DOI:10.15360,/1813-9779-2017-4-6-21

. Experimental Studies

IlocTpeanumMannoHHble U3MEHEHHS IKCIPECCUU MO3TOBOTO HEHPOTPOPUUECKOro
¢daxropa (BDNF): B3anMoCBs3b C POIECCOM rHOEH HEHPOHOB

M. III. Aspymienxko, M. B. OctpoBa

HUWU o6meit peanumarosiorun um. B. A. Herosckoro, @HKII pearnmaTtosornu u peabuauToIorum,
Poccust, 10703, r. Mocksa, yu. [lerpoka, 1. 25, ctp. 2

Postresuscitative Changes of Brain-Derived Neurotrophic Factor (BDNF)
Protein Expression: Association With Neuronal Death
Maria Sh. Avrushchenko, Irina V. Ostrova
V. A. Negovsky Research Institute of General Reanimatology,

Federal Research and Clinical Center of Intensive Care Medicine and Rehabilitology,
25 Petrovka Str., Build. 2, Moscow 107031, Russia

Ilesb: BHISIBUTD B3aNMOCBsI3b Mesky ypoBHeM skcipeccrin BDNF u passurnem mocrpeaHuMaIfionHoi rube-
JIN HEIPOHOB B BBICOKOYYBCTBUTEIbHBIX K THIIOKCUN OT/I€/IaX MO3Ta.

Marepuasnst u Metozpl. Ha pasnbpix cpokax moctpeannMarmonHoro nepuosaa (1-, 4-, 7-, 14-e cytkm) nccaeno-
BaJIM COCTOSIHUE BBICOKOUYBCTBUTEJIbHBIX K THITOKCUM HEHPOHAJIbHBIX TTOIYJISINN (ITMPAMU/IHBIC HEHPOHBI THIITITO-
Kamma 1 kietku [TypkuHbe MO3Keuka) y GesbiX MOJI0BO3PEJIbIX KPbIC-CAMIIOB, TepeneciinX 10-MUuHyTHYIO ocTa-
HOBKY CHCTEMHOTO KpoBoOOpaieHusi (Iiepeskarve COCYAUCTOro Iydyka cepiana). KoHTposem ciryKuin
JIOKHOOTIEPUPOBaHHbIe kUBOTHBIE. [IpoBOAMIN MMMYyHOTHCTOXUMIUYecKoe BbisiBjienre BDNF-ummyHnopeaxTis-
HBIX HEHPOHOB C MOCJIELYIONINM OIpe/ieIeHneM ONTHYECKON TJIOTHOCTH, YNCJa KJIETOK C Pa3HbIM YPOBHEM 9KC-
npeccun BDNF u 061iero uncsia HelipoHOB Ha 1 MM JJIMHBL UX ¢J10s1. VICIIoIb30BaIM CUCTEMBI aHAIU3a U300paske-
Huii (komnbiorep Intel, mukpockon Olympus BX-41, nporpammbr ImadgeScopeM, Image] 1,48v, Excel 2007).
Crarucruyeckyro 06paboTKy JAHHBIX IIPOBOAMIN B mporpamme Statistica 7.0. ¢ ucnosib3oBaHueM Kputepres 4
Koamoroposa-Cmupnosa, U-kpurtepust Manna-Yutau u t-kpurepust CTbIoIeHTa.

PesyabraTel. YcTaHOBWIM AUHAMUKY TIOCTpeaHUMAaIMOHHBIX caBuroB BDNF-nMMyHOpeakTnBHOCTH Helipo-
HaJIbHBIX TOIYJISANMNA TMPAMUIHBIX KJIETOK TUIINOKaMIa U KJaeTok [Typkutbe Moskeuka. [Tokasanu, 4to B 00enx
HEeHPOHAIBHBIX MOMYJISIUSAX IPOUCXOAUT CHUXKeHMe YpoBHst aKcipeccurt BDNFE, uto conpososknaercst tubesbio
HEUPOHOB. YCTaHOBUJIM, UTO TIPOIlecC BbiiageHust (rubesn) kietok [TypKuHbe MO3KeuKa MPOUCXOAUT K 4-M CyT-
KaM I10CJIe PEaHUMAI[IH, 2 TIMPAMUIHBIX HEHPOHOB MUIIIIOKAMITA — TOJBKO K 7-M. CyIlecTBEHHO, 4TO B 00enx Heil-
POHAJIBHBIX MOIYJIstIusiX rubenu moasepraotcss BDNF- HeraTuBHbIe 1 €J1a00TIO3UTHBHBIE HEPBHBIE KJIETKL.

3akmoyeHne. Pe3ysbrarhl IPOBEIEHHBIX MCCIE/[0BAHNI CBU/IETEIBCTBYIOT O HAIMYUK B3aMMOCBSI3U MEKILY
casuramu srcripeccut BDNF u moctpeannmaiiionHol rrbesibio HeiipoHoB. [[okasaHo, 4To B BBICOKOYYBCTBUTE]b-
HBIX K THUIIOKCUM HEHPOHATBHBIX MOITYJISIUSAX THOENU TOIBEPraloTCs TOJIBKO HEIKCIIPECCUPYIOINIHE U ClIabosKe-
npeccupytoie BDNF ksetku. [TomydyenHble pe3ybsraTsl 1al0T OCHOBaHUE 3aKII0OYUTh, YTO YPOBEHDb BKCIIPECCUN
BDNF B neiiponax sgBisgercs ofHIM u3 (hakTOpPOB, OKa3bIBAOIINX CYINIECTBEHHOE BIMSHUE HA UX YCTOHYMBOCTD K
umemuu-perepdysun. O6eyskaaeTest BO3BMOKHOCTh AKTUBAIIMK YPOBHsT aKkcnpeccun suporentoro BDNF s npe-
JOTBpAIeHus THOen HelPOHOB.

Knoueswte crosa: moszosoil neiipompoguueckuii paxmop (BDNF), nocmpeanumayuoniwiii nepuoo; 2ubeis neii-
POHO8; nupamudnvle Kiemxku eunnokamna; xiemxu Lyprunve Mo3xceuka; UMMYHOZUCTIOXUMUSL; ONMUYECKAS, MO -
HOCMb; MOPPOMEMPUUECKUL AHATU3

Aim of the study: to evaluate expression level of BDNF and its association with the postresuscitative neuronal
death in highly hypoxia-sensitive brain regions.

Materials and methods. Cardiac arrest in adult albino male rats was evoked by intrathoracic clamping of
supracardiac bundle of vessels for 10 min. Pyramidal neurons of the hippocampus and Purkinje cells of the cere-
bellum were analyzed at various time points after resuscitation (days 1, 4, 7, 14). Shame-operated rats served as
controls. The expression of BDNF protein was immunohistochemically determined. The BDNF expression level
was determined by evalution on the base of the average optical density. The number of neurons with different
BDNF expression levels and the total number of neurons per 1 mm of the layer length were computed. Image
analysis systems (Intel personal computer, Olympus BX-41 microscope, ImageScopeM, Image] 1,48v and MS
Excel 2007 software packages) were used in the study. Data statistical processing was performed with the aid of
Statistica 7.0 program and Kolmogorov-Smirnov A-test, Mann-Whitney U-test and Student's t-test.
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Results. The dynamics of postresuscitative shifts of BDNF immunoreactivity in neuronal populations of hip-
pocampal pyramidal cells and cerebellar Purkinje cells was established. It was shown that the level of BDNF
expression within the two neuronal populations decreased, that was accompanied by neuronal death. In the
Purkinje cell population the neuronal death occurred by the 4th day after resuscitation, while in the hippocampus,
it occurs only by the 7th day. Notably, only BDNF-negative neurons or neurons with low level of BDNF expres-
sion died in both neuronal populations.

Conclusion. The results of the study indicate the existence of an interrelation between the shifts in
BDNF expression and the postresuscitative neuronal death. It was shown that only the cells with none or
poor BDNF expression underwent death in highly hypoxia-sensitive neuronal populations. The results sug-
gest that the level of BDNF expression is one of factors that have a significant effect on neuronal resistance
to ischemia-reperfusion. A possibility of induction of the endogenous BDNF expression in order to prevent
neuronal death is discussed.

Key words. brain derived neurotrophic factor (BDNF); postresuscitative period; neuronal death; pyramidal
cells of the hippocampus; Purkinje cells of the cerebellum; immunohistochemistry; mean optical density; morpho-
metric analysis
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BBenenne

Jliist pa3paboOTKH MaTOTeHETHIEeCKH 000CHOBAH-
HBIX TIOIXO/IOB K TIPO(UIIAKTUKE W KOPPEKITUH TTOCT-
TUTIOKCUYIECKUX dHIle(hATONaTHil HEOOXOAUMO HC-
CIeIOBATh 3aKOHOMEPHOCTH MTPOIIecca TIOBPEKICHUS
HEWPOHOB, a TaKKe BBISBJATH (haKTOPBI, CIIOCOOCT-
BYIOIIHE TOIEPKAHUI0 WX YCTOWUUBOCTU TOCTE
uieMun-penepdysun. ITo 00YCIOBICHO HATMUIEM
TECHON B3aMMOCBS3U MEXIY BOCCTAHOBJIECHUEM
(byHKITMT MO3Ta B TIOCTPEAHNMAITMOHHOM TIEPUO/IC 1
BBIPAKEHHOCTHIO M3MEHEHWH, TPOUCXOAINX Ha
YPOBHE HEHPOHATBHBIX MOy Jsiinii [ 1—3]. Basknyto
POJIb B 3alllUTe MO3Ta TOCJe UIeMUun-penepdysnn
UTPAIOT AHOTEHHBIE HEHPOTIPOTEKTUBHBIE (haKTOPHI.
PaHee Hamu OBIJIO MTOKA3aHO 3HAYECHUE YPOBHS DKC-
npeccuu psifia Takux (hakTopoB (OEJKU TETIOBOTO
moka cemeiictBa HSP70, rimoko30-peryanpyembrii
6esox GRP78, rumasibHbIil HeHpoTpohuIecKuit
(axrop GDNF, ocnosHoil akrop pocra ¢pubpobdia-
ctoB bFGF) B nipesynpeskIcHUHN MOCTPEaHUMAIOH-
HOU rubenu HelpoHOB [4—7]. Mo3roBoii HelipoTpo-
uaecknit pakrop (BDNF) HaspBaioT ogHuM U3
KJTIOYEBBIX MEAMATOPOB BBIKUBAHWS M BOCCTAHOBJIE-
Hus HelipoHOB (8, 9]. OH BOBJEYEH B PETYIAINIO
HEHPOHAJIBLHOTO Pa3BUTHS, CHHATHYECKYIO TLIac-
TUYHOCTB, (POPMHUPOBAHKE IPOIECCOB OOYUCHUS U
namstu [10—13]. Baxxnas poas BDNF B Heitponpo-
TEKIUW U BOCCTAHOBJICHUY (DYHKITMH MO3Ta TIPU Pas-
JIMYHBIX TATOJOTHYECKUX TIPOIeccax MIUPOKO 00-
cyxpmaercs [14—18, 11, 8, 9].

CymiecrBerno, uto BDNF xapakrepusyercs
HEHPOTPODUUECKUM IEHCTBUEM JIJISI CAMBIX PA3HbBIX
HEMPOHATBHBIX TIOMyJASIIINH (XOJWHEpTrudecKue u
nodamMuHepruuecKre HeWPOHbI, MOTOHEHPOHBI, CEeH-
COPHBIE HEHPOHBI), YTO OOYCJOBIUBAET €r0 TOTEH-
1uagbHbie 3(hHEKTH MPU MHOTOUNCIEHHBIX HEBPO-
sormdecknx 3abomesanusx [19]. Vimento moatomy
npumenenne BDNF cramo ocHoBol a1 axcrnepn-
MEHTAJIBHOM Pa3pabOTKY TTOAXO0I0B K 3alUTe MO3Ta
mpu GosiesHu AdbireiimMepa, G6osesru TTapKUHCOHA,

Introduction

The development of pathogenetically substanti-
ated approaches to the prevention and correction of
posthypoxic encephalopathies requires thoroughly
studying the regularities of the process of neuronal
damage and identifying the factors that contribute to
the neuron resistance to ischemia-reperfusion. The
reasons for these approaches are based on close rela-
tionship between the postresuscitative brain function
recovery and the severity of changes in neuronal pop-
ulations [1—3]. Endogenous neuroprotective factors
play an important role in the brain recovery after
ischemia-reperfusion. Earlier, we showed the signifi-
cance of the expression level of a number of such fac-
tors (heat shock proteins of the HSP70 family, glu-
cose-regulated protein GRP78, glial neurotrophic
factor GDNF, basic fibroblast growth factor bFGF) in
the prevention of postresuscitative neuronal death
[4—7]. Brain derived neurotrophic factor (BDNF) is
currently considering as the key mediators of neuronal
survival and recovery [8, 9]. This factor is involved in
the regulation of neuronal development, synaptic
plasticity, learning and memory processes [10—13].
The important role of BDNF in neuroprotection and
brain function recovery from various pathological
conditions has deen discussed [14—18, 11, 8, 9].

It is important that BDNF is characterized by a
neurotrophic effect for a wide variety of neuronal
populations (cholinergic and dopaminergic neurons,
motoneurons, sensory neurons), which causes its
potential effects in various neurological diseases
[19]. For this reason the use of BDNF has become a
basis for the experimental development of approach-
es to brain protection in Alzheimer's disease,
Parkinson's disease, Huntington's chorea, as well as
stroke, brain trauma, depression, drug addiction,
schizophrenia and multiple sclerosis [20—28, 9, 13].

Numerous experimental studies indicate that the
use of exogenous BDNF after ischemia reduces the
size of the cerebral infarction and improves functional
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xopee [eHTHHTTOHA, a TaKKe MPU WHCYJBTE, TPaBMe
MO3Ta, JIeMPecCuy, HapKOMaHWH, TMU30(pPEeHUN U
paccestHHOM ckJepose [20—28, 9, 13].

MHoroumcieHHbIe KCTIEPUMEHTAILHBIE HCCIe-
JIOBAHUS CBUIETEIBCTBYIOT O TOM, YTO TIPUMEHCHUE
aksorennoro BDNF nociie niieMun ymenolraer pas-
Mepbl MH(pAPKTa MO3Ta U yJydnraeT (HyHKIIMOHATh-
Hoe BoccTaHoByeHne [29—36, 8, 14]. Bmecte ¢ Tem,
UMEIOTNECS B INTEPAType JIAHHBIE O TTOCTUTIIEMUYe-
cKUX m3MeHeHUsX akcnpeccunn BDNF neomgmnosnau-
HBI U PA3JInYaioTCs MO HAPABJICHUIO, JTOKATU3AIINN
U TMHAMUKE BBISIBJICHHBIX cZIBUTOB [37—40]. B cBs-
31 C BBINMIECKA3aHHBIM TIEJIBI0 MCCJEIOBAHUS CTAJO
BBISIBJICHUE B3aUMOCBSI3U MEXKIY YPOBHEM JKCIIpeC-
cun BDNF u pazsutnem nocrpeannMarmoHHON TH-
6ei HEPOHOB B BBICOKOUYBCTBUTEIBHBIX K THITO-
KCHUW OT/IEJTaX MO3Ta.

Marepuan u METObI

HUccnenoBanm MO3T 25-11 GeJIbIX HEJTMHENHBIX [T0JI0BO3-
pesbIx Kpbic-camiioB Maccoit 190—250 t, meperectix 10-
MUHYTHYIO OCTaHOBKY cep/iia (BHYTPUTOpPaKaJbHOE TIepe-
JKaTHe cocyzucroro Imyuka cepaua) [41]. Uepes 1, 4, 7, 14
JTHEH 1ocyie peaHnMainu (HEmpsiMoOil Maccask cep/iiia B Co-
YeTaHUK € MCKYCCTBEHHOM BEHTUJISIIUEN JIETKUX BO3LYXOM
B DEXHME THMIEPBEHTUJISIIIMU  ammmapatoM  «Animal
Respirator> gupmbl «SMT Geratehandel» ¢ BuyTpuTpaxe-
AJTbHBIM BBEJICHUEM PacTBOpa ajipeHasnHa B 1o3e 0,1 mr/Kr)
SKUBOTHBIX BBIBOZIMJIM U3 9KCIIEPUMEHTA JIeKAITUTAIIUeH 10/
HApPKO30M (110 5—7 KUBOTHBIX HA KAXKBIH CPOK TIOCTPEAHH-
MaIMOHHOTO Tiepuozia). KoHTposeM CysKuim JIoxKHOOTIe-
pupoBanHble KpbICckl (n=10). IKCIIEPUMEHTHI MTPOBOIUIII
COTJIACHO peKkoMeHanusiM Jrudeckoro komurera OIBHY
HUWU o6uieii peanumaronoruu umenn B. A. Herosckoro B
cootBercTBun ¢ «IIpaBuiaMu nposeaeHust paboT ¢ UCTIOJIb-
30BaHUEM JKCIEPUMEHTANbHBIX JKUBOTHBIX» ([Ipukas
Munszpasa CCCP Ne755 ot 12.08.1977).

Wccenenosaim mocTpeaHNMaIIOHHbIE U3MEHEHHST BbI-
COKOUYBCTBUTEIBHBIX K I'MIIOKCUU HEHPOHAJIBHBIX TIOITY-
st kietok [TypxkuHbe Kopbl MO3skeuKa 1 TTIMPaMUTHBIX
HeliponoB rutnmokamna (cexkrop CA4). BoisiBiienue Mosro-
Boro Heliporpoduueckoro dakropa (BDNF) nmpoBoauiu ¢
MOMOIIBI0 MMMYHOTUCTOXMMUYECKIX HCCIEOBAHUI He-
IPSIMBIM TT€POKCHIA3HO-aHTUIIEPOKCHIA3HBIM METO/IOM C
MCTIOJIb30BAaHNEM TIOJUKJIOHATBHBIX aHTuTeal kK BDNF
(passenenue 1:50) (Santa Cruz Biotechnology Inc., USA)
n Buzyammaupyiomeit cucrempr LSAB Kit (DAKO,
Glostrup, Denmark). IMMyHOIIMTOXUMUAYECKYIO PEAKITIOS
KOHTPOJIMPOBAJIN MHKYOAIMEll CPE30B CO BCEMU peareHTa-
MU KpOMe TePBIYHBIX aHTHUTEJI.

WntencnsrocTts axcnpeccun BDNF B murtommazme
HEPOHOB OIEHUBAJIU C ITOMOIIBIO TIPOrPAMMBI aHAJIHM3A
uzobpaxenuii Image] 1,48v. VccnenoBamu usobpakenust,
MOJTyYeHHbIe TI0C/ie IMMYHOIIUTOXUMHYECKOTO BBISIBJIEHUS
BDNF 6e3 10HOJHUTEIBHON OKPAaCKHM TeMaTOKCUIMHOM
(puc. 1, a). Omnpenenann «cpejanee 3HAYEHUE CEPOTO»
(Mean Gray Value) u paccumThiBajiu ONTUYECKYIO ILJIOT-
HOCTbH (B YCJIOBHBIX eIMHUIAX — Y. €.) 110 dopmyse: OD =
log,, (255/Mean Gray Value). [l Bu3yasbHOI OIEHKE
MHTEHCUBHOCTH OKPACKHU CPE3bl JIOKPANIMBAJIN TCMATOKCH-
suroM (puc. 1, b). Ha ocHoBaHMM aHain3a THECTOTPAMM

recovery [29—36, 8, 14]. At the same time, the pub-
lished data on postischemic changes in BDNF expres-
sion are ambiguous and differ in the direction, location
and dynamics of the shifts observed [37—40]. In view
of the above, the aim of the study was to evaluate
expression level of BDNF and its association with the
postresuscitative neuronal death in highly hypoxia-
sensitive brain regions.

Materials and Methods

Male albino rats weighting 190—250 g (n=25) under-
went a 10 minute long cardiac arrest (intrathoracic clamp-
ing of the vascular bundle of the heart [41]). Animals were
resuscitated with the aid of chest compressions combined
with mechanical air ventilation by 'Animal Respirator’
(SMT Geratehandel) followed by intratracheal adminis-
tration of 0.1 mg/kg adrenaline solution. On the 1, 4, 7 and
14th day after resuscitation the animals were decapitated
under anesthesia (5—7 rats at each time point). Sham-
operated animals served as the controls (n=10).
Experiments were carried out according to the recommen-
dations of V. A. Negovsky Research Institute of General
Reanimatology Local Ethics Committee in accordance to
the 'Laboratory Animal Use Guide' (Order #755 of the
Ministry of Public Health (USSR), 12.08.1977).

Postresuscitative changes in the highly sensitive neu-
ronal populations of Purkinje cells of the cerebellar cortex
and pyramidal neurons of the hippocampus (CA4 region)
were studied. The detection of brain-derived neurotrophic
factor (BDNF) was performed immunohistochemically
with indirect peroxidase-antiperoxidase method using
polyclonal antibodies to BDNF (dilution 1:50), (Santa
Cruz Biotechnology Inc., USA) and LSAB TM +Kit visu-
alizing system (DAKO, Glostrup, Denmark). The
immunocytochemical reaction was monitored by the incu-
bation of the slices with all the reagents except for the pri-
mary antibodies.

The level of BDNF expression in the neuron's cyto-
plasm was assessed using image analysis software Image]
1.48v. The images obtained via BDNF immunocytochemical
visualizing without hematoxylin after-stain were analyzed
(Fig. 1, @). The Mean Gray Value was determined and the
optical density (in arbitrary units — a.u.) was calculated by
the following formula: OD = log,, (255/Mean Gray Value).
To assess visually the staining intensity, the slices were after-
stained with hematoxylin (Fig. 1, b). Based on the analysis
of histograms of neurons distribution by optical density
(Fig. 2) and on the visual assessment, the following rank
estimates were assigned to the neurons: BDNF-negative
(BDNF"), weak- and strong-positive (BDNF' and
BDNF**) neurons. In the pool of cerebellar Purkinje cells,
the rank limits of optical density include as follows:
0D<0.25 for BDNF-negative; 0.25<0D<0.31 for weak-
positive and OD>0.31 for strong-positive neurons. In the
pool of hippocampal pyramidal cells (CA4 field), the rank
limits of optical density were: OD<(0.24 for BDNF-negative;
0.24<0D<0.28 for weak-positive and OD>0.28 for strong-
positive neurons. The total density of the neuronal popula-
tion was determined, as well as the number of cells with cer-
tain levels of BDNF expression per 1 mm of the layer length.

Image analysis systems (Intel computer, Olympus
BX-41 microscope, ImageScopeM, Image] 1,48v and MS
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Puc. 1. Knerku Ilypkunbe ¢ pa3usiM ypoBHeM skcnpeccud BDNFE

Fig. 1. Purkinje cells with different levels of BDNF expression.

Note. Indirect peroxidase-antiperoxidase method. @ — X200; b — hematoxylin staining, X400.

White arrow — BDNF™ neurons; black thin arrow — BDNF" neurons; black thick arrow — BDNF** neurons.

ITpumeyanue. HenpsiMoil epOKCHAA3HO-aHTUIIEPOKCHAA3HBIN MeTozL. @ — X200; b — noxpacka rematokcminaoM, X400. Bemast crpes-
ka — BDNF™ neiiponsr; uepnas Tonkas crpenka — BDNF' neiiponsr; uepnas tosicras crpenka — BDNFTT neiiponsr.
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pacripeiesierivsi HefPOHOB TI0 WX OTI-
TUYeCcKOl mioTHocTu (puc. 2, a) n
BU3YAJIBHON OIEHKHU BBIIEJISIIN COOT-
BeTCTBYIOMNE panru (puc. 2, b) mist
BDNF-nerarusasix (BDNE"), cra-
60- u cuiabHonosutuBHbiX (BDNF*
u BDNF*) wneiiponos. B momyis-
muu kaetok I[lypkunbe Moszxkeuka
PaHTH ONTHYECKOI IIITOTHOCTH COCTA-
puan: g BDNF-mweratuBHbIx
0OD<0,25 ye.; mist caabomno3uTuB-
mbix 0,25< OD<0,31 y.e. u st cusb-
Horno3uTuBHbIX HeiipornoB OD>0.31
y.e. B momysisiimm nupaMuIHbIX Kiie-
Tok runmokama (cextop CA4): pan-
I'M ONITHYECKON TIJIOTHOCTU COCTaBU-
au: s BDNF-weratususix OD
<0,24 y.e.; mug caabono3UTUBHBIX
0,24<0D<0,28 y.e. u 151 cuibHOIIO-
3uTUBHBIX HeitponoB OD>0.28 ye.
Omnpegensiin - 06MIyI0  TIOTHOCTD
HEWPOHATBHON TOMYJISIINN, a TakKe
YUCJIO KJIETOK C PasHbIM YPOBHEM
akcnpeccun BDNF na 1 MM b
UX CJIOSI.

B pabore ucrosb3oBaiu cucre-
Mbl aHajM3a M300pakeHuii (KoM-
nbiorep Intel, Mmukpockon Olympus
BX-41, nporpammbr ImageScopeM u
MS Excel 2007). Crarucrideckyro
06paboTKY MaHHbIX TIPOBO/IILIIN C [0~
Moreio kputepust A Kosmoroposa-
CwmupnoBa, U-xputepusi Manna-
Yurau u t-kpurtepusi CTpiojieHTa B
nporpamme Statistica 7.0.

Pe3yabratsl
U 00CY3K/IeHHE

YcranoBuam, 9TO B TUIIIO-
KaMmIe Ha 1-e 1 Ha 4-e CyTKH TI0-
CTPEAaHNMAIIMOHHOTO  MEePUo/ia
006TMast TMIOTHOCTH TOMYJISATHHT
MTUPAMU/THBIX HEHPOHOB COOTBET-
cTBOBajia KoHTpoJiio (puc. 3, a).
Omnaxo cirycTst 7 qHeit moce pe-
AQHMMAIINN TIPOMCXO/INIIO Pe3Koe
CHIKEHUE 00IIel TJIOTHOCTH T10-
myssituu (puc. 3, a). K 14-m cyt-
KaM BBISBJICHHBIEC CABUTU He
YCUJINBATUCD. ITonyuennoie
JIAHHbIE CBUETEJIBCTBYIOT O
TOM, UTO B 9TOW HEHPOHATBLHOU
MOTYJISTNN THOETb KIETOK Pas-
BUBAETCS K 7-M CYTKaM TTocTpea-
HUMAaIMOHHOTO TIEPUO/Ia U Jlajiee
He TTPOTpeccupyer.

Borsgsuan, uto yepe3 1 cyTkm mocsie peaHmma-
muu uucao BDNFT, a taxkxke umcaio BDNFT u
BDNF** kieTok COOTBETCTBOBAJIO KOHTPOJHHOMY
ypoBHIO (puc. 4, a). K 4-M cyTkam mocTpeannmaru-
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Puc. 3. JlunamMuka u3MeHeHus: 061l IUIOTHOCTH TOMYJISAIMA IMPAMU/HBIX KJIETOK TUIl-
nokamna (a) u kretok Ilypkunse (b) B MOCTpeaHNMANMOHHOM NIEPHO/E MOCIE OCTAHOB-
KH CHCTEMHOTO KPOBOOGpaIeHusI.

Fig. 3. Dynamics of changes in the total density of pyramidal cells of the hippocampus
(a) and Purkinje cells () in postresuscitation period after cardiac arrest.

Note. a: * — P,<0.05 versus control; b — P,<0.025 versus control.

IIpumeuanue. /[ pric. 3—5: Number of neurons per 1 mm the length — uucsio neiiporos
Ha 1 MM mnbL a: * — p,<0,05 o cpaBHeHuIoO ¢ KoHTpOsIEM; b — p,<0,025 110 cpaBHEHNMIO
€ KOHTPOJIEM.

Excel 2007 software packages) were applied in the study.
Statistical data processing was performed using Statistica
7.0.The significance of differences was assessed by
Student's t-test, Mann-Whitney test, Kolmogorov-
Smirnov test.
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OHHOTO TIEPHO/Ia B CPABHEHWH C KOHTPOJIEM YHCJIO
BDNF~ HeitpoHOB He M3MEHsLIOCh, uncio BDNFT
HEHPOHOB B CPAaBHEHUW C KOHTPOJIEM BO3PACTAJIO, a
gucsio BDNF nefiporoB ymenbianocs (puc. 4, a).
ITockoJbKY, Kak GBIJIO OTMEUECHO BBIIIE, Ha 9TOM 3Ta-
e He IPOUCXoAUT rubenn HeHpoHoB (00mas MmIoT-
HOCTD TIOYJISATIAN COOTBETCTBYET KOHTPOJIO), TIOJTY-
YeHHBbIE JaHHBIE CBUJIETEIBCTBYIOT O <II€PeXojies
CUJIBHO-TTO3UTUBHBIX KJIETOK B KaTErOPHIO CI1aboro-
sutuBHbIX. B pesynsrare BDNF-ummynopeakTus-
HOCTH HEMPOHATLHON TOIYJISTINHI CHIKAETCS.

Ha 7-e cyTku mocTpeaHnMaIimoOHHOTO Tepro/ia
gucio BDNF* weitpoHoB He M3MeHSIJIOCH B CpaB-
HEHUW C 4-MW CyTKaMH, OCTaBasiCh HU)KE€ HOPMBI
(puc. 4, a). Yuciao BDNF* nefipoHoB yMeHbITAIOCH
B CPaBHEHWU C 4-MW CYTKaMH, OIyCKasCh 0 KOH-
TposbHOTO ypoBHSA. [Ipn aTom uncao BDNF-nera-
THUBHBIX KJIETOK PE3KO CHIKATOCH, KAK B CPAaBHEHUN
¢ KOHTPOJIEM, TaK U B CPAaBHEHWH C 4-MU CyTKaMU
(puc. 4, a). Mexny 7-mu n 14-Mu cyTkamu mmocTpe-
AHUMAIMOHHOTO TIEPUO/Ia MAThHEHIITNX U3MEHEHU
ypcsa HelpoHos ¢ pazandnoii BDNF-ummyHnope-
AKTHBHOCTBIO He BbIsABIeHO (puc. 5). Kak ObL10 01-
MEUEHO BBIIE, MMEHHO K 7-M CYTKaM Pa3BUBAETCS
npoiecc rubenn HeilpoHoB (CHUKeHME O00Ieil
MJIOTHOCTH HEWpOHATbHOU Tomyssnun). CymiecT-
BEHHO, UTO Ha HTOM 3Tare MOCTPEaHUMAIMOHHOTO
mporiecca MPOUCXOINUT YMEHBIIEHUE YUCTA TOJbKO
BDNF™ u BDNF* kaerok. CiaenoBaTebHO, MOKHO
moJjiaraTh, 4TO THOENW MOABEPraloTCsl WMEHHO
BDNF-neraTusHbie U ¢1a00N03UTUBHbIE HEAPOHDI.

Uccrenosanue kietok IlypkwHbe MO3KeuKa
MOoKa3aJio, 4To Ha 1-e CyTKM TOCTpeaHuMAaInOHHO-
o meproa ob1Ias IIOTHOCTh 3TON HelpOHATBHOM
MOMYJISIIIAY COOTBETCTBYET KOHTPOJIBLHOMY YPOBHIO
(puc. 3, b), 1. e. rubesit HEHPOHOB HE TIPOUCXONIIO.
Brimaserne HeTPOHOB Pa3BUBAIOCH K 4-M CyTKam
nocye peanuManuu. OO0 3TOM CBHIETEIHCTBYET
pesKoe CHUKeHUe 001Ieil MIOTHOCTH TOTYJISIUN B
cpaBHeHuu ¢ KoutposieM (puc. 3, b). B nanbueii-
IIeM TTPOIECC BBITIAJICHUS KJIETOK He MPOTPECCUPO-
Bax (puc. 3, b).

YctaHOBJIEHO, UTO Ha 1-€ CyTKM TIOCTpeaHnMa-
nrorHOTO Teprosa unciao BDNF-#weratuBabIX Heli-
POHOB, a Tak/Ke YUCII0 c1abo- 1 CUITbHOMO3UTHBHBIX
KJIETOK He M3MeHsI0ch. OHAKO K 4-M CyTKaM TIpo-
HCXO/IMJIO PE3KOe CHIDKEHNE B CPABHEHUU € KOHTPO-
siem uncia BDNF™ u BDNF' neiiponos (puc. 4, b).
CyT1ecTBEHHO, UTO TIPU 3TOM YUCJIO CUITHHOMTO3UTUB-
upix (BDNF*) kiieTok cooTBETCTBOBATIO KOHTPOJIH-
HOMY ypoBHIO (puc. 4, b). B nambreiinem (#a 7-¢ u
14-e cyTKM MOCTPEAHMMAIIMOHHOTO TIEPUOIA) BBISB-
JIEHHbIE U3MEHEHUs cOXpaHsiuch (puc. 4, b). [lomy-
YeHHbIE JJAHHbBIE CBUIETETHCTBYIOT O TOM, YTO Ha JTa-
e rrbesin HeHPOHOB (4-€ CYyTKHU MOCJIe PeaHUMAITNH )
TTPOMCXOIUT CHIKeHHe uncyia Toabko BDNF-nera-
TUBHBIX ¥ CJTa00TIO3UTUBHBIX KJeTOK. Ciie[oBaTe h-
HO, MOYKHO moJjiaratb, 4To ToJbKO BDNF-nerarus-

Results and Discussion

It was established that the total density of
pyramidal neurons corresponded to the control
value in the hippocampus on the 1st and 4th days of
the postresuscitative period (Fig. 3, a). However, a
sharp decrease in the overall density of the neuronal
pool occurred by the 7th day after resuscitation
(Fig. 3, a). By day 14, the revealed shifts did not
increase. The obtained data suggest that in this neu-
ronal population, cell death develops by the 7th
postresuscitative day and does not progress further.

It was revealed that the numbers of BDNF-,
BDNF*, and BDNF** cells corresponded to the con-
trol levels on the 1st day after resuscitation (Fig. 4, a).
By day 4, the number of BDNF- neurons did not
change in comparison with the control, the number of
BDNF* neurons increased, while the number of
BDNF** neurons decreased (Fig. 4, a). Since, no neu-
ronal death was determined (the total population
density corresponded to the control one), the
obtained data suggested a «transition» of the strong-
positive cells to the category of weak-positive cells. As
a result, the BDNF immunoreactivity of the neuronal
pool was reduced.

On the 7th day of postoperative period the
number of BDNF** neurons did not change in com-
parison with the 4th days and remained below the
baseline (Fig. 4, a). The number of BDNF' neurons
decreased in comparison with 4th day, dropping
down to the control value. The number of BDNF-
negative cells decreased sharply, both versus the
baseline and compared to day 4 (Fig. 4, a). Between
postresuscitation days 7 and 14, no further changes
in the number of neurons with different BDNF
immunoreactivity were detected (Fig. 5). As noted
above, the peak of neuronal death (a maximum
decrease in the overall density of the neuronal popu-
lation) was developed by the 7th day. Importantly, at
this stage of the postresuscitative process there is a
decrease in the numbers of BDNF~ and BDNF™ cells
only. Therefore, it can be assumed that only BDNF-
negative and weak-positive neurons undergo death,
in contrast to strong-positive cells.

The examination of the cerebellar Purkinje
cells showed that on the 1st post-operation day the
total density of the neurons corresponded to the con-
trol level (Fig. 3, b), i.e. neuronal death did not occur.
The neuronal loss developed by day 4 after resuscita-
tion. This is evidenced by a sharp decrease in the
overall density of the population in comparison to
the control (Fig. 3, b). Later, the process of neuronal
loss did not progress (Fig. 3, b).

It was found that on the 1st postresuscitation
day, the number of BDNF-negative neurons, as well
as the numbers of weak- and strong-positive cells did
not change. However, a sharp decline of the number
of BDNF™ and BDNF" neurons was oserved by the
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Puc. 4. i3meHeHue yucia HeiipoHOB ¢ pa3HbIM ypoBHeM akcnpeccun BDNF

B OIS MMPAMH/IHBIX KJI€TOK runnokammna (a) u knerok ITypkunbe (b) Ha pasHbIX CPOKaX MOCTPEAHUMAIIHOHHOTO MEPHO/A.
Fig. 4. The change in the number of neurons with different levels of BDNF expression in the pyramidal cells of the hippocampus (a)
and Purkinje cell population (b) in postresuscitative period.

Note. a: * — P,<0.05; # — P,<0.1 versus control; ** — P,<0.05 in comparison with 4th day of postresuscitation period. b — * — P,<0.025;
# — P,<0.1 versus control.

IIpumevanue. a: * — p,<0,05; # — p,<0.1 B cpaBHeHuu ¢ KouTposem; ** — p,<0,05 B cpaBHEHUHU C 4-U CYTKAMH IIOCTPEAHUMALINOHHOTO
nepuona. b: ¥ — p,<0,025; # — p,<0,1 B cpaBHEHUY C KOHTPOJIEM.

OBIIAJA PEAHMMATOAOTI M, 2017, 13; 4 www.reanimatology.com



14

Experimental Studies

DOI:10.15360,/1813-9779-2017-4-6-21

W eonF EBONFY CIBONF* —e— Total

180
160
140
120
100

80

60

40

) i
0 |

' i
L mim

Number of neurons per 1 mm of the length

0 el -

0 1 4
Groups

o N A O @

] &l .*.DD

“ 4th day (Fig. 4, b). Tt is impor-
tant that in this case the number
of strong-positive (BDNF*)
cells corresponded to the control
level (Fig. 4, b). Later (on postre-
suscitation days 7 and 14), the
revealed changes were preserved
(Fig. 4, b). The obtained data
suggest that at the stage of neu-
ronal death (the 4th day after
resuscitation), there is a decrease

. in the number of BDNF-negative
and weak-positive cells only.
i Hence, it can be assumed that

these neurons are dying, unlike
b strong-positive ones.

The results of this study
have revealed the relationship
between post-operative shifts in
the BDNF expression level and
the process of nerve cells death.
In both neuronal populations
studied, similar unidirectional
postresuscitative shifts occurred:
a decrease in the BDNF expres-
sion level, accompanied by neu-
ronal death. A comparison of the
dynamics of changes in the total
density of neuronal populations
and the number of neurons with

Puc. 5. BsaumMocBs3p mocrpeaHuMaIMOHHBIX N3MeHeHuil ypoBHsi saxcnpeccun BDNF ¢
NPOIECCOM U0 HEHPOHOB B MOMYJISIIIMK MMPAMU/IHBIX KJIETOK THINOKamna (a) v Kie-

tok Ilypkunbe (b).

Fig. 5. The relationship of postresuscitative changes in the expression level of BDNF
with the process of neuronal death in the population of pyramidal cells of the hip-

pocampus (a) and Purkinje cells (b).

Note. a: * — P,<0,05; # — P,<0,1 versus control; ** — P,<0,05; ## — P,<0,1 in comparison
with the 4th day postresuscitation. b: * — P,<0.05; ** — P,<0.01; # — P,<0.1 versus control.
ITpumevanue. a: * — p,<0,05; # — p,<0,1 B cpaBHenuu ¢ KouTpOsIEM; ** — p,<0,05; ## — p,<0,1
B CPaBHEHUH C 4-U CYTKaMI TOCTPEAHNMAIIMOHHOTO Treproza. b: * — p,<0,05; ** — p,<0,01;

# — p,<0,1 B cpaBHEHHN C KOHTPOJIEM.

Hble U CIa0ONO3UTUBHbBIE HEHPOHDBI MOABEPralOTCs
rubenu.

Pesyssrarel HacTosIeld pabOTHI TTO3BOJIMIN
BBISIBUTH B3aMMOCBSI3b MEXKIY TOCTpPeaHUMaIllnOH-
HBIMU c/IBUTaMu ypoBHS akcnpeccunn BDNF u mpo-
1eccoM rubesin HEPBHBIX KJIETOK. B o6enx uccieno-
BAaHHBIX HEHPOHATHHBIX MOMYJISIHSIX TPOUCXOVIN
OJ/IHOHATIPABJIEHHbIE TTOCTPEAHUMAIIMOHHbBIE CABUTH:
cHmkenne ypoBHs akcnpeccun BDNE compososk-
naBiieecst TrOebto HeiipoHoB. ComocTaBieHue [u-
HAMMKU M3MEHEHUI 00IIell II0OTHOCTH HeHpOHA/Ib-
HBIX TIOMYJSIUH W YUCIa HEHPOHOB € Pa3TMUHBIM
yposaeM axcrpeccuu BDNF (puc. 5) maer ocHosa-
HUE I0JIaraTh, YT0 B 00EUX MCCIELO0BAHHBIX HEHPO-
HAJIBHBIX MOMYJISIIUAX THOETU TOABEPTAOTCS TOJIh-

different levels of BDNF expres-
sion (Fig. 5) suggests that in
both neuronal populations stud-
ied, only BDNF-negative and
weak-positive cells died. It
should be noted that the death of
Purkinje cells occurs earlier than
that of the hippocampal pyrami-
dal neurons. This fact agrees
with the earlier obtained data on
the high vulnerability of
Purkinje cells in the postresusci-
tative period [42, 1].

According to the results obtained in this study,
the level of BDNF expression in the studied neuronal
populations decreased in the early postresuscitative
period and did not restored later. Although there is
evidence of an increase in BDNF™ immunoreactivity
in the brain after ischemia [37, 38], most studies indi-
cate a decrease in BDNF expression within the
postischemic period. Thus, a decrease in the expres-
sion of BDNF and its receptor TrkB was detected in
the CA1 region of the hippocampus four hours after
the induction of isolated cerebral ischemia in gerbils
[43], as well as in the cerebral cortex and hippocam-
pus one day after occlusion of the middle cerebral
artery in mice [40]. A decrease in the level of BDNF
mRNA expression in the frontal cortex, hippocampus
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k0 BDNF-HerarusHbie U ¢/1a00MO3UTUBHbBIE KIECTKU.
[Ipu 3TOM CJIEAYEeT OTMETHTD, YTO MPOIIECC THOETH
KkJIeToK [lypKuHbe TPOMCXOMUT paHbllie, YeM MHpa-
MUTHBIX HEHPOHOB TUITIOKAMIIA. DTO COTJIACYETCS C
MOJTYYeHHBIMUA HAMU PaHee JAHHBIMUA O BBICOKOM pa-
HUMOCTU KjeToK IlypkwHbe B TMOCTpeaHWMAIlNOH-
HOM Tiepuozie [42, 1].

CorylacHO TOJIyYeHHBIM B HacToOsIEei pabore
pesyabrataM, ypoBeHb akciipeccnn BDNF B uccae-
JIOBAHHBIX HEHPOHATBHBIX MOMYJSIUSIX CHUKAJICS
yiKe B PAaHHEM TIOCTPEAHUMAITMOHHOM TIEPUOJIE U TI0-
3/lHeEe He BOCCTAHABIMBAJICS. XOTS UMEIOTCS CBeJle-
Hust 06 yBesmuernn BDNF™ uMMyHOpeaKTHBHOCTH
B Mosre nocJie uiemun [37, 38], GOJIBIIMHCTBO HC-
CTIETIOBAHWH CBUAETETHCTBYET O CHIZKEHUU YPOBHS
€TO 9KCIPECCUN B TIOCTUIIEMUYECKOM Tiepuojie. Tax,
yMmenbinerne skcrpeccuss BDNF u ero pementopa
TrkB BoisBaeno B nojae CA1 runmokamia yepes 4 ya-
ca — 1 cyTKHU mocJie M30JIMPOBAHHON UTIIEMUN MO3Ta
y TlecuaHoK [43], a Takke B KOpe MO3Ta U THITIOKaM-
e yepes 1 IeHb TTOCsIe OKKITIO3WH CPEHE MO3TOBOM
aprepuu y Mbimeit [40]. OOHapyKeHO CHUKEHUE
ypoBHs akrcnpeccun MPHK Bo ¢dponTampHOll KOpe,
TUTITIOKAMITE ¥ MO3KeUKe TIoc/ie OumarepasbHON OK-
kao3un obmieit comnroit aprepun [39]. TTokasarno
TaK’Ke, UTO BPeMEHHAsT OKKJIIO3UsT CPe/THEH MO3TOBOA
apTepun y KPbIC BBI3bIBaeT CHIKeHMe ypoBHI MPHK
u 6enka BDNF, uto conpoBokaercs pasBUTHEM Ha-
pytrernii obydenust u mamstu [44]. aTepecHo, 4To
MTOJIOKUATETbHOE BO3/IEMCTBUE TPUUOATHPOHNHA,
MPUBO/ISATIEE K BOCCTAHOBJIECHUIO BBI3BAHHBIX HWIIIE-
MUel HapyIIeHni 0OyUeHUsT U TTaMsITH, aBTOPbHI CBsI-
3bIBAIOT ¢ pe3kuM yBesanuenuem yposusa MPHK u
6enka BDNFE. YmeHbIlleHHE YPOBHSI 9KCIPECCUU
BDNF noxazano n B 9KCIIEPUMEHTaX TI0 MOJIEJINPO-
BaHUIO TPaBMbI MO3Ta [45].

PesynbraThl IPOBECHHONW HaMU PabOThI TI03-
BOJTWJTA BBISIBUTD COTPSKEHHOCTh CHWKEHUS YPOB-
ns axcnpeccun BDNF ¢ nporeccom rubenn Helpo-
HoB. OKazanoch, 4YTO B TOCTPEAHUMAITMOHHOM
neprojie THOETN MOABEPTATUCH TOJBKO HEIKCITPEC-
cupyione win cirabo arcupeccupyime BDNF
kierku. Ciie[oBaTeIbHO, CIOCOOHOCTh K aKTUBHOM
skcripeccun BDNF gaBasgeTcs omHmM W3 BasKHBIX
(hakTOpoB, 00YCIOBIUBAMIINX YCTONYUBOCTD HEli-
POHOB K TUOEJIH MOCJIe UIlleMUuu — perepdysun. 3Ha-
yennie BDNF ns 3amuThl Mo3Ta Mpyu UIMEMAN aK-
TUBHO obOcyxnaaercss [46, 47]. TlokasaHo, YTO
BHyTprKemynoukoBast nadysuss BDNF npenorspa-
maer rubens Heitponos nojs CA1 rummokamia 1mo-
cJie TII00AIBHON WIIEMUN MO3Ta, BBI3BAHHON 4-X CO-
CYIUCTON OKKJfo3uel y Kpbic [48]. BoisiBieno, uto
BBesienne BDNF B ocTpom moctutemmaeckom mepu-
oJie TTocJie OKKJTIO3UN CPeIHEN MO3TOBOI apTepun y
KPBIC CITIOCOOCTBYET YMEHBINEHNUIO 30HbI HH(pApKTa U
CHIKEHWIO HeBpoJorndyeckoro aedurura [29, 49].
YcTaHoBIEHO, YTO WHTpaHA3aJIbHOE TPUMEHEHUE
BDNF npuBoanT K yBeITMUYEHNUTO €T0 YPOBHS B TKAHN

and cerebellum was observed after bilateral occlu-
sion of the common carotid artery [39]. It has been
also shown that the temporary occlusion of the mid-
dle cerebral artery in rats causes a decrease in the
levels of BDNF mRNA and protein followed by the
development of learning and memory disruptions
[44]. Interestingly, the authors associate the positive
effect of triiodothyronine, which leads to the restora-
tion of ischemia-induced learning and memory dis-
ruptions, with a sharp increase in the levels of BDNF
mRNA and protein. A decline of the BDNF expres-
sion level was also shown in the experiments that
emploed brain injury models [45].

Our findings allowed us to establish a fact of
association of the reduced BDNF expression with
the process of neuronal death. Only non-expressing
or weakly-expressing cells appeared to be exposed to
post-ischemic death. Consequently, the ability to
actively express BDNF is one of the important fac-
tors that determine the neuron's resistance to death
after ischemia-reperfusion. The importance of
BDNF for brain protection in ischemia is actively
discussed [46, 47]. An intraventricular infusion of
BDNF was shown to prevent the loss of CA1 hip-
pocampal neurons after a global cerebral ischemia
caused by the four-vessels occlusion in rats [48]. It
was found that an administration of BDNF in the
acute post-ischemic period after occlusion of the
middle cerebral artery in rats helped to diminish the
infarct area and to reduce the neurological deficit
[29, 49]. An intranasal administration of BDNF was
found to increase the BDNF level in brain tissue,
which was accompanied by a decrease in the number
of damaged neurons [35].

Interestingly, the effectiveness of a number of
influences that protect the brain in ischemia, such as
hypothermia [50], hyperbaric oxygenation [51], and
progesterone administration [52, 53], is usually
explained by an increase in the level of BDNE It is
also believed that the positive effect of drugs on the
structural and functional state of the brain in the mod-
els of Alzheimer's disease is due to an increase in the
BDNF content [54, 55]. It has also been established
that physical activity increases the level of BDNF
expression in the brain and improves structural and
functional state of the brain after ischemia [56—58].

The neuroprotective effect of BDNF is caused
by its anti-apoptotic, anti-inflammatory, and anti-
cytotoxic properties [59—64, 46, 35, 55]. It has been
also shown that BDNF promotes DNA repair under
oxidative stress [24].

Unfortunately, the use of BDNF in the case of
exogenous administration is substantially limited by
weak penetration through the blood-brain barrier,
short half-life in blood plasma, and side effects [65,
66, 14]. Creating various transport pathways to
deliver BDNF into the brain would solve these prob-
lems partially [67—69]. In addition, low molecular
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MO3Ta, YTO COMPOBOKIAECTCS CHIZKEHUEM UYUCTA TI0-
BPEKIEHHBIX HEMPOHOB [35].

WnTtepecHo, uto ahHeKTUBHOCTD Psijia BO3/EH-
CTBUH, 3aIUIIAIONINX MO3T TIPU UIIIEMUHU — THUIIOTEP-
must [50], tumepbaprueckast okenrenanmst [51], meii-
cTBUe mporecTepoHa [52, 53] — CBA3BIBAIOT C
yBesnuenueMm yposusg BDNE Ilosaraior, 4to u npu
MOJICJTUPOBAHUN 0O0JIC3HN AJbI[reiiMepa MOJIOKH-
TENIbHOE BJIMSHUE TIPETTaPaToOB Ha CTPYKTYPHO-(DYHK-
IIMOHATFHOE COCTOSTHUE MO3Ta OOYCIOBIEHO YBETH-
yenneM conep:xanusst BDNF [54, 55]. Ycranosieno
TakKe, 4TO (hU3nveckasi HarpysKa IMOBBIIIAET yPO-
BeHb akcnpeccnn BDNF B mosre u ysyumiaer ero
CTPYKTYPHO-(DYHKIIMOHATBLHOE COCTOSIHWE TIOCTe
urremun [56—58].

Heiiporporextusroe neiicreue BDNF o6yc-
JIOBJIEHO €T0 AHTHUATIONTOTHYECKUMMU, MPOTUBOBOC-
MAJTUTETbHBIMK, & TaK/Ke AHTUIUTOTOKCHYECKIMIU
cBoiictBamu [59—64, 46, 35, 55]. [lokazano Taxxe,
yro BDNF crocobcTByeT ycueHWo pernapamnuu
JIHK mipu okucsautepbHOM cTpecce [24].

K coxxanenuto, ncnombzoBane BDNF mpu ero
9K30TE€HHOM BBEIEHUU CYIIECTBEHHO OTPAHUIMBAET-
cs1 c1abbIM TIPOHUKHOBEHKEM depe3 reMarosHieda-
JITYEeCKUH Gapbep, KOPOTKIM BpeMeHeM MoJTypaciazia
B TIa3Me KPOBH, a Tak/Ke HAJTWYneM TOOOYHBIX a(h-
dextoB [63, 66, 14]. HacTiyno penmuth 911 mpobIe-
MBI TI03BOJISIET CO3AHNE PA3TMYHBIX TPAHCIOPTHBIX
cucteM 17151 octaBku BDNF B mo3r [67—69]. Kpome
TOTO, Pa3pabaThIBAIOTCST HUSKOMOJIEKYJ/ISIPHBIE MIME-
tukn BDNF, obnazaioniye ero ahGekrnBHOCTbIO, HO
JiutieHHbIe T060UHBIX adderTos [70, 71]. B uactHo-
CTU TIOKa3aHO, YTO TpuMeHeHne MuMeTnkoB BDNF
(munentuapr GSB-106 u GSB-214) cmocoGeTByer
YMEHBIIEHNIO Pa3MePOB MH(MAPKTA 1 KOPPEKIHH Ha-
PYIIEHWI TIOBEIEHNUST KPBIC, IEPEHECTITNX BPEMEHHYTO
OYaTOBYIO MUITEMUI0 MO3Ta (OKKJIIO3WS CpeHei MO3-
TOBOIT aprepun) [72].

OnauM u3 Harbosiee ePCIeKTUBHBIX HAIIPaBJie-
HUI TIpU paspabOTKe MOAXOI0B K 3alllUTe MO3Ta SBJIs-
€TCsT TIOUCK BO3MOKHOCTEHN CTUMYJISIIIUH 9HIOTE€HHBIX
HEWPOTIPOTEKTUBHLIX (DAKTOPOB U UX PEIENTOPOB [§,
73]. Takast cTpaterusi 3anUThl MO3Ta OICHUBACTCS KaK
Yype3BbIYaitHO akTyasibHas [74, 75]. Ob6cyskmaercs mo-
TeHIaT (HapMaKOJIOTHIECKUX CPEICTB U MUMETHKOB
IUTST aKTUBAIINY 9HA0TeHHOi BoipaboTkn BDNF [14].
[Tokazana BO3MOKHOCTH aKTHUBAIUK 3IKCIIPECCUN
BDNF in vitro n ipu ncionb3oBaany HOBbIX BDNF-
Moy mpyiomux nerntusoB (Neuropep-1, Neuropep-4)
[76]. YcTanoBsieHo TaksKe, YTO AaKTUBUPOBATH IH/IOTEH-
nplit BDNF MoxHO IyTeM CHIDKEHUS aKTUBHOCTU
(baxropa tpanckpuriu EGR1 [77].

N3BecTHO TakXke, 4TO HEHPOTPOGUHBI MOTYT
BJIMSATH HA 3KCIPECCUI0 PYTUX HEUPOTpohUHOB,
y4JacTBys B ee perysiuu [ 78, 79]. [Tokaszano, B yact-
HOCTH, YTO TPUMEHEHUE MUMETUKA IMINaPHOTO
neliporpodudeckoro paxkropa (CNTF) npu mozenn-
poBaHuUU OOJIe3HU AJbITeiiMepa aKTUBUPYET 9KC-

weight mimetics of BDNF are developed. They have
the same efficacy, but have no side effects [70, 71].
For example, it has been shown that the use of BDNF
mimetics (dipeptides GSB-106 and GSB-214) con-
tributes to a decrease in the infarct area and helps to
correct the behavior disturbances in rats, which
underwent temporary focal cerebral ischemia (a
model of middle cerebral artery occlusion) [72].

One of the most promising directions in the
development of approaches to brain protection is a
search for possibilities of induction of the endoge-
nous neuroprotective factors and their receptors [8,
73]. This strategy of brain protection is assessed as
extremely topical [75, 76]. The potential of pharma-
cological agents and mimetics for activation of
endogenous production of BDNF is discussed [14].
The possibility of launching the BDNF expression in
vitro has been also shown after the use of new
BDNF-modulating peptides (Neuropep-1,
Neuropep-4) [76]. It has also been established that
am activation of endogenous BDNF synthesis can be
achieved by reducing the activity of EGR1 tran-
scription factor [77].

It is also known that neurotrophins may affect
the expression of other neurotrophins by participat-
ing in its regulation [78, 79]. For example, the use of
a ciliary neurotrophic factor (CNTF) mimetic in an
Alzheimer's disease model was shown to activate the
BDNF expression thus underpinning the effective-
ness of this drug [65]. Recently, the ability of the
nerve growth factor isolated from tears has been
shown to enhance the BDNF expression [80]. In rats
with experimental diabetes, this influence resulted in
an increase in the BDNF content in the tissue of the
prefrontal cortex and reduced the severity of brain
dysfunction.

One of the possibilities for stimulating the level
of expression of the endogenous BDNF in postresus-
citative period was revealed earlier when using the
dipeptide mimetic of the nerve growth factor GK2
[81]. Tt was found that GK2 launched BDNF expres-
sion in those cells which had not previously pro-
duced this factor, thus preventing their death. It
should be emphasized that the use of GK2 did not
affect the level of expression of other neuroprotec-
tive factors under study — FGFb and NT4.
Therefore, one can assume that the activation of
BDNF expression contributed to the prevention of a
postresuscitative neuron loss. These facts argue for
the association between the level of BDNF expres-
sion and the resistance of neurons to death after
ischemia-reperfusion.

Conclusion
In general, our findings indicate the existence

of an interrelation between the shifts in BDNF
expression and the postresuscitative neuronal death.
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9KCH€pV1M€HT3AbHH€ MCCACAOBAHMI -

npeccuio BDNE, ¢ uem cBsizbiBatoT ahpeKTUBHOCTD
aToro npemnapara [65]. HezaBHo Obliia okasaHa cIio-
COOHOCTD (haKTOpa POCTa HEPBOB, BLIAETEHHOTO W3
cies, yeummsath akcrpeccnio BDNF [80]. ¥ kpric ¢
SKCIIEPUMEHTANBHBIM [HabeTOM 3TO BO3jelCTBIE
TPUBOANIO K yBesndeHuio comepskannss BDNF B
TKaHW TPeh)POHTATHHON KOPBI M YMEHBIAIO BbIpa-
JKEHHOCTH HAPYIIEeHWH (QYHKITNN MO3Ta.

OpHa 13 BO3MOKHOCTEH CTUMYJISITIAU YPOBHS
akcmpeccun augorenHoro BDNF B moctpeannmanm-
OHHOM Tiepuojie OblJIa BBISBJICHA HAMWU paHee TPU
MPUMEHEHUN UTENTHAHOTO MUMETHKaA (akTopa
pocta HepBoB I'K2 [81]. Yceranosaeno, uto I'K2 wau-
nuupyet skcrpeccuio BDNF B kierkax, panee He
BBIPAOATHIBAIOIINX 9TOT (DAKTOP, YTO MO3BOJISET TIPe-
JNOTBpaTuTh WX rudeib. Cremayer TMOIYePKHYTh, YTO
npuMenenne 'K2 He BAMAI0 Ha ypoBeHb KCIpec-
CUU JIDYTUX WCCIEOBAHHBIX HEHPOMPOTEKTUBHBIX
(daxropos — FGFb u NT4. CienoBaTeibHO, MOKHO
moJjaraTh, 4TO WMEHHO aKTUBAIUS 3HKCIPECCUU
BDNF criocob6cTBOBaNA TIPEAYIPEKACHIO TTOCTPea-
HUMAI[MOHHOM rrbesi HelpoHOB. DT (HaKThl MOJ-
TBEPKIAIOT HAJTUYME B3AMMOCBS3U MEKIY YPOBHEM
skcrpeccun BDNF u ycToiunBoCTbIO HEPOHOB K
rubesu Tocsie UieMuu-penepdysuu.
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casuramu akcnpeccnn BDNF u moctpeannmarinon-
HOIT THOeNbI0 HEHPOHOB. YCTaHOBIJIEHO, YTO TGN
TTO/IBEPTAIOTCS TOJBKO HE3IKCIPECCUPYIONIne M cia-
60 sxcnpeccupytorre BDNF kierku. TTonyueHHbre
PE3yJIBTATHI IAI0T OCHOBAHNUE MTOJIATaTh, YTO YPOBEHD
skcripeccn BDNF gaBisgeTcd omHUM W3 BasKHBIX
(hakTOPOB, OKA3BIBAIOIINUX CYIIECTBEHHOE BIIUSHUE
Ha YCTOWYMBOCTH HEWPOHOB K WIIeMHUH-penepdy-
3un. ITO O00YCIOBIUBAET MEPCHEKTHBHOCTD Jajib-
HeWIero MmoucKka BO3MOKHOCTENH aKTHUBAIUU €ro
9KCIIPECCUU [T TIaTOTEHETHYeCKH 000CHOBAHHOI
3aIUThl MO3Ta.

Agtopsl npunocst Gaarogapuocts T. H. Ba-
CHJIbEBOI 32 MPOBE/IEHIE DKCIEPHMEHTOB 1O pea-
HUMallUU ;JKUBOTHbIX.
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