com-
plexes of SSC, CA1 of the hippocampus and amygdala
of white rat’s brain after a 20-minute occlusion of the
common carotid arteries. Patterns demonstrating pro-
tection and recovery of damaged neurons were most
commonly observed in the SSC and amygdala that
both exhibited high NGI value.

HOB. IIpn 3TOM aKTHBUPOBAINCH MPOTIECCH TPAHCITH-
TO3a B TIEPUITNTAX W SHAOTENNATHHBIX KJIETKaX, yBe-
JMYNBAIACh TPOHUIIAEMOCTD TeMaTOaHIIe(aTITIecKo-
ro Gapsepa. Ha atom ¢one yBeamumsamach m0Js
MHKDPOCOCY/IOB C MOIIHBIMH  Pa3BeTBICHHBIMHU
OTPOCTKAM¥ MEPHUIINTOB, YCJIOKHEHNEM MPOCTPaH-
CTBEHHON opranmsanuu 6a3aTbHLIX MeMOpaH, 4TO
CBUETEIBCTBOBATIO O KOMIIEHCATOPHOH aKTHBAIINN
ACTPOTIMTOB N TIPOIlecCcOB aHTHoTeHe3a |12, 13]. Ana-
JIOTHYHBIE PE3yIbTaTHI, 0 BO3MOKHOCTH HEOarHIOTe-
He3a, OB TTOMYYeHbl TIPU W3YYeHNU HEeNpPOo-TIno-
COCYAMCTBIX KOMIIJIEKCOB Ha JPYTHX MOJIEJISX OCTPO
umemwn [8—10, 12, 14].
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B Hacrostiiee BpeMst MOSBIIAETCS GOTBINOE KOJIH-
4ecTBO PaboT, CBUAETEIBCTBYOIINX O CYIIECTBOBAHIN
CTIOKHBIX (PYHKIMOHAJIBHO CIEeIaTU3MPOBAHHBIX
WHTErPUPOBAHHBIX KJIETOUHBIX cucTeM. VIMEHHO TaKo-
BBIMH SIBJISIOTCST HEHPO-TJINO-COCYANCTBIE MUKPO-
CTPYKTYPHBIe KOMILJTEKCHI TOJIOBHOTO Mo3Ta. OHH
06eCTeYnBaOT 3AMNTY HEHPOHOB U BOCCTAHOBJIEHUE
HEepBHOIT TKaHW TTocjIe oBpeskaAeHus. VceaenoBanus
B 9TOM HaIPaBJICHUH TIEPCIIEKTUBHBI U UMEIOT TIPaK-
Tryeckoe 3HaveHune [3—§].
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3akiaoueHue

TaKI/IM O6p330M, TIoJIy4YeHHbI€ JlaHHbI€ CBU/IE-
TeJIbCTBYIOT 00 aalTallMOHHBIX M KOMIIEHCATOPHBIX
N3MCHCHUAX KOMIIOHCHTOB HeflpO-I‘]IHO-COCyI[HCTbIX
xoMiutekcoB CCK, CA1 runmoxkamia u M T roJsiosro-
r0 MO3Ta OeJIbIX KPbIC Tocsie 20-MUHYTHON OKKJTIO3UN
o0mux connbIx aprepuit. HamboJee monHo peannsa-
YA MEXaHNU3MOB 3alllUThl 1 BOCCTAHOBJIEHU S TIOBPEK-
nennbix Heliponos npoucxoxut 8 CCK u MT, obia-
nparomux Boicokum HI'N.
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