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Ilesb: mccseoBaTh B3aMMOCBSI3b OCTPEAHMMAIIMOHHBIX CABUTOB ypoBHs skcnpeccun bFGF ¢ passutnem
MOP(hOJOTHUECKUX U3MEHEHUIT HEITPOHOB B BBICOKOUYBCTBUTEIBHON K TMIIOKCHM TIOMYJISIINN KIeToK [lypkuHbe
MO3KeUKa.

Marepuasst 1 MeTO/bl. Y GEJIbIX TOJOBO3PEJIBIX KPBIC-CAMIIOB BbI3bIBaIN 10-MUHYTHYIO OCTAHOBKY CHCTEM-
HOTO KPOBOOOPAIIEHNUS IyTeM MePesKaTHst COCYMCTOro MydKa cep/ia. Ha pasHbIx cpokax MocTpeaHnMaIioHHOTo
Hepro/ia NCCIETOBAIN COCTOSTHUE MOMYIANY K1eTok Ilypkunbe Mozxkeuka. [Ipu rucrosornueckom anaiuse Ha
nperaparax, OKpalleHHbIX KPe3uioBbiM (hrosietoBbiM 110 Huceuo, onpezessiii obiiee 4ucio kietok [lypkuube
Ha 1 MM JIJTHBI UX CJIOST, & TAKXKe YUCJIO0 HOPMAJIBHBIX U MOP(MOJIOrIecKr M3MeHeHHbIX HeltponoB. [Ipu nmmyHo-
TUCTOXMUMUYECKOM aHasi3ae onpeaensin yncio bF GF-nonoxkuTenpupix (crabo- u cuabHooKparennbix) u bFGF-
OTpHUIaTebHBIX KIeTOK [IypKuHbe HA 1 MM JUIMHBI UX CJIOS.

Pesyabrarei. OmnpesiesieHa AUHAMEUKA PA3BUTHUS TIPOIiECca TUGEI HEHPOHOB ¥ BbISIBJIEHBI U3MEHEHUS YPOBHS
srcnpeccun bFGF B momysistiinu kierok Ilypkunbe MO3KeUKa B MOCTPeaHUMAIMOHHOM iepuojie. Yepes 1 cyTku
nocJie peanuManuu yposens skcipeccun bFGF B ucciiezioBaHHON HEHPOHATBHOI TMOIMYJISIIIUN 3HAYUTETHHO BO3-
pacras. Ha aTom sTarte ruGesnn HeiipoHOB He Iiporcxoanio. B nanbheiimem (4 cyTku) yposetb akcrpeccun bFGF
cHmkasics. [Ipu 9ToM yMeHbIazach 0011ast IJIOTHOCTD TIOMYJISIUHI, YTO CBUETEIbCTBOBAIO O TG/ HEiPOHOB.
AHa/M3 JaHHBIX MMMYHOIMCTOXUMUYECKOTO UCCJIEI0BAHUS TI03BOJINJI YCTAHOBUTH, YTO TUGENU MOABEPTAIICH
bFGF-orpunarenbtbie kierku. Ha Gosiee mo3aHux sTanax mocTpeaHuMaiuoHHoro mpoiecca (7-e u 14-e cytkun)
ypogsenb skcnpeccunt bFGF croBa Bozpacrtai. [Ipu atoM yrorybieHust u/uiin yCUJIeHuUs! MaTOJOTHYeCKUX U3MeHe-
HUI B UCCJIEZI0BAHHON HEHPOHAIBHON TOIY AN HE TIPOUCXO/UIIO.

3akmoyenue. [loryueHHbIe JJaHHBIE CBUIETEIBCTBYIOT O TOM, YTO UIeMUsi-periepdy3ust CylnecTBeHHO BJINsSeT
Ha yposenb akcnpeccur bFGFE BbisbiBasg ero axTuBaiuio B HonyJsainuu kiaetok [Typkunbe. TlepBoHayaabHbIi
noxbeM ypoBHst akciipeccuu 6eska bFGF B HellpOHAIBHOM TOMYJISIIIMU TI03BOJISIET MIPEAYTIPEAUTD PA3BUTHE MIPO-
recca rubesin HEPBHBIX KieToK. Ilocienyiomtee ymenbirenne arcrpeccun bFGF conpoBoskmaercs: BbimageHneM
(rubesnbio) HeiipoHos. CriocobHocTb K BhipaboTke bFGF siBiisiercst BaskHbIM (PaKTOPOM, BIIMSIIONIMM Ha YCTOWYH-
BOCTH HEWPOHOB K THOEJN B [IOCTPeAHNMAIOHHOM Treprojie. VicobzoBanne bFGF mpescraBisiercst BechMa 1rep-
CIIEKTUBHBIM JIJIs1 Pa3pabOTKU aJIETEPHATUBHBIX TEPAIIEBTUUECKUX CTPATET A TPU IIPODUIAKTUKE U JIEYEHUU [TOCT-
TUITOKCHYECKUX 3HIehaTonaThii.

Kantoueswte cnosa: bFGF; nocmpeanumayuonnoiii nepuod; zubens netponos; kiemxu [ypkunve mosmceuxa; um-
MYHOZUCTOXUMUSL; MOPPOMEMPUUECKUT AHANU3

Objective: to evaluate the relationship of postresuscitation changes in the level of bEGF protein expression
and morphological patterns of the cerebellar Purkinje cells.
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Materials and methods. Albino adult male rats were subjected to 10 minutes of systemic circulatory arrest
caused by cardiac vascular fascicle ligation. The status of a hypoxia-sensitive neuronal population of cerebellar
Purkinje cells were investigated in different postresuscitation periods. Total numbers of Purkinje cells per mm of
their layer length were estimated by a histological analysis of the specimens stained with cresyl violet after the Nissl
procedure. An immunocytochemical analysis was performed to determine the number of bFGF-positive (weakly
and strongly stained) and GDNF-negative neurons per mm of their layer length and the total population density.

Results. Dynamics of the process of neuronal death and changes of bFGF expression level in the population of
the Purkinje cells were determined postresuscitation. Next day after the resuscitation the level of expression of
bFGF in the neuronal population significantly increased. At the same time point, the neuronal death did not occur.
However, on day 4 the level of bFGF expression decreased and overall density of the population declined.
Immunohistochemical study revealed that bFGF-negative cells undergone death. In the later stages of the process
postresuscitation (days 7 and 14) the bFGF expression level increased again. At the same time deepening and/or
enhancing of the pathological changes in the neuronal population were not observed.

Conclusion. The data indicate that ischemia-reperfusion significantly affect the expression of bFGF protein,
inducing its elevation within the Purkinje cell population of resuscitated animals. The initial rise in the level of
bFGF protein within the neuronal population might prevent the development of a nerve cell death process. The
subsequent reduction in the bFGF level is accompanied by the neuronal loss. Therefore, the ability to produce
bFGF is an important factor affecting the resistance of neurons to postresuscitation damage. Moreover, the bFGF
is considered as promising candidate molecule for developing alternative therapeutic strategies to prevent and/or
treatment posthypoxic encephalopathies.

Key words: bFGF,; postresuscitation period; neuronal death; cerebellar Purkinje cells; immunohistochemistry; mor-
phometric analysis
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BBenenne

YcraHoBsena TecHasi B3AUMOCBSI3b MEXKY BOC-
cranoBieHreM (GYHKIIMH MO3Ta B MOCTPEAHUMAIIH-
OHHOM II€PUO/IE 1 BHIPAKEHHOCTBIO M3MEHEH U, ITPO-
UCXO/SANIUX HA YPOBHE HEHPOHATBHBIX IMOIYJISIIIHIL
[1, 2]. VccenoBanue aTUX IPOTIECCOB UMEET BAsKHOE
3HAYEHUE JIJIST BBISIBJIEHUS MPUYUH ¥ MEXaHU3MOB
DPa3BUTUS TIOCTTUIIOKCUYECKUX dHIleDATONATHI, a
TaKKe JUIst Pa3spabOTKU HOBBIX MOAXO0B K WX MPO-
(humakTuke U KOppeKIUu.

CylilecTBEHHYIO POJIb B BBUKMBAHUY HEHPOHOB
[PU PA3JIUYHBIX TATOJOTMYECKIX BO3IAEUCTBUSIX W~
paet ocHOBHOIT (hakTop pocta pudpodmacros (bFGF
win FGF2). tor nosinenTus sBiasieTcs: OJHUM U3
HanboJiee N3y4eHHbIX (PAKTOPOB POCTA U XapaKTepH-
3yeTcs IMUPOKUM CIEKTPOM [eiCTBUS HA KJIETKU
Pa3HBIX TUIIOB, B T. 4. HEWUPOHDI, aCTPOIUTHI, HrOPO6-
JIACTBI, HIOTETMOIUTDI, KJIETKU MBIIII] 1 9HIOKPUH-
Hbeix opranoB. bFGF skcrpeccupyercst B pasHbIX
CTPYKTypax rosoBHoro mosra [3]. On y4acTByeT B
obecrieuernu uhdepeHIMPOBKY HEHPOHOB B TIEPH-
O/l OHTOTeHe3a U B TOIEPKAHUN UX TLIACTUYHOCTH
BO B3pOCJIOM opranusme [3, 4], a Takske B miporieccax
obyuenust u mamsatu [5]. Ha pasiuvHbIx MOJESIX
U30JIMPOBAHHON UIIEMUN MO3Ta ObLI BBISIBJIEH Heli-
porporekTuBHbIN 3 dekt mpumenenust bFGF [6, 7.
Yeranosiena criocobnocts bFGF k samumre Helipo-
HOB U YCKOPEHUIO HEBPOJOTUYECKOTO BOCCTAHOBJIE-
HUS IPU €T0 UCIOJIb30BAHIY B 9KCIIEPUMEHTAIbHBIX
Mozesistx Gosiesrn Ausbirreiivepa |6, 8, 9], 6osesnu
[Tapkuncona [10], a Takske TIpU TTOBPEXKICHUY CITHH-
HOTO MoO3ra u nepudepuyeckux HepsoB [11—13].
Veeauuenne srcrpeccun MPHK bFGF u tiposuyx-

Introduction

There is a close relationship between the
restoration of brain functions in the postoperative
period and severity of changes at the neuronal popu-
lations level [1, 2]. Investigation of these processes is
essential for clarification of mechanisms of posthy-
poxic encephalopathies and developing new
approaches to their prevention and correction.

An essential role in the neuronal survival in vari-
ous pathological effects belongs to basic fibroblast
growth factor (bFGF or FGF2). This protein is one of
the most studied growth factors and differentially
affects different cell types, including neurons, astro-
cytes, fibroblasts, endothelial cells, muscle cells, and
the endocrine organs ones. bFGF is expressed in differ-
ent brain regions [3]. It provides neuronal differentia-
tion during ontogeny and plasticity of neurons in
adults [3, 4], and is involved in the processes of learn-
ing and memory [5]. bFGF exhibited strong neuropro-
tective effect in different models of cerebral ischemia
[6, 7]. bFGF was demonstrated to protect neurons and
accelerate the neurological recovery in Alzheimer's
disease [6, 8, 9], Parkinson's disease [10], spinal cord
injury and peripheral nerve injury [11—13]. After the
focal ischemia in rats, the increased expressions of
bFGF mRNA and protein were observed in some areas
of the brain [ 14—16]. Tt is known that clinical death (as
a total ischemia of the body) differs from cerebral
ischemia in its consequences for the whole organism
and effects on the brain [17]. However, there is no data
on changes in the expression of bFGF protein in neu-
ronal brain populations during recovery period after
clinical death.
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1K OeJIKa BBISIBJIEHO B HEKOTOPBIX OT/EJaX MO3Ta
nocJie 04aroBoii uiemMun y kpoic [14—16]. M3Bect-
HO, 4TO TOTAJIbHAS UIIEMUS OPraHu3Ma — KIMHUYEC-
Kasg CMepPTb — CYIIECTBEHHO OTJIMYACTCH OT M30JIH-
POBAaHHOI WIEMUM MO3ra KaK 110 CBOUM
MOCJIC/ICTBUAM JIJIT OPTAaHU3MA B IIEJIOM, TaK WU JIJIs
moara [17]. Oxnako, mocTpeaHuMalnOHHbIE U3MEHE-
HUST YPOBHST aKkcpeccuu auiorenHoro bFGF B Heps-
HBIX KJIETKAX OCTAIOTCH He N3YYEHHDBIMHU.

[l ananm3a 3aKOHOMEPHOCTEH 1 MeXaHU3MOB
MOCTPEAHNMAIIMOHHBIX U3MEHEHWH HEPBHBIX KJIETOK
MIPEICTABJISETCS CYNIECTBEHHBIM UCCIEI0BATH B3aM-
MOCBsi3b ypoBHst akcipeccrut bFGF B BbICOKOUYBCT-
BUTEJbHON K TUIIOKCUM HEHPOHAJIBHOU MOIYJISIUN
kyteTok [TypkiHbe MO3KeuKka ¢ pa3BUTHEM TIPOTIECCOB
AUCTPO(UIECKOTO UBMEHEHUST U TUOEII HEHPOHOB.

Marepuan u MeTObI

Y 20 camioB GejibIX MOJOBO3PEJBIX KPBIC MacCcou
190—250 r o1 a(UPHBIM HAPKO30OM BBI3BIBAIN OCTAHOBKY
cepzna Ha 10 MUH ITyTeM BHYTPUTOPAKAIBHOTO [E€PEKATUS
cocymucroro myuyka cepaua [18]. Oxupienne npoBoausn
HENpsIMbIM MAacCaskeM Cep/illa B COUETAHUU C UCKYCCTBEH-
HOU BEHTHJISIIINEH JIETKUX BO3IYXOM B PEKHUMe I'HIIePBEeH-
Tussiiuy anmaparom «Animal Respirators ¢upmbr «SMT
Geratehandel» ¢ BHyTpuTpaxeaabHbIM BBEJICHUEM PACTBO-
pa agpenanuna B go3e 0,1 mr/kr. Yepes 1, 4, 7, 14 nueii mo-
cJle PeaHUMAIIUU KUBOTHBIX BBIBOJVJIN U3 9KCIIEPUMEHTA
Jlekanuraiueit moj aupHbIM HAPKO30M (110 5—7 KUBOT-
HBIX Ha KQXK/BIH CPOK MOCTPEAHMMAIINOHHOTO TIEPUOJIA).
KoHTpoJsieM CIIyKUIN JIOKHOOIIEPHPOBAHHbBIE KUBOTHBIE
(n=10). IKcrIepuMEHTHI TIPOBOIUINCH COTJIACHO PEKOMEH-
npaiusam dtudeckoro komurera OTBHY HUM ob6mieit pe-
anumarosiorun uM. B. A. Herosckoro B cooTBeTcTBUU €
«[TpaBumamu npoBefeHust paboT ¢ MCIIOJb30BAHUEM IKC-
HepUMeHTANTbHBIX JKUBOTHBIX> ([Ipmkas Mwunszapasa
CCCP Ne755 ot 12.08.1977).

WccenenoBanich 1mocTpeaHUMAIIMOHHbIE W3MEHEHUS
COCTOSIHUS TIONYJISIK KJIeToK [TypkuHbe Kopbl MO3Keu-
ka. [ucTonornueckuii aHajau3 MpoBOAMIN Ha napapuHo-
BBIX CP€3aX TOJIIMHON 5—6 MKM, OKPAIlIeHHbIX KPE3HJI0-
BbIM (uoseToBbiM 10 Huccmio. Omnpenensiin o61ryio
MJIOTHOCTHh HEHPOHAJMbHON MOMyJISANUH (YNCJI0 KIETOK
[Typkunbe Ha 1 MM juinHbL ux caos). [Ipu ananuse Boije-
JISLJI HOPMaJIbHBbIE U MOP(OJIOTHYECKN U3MEHEHHbIE Heli-
pombl. B rpymiy «Mopdosiornieckun n3aMeHeHHbIX»> BKJIIO-
yajiu KJIETKM C Pa3AUYHBIMU  BUJIAMH  T[ATOJOTUN
(TIepUIIeIITIONSIPHBII OTeK, ITeMUYeCKIe U3MEHEHUsI, Ha-
GyxaHue, TUTPOJIU3, TUAPOIIMYECKIE U3MEHEHNUSI, CMOPIIU-
BaHUE), COJIACHO OOIIEIPUHATON KIaCCU(PUKAIMY 3Me-
HeHMIT HepBHBIX KieTok [ 19, 20].

VIMMyHOIIUTOXUMHUYECKIE UCCIETOBAHUST TIPOBOIIIT
HENpsIMbIM TIePOKCU/IA3HO-aHTHIIEPOKCUIA3HBIM METOIOM
C WCIOJIb30BAHUEM IOJUKJIOHATbHBIX anTuTes K bFGF
(pasBenenne 1:200) (Santa Cruz, USA) u Busyanusupyio-
meit cucrembr EnVisionTM+Kit (DAKO, Glostrup,
Denmark). IMMyHOIIMTOXUMUYECKAST PEAKITHST KOHTPOJIU-
poBasiach UHKyOAIUeli CPE30B CO BCEMU peareHTaMu KPoMe
nepBuyHbIX antuTes. [1pu ananuse soinesnsan bF GF-mera-
tusHble (bDFGF™) u bFGF-nosutuBHble HEHPOHBI ¢ pas-
JYHbIM ypoBHeM skcnpeccun bFGF — caabpim (bFGFT)

Investigating the expression of bFGF protein
in hypoxia-sensitive neuronal population of the cere-
bellar Purkinje cells and determining its relations to
developing degenerative processes and the neuronal
death seem crucial for clarification of mechanisms of
postresuscitative brain injury.

Materials and Methods

Male and female albino adult rats (190—250 g body
mass) were anesthetized with an ether, and cardiac arrest
was evoked for 10 min by intrathoracic clamping of the
supracardiac bundle of vessels with a special hook [18].
Animals were resuscitated with the aid of chest compres-
sions in conjunction with mechanical air ventilation dur-
ing hyperventilation by <«Animal Respirator» (SMT
Geratehandel) accompanied by intratracheal administra-
tion solution of adrenaline at a dose of 0.1 mg/kg. Animals
were sacrificed by decapitation under ether anesthesia on
days 1, 4, 7 and 14 after resuscitation (5—7 rats, each time
point). Sham-operated animals served as controls (n=10).
Experiments were performed according to the recommen-
dations of the Ethics Committee of V. A. Negovsky
Institute for General Reanimatology in accordance to the
«Rules of the work using experimental animals» (Order Ne
755 of the Ministry of Public Health (USSR), 12.08.1977).

The postresuscitation changes in the population of
Purkinje cells of the cerebellar cortex were investigated.
Histological analysis was performed on paraffin-embedded
brain tissue sections, 5—6 um thick, stained with cresyl
violet by Nissl procedure. The total density of neuronal
population (number of Purkinje cells per 1 mm of the layer
length) was assessed. Visually, the groups of neurons were
discriminated as two groups, normal neurons and
«altered» neurons. In contrast to normal neurons, the
group of <altered» neurons included cells with different
pathological patterns (pericellular edema, ischemic
changes, swelling, tigrolysis, hydropic change, shrinkage),
according to the general classification of the nerve cell
changes [19, 20].

Expression of bFGF protein was determined by indi-
rect peroxidase-antiperoxidase method using polyclonal
antibodies against bFGF (dilution 1: 200) (Santa Cruz,
USA) and visualization system EnVisionTM+Kit
(DAKO, Glostrup, Denmark). Immunocytochemical con-
trol reaction was monitored by incubating the sections
with all reagents except the primary antibody. Numbers of
neurons with different levels of bFGF (negative — bFGF~,
weak — bFGF' and intense — bFGF**) (Fig. 1) per 1 mm
of the layer length, as well as the total population density
were determined.

Images were analyzed with the use of light microscope
Olympus BX-41 (Japan), program Image Scope M
(Russia) and Excel software. Statistical processing of the
data was performed using the Student's ¢-test and Mann-
Whitney U-test.

Results and Discussion

According to histological data, on the first
postoperative day the total density of Purkinje cells
was the same as in the control group indicating no
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u unrencuabiM (bFGF*T) (puc. 1). Onpegensin uucio
HEPOHOB € PA3HBIM YPOBHEM 9KCIIPECCUU HA 1 MM JITTHBI
UX CJI08], & TaksKe OOIILYIO TJIOTHOCTD MOTTYJISITIHH.

B wuccieoBaHUAX WCHONIB30BAJIN CHCTEMY aHAJIN3a
uzobpaxenuii (komibiorep Intel, mukpockon Olympus
BX-41, nuporpammbr ImageScopeM, MS Excel 2007).

CraTuctudeckyio 06pabOTKy HAHHBIX TIPOBOAUIN B
nmporpamme Statistica 7.0 ¢ MCTOIB30BaHUEM (-KPUTEPUST
CrpiosienTa u U-kpurepusi Manna-YutHu.

Pe3yabraThl 1 00CyK/I€HHE

CoracHO pe3yJibTaTaM THCTOJIOTHYECKOTO HUC-
crefoBanus, yepe3 1 cyTKU TOCse peaHuMarmu 00-
MIas1 MJIOTHOCTb TIOTyJisiiinu Kietok [lypkumbe coor-
BETCTBOBAJIA KOHTPOJIBHOMY YpPOBHIO (puc. 2), 4To
CBUETEILCTBYET 00 OTCYTCTBUU THOEIM HEHPOHOB.
OHAKO TIPY 9TOM YUCJIO0 HOPMAJIBHDIX KJIETOK YMEHb-
masnoch (Ha 24,6%), a uncio MopdhoJIOrniecKy u3mMe-
HEHHBIX KJIeTOK Bo3pactaso (Ha 53,1%) (puc. 2). Cie-
JIOBATEIbHO, HA 9TOM JTalle MOCTPEAHMMAIMOHHOTO
nporiecca nMpu OTCYTCTBUN rubesn HePOHOB (hopMu-
pytotcst auctpopuieckue nu3MeHeHus KJIeTok («iepe-
XOI» YaCTHU HOPMaJIbHBIX HeﬁpOHOB B KaTeroputo
«MOP(hOTOTUYECKN N3MEHEHHBIX> ).

I[Ipouecc Bomagenus (rubenn) kiaetox Iypku-
Hbe Pa3BUBAJICS K 4-M CyTKaM IIOCTPEAHUMAIIMOHHO-
ro MepUo/a, O YeM CBU/IETETbCTBYET CYIIECTBEHHOE
CHIZKeHHUe O0Iell TJIOTHOCTH TIOIYJISIIIUU B CPaBHE-
HuUM ¢ KouTposem (Ha 16,6%) (puc. 2). Ilpu atom
YHCJI0 HOPMAJBHBIX KJIETOK OBLIO yMEHbIIEHO (Ha
27,8%), a urcsio MOpdOTIOTHYECKN U3MEHEHHDIX KJle-
TOK He OTJINYAJIOCh OT KOHTPOJISA. YUUTHIBAs, UTO HA
MPEIbILYIIEM 3Talle YUCI0 MOPHOTIOTUYECKU U3Me-

Puc.1. Knerku ITypkunbe ¢ pa3HbIM ypPOBHEM DKCIPECCHU OC-
HOBHOTO (pakTopa pocra ¢pubpodaacros bFGE

Fig. 1. Purkinje cells with different levels of bFGF expression.
Note: Here and in Fig. 3, 4: bEGF~—bFGF-negative neurons;
bFGF*—bFGF-positive neurons with weak expression of bFGF;
bFGF**—bFGF-positive neurons with intensive expression of
bFGE. Peroxidase-antiperoxidase method, hematoxylin staining.
X400.

Ilpumeuanue: 3aech u Ha Puc. 3, 4: bFGF~—bFGF-orpumna-
resbubie Helponbl; bFGFT—bFGF-nonoxkurenbibie Heiiponb
co ciaboii sxcnpeccueit bEGF; bFGF**—bFGF- nosoxuren-
Hble HelipoHbl ¢ nHTeHcuBHOU sKcnpeccueil bFGFE. Tlepokcu-
Jla3HO-aHTUIIEPOKCU/AA3HbIH METO/l, OKPACKA FeMATOKCUINHOM.
X400.

Number of neurons per
1 mm of the lengh
= = =
=R TRS

S N A~ S

Control 1

4 7 14

Time after resuscitation, days

Puc. 2. OG1mast II0THOCTb U COCTaB noNyJIsiuy Kiaetok IlypkuHbe B AMHAMEKE IIOCTPEAHNMALMOHHOTO IIEPHO/A.

Fig. 2. Dynamic of total density and composition of the Purkinje cells population in post-resuscitation period.

Note: Data are presented as mean + standard error of mean (S.E.M). * — P,<0,005; ** — P,<0,001 in comparison with control.
ITpumeuanue: 31ech u Ha puc. 3, 4: Number of neurons per 1 mm of the lengh — uucao ueiiporos Ha 1 mm gt Time after resus-
citation — mocrpeanumMaronnbiii nepuoga; Control — kourtposn; Day — cyrku; Total — Bcero kierok; Normal — nopmasbibie
kaerku; Altered — nsmenennbie KiaeTku. JlaHHble NMPEJICTABIEHB B BUJE CPEAHEr0 3HAYCHUs + CTaHAapTHAas OMMOKa CPeiHero

sHavenust. * — p,<0,005; ** — p,<0,001 B cpaBHEHNH € KOHTPOJIEM.
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HEHHBIX KJIETOK OBLIO YBEJUYEHO, MOKHO TIPE/IIT0JI0-
JKUTD, YTO MEXKIY 1-MU ¥ 4-MU CTYyKaM# ITOCTPEaHU-
MAaIMOHHOTO MePUojia TubesH MoBeprajinuch Mopgo-
JIOTUYECKH U3MEHEHHbIC HEHPOHBI.

Ha 7-e cytku 1ocje peaHuMaiy o6Ias ImioT-
HOCTH TIOMYJISIIIUU B CPAaBHEHUU C KOHTPOJIEM ObLia
camkena na 18,3% (puc. 2) 1 He UI3MEHLIACH B CpaBHe-
HUU ¢ 4-mu cyTkamu. [Ipu aTOM 4ncio HOpMabHBIX
HeHpPOHOB ObLTO yMeHbIieHo (Ha 31,0%), a uucsio Mop-
(homornueckn M3MEHEHHBIX KJIETOK COOTBETCTBOBAJIO
KOHTPOJTIO (puC. 2). AHATOTMYHAS CUTYAIUS COXPAHS-
Jlach 1 Ha 14-e CyTKM MOCTPEaHNMAITMOHHOTO MIePUOJIa:
B CPABHEHUU C KOHTPOJIEM 00Iast IJIOTHOCTD MO JIst-
i cumkena (1a 18,9%) 3a cuet yMeHbIIIeHHOTO Yric-
Jia HOPMaJIbHBIX KJIeToK (Ha 26,2%) (puc. 2).

Wrtak, manHble TUCTOJOTMYECKOTO aHAJNU3a
CBU/ICTEJICTBYIOT O TOM, YTO XOTS TUCTPOdIUECKHre
M3MEHEHUS] HEPBHBIX KJIETOK BBIABISAIOTCS yKe B
paHHEM TOCTpeaHMMAIlMOHHOM Tepuoze (1-e cyT-
K1), IpoIiecc rubesin HeHPOHOB Pa3BUBAETCS TOJIBKO
K 4-M cyTKaMm Iocjie peanumaluu. B jpajbHeiiieMm
(7-, 14-e cyTKkmM) ycusieHUs TIPOTIECCOB TUCTPODIYe-
CKOTO M3MEHEHUsI U/uin rubesi KieTok IlypKuHbe
He MPOUCXO/UT, T. €. TMATOJOTHUYECKUI TIpoIecc He
MIPOrPecCcupyer.

VIMMYyHOTUCTOXMUMHUYECKOE HCCJIEOBAHUE TI0-
Kazano, 4to 4yepe3 1 CyTKM mocjie peaHnuMaluu B
cpaBHeHUU ¢ KOHTpoJieM uncyio bFGFT -HeitpoHoB
yeesmumBaetcst Ha 80,0%, a unciio bFGF ~-HeiipoHoB
ymenbiraercst Ha 29,5%. IIpu stom uuciao bFGF'-
HEHPOHOB COOTBETCTBYET KOHTPOJBHOMY YPOBHIO
(puc. 3). IlonmydyeHnnble JaHHBIE CBUAETEIBCTBYIOT O
TOM, YTO Ha JJAaHHOM 3Talle MOCTPEaHNMAIMOHHOTO
npoiecca yposerb akcipeccunn bFGF B uccremnye-
MOH HelpOHaJIbHOH MOIYJISAINN BOo3pacTaeT 3a cyeT
YBEJTMUEHUS Y CJIA KIETOK, AKTUBHO 9KCIIPECCUPYIO-
HIUX 9TOT (harTop.

K 4-m cyTkaMm TOCTpeaHMMAIMOHHOTO TIePUOJIa
uicsio bFGF-HeraruBHBIX HEHPOHOB CHUKEHO B
cpaBHeHuu ¢ Koutposiem na 72,1% (puc. 3). [lpu atom
urcio bFGF 11 -HellpOHOB yMEHbBIITAETCs1, OMYyCKAsICh
710 KOHTPOJIbHBIX 3HAYEHNUT, T.C. YPOBCHD HKCIIPECCUN
bFGF B HeiiponasbHOl nomyistiinu cHuskaercst. Cy-
MIECTBEHHO, YTO MEKIY 1-MM ¥ 4-MU CyTKaMu — T.€.
Ha ararne BbiajeHust (ruben) HEHPOHOB — YHUCJIO
bFGF-HeraruBHBIX HEHPOHOB YMEHBIIAETCS Ha
60,4%. CienoBaTeIbHO, MOKHO I10JIaraTh, YTO rudeIn
nozasepraorcss uMeHHo bFGF-HeratuBHble KieTKu
(TOJIBKO WX YMCJIO PE3KO CHUKEHO B CPABHEHUU C
KouTpoJieM). IIpu srom uncio bFGF-kierok Bospa-
craet Ha 30,2% (puc. 3). Yeesauuenue uncaa bFGF*-
KJIETOK MOJKET IMPOUCXOIUTh, OYEBHUIHO, 3a CYET
ymenbinenust ancyaa bFGF *-weiipoHoB 1 ux «iepe-
X0J[a» B KATETOPUIO CJIA00IKCITPECCUPYIONIIX KIETOK.

Ha 7-e cyTku nocTpeaHUMaIllOHHOTO NIEepro/ia
urcsio bFGF~-HelPOHOB OCTaeTcst CHUKEHHBIM (Ha
80,3%). Yuciio bF GF-HeitpoHOB cHOBa pe3ko BO3-
pacraet (yBeJUYEHUE B CPABHEHUM C KOHTPOJIEM Ha

neuronal loss (Fig. 2). However, the number of nor-
mal cells was reduced by 24.6% and the number of
altered cells increased by 53.1% (Fig. 2). Therefore,
at this stage of post-resuscitation the degenerative
alterations in neural cells have been initiated.

The neuronal death was developed by day 4
postresuscitation, as evidenced by the significant (by
16.6%) decreasing the overall population density
compared to the control (Fig. 2). The number of nor-
mal cells was reduced (by 27.8%) whereas the num-
ber of altered cells did not differ from the control.
Given that in the previous stage, the numbers of
altered cells were increased, it could be assumed that
between day 1 and day 4 postresuscitation the
altered neurons were dying.

At the seventh day after resuscitation the total
population density was reduced by 18.3% vs. control
(Fig. 2) and did not change in comparison to day 4.
This reduction was due to normal neurons (reduced
by 31.0%), whereas the number of altered cells corre-
sponded to the control (Fig. 2). This condition con-
tinued up to day 14 postresuscitation: compared to
control, the overall population density was
decreased by 18.9% due to reduced (by 26.2%) num-
ber of normal cells (Fig. 2).

Therefore, the histological data demonstrate
that although distrophic changes of neurons were
identified early postresuscitation (day 1), the
process of neuronal cell death occured only on dat 4
after resuscitation. Later (days 7 and 14) the degen-
erative alterations and/or Purkinje cells death were
not revealed, i.e. pathological processes were not
progressing.

Immunohistochemical study demonstrated that
on the first postoperative day the number of bFGF**
neurons increased by 80.0% whereas the number of
bFGF-neurons reduced by 29.5% compared to the
control. The number of bFGF* neurons corresponded
to the control level (Fig. 3). The data indicate that at
this stage of the postresuscitation bFGF expression
increased in the neuronal population due to enhanced
number of cells with high bFGF expression.

By day 4 postresuscitation, the number of
bFGF -neurons decreased by 72.1% vs. control
(Fig. 3). The number of bFGF**-neurons was
reduced to control values, i.e., bFGF expression
level in the neuronal population was decreasing.
Interestingly, on days 1 and 4 , i.e. at the stage of
neuronal loss, the number of bFGF-neurons
decreased by 60.4%. Therefore, we can assume that
bFGF-negative cells subjected to death (only their
numbers are reduced). The number of bFGF*-cells
appeared to increase by 30.2% (Fig. 3) most proba-
bly due to reduction of bFGF**-neurons and their
«transition» toward the category of cells with
«weak expression level».

On day 7 postresuscitation the number
bFGF-neurons was reduced (by 80,3%) and the
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N
1

Number of neurons per
1 mm of the length

Control 1

Time after resuscitation, days

4 7 14

Puc. 3. IlocrpeannmanuonHbie u3mMenenus yposusi axcnpeccun bFGF B nonyusiuuu kinerok Ilypkunbe Mo3:kedka.
Fig. 3. Changes in bFGF expression level in the Purkinje cell population in postresuscitation period.

Note: Data are presented as the mean. ** — P,<0,01; * — P,<0,05 in comparison with control.

IIpumeyanue: /lanibie pecTaBIeHbl B BUje Cpeannx 3nadennii. ** — p,<0,01; * — p,<0,05 B cpaBHEHNUHU C KOHTPOJIEM.

120,0%) a uuciao bFGFT-HeitpoHOB cOOTBETCTBYET
KOHTpOJIbHOMY ypoBHIO (puc. 3). CiefoBaTesibHO, HA
ATOM 3Talle MOCTPEAHNMAIIMOHHOTO IIpoIecca ypo-
Benb akcnpeccunt bFGF B momyusiiiuu kiaetok [Typ-
KUHbE YBEJNUNBAETCSI. YUUTBIBAsT, 4TO Ha O0Jiee paH-
HeM atarie (4-¢ cytku) uucio bFGF'-ueiiporoB
OBLIO YBEJIMYEHO B CPABHEHUU C KOHTPOJIEM, MOKHO
3aKJIIOUNTD, YTO MEKIY 4-MH M 7-MU CyTKaMH, T10-
BUJIMIMOMY, IIPOUCXOAUT <Iepexoin» dactu bFGF'-
HelipoHoB B kareroputo bFGF**-ueiiponos. B pe-
sysbrate uncio bFGF'-neiipoHOB Bo3Bpalaercst K
KOHTPOJIbHOMY yYPOBHIO, a urcio bF GF T -HeitpoHoB
BO3pacTaer.

K 14-m cytram yposenb akcipeccun bFGF oc-
TAeTCd TIOBBINIEHHBIM: B CPaBHEHUHM C KOHTPOJEM
yrcsio bFGF**-neiiponos ysesanueno wa 132,0%, a
yrcsio bFGF'-HellpOHOB COOTBETCTBYET KOHTPOJIb-
HoMy ypoBHi. [Ipu stom uncio bFGF-HeitpoHOB
ymenbineno ua 78,0% (puc. 3).

KoMmrIuiekcHbIf aHa/IN3 Pe3yIbTaToOB THCTOJIOTH-
YEeCKOTO W UMMYHOIIUTOXUMUYECKOTO MCCIIEOBAHUIA
MO3BOJINJT BBIIBUTH B3aUMOCBSI3b TIOCTPEAHUMAIIMOH-
HBIX U3MeHeHuil ypoBHst akcipeccuu bFGF ¢ passu-
THEM rporiecca rubesin HeiipoHoB. ClieyeT OTMETHTD,
4TO U3MeHeHust yposHsi akcrpeccunt bFGF B mormyist-
1un KJIeTok [lypkuHbe MO3:KeuKa B TIOCTPEAHUMAITH-
OHHOM TIEPHO/Ie HOCAT (ha3HbIH XapaKkTep. YCTaHOBJIE-
HO, 4TO ypoBeHb aKcrpeccunt bFGF Bospacraer yske B
pPaHHEM MOCTPEAHNMAITMOHHOM TIEePUO/IC 32 CUET yBe-
JIMYeHUs] B HeHPOHAIBHOH MOIYJISIIINY YKCIa 1eMeH-
TOB, paHee HEIKCIPECCUPYIOIINX 3TOT HEHpOTpodhu-
yeckuii paxtop. CyIliecTBeHHO, 4YTO HA 3TOM ITale
rubeii HEHPOHOB He IIPOMCXOAUT. B jpasbHeiiem
yposetb akcrpeccun bFGF cHmkaercst. Tlpu aTom
YMEHbIIAETCst 00MIast TJIOTHOCTh TMOMYJISIIIUN, YTO
CBUJIETEILCTBYET O rubesin HeHpoHOB. VIMMYHOTHCTO-

number of bFGF**-neurons was sharply increased
(by 120.0% versus control) whereas the number of
bFGF*-neurons corresponded to the control (Fig.
3). Therefore, at this stage of postresuscitation the
bFGF expression in a population of Purkinje cells
was increasing. Since earlier (day 4) the number of
bFGF*-neurons was increased compared to the con-
trol, we could assume that at least some bFGF*-neu-
rons between 4th and 7th days became the bFGF*+-
neurons. As a result, the number of bFGF*-neurons
returned to the control level, and the number of
bFGF**-neurons increased.

By the 14th day the bFGF expression remained
high: the number of bFGF**-neurons was increased
by 132.0% compared to the control, and the number
of bFGF*-neurons corresponded to the control level.
The number of bFGF -neurons was reduced by
78.0% (Fig. 3).

A complex analysis of histological and immuno-
histochemical studies has revealed the association
between postresuscitative changes in the protein
level of bFGF and the development of the process of
neuronal death. Tt should be noted that the changes
of bFGF expression in the population had phase char-
acter. It was found that the numbers of cells with
high expression level of bFGF increased early postre-
suscitation. During this period the neuronal death
did not occur. Subsequently, the expression level of
bFGF was reduced. Since the overall density of the
population was reduced that indicatied the death of
neurons. Immunohistochemical studies revealed that
bFGF-negative, i.e. non-expressing this factor, cells
were dyeing. On days 7 and 14 postresuscitation the
expression level of bFGF increased dramatically and
remained elevated during the later stages of the
postresuscitative process (Fig. 4).
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Fig. 4. Relationship of bFGF expression level with neuronal loss.

Note: ** — P<0,01; * — P<0,05 vs. control.
IIpumeuanue: ** — p<0,01; * — p<0,05 B cpaBHEHUU C KOHTPOJIEM.

XUMHWYECKHIE UCCIEOBAHN MTO3BOJUIN YCTAHOBUTD,
yro rubesn nojsepraiorces, ouesuaHo, bFGF-orpuna-
TeJbHbIE, T.e. HEIKCIIPECCUpytolme 3ToT (hakTop
kyeTku. OHaKo, B JasibHekeM (7-e CyTK ) YPOBCHD
srcrpeccunt bFGF cHOBa pe3ko BO3pacTaer u OCTaeT-
Cs1 TIOBBIIIIEHHBIM Ha OOJiee MO3IHUX JTalax MocTpea-
HUMAIMOHHOTO TIpotiecca (14-e cytkm). [Ipu aTom yr-
JayOleHUsT  W/WIM  YCUJIEHWS] [aTOJOTHYECKUX
M3MEHEHUI HEMPOHOB He MTPOUCXOAUT (pHUC. 4).

B 1iesiom 1osryueHHbIe pe3yabTaThl CBUIETEh-
CTBYIOT O TOM, YTO YPOBEHDb 3KCIPECCUU OejKa
bFGF okasbiBaet CyIleCTBEHHOE BIUSTHIE HA YCTOM-
YMBOCTb HEUPOHOB K IHOeJN B ITOCTPEAHNMAIOH-
HoM tiepuogie. [Togbem yposhst skcipeccuu bFGF B
MOTYJIAINY KJIeTOK IIypKuHbe, T0-BUIUMOMY, CIO-
cOOCTBYET TPEAYNPEKICHII0 THOEIN HEHPOHOB.
Yuenbiienne axcrnpeccun bFGF compoBoskmaeTcst
BbITIa/leHreM HellpoHOB. [Tpu atom rubesu moasep-
raiorcst bFGF-orpuriaresnbibie (T. €. HEIKCIIPECCHU-
pytoutie bFGF) kaerku. Caenosaresnsto, bFGF B
MOCTPEAHUMAITMOHHOM TIEPUO/ie TTPOSBILCT HEHPO-
IIPOTEKTUBHBIE CBOMCTBA.

OueBUIHO, Y4TO CIIOCOOHOCTH HEUPOHOB K 3KC-
npeccun bFGF sBisiercst BaskHBIM (DaKTOPOM HX
YCTONYMBOCTH K ATOJIOTUYECKOMY JIEHCTBUIO UIlIe-
muun-penepdysnn. B moab3y aToro mosoxkeHus cBu-
JIETEeIbCTBYIOT U JJAHHBIE PYTUX aBTOPOB. Tax, mpu
MIIEeMUM TOJIOBHOTO MO3Ta y MblIIeil ¢ HyJIEBOI MYy-
tarnueil reHa bFGF cMepTHOCTD Bbilile, a pa3Mepbl
obsractut uH(papkTa GOJbIINE, YeM Y MBIIIEH TUKOTO
tuna [21]. YcraHOBJIEHO, YTO CHUIKEHUE dKCIIpec-
cu bFGF mociie BpeMeHHO HIIEMUM TIEPEHETO
MO3Ta IPUBOIUT K THOEM TMPAMUHBIX HEHPOHOB
cekropa CA1l runmoxamna [22]. Ilokazano Taxxe,
uro sK30reHHOe BBeseHue bFGF yckopsier (yHK-

In general, the results demonstrate that the
expression level of bFGF protein has a significant
impact on resistance of neurons to cell death postre-
suscitation. The initial rise of the bFGF expression
in the Purkinje cell population apparently helps to
prevent neuronal loss. The subsequent decrease in
the bFGF expression is accompanied by the death of
neurons. Interestingly, only bFGF~-cells numbers
were significantly reduced demonstrating the selec-
tive death of neurons not expressing bFGF
Therefore, bFGF exhibits neuroprotective proper-
ties postresuscitation.

Obviously, the ability of neurons to bFGF
expression is an important factor of their resis-
tance to pathological alterations by ischemia-
reperfusion. Other data support this opinion. For
example, mice with null mutation of the bFGF
gene had higher mortality and greater infarct size
than that of wild-type mice in cerebral ischemia
[21]. Tt was found that the decrease in the expres-
sion of bFGF after a temporary forebrain
ischemia led to the death of pyramidal neurons in
the hippocampal CA1 sector [22]. Tt was also
shown that exogenous administration of bFGF
accelerates functional recovery and improves the
structural condition of the brain at various dam-
aging effects [23—26].

Positive effects of bFGF are bound to its abili-
ty to inhibit the activity of proinflammatory factors
[27], as well as the endoplasmic reticulum stress
proteins [28]. In addition, bFGF inhibits the expres-
sion of NMDA receptor, decreases excessive accu-
mulation of intracellular calcium and free radicals
[29—31], increases the expression of antiapoptotic
gene Bel-2 [31].
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IMOHATTbHOE BOCCTAHOBJICHUE W YJIYUIIaeT CTPYK-
TYPHOE COCTOSHUE MO3Ta MPU PA3JTUIHBIX TOBPEK-
JIAIONUX BO3/eicTBUsAX [23—26].

[Mosutusnbie ahdexrsr bFGF cBsizbIBatoT € €ro
CIIOCOOHOCTBI0 MHIMOMPOBATh aKTUBHOCTH MTPOBOC-
HAUTETBHBIX (hakTOPOB [27 ], a TaksKe OEJIKOB cTpec-
ca sHOIUIa3MaTndeckoro perukyayma [28]. Kpome
toro, bFGF mojaBiisier 3KCIPECCUI0 PEIENTOPOB
NMDA, ymenbInaer n30bITOYHOE HAKOIIJIEHHE BHYT-
PUKJIETOYHOTO KAJIBIMsI ¥ CBOOOIHBIX PaJUKaJIOB
[29—31], moBbIIaeT AKCIPECCUI0 AHTUATIOTITOTHYEC-
kux re#os Bel-2 [31].

[Tonarator, 4TOo B HEWPONPOTEKTUBHOE JIEHCT-
Bue bFGF MoeT ObITh OIIOCPEIOBAHO IPYTUMU Heli-
porpodudeckuMu (hakToOpaMu, CPeI KOTOPHIX, B Ya-
CTHOCTH, TJWATBHBIN HelipoTpodudeckuii (GakTop
(GDNF), mosrosoii HeitpoTpoduiueckuii paxktop
(BDNF) u ero pererrrop TrkB [21, 31].

B aToMm 1Tane mpecTaBiA0TCS MHTEPECHBIMU
MOJIy4eHHbIC HAMU paHee IAaHHbBIC O TOM, UTO TIOJIBEM
YPOBHS 3KCIIPECCUU OJTHOTO M3 3TUX HeHpoTpodu-
yecKux (haKkTOPOB, MO-BUAMMOMY, 3aMIUINAET OT T'H-
6eJivt HEIPOHDI, TIPU OTCYTCTBUHU 9KCIIPECCHH [IPYTHX
(haxropos. Tak, ycranoBneno [32], uto y aTux xe
JKUBOTHBIX B HOMYyJsANUKM KiaeTok Ilypkunbe kK 4-M
cyTKaMm 1ocse peanumaiun yposeub GDNF camka-
ercst, 9to cotpoBoskaaercst rubenpto GDNF-orpu-
1aTeJTbHBIX HeUpoHOB. B oTmaseHHOM TOCTpeaHu-
MannonuoMm tnepuone (7-, 14-e cyTkm) ypoBeHb
akcripeccun GDNF ne yBesmumBazics. Opnako, co-
[JIACHO TOJIYYEHHBIM B HACTOSIIENH paboTe TaHHBIM,
B 9TO BpeMS ITIPOUCXOJUT CYIIECTBEHHBIH TOIBEM
yposast akcipeccuu bFGF, u ipu aToM asibHeiiine-
rO Pa3BUTHS Tpollecca THOEU HEMPOHOB HE MPOUC-
xouT. CiieZ1oBaTeIbHO, MOXKHO I0JIaraTh, YTO aKTH-
Baius axcrpeccun bFGE, no-suauMomy, samuiaer
ot rubesiu GDNF-orpuiiaresbabie HEHPOHBL. B apy-
roit pabore 6610 TIOKa3aHO [33], 4TO B mMOCTpeaHu-
MAI[MOHHOM  [epuojie Trubean  IOJABEPrarTCs
bFGF -, BDNF - u NT4 -knerku Ilypkunbe. MH-
TEPECHO, YTO TIPUMEHEHNEe MUMeTHKa (hakTopa poc-
ta HepBoB ['K2, cr1oco6CTBOBAIO YBEJIUUEHHUIO YPOB-
Hs akcnpeccun BDNE, xots n He BausaJI0 Ha
yposenb akcipeccun FGFb u NT4. CyrectBeHHO,
yT0 11pu aToM ['K2 mpemynpexian nocrpeanHumariu-
onHyto rubesb He ToJbK0O BDNF - Ho u bFGF - u
NT4~-neiiponon [lpuBencuubie (HakThl CBUAETEID-
CTBYIOT B TOJIb3Yy IPEACTABJICHUN O KOMIIJIEKCHOM
JICUCTBUN 3TUX HEHUPONPOTEKTUBHBIX (haKTOPOB B
MOCTPEAHUMAITMOHHOM TIEPUO/IE.

3akiaoueHue

BoigBiieHa B3aMMOCBSI3b MEXKIY MOCTPEAHNMA-
[[OHHBIMU U3MEHEHUsIME ypoBHst aKcripeccuu bFGF
U pasBUTHEM mporiecca rubesu HelpoHos. ITepBoHa-
YaJIbHBII 1TObeM YPOBHsI akcrpeccun Oeka bFGF B
HEeIPOHAIBHON TOMYJISIIIMK TI03BOJISIET TIPEAYIPEANTD

Interestingly, other neurotrophic factors may
serve as mediators of bFGF neuroprotective action,
among which, in particular, glia-derived neurotroph-
ic factor (GDNF), brain-derived neurotrophic factor
(BDNF) and its receptor TrkB [21, 31].

In this regard our earlier data are of interest.
We found that the rise of the expression level of one
of these neurotrophic factors apparently protects
against neuronal cell death in the absence of expres-
sion of other factors. It was established [32] that in
Purkinje cells population on day 4 postresuscitation
the level of GDNF was decreasing accompanied by a
loss of GDNF-negative neurons. Later (7 and 14 day
postresuscitation) the level of GDNF expression was
not increased. However, according to the data
obtained in the present study the bFGF expression
level rises significantly at this time, and the process
of neuronal death does not develop further. Tt is
believed that the increased expression of bFGF
apparently protects GDNF-negative neurons from
dying. In another study it was shown [33] that
bFGF~-, BDNF - and NT4 -Purkinje cells were
undergone to death postresuscitative. Interestingly,
the use of nerve growth factor mimetic GK2 helped
to increase the expression level of BDNF, while not
affecting the expression level of FGFb and NT4. It is
important that GK2 prevented postresuscitation
death not only BDNF~ neurons, but also bFGF -
neurons and NT4 -neurons. These facts together
with those obtained in the present study demon-
strate the complex action of these neuroprotective
factors postresuscitation.

Conclusion

The association of postresuscitation changes
in the expression level of bFGF and neuronal loss
was determined in a postresuscitation rat model of
ishemia-reperfusion. The initial rise of the bFGF
protein expression in neuronal populations can
prevent the nerve cells death. The subsequent
reduction of the bFGF expression is accompanied
by neuronal loss. Thus/ the neuronal cells non-
expressing bFGF dies.

In general, the results indicate that the expres-
sion level of bFGF protein is an important factor
affecting the resistance of neurons to postresuscita-
tion brain injury. These findings are important for
discovering multiple mechanisms of hypoxic
encephalopathies, as well as for developiong
approaches to their prevention and correction.

pasBuTHE TIpoliecca Tubes HEPBHBIX KJIeTOK. Tlocie-
nytoree y™menbiiieHne sxcrnpeccun bFGF compoBok-
JlaeTcsl BbillageHueM HelpoHoB. IIpu artom ruben
nozsepratorcst Heakcnpeccupytoiue bFGF kirerku.
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B 1iesiom nosryueHHble pe3yJibTaThl CBUIETeNb-

CTBYIOT O TOM, YTO YPOBEHb dKCHpeccuu Oejka
bFGF siBiistetcst BasKHBIM (haKTOPOM, BIIMSIIONIIM Ha
YCTONYMBOCTh HEHPOHOB K IMOCTPEAHUMAIMOHHBIM
MOBPEKICHUAM. BbigBieHHDBIE (DaKTbhI MPEJCTABIISA-
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