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Ilesb: BBIABUTH MOJI0BbIE OCOOEHHOCTH IIOCTPEaHUMAIMOHHBIX ¢ABUTOB sKcnpeccun BDNF u conpsiskeHHbIX ¢
HUMU [POIECCOB THOEIU HEIIPOHOB.

Marepuassl u MeToAbl. Ha pasHbIxX cpokax mocrpeaHnuManmontoro nepuoza (1-, 4-, 7-, 14-e cytkmn) nccuaeno-
BaJIM COCTOSIHUE BBICOKOUYBCTBUTEIBHBIX K THIIOKCUM HEHPOHAJILHBIX TTOIYJISAIUN (TMPaAMU/HBIC HEHPOHBI MUIINO-
KamIia 1 KieTku [lypKuHbe Mo3kedKa) y GesbiX M0JI0BO3PEJIBIX CAMOK KPbIC, Tiepereciinx 10-MuHyTHYIO OCTaHOB-
Ky CHCTEMHOT0 KPoBooOpatieHust (IepeskaTie CoCyMCTOro myvka cep/ia). KoHTposeM caryKiiu JI0KHOOEePUPO-
BaHHbIe KUBOTHBIE. [IpoBOIMIN MMMyHOTHCTOXUMIUECKOe BbisiBiieHre BDNF-uMMyHopeakTMBHBIX HEHPOHOB €
MOCJIEYIOINM OTIpe/ieJieHleM OTITUYeCcKOH MJIOTHOCTH, YMCJIA KJIeTOK C Pa3HbIM ypoBHeM akcmpeccnnn BDNF n
0011ero unca HelipoHOB Ha 1 MM JIJIMHBI UX c10st. B paboTe UCIoIb30BaHbI CUCTEMbI aHAJIN3a U300paKeHUN (KOM-
nbiorep Intel, muxpockon Olympus BX-41, nporpammbl ImadgeScopeM, Image] 1,48v, Excel 2007). Cratucruue-
CKy10 06pabOTKy JaHHBIX TIPOBOIMIIN B porpamme Statistica 7.0. ¢ ucmosb3oBanreM kputepres A Kosmoroposa-
Cwmupnosa, U-kputepus Manna-Yutan u t-kpurepust CTbio/ieHTa.

Pesyabrarhl. YcraHoBJeHA AMHAMEUKA TTOCTpeaHUMaIMOHHbIX ¢/BUTOB BDNF-nuMMyHOpeakTMBHOCTH BbICO-
KOUYBCTBHUTEIBHBIX K TUIOKCUU HeHpOHATIbHBIX TomyJsiuil. [Tokazano, 4to B monyssiuu kietok [lypkunbe y
CaMOK MTPOUCXOAAT U3MeHeHus yposHs akcnpeccurt BDNFE, uto conposokaaercs rubespio Heliponos. Boisgsiieno,
YTO 3TU CIBUTY PA3BUBAIOTCS TI03/IHEE, YEM Y CaMIIOB — K 7-M CyTKaM IocTpeannmanonsoro nepuojga. Cyiie-
CTBEHHO, 4To rubesn mojBepraiorest ojbko BDNF-HerarusHbie u c1abono3uTHBHbIE HEPBHbIE KJIeTKH. B momyJis-
IIUU TUPAMU/IHBIX KJIETOK THITIOKAMIIA Y CAaMOK, B OTJIMYME OT CaMIIOB, He ITporcxoanio uamenenuiit BDNF-nmmy-
HOPEAKTUBHOCTH, ¥ IIPOIIecC rOesin HelipOHOB He PasBUBAJICSL.

3axmouenue. BoisaBiieHbl reHiepHble 0COOEHHOCTU PA3BUTHUS IOCTPEAHUMAIIMOHHBIX C/IBUTOB YPOBHSI 9KCIIPEC-
cuu BDNF 1 conpsizKeHHBIX ¢ HUMUE T1POLeccoB rubenn HelpoHoB. [lokazaHo, 4To mocjie 0OCTAHOBKU CepIIlla OfUHA-
KOBOIi JIWIMTENILHOCTH Y CAMOK MOCTPeaHrMAaIlMOHHbIe CABUTH ypoBHs akcnpeccun BDNF u niporieccesl rubesn Heii-
POHOB BBIPaKEHbI MEHBIIIE, YEM Y CAMIOB. B TO jKe BpeMs, y JKBOTHBIX 0O0ET0 TI0JIa TIPOSIBIISTIOTCSI 001IHe 3aKOHO-
MEPHOCTH MOCTPEAHNMAIIMOHHBIX M3MEHCHUH MO3ra, CBUETEJLCTBYIONIME O B3aUMOCBSI3M YPOBHS 9KCIIPECCHN
BDNF B HelipoHax ¢ uX yCTOHUMBOCTBIO K HineMun-pernepdysun. OOCyKIatoTest reHiepHble 0COGEHHOCTH MOBPEsK-
JIeHUsI MO3Ta U MX 3HAYE€HUE JIJIsS TOHUMaHUST MEXaHU3MOB Pa3BUTHS MMOCTTUTIOKCUYECKUX 9HIeDaTOnaTHi.

Kumouesvie cnosa: moszosoi netipompoduueckuii pakmop (BDNF); zendepruie 0cobeHHOCMIUL; NOCMPEAHUMAUUOH-
HblLl nepuod; 2ubenb HelupoHos; NUPAMUOHbIe KIemKU; zunnokamn; kiemku IlypKunve; Mo3Hceuor; UMMYHOZUCTNOXU-
MUs; ONMUYECKast NIOMHOCIb; MOPPOMEMPUUECKUU AHATUS

Purpose: to identify gender peculiarities of postresuscitation shifts in BDNF expression and neuronal death.

Materials and Methods. At different points of the postresuscitation period (days 1-, 4-, 7-, and 14), the
condition of highly sensitive to hypoxia neuronal populations (pyramidal neurons of hippocampus and Pur-
kinje cells of cerebellum) were studied in white mature female rats exposed to a 10-minute stop of systemic
blood circulation (compression of vascular fascicle of the heart). Sham operated animals were used as the cont-
rol. Immunohistochemical detection of BDNF-immunoreactive neurons followed with determination of opti-
cal density, number of cells with different levels of BDNF expression, and total count of neurons per 1 mm of
the length of their layer was carried out. The work was done using the image analysis system (computer Intel,
microscope Olympus BX-41, software ImadgeScopeM, Image]J 1,48v, Excel 2007). Statistic processing of data
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was performed with the aid of Statistica 7.0 using Kolmogorov-Smirnov 4 test, Mann-Whitney U test, and
Student's t-test.

Results. The dynamics of postresuscitation shifts in BDNF-immunoreactivity of neuronal populations highly
sensitive to hypoxia was studied in rats. Purkinje cells population in tissue slides from brain specimens harvested
from female rats the alterations in BDNF expression became evident. This pattern was accompanied by the death
of neurons. Those shifts in female animals were found to develop later than in male rats — by day 7 of the postre-
suscitation. Only BDNF-negative and BDNF-weakly positive neurons not survived postresuscitation. In the po-
pulation of pyramidal cells of hippocampus in females, in contrast to males, there were no quantitative changes in
BDNF molecules as revealed by immunohistochemistry and neuronal death process did not develop.

Conclusion. Gender peculiarities in the development of postresuscitation shifts in BDNF expression and asso-
ciated therewith death of neurons were revealed. It was shown that after cardiac arrest of the same duration, the
postresuscitation shifts in BDNF expression and neuronal death manifested mostly in males compared to females.
At the same time, animals of both genders demonstrate common postresuscitation brain alterations evidencing
connection between the level of BDNF expression in neurons and their resistance to ischemia-reperfusion. Gen-
der-specific patterns of brain damage and their importance for understanding the mechanisms of post-hypoxic en-
cephalopathies are discussed.

Keywords: brain-derived neurotrophic factor (BDNF); gender peculiarities; postresuscitation period; neuronal
death; pyramidal cells; hippocampus; Purkinje cells; cerebellum; immunohistochemistry; optic density; morphometric
study
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BBenenne

[Tpobiiema moI0BOrO AUMOPGU3MA Pa3BUTHUS,
TEUYEHUS M MCXO/Ia KPUTUUECKUX COCTOSHUHI BBI3bI-
BaeT y uccJeoBatesieil 6oJbIoi narepec. ITot de-
HOMEH CBSI3BIBAIOT OOBIYHO C JIEHCTBUEM JKEHCKUX
MOJIOBBIX TOPMOHOB — 3CTPOT€HA U TPOTECTEPOHA
[1—5]. deiicTBUTENBHO, KINHIYECKIE HAOIIOMEHUS
CBUJIETEJLCTBYIOT O TOM, YTO JKEHIIUHBI OoJiee
YCTOWYUBBI K UIEMUH, YeM MYKUnHbL. OMHAKO CY-
NIECTBYIOT (DaKThI, YKa3bIBAIOIINE, YTO HATUUINE T10-
JIOBOTO IMMOPGU3Ma UITEMUYECKOTO TOBPEK/ICHUS
MO3ra 00YCJIOBJIEHO HE TOJBKO TIOJIOBBIMEI TOPMOHA-
Mu. Tak, reHmepHble pasauyuusl YCTOMUYMBOCTU K
UIIEMUH TIPOSIBJIAIOTCS U B MEPHUOJ, MEHOTIAY3bl, a
Tak)ke B paHHeM oHToTeHese [2, 4, 6—8]. Mexanus-
MBI TI0JIOBOTO IMMOP(hU3MA UITEMUYECKOTO TIOBPEIK-
JICHUST MO3Ta TIOKa U3Y4YeHbl HeplocTaTouHo. OHaKo
yiKe SICHO, 9TO MMEIOTCSl KaK TOPMOHO3aBUCUMBIE,
TaK U TOPMOHOHE3aBUCUMbIe (HaKTOPDI, 00YCIABIIH-
Baolye 3ToT (heHOMeH. VccamenoBanme MOJIEKYJIsp-
HBIX U KJIETOUYHBIX MEXAaHU3MOB, JIEJKAIINX B OCHOBE
MOJIOBOTO IMMOP(U3Ma UIIEMUYECKOTO MTOBPEsK/Ie-
HUS MO3ra, — HeoOXOMUMBIN aTall AJis1 pa3paboTKu
a(hEKTUBHON Teparmy MOCTTUITOKCUIECKUX IHIIE-
damonaruii [1, 2, 5—7, 9].

MosroBoii  HelipoTpoduuecknii  (akTop
(BDNF) urpaer BaxHy10 poJjib B HEHPOIIPOTEKIUN 1
BOCCTAHOBJIEHUN (DYHKIIUU MO3Ta MPHU Pa3TUUHbIX
natosiorndeckux coctroguusax [10—17]. Panee namu
OBLIIO TIPOBEIEHO MCCIIEM0BAHNE TOCTPEAHUMATIIOH-
HBIX U3MeHeHni1 ypoBHs akciipeccun BDNF B Bbico-
KO YyBCTBUTEIBHBIX K TUTIOKCUH HEHPOHAIBHBIX 110-
nyasanusax y camioB [18]. Ilpu aToMm BbIsiBJIeHA
B3aMMOCBSI3b MeXIy caBuramu akcrnpeccuu BDNF
U TIOCTPEAHUMAI[HOHHON r0esbi0 HEPOHOB. Yuu-
TBIBasI TIPOGJIEMY TIOJIOBOTO AUMOP(hU3MA UIIEMITUe-
CKOTO TIOBPEXKIEHUS MO3Ta, 1eJ1ecO00pa3HO Uccie-

Introduction

The problem of sexual dimorphism of develop-
ment, course and outcome of critical illness arouses
much interest among researchers. This phenome-
non is commonly linked to the effects of sex hor-
mons, estrogen and progesterone [1—5]. Indeed,
clinical observations evidence that women are more
resistant to ischemia than men are. However, there
are facts indicating that existence of sexual dimorp-
hism of ischemic brain damage is caused not only by
sex hormones. For instance, gender differences of
resistance to ischemia manifest also during meno-
pause and early ontogenesis [2, 4, 6—8]. The mecha-
nisms of sexual dimorphism of ischemic brain dama-
ge have not been thoroughly clarified. However, it
has become evident that there are both hormone-
dependent and hormone-independent factors ex-
plaining this phenomenon. Investigation of molecu-
lar and cellular mechanisms underlying sexual di-
morphism of ischemic brain damage is a necessary
step to developing an effective therapy for post-hy-
poxic encephalopathies [1, 2, 5—7, 9].

Brain-derived neurotrophic factor (BDNF) im-
pacts the neuroprotection and brain function recove-
ry during various pathological conditions [10—17].
Earlier we studied postresuscitation changes of
BDNF expression in highly sensitive to hypoxia ne-
uronal populations in males [18]. That study revea-
led relation between BDNF expression shifts and po-
stresuscitation death of neurons. Considering the
problem of sexual dimorphism of ischemic brain da-
mage, it would be useful to study the dynamics of
postresuscitation BDNF expression shifts in the
same neuronal populations in females after cardiac
arrest of the same duration. This study would deter-
mine whether the neuroprotective action of BDNF
depends on a gender.
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JI0BaTh JIMHAMWKY MOCTPEAHUMAITMOHHBIX CI[BUTOB
akcipeccun BDNF B aTux ke HellpoHAJIbHBIX 10-
IyJIANUAX Y CaMOK, [IepeHeclInX OCTaHOBKY cepaLa
TaKOH Xe JIUTEIbHOCTH. DTO AACT BO3MOKHOCTDb
OIIEHUTH, KaK Peau3yloTcsi HeHpONnpOTEeKTUBHbBIE
ceoiictBa BDNF B 3aBucumMocT# oT 10JIOBOH TpHU-
HaJIJIe3KHOCTU OpraHu3Ma.

Marepuan u MeTObI

WccnenoBanmu Mo3r 25 GebIX HEJTUHEHHBIX CaMOK
kpbic Maccoit 190—250 r, mepenecunx 10-MuHYTHYIO
OCTaHOBKY cep/ia (BHYTPUTOPAKaJIbHOE IepekaTue cocy-
mucroro rmyyka cepana) [19]. Yepes 1, 4, 7 u 14 nHeit nocie
peanuMariu (HEmpsIMOil Maccaxk cepiiia B COYETAHUU C
MCKYCCTBEHHOI BEHTHJISIIINEN JIETKNX BO3YXOM B PEKIME
rUNepBeHTUAAMN anmapaTtoM <«Animal Respirator»
dupmbl «SMT Geratehandel» ¢ BHyTpuTpaxeanbHbiM BBe-
JleHrneM pacTBopa ajgpeHasuHa B jo3e 0,1 Mr/Kr) KuBOT-
HBIX BBIBOJIMJIN 13 OKCIIEPUMEHTA JEKAMTUTAIIEN 110/ Hap-
KO30M (110 5—7 KMBOTHBIX HA KQXK/[BII CPOK TTOCTPeAHnMa-
IIMOHHOTO Mepuojia). KoHTposreM caryKuin JIOKHOOTIePH-
poBaHHBIE KPBICHI TOTO ke moJsa (n=10). DKcrmepruMeHThI
MTPOBOJIMJINCH COTJIACHO PEKOMEHANNSIM DTUYECKOTO KO-
murera OTBHY HUMN obuieit pearumarosiorun um. B. A,
Herosckoro B cootBerctBun ¢ «lIpaBunamu nposegeHus
paboT € HUCHOJNB3OBAHUEM IKCIEPUMEHTAIBHBIX KUBOT-
meix» (IIpukas Munsapasa CCCP Ne755 ot 12.08.1977).

WccnenoBanich TOCTpeaHNMAIIMOHHbIE U3MEHEHUS
BBICOKOUYBCTBUTEbHBIX K TMIIOKCUM HEHPOHAJIbHBIX T10-
nyasanuil — kiaetox Ilypkunbe xopbl Mo3Keuka U Iupa-
MUIHBIX HellpoHoB rurmokamia (cekrop CA4). BDNF
BBISIBJISIIM UMMYHOTUCTOXUMUYECKH HEIPSIMBIM TI€POK-
CHU/IA3HO-aHTHUIIEPOKCUIA3HBIM METO/IOM C HCIOJIbh30Ba-
HUeM ToJUKJOHATBHBIX aHTuTel kK BDNF (passenenme
1:50) (Santa Cruz, USA) u Bu3yaiusupyomei cucTemMb
LSAB Kit (DAKO, Glostrup, Denmark). UmmyHorucTo-
XMMUYECKYI0 PEAKIUI0 KOHTPOJUpPOBaIU HHKyOarueit
CPEe30B CO BCEMU PeareHTaMu KPOMe MePBUYHbBIX AHTHTE.
Unrencusnocts akcnpeccunn BDNF B nuronnazme neii-
POHOB OIEHUBAJIU C IMOMOIIBIO TTPOrPAMMbl aHATU3A
uzobpaxennit Image] 1,48v. Onpenensiiu «cpejpHee
sHauenue ceporo» (Mean Gray Value) u paccunrbiBann
OIITUYECKYIO MJIOTHOCTb (B YCJIOBHBIX CAMHUIIAX — Y.€.)
mo dopmyne: OD=log;, (255/Mean Gray Value). [lia
BU3YAJIbHOI OIeHKN MHTEHCHUBHOCTH OKPACKHU CPE3bI J10-
KpamuBaitn rematokcuaunom (puc. 1). Ha ocmoBanum
aHaJIM3a TUCTOTPAMM paclipe/ieJieHus HePOHOB 110 UX
ONTUYECKOH MJIOTHOCTU M BU3YAJIbHON OI€HKU BBIJIEJISIIIN
cooTBeTcTBylomue panru st BDNF-neratuBHbIX
(BDNF"), cnmabo — u cuapHonosutuHbix (BDNF' u
BDNF*") HeiipoHOB, B COOTBETCTBUHM C TeM, Kak ObLIO
ommcano panee [18].

B nomyramun xkietox Ilypkuabe Mo3:keuka panTH om-
TUUYECKO! II0THOCTU cocTaBuin: 711 BDNF-HeratuBHbIX
0D<0,25 y.e.; mia crabonosutububix 0,25< OD<0,31 y.e.
U 71T CUJIbHOTIO3UTUBHBIX HeliponoB OD>0.31 y.e. B mo-
MOyJISIIUN MTUPAMUIHBIX KJETOK THIIIOKaMma (CeKTop
CA4): panrm onTHYECKON TJIOTHOCTU COCTABUJIW: IJIST
BDNF-nerarusabix OD <0,24 y.e.; 17151 /1ab0N03UTHBHBIX
0,24<0D<0,28 y.e. u 1711 CUJIHOITO3UTUBHBIX HEIPOHOB
OD>0.28 y.e. Ompegensiin 06IIYyI0 [JIOTHOCTh HEPO-
HAJIBHON TMOIMYJISIUK, & TaKKe YHCIO KIETOK C Pa3HBIM

Puc. 1. Knerkn Ilypkunbe ¢ pa3HbIM YpPOBHEM IKCIPECCHU
BDNFE

Fig. 1. Purkinje cells with different levels of BDNF expression.
Note. Indirect peroxidase-antiperoxidase method, hematoxylin
staining, X400.

White arrow — BDNF™ neurons; black thin arrow — BDNF* ne-
urons; black thick arrow — BDNF** neurons.

IIpumevanue. HenpsmMoil 1epokcua3Ho-aHTUIIEPOKCUIIA3HBII
MeToJ, nokpacka remaTokcuiamuoM, X400. Bemas crpenka —
BDNF" neiiponsr; yepHas Tonkas crpeaka — BDNF* meiiponsr;
yepHag ToJicTas crpejaka — BDNF** neitponsr.

Materials and Methods

Twenty five outbred white female rats weighting
190—250 g were subjected to 10-minute cardiac arrest (in-
trathoracic compression of vascular fascicle of the heart)
according to described protocol [19]. Resuscitation measu-
res were provided by closed-chest cardiac massage combi-
ned with artificial lung ventilation with air in the hyper-
ventilation mode using Animal Respirator apparatus SMT
Geratehandel accompanied by intratracheal administra-
tion of adrenalin solution at a dose of 0.1mg/kg. In 1, 4,
7, and 14 days after the procedures, the animals were re-
moved from the experiment by decapitation under anest-
hesia (5—7 animals per each end point of the postresusci-
tation period). Sham operated animals were used as the
control (n=10). The experiments were carried out accor-
ding to the recommendations of the Ethics and Animal
Care and Use Committee of V. A. Negovsky Research In-
stitute of General Reanimatology, Federal Research and
Clinical Center of Reanimatology and Rehabilitology,
based on the «Rules of Performing Work Using Experi-
mental Animals» (Order of the USSR Health Ministry
No.755 dated 12.08.1977) and internationally approved
documents.

Postresuscitation changes of highly sensitive to hypo-
xia neuronal populations — Purkinje cells of the cerebel-
lum cortex and pyramidal neurons of hippocampus (sector
CA4) were studied. BDNF was detected by the immunohi-
stochemical technique using the indirect peroxidase-anti-
peroxidase method with utilization of polyclonal antibodi-
es to BDNF (dilution 1:50) (Santa Cruz, USA) and visua-
lization system LSAB Kit (DAKO, Glostrup, Denmark).
The immunohistochemical response was checked by incu-
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Puc. 2. [lunamMuka u3MEHEHHs] OOMmEH MUIOTHOCTH MOILYJISIIHH
kietok IlypkuHbe (a) ¥ MUPaMHUIHBIX KJIETOK runmokammna (b)
CaMOK B MOCTPEAHUMAIIMOHHOM I€PHOJIE TOCIE OCTAHOBKH CH-
CTEMHOTO KPOBOOOPANIEHHSI.

Fig. 2. Dynamics of changes in the total density of the Purkinje
cells (a) and pyramidal cells of hippocampus (b) of females in
postresuscitative period after cardiac arrest.

Note. a: * — P,<0.025 versus control (Group 0).

IIpumevanue. /[na puc. 2—4: Number of neurons per 1 mm the
length — uncio weiipornos na 1 MM mmmasL a: * — p,<0,025 1o
cpaBHeHUIO ¢ KoHTposieM (rpymma 0).

ypoBaeM akcrpeccnn BDNF na 1 MM asmnsr ux cros. B
paboTe WCIOJIb30Bai CUCTEMbl aHA/IU3a U300pasKeHUil
(xommubiorep Intel, mukpockon Olympus BX-41, nporpawm-
mbl ImageScopeM u Image] 1,48v. MS Excel 2007). Cra-
THCTHYECKYI0 00pabOTKY MaHHBIX TPOBOIUIIN C MOMOIIBIO
kputepusi A Kosamoroposa-CmupnoBa, U-kpurepust
Manna-Yutaun u t-xputepusi CTblofieHTa B TIpOTpamMMe
Statistica 7.0.

PesyibTatel 1 00Cy:K/1€HHE

Uccnenosanne kierok IlypkuHbe Mo3keuka
MOKA3aJ10, 4TO Ha 1-€ 1 4-e CyTKU MoCTpeaHuMaIlnoH-
HOro nepuoja o0Ias IJIOTHOCTh TOM HeipoHa/Ib-
HOW TOMYyJAIUN COOTBETCTBYET KOHTPOJHHOMY
ypoBHiO (puc. 2, a), T.e. rubesi HEIPOHOB He MPO-
ucxonuT. BoimazieHne HEWPOHOB pa3BUBAETC K 7-M

bation of slices with all reagents except for primary antibo-
dies. The intensity of BDNF expression in neurons' cyto-
plasm was evaluated with the help of image analysis soft-
ware Image] 1,48v. The Mean Gray Value was determined
and optic density was calculated (in conventional units —
c.u.) according to formula: OD=log;, (255/Mean Gray
Value). For visual assessment of color intensity, slices were
stained with hematoxylin (Fig. 1). Based on the analysis of
histograms of neurons distribution by their optic density
and visual assessment, respective ranks were established
for BDNF-negative (BDNF"), weakly — and strongly po-
sitive (BDNF* and BDNF**) neurons, as described earlier
[18].

In the population of Purkinje cells of cerebellum, the
optic density (OD) means were as follows: OD<0.25 c.u.
(BDNF-negative cells); 0.25<0D<0.31 c.u., (weakly posi-
tive cells); OD>0.31 c.u. (strongly positive cells). In the
population of pyramidal cells of hippocampus (sector
CA4) the optic density means for BDNF-negative cells
was OD<0.24 c.u; for weakly positive cells —
0.24<0D<0.28 c.u., and for strongly positive neurons —
0OD>0.28 c.u. The total density of the neuronal population
was determined as well as the number of cells with diffe-
rent level of BDNF expression per 1 mm of the length of
the cell layer. The work was performed using the image
analysis system (microscope Olympus BX-41, software
ImageScopeM and Image] 1,48v.). Statistic processing of
data was performed by Statistica 7.0. software using Kol-
mogorov-Smirnov A test, Mann-Whitney U test, and Stu-
dent's t-test.

Results and Discussion

The investigation of Purkinje cells of cerebellum
has shown that on days 1 and 4 of the postresuscita-
tion period, the total density of this neuronal popula-
tion corresponds to the control level (Fig. 2, a), i.e.
death of neurons does not take place. Significant drop
in neuron count occured by day 7 after resuscitation,
as evidenced by a considerable decrease of the total
density of the population compared to control (by
39.2%) (Fig. 2, a). Later on, the cell dropout process
does not progress.

It has been established that on day 1 and 4 po-
stresuscitation, the number of BDNF-negative ne-
urons as well as the number of weakly and strongly
positive cells did not change. However, by day 7 the
number of BDNF~ and BDNF* neurons decreased
compared to control (Fig. 3, a). Importantly, the
number of strongly positive (BDNF*+) cells corres-
ponded to the control level (Fig. 3, a). Later on day
14 of the postresuscitation period the detected chan-
ges persisted. The data demonstrate that at the stage
of neuronal death (day 7 after resuscitation) only
numbers of BDNF-negative and BNDF-weakly posi-
tive cells were decreased. Hence, it can be assumed
that neurons with low expression of BDNF express
increased propensity to die.

In a sector CA4 of hippocampus of female rats,
at all endpoints of the postresuscitation period stu-
died, the total density of pyramidal cells population
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cytkam mocse peanumaruu. O6 9TOM CBUAETEb-
CTBYeT CYIIECTBEHHOE CHUKEHHUE OOIIeil TIOTHOCTH
HOIYJISIIUYA B cpaBHeHUU ¢ KoHTpoJem (Ha 39,2%)
(puc. 2, a). B nanbHelieM Ipotiecc BbIaleHUs Kiie-
TOK HE MPOTPECCUpyeT.

YcTanoBieHo, uto Ha 1-e u 4-e cyTKu nocTpea-
HUMAIMOHHOTO Tepuona yncjio BDNF-aeratuBHbIxX
HEUPOHOB, a TAKIKE YHUCJIO CJ1ab0- U CUIIbHOIO3UTHB-
HBIX KJIETOK He M3MeHsoch. OIHAKO K 7-M CyTKaM
npoucxoauno cHwkenne yuciaa BDNF™ u BDNF*
HEHPOHOB B CPaBHEHWU ¢ KOHTpoJieM (puc. 3, a). Cy-
MIECTBEHHO, YTO TP 9TOM YNCJIO CUITHHOTIO3UTUBHBIX
(BDNF**) kyieTok cOOTBETCTBOBAJIO KOHTPOJIBHOMY
ypoBHIO (puc. 3, a). B nanpheiimem (14-e cyTku 1o-
CTPEAHVUMAIIMOHHOTO TIEPHO/Ia) BBISBICHHBIEC HU3Me-
HEHWSI COXpaHAIMCh. [loydyeHHbIe NaHHBIE CBUIE-
TEJILCTBYIOT O TOM, YTO Ha 9Taiie THOEeJU HEHPOHOB
(7-e cyTKM 110CJIe PeaHUMAIIUN ) TIPOUCXO/IAT CHIKE-
HEe yrcsa T0bk0o BDNF-HeraTuBHbBIX U ¢1a601103u-
TUBHBIX KJIeTOK. CJie/1oBaTeIbHO, MOKHO TI0JIarathb,
YTO UIMEHHO 9TU HEUPOHDI TIO[BEPTAIOTCS THOEIH.

B cexrope CA4 rummokamiia y caMOK Ha BCeX
MCCJIEJIOBAHHBIX CPOKAX MOCTPECAHMMAIIMOHHOTO Tie-
puoza o6Iast MIOTHOCTD MOMYJISIIUN TTUPAMUJIHBIX
KJIETOK COOTBETCTBOBAJIA KOHTPOJIO (puc. 2, b), 4to
CBU/IETEILCTBYET OT OTCYTCTBUM THOE HEHPOHOB.
Yucso HEPOHOB € Pa3sHBIM YPOBHEM 3KCIIPeCCUu
BDNTF rakske He usmensiioch (puc. 3, b).

PesysbraThl Hacrosmieii paboT cBUiETE/b-
CTBYIOT O TOM, UTO B IOy JIAIUHU KJIeTOK [Iypkunbe y
PEAaHMMHUPOBAHHBIX CAMOK K 7-M CyTKaM ITOCTPEaHU-
MAIHOHHOTO MEPUOJIa Pa3BUBAETCS TIPOIECC THOETN
HelipoHoB. CyIIecTBEHHO, YTO Ha ATAlle YMCHBIICHUS
o01Iell TIOTHOCTH TOMYJISIIUN CHUKAETCST YHCIIO
tosibko BDNF™ u BDNF* katerok (puc. 4, a) Ciaeno-
BATEJIbHO, MOKHO II0JIATaTh, YTO TUOETH MOBEP-
raloTCs TOJBKO HEPKCIIPECCUPYIOTIIE WU CJIa009KC-
npeccupytonie BDNF neliponbr.

CornacHo MolyYeHHBIM HAMU paHee JTAHHDBIM, Y
CaMIIOB, TIEPEHECITNX OCTAHOBKY CepIla TaKo# Ke
JUTTEIBHOCTH, B TIOIYJIAIIUU KJIETOK [lypkuHbe mpo-
HCXO/ISAT aHAIOTMYHBIE TTOCTPEAHUMAITMOHHBIE C/IBUTH
[18]. OnHako oHM BO3HUKAIOT PAHbIIIE, YEM Y CAMOK —
yKe K 4-M cyTKaMm Tocjie peanuMariu. VHTepecHo,
YTO M3MEHEHUS JKCIPECCUM U JIPYTUX HHIIOTEHHBIX
HEUPONPOTEKTUBHBIX (haKTOPOB — TJUAIBLHOTO Heli-
porpodudeckoro daxropa GDNF u rmokosperyiu-
pyemoro Gesika GRP78 — takke pasBUBAJIUCh y pea-
HUMUPOBAHHBIX CAMIIOB paHbIIle, YeM Yy CAaMOK, U CO-
MPOBOXKIAIICH THOEIBI0 HEPOHOB [20—22].

CieryeT OTMETUTDB, YTO BBISIBJIEHHBIC B I10-
myadaiun kiaetok [lypkuHbe y JKUBOTHBIX Pa3HOTO
0J1a TTOCTPEAHNMAIMOHHbIC U3MEHEHUS HOCUIIHU OJI-
HOHAITPABJICHHBIN XapakTep, XOTS U OTIUYAIHICH 110
JqHaMuKe. [Ipyu 5TOM U y caMIOB, U Y CaMOK Tubesu
MOJIBEPTATMCH TOJBKO HEIKCIPECCUPYIOIINE W CJa-
6oakcnpeccupymomue BDNF weliponbr. ITo corvia-
CYEeTCSl ¢ Pa3BUBAEMBIM HAMU MOJIOKEHUEM O 3HAYe-

corresponded to control (Fig. 2, b). Data demon-
strate the absence of death of neurons within this
region of the brain. The number of neurons with
different level of BDNF expression did not change
either (Fig. 3, b).

The results show that in the population of
Purkinje cells in resuscitated female rats, by day 7
of the postresuscitation period, the neuron death
process develops. Importantly, at the stage of dec-
rease of the total density of population, only the
number of BDNF~ and BDNF* cells decreases
(Fig. 4, a). Hence, it can be assumed, that only
non-expressing or weakly expressing BDNF ne-
urons suffer death.

According to our data obtained earlier, in male
rats subjected to cardiac arrest of the same dura-
tion, similar post-resuscitation shifts take place in
the population of Purkinje cells [18]. However,
they occur earlier than in female rats specifically, by
day 4 after resuscitation. Interestingly, changes in
the expression and other endogenous neuroprotec-
tive factors — glial cells derived neurotrophic factor
GDNF and glucose-regulated protein GRP78 — de-
veloped also in resuscitated male rats earlier than in
female rats and was accompanied by the death of
neurons [20—22].

It should be noted that in the population of
Purkinje cells in animals of different gender, the po-
stresuscitation changes exhibited an unidirectional
nature, though their dynamics was different. Both
in male and in female rats, only non-expressing or
weakly expressing BDNF neurons suffered to
death. This is consistent with our concept on role of
the BDNF level in the developing stability of ne-
urons foolowing ischemia-reperfusion [23, 18].

Interrelation between BDNF level shifts and
the process of postresuscitation death of neurons
is supported by current study of the population of
pyramidal cells of hippocampus located within the
sector CA4. According to the present results, in fe-
male rats within this neuronal population, no reli-
able shifts in numbers of neurons with different
BDNF-specific immunoreactivity at any stage of
the postresuscitation period were found. In this
instance, death of neurons does not take place
(Fig. 4, b).

Other changes were found by us earlier in
the population of pyramidal cells of hippocampus
sector CA4 in male rats subjected to cardiac ar-
rest of the same duration [18]. In that case, po-
stresuscitation shifts in BDNF expression and the
neuronal death process developed. As early as day
4 after resuscitation, with the total density of the
population being retained, its BDNF-specific im-
munoreactivity decreased (some strongly positive
cells 'moved' into the category of weakly positi-
ve). Later, by day 7 of the postresuscitation pe-
riod, the process of neuronal death developed (the
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Puc. 3. Yucio HelipoHOB ¢ pa3ubiM ypoBHeM 3kcnpeccud BDNF B nonyusiiun kinerok Ilypkunbe (a) ¥ IMPaMHIHBIX KJIETOK THINIO-

kamna (b) Ha pa3HbIX CPOKAX MOCTPEAHUMALOHHOTO ePHO/IA.

Fig. 3. The number of neurons with different levels of BDNF expression in Purkinje cell population (2) and the pyramidal cells of

the hippocampus (b) in postresuscitative period.
Note. a: * — P,<0.05; # — P,<0.1 versus control (Group 0).

IIpumeyanwue. a: * — p,<0,05; # — p,<0,1 B cpaBenun ¢ kourposem (rpyrra 0).

nuu ypoasa BDNF B ¢hopmupoBanum ycToitauBocTu
HeNPOHOB 1ocse uilieMuu-penepdysuu [23, 18].
Bsaumocsssb casuros yposusa BDNF ¢ mporiec-
COM TOCTPEAHUMAIUOHHOM rubein HEUPOHOB MOJI-
TBEPIKAAECTCA U TIPU UCCIECNOBaHNU MOITYJIAIIUN TTUPa-
MUJIHBIX KiIeToK cekTopa CA4 runmokamma. Corac-
HO pe3yJibTaTaM HacTosIIeld paboThl, y CAMOK B 9TOI

total density of the population decreased by
38.5%). Significantly, at that stage, only the num-
ber of BDNF-negative and weakly positive cells
decreased.

It would be interesting to compare the BDNF
expression shifts we have found in the population of
pyramidal cells of hippocampus sector CA4 versus
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Puc. 4. BsaauMocCBsI3b NOCTPEaHUMAIMOHHBIX H3MeHeHuil ypoBHs akcnpeccud BDNF ¢ npoueccom rudeny HEipOHOB B NOMYJISIIAM

kietok Ilypkunbe (@) v mMpaMUAHBIX KJIeToK runmnokamna (b).

Fig. 4. The relationship of postresuscitative changes in the expression level of BDNF with the process of neuronal death in the po-
pulation of Purkinje cells («) and pyramidal cells of the hippocampus ().

Note. * — P,<0,05; ** — P,<0.01; # — P,<0,1 versus control.

IIpumeuanue. * — p,;<0,05; **— p,<0.01; # — p;<0,1 B cpaBHEHUN C KOHTPOJIEM.

HEHPOHAJIBLHON TOIYJISIUKA He BBbISBJIEHO JI0OCTOBEP-
HBIX C/[BUTOB 4ucJa HEHPoHOB ¢ pasiauyHoit BDNF-
MMMYHOPEAKTUBHOCTBHIO Ha BCEX MCCIETOBAHHBIX
aTanax IoCTpeaHUMaIlMOHHOro Iepuoja. [Ipu atom
rubesi HelipoHOB He poucXoauT (puc. 4, b).

M Hble m3MeHeHUst ObLITN BHISIBIEHBI HAMU PaHee
B TOMYJAINA MUPAMUIHBIX KJIeTOK cektopa CA4
TUIIIOKAMIIA Y CaMI[OB, MEPEHECHTUX OCTAHOBKY

shifts in expression of another neuroprotective fac-
tor — protein GRP78, which is increasingly expres-
sed in the postresuscitation period in the same ani-
mals [22]. Tt has been established, that in male rats,
the level of GRP78 expression decreased similarly
to what was demonstrated for BDNE In female
rats, GRP78 expression drastically increased while
the level of BDNF expression did not change. At
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cep/ita Tako xe amurenabHocTtu [18]. B aTom ciyyae
Pa3BUBAJMCH MOCTPEAHUMAIIMOHHBIE CIBUTH YPOBHS
srcrpeccun BDNF u mporiece rubeiii HEHPOHOB.
Tak, yxxe Ha 4-e CyTKU TIOCJIe PEaHUMAaIlUU TP CO-
XpaHeHun o01Ieit moTHocTy nomyasiuun ee BDNF-
MMMYHOPEAKTUBHOCTh CHUIKAJAch («Iepexoi»
YaCcTU CUJIBHOMO3UTUBHBIX KJIETOK B KATETOPHUIO CJia-
6omo3uTuBHBIX). [To3/1HEE — K 7-M CyTKaM 1oCTpea-
HUMAIMOHHOTO TIEPHO/Ia — PA3BUBAJICS TIPOIECC I'H-
Genv HEHPOHOB (CHUKeHHUE OOIIEl TIOTHOCTU T0-
nymsinun #Ha 38,5%). CylilecTBEHHO, YTO HAa 3TOM
aTtane yMeHblanoch yuciao Toabko BDNF-neraTus-
HBIX 1 C1a00TTO3UTUBHBIX KJIETOK.

Boigasaennbie Hamu caurn akcnpeccuun BDNF
B MOTLYJIATIY TMPAMUTHBIX KJIeTOK cekTopa CA4 ruti-
MOKAMIIa WHTEPECHO COIMOCTaBUTH CO CABUTAMM KC-
MIPECCUM JIPYTOTO HEHPONPOTEKTUBHOTO (hakTopa —
6enka GRP78, pasBuBaiOMUMICS B TOCTpeAHUMA-
IIMOHHOM TIEPHOJIE Y ATUX JKe JKUBOTHBIX [22]. YcTa-
HOBJIEHO, YTO Y CaMIIOB YpoBeHb akcripeccun GRP78
CHIIKAJICS, aHAJIOTUYHO TOMY, KaK 3TO TOKa3aHO JIJIs
BDNE ¥ camox — axcnipeccus GRP78 pesko Bozpac-
Taja, B TO BpeMs Kak ypoBeHb akcipeccun BDNF ne
usMeHsicst. [Ipu 9TOM, Kak OBLIO OTMEUYEHO BBIIIE, B
cekrope CA4 rummokamiia y caMoK He OOHApPYKEHO
rubesin HeiipoHoB. [IpuBeieHHbIE (DAKTDI TAIOT OCHO-
BaHUe 10J1araTh, YTO B JIAHHOM CJIy4ae OJHUM U3 (hak-
TOPOB 3allUThl HEUPOHOB OT THOETU MOKET OBITH aK-
tuBaims akciipeccun GRP78. B mosb3y atoro mpej-
TIOJIOKEHUS CBUJIETEILCTBYIOT U JIAHHBIE O B3aWMO-
nericteuu BDNF u GRP78, u, B uacTHOCTH, TP BbI-
3BaHHOM HIIeMHUEl cTpecce HHIOMIA3MATHIECKOTO
perukynayma [24—26].

Bo3MoKHOCTD 3a1lUThl HEMPOHOB PN aKTHUBA-
WU JKCIIPECCUU OJHOTO U3 HEHPONPOTEKTUBHBIX
(hakTOpPOB B OTCYTCTBHE W3MEHEHWU APYrux ObLia
MoKasaHa HaMu paHee. Tak, 0Ka3anioch, YTO yCujieHue
akcripeccun BDNF (ipumenenne MumeTnka Gakto-
pa pocra HepBoB 'K2) criocobGeTBOBaa mpeoTBpa-
[IEHUIO TIOCTPEAaHMMAIMOHHON THOEIn HelpOHOB,
XOTS [IPU 9TOM YPOBEHD JIPYTUX HEHPOIPOTEKTOPOB
— netiporpoduna NT4 u ocHoBHOTO (hakTOpa pocrta
FGFb — ne yBesmmuuaics [27].

PesysbraTbl Hacrosieil pabOThbl CBUETE b
CTBYIOT O HAJTMYUU TCHIEPHBIX PA3JINYMIA TOCTPEAHN-
MAIMOHHBIX CABUTOB ypoBHs akcnpeccun BDNF n
COTIPSIKEHHBIX C HUMU TIPOIIECCOB THOEN HEHPOHOB.
[TosioBBIE OTIMYMS B BBIPAKEHHOCTH W TONOrpachun
MOCTPEAHMMAIIMOHHBIX TOBPEKIEHUIT M0o3ra ObLIN
TakKe ToKka3anbl Hamu panee [1, 28—31, 22]. Cyme-
CTBEHHO, YTO CAMKHU B CPABHEHUH C CAMIIAMU XapaKTe-
PH30BAIICH OoJiee OBICTPHIM BOCCTAHOBJICHHEM HEB-
poJiornmyeckoro cratyca. Tak, mocse 12-MUHYTHOI
OCTaHOBKH CEP/IITA BOCCTAHOBJICHIE HEBPOJIOTUUECKO-
ro cTaTyca y caMoK ObLIo Oojiee OBICTPBIM, U K 5-M
CYTKaM TMOCTPEAHNMAI[MOHHOTO TIEPUO/Ia PeaTn30Ba-
Joch B 77,8% ciryuaes npotus 27,2% — y camiios [ 28].
[Ipu aTOM y CaMOK TOBPEKICHIS MO3Ta Pa3BUBAINCD

that, as noted above, death of neurons was not
found in sector CA4 of hippocampus in female
rats. The data provide an evidence that activation
of GRP78 expression may be one of the factors
protecting neurons from death. Data about inter-
relation of BDNF and GRP78, and, in particular,
during ischemia-caused stress of endoplasmatic re-
ticulum [24—26] evidence in favor of this hypot-
hesis.

The possibility of neurons protection during
activation of expression of one of neuroprotective
factors in the absence of changes in others was shown
by us earlier. Tt turned out that intensification of
BDNF expression (use of nerve growth factor mime-
tic GK-2) assisted prevention of postresuscitation
death of neurons, though the level of other neuropro-
tectors — neutrophin NT4 and basic growth factor
FGFb — did not increase [27].

The present results demonstrate the gender
difference in post-resuscitation shifts in the level of
BDNF expression and neuronal death. Gender diffe-
rences in the expression and topography of postre-
suscitation brain damages were also shown by us
earlier [1, 28—31, 22]. Significantly, compared to
male animals, female animals were characterized by
faster neurological status recovery. For instance,
after a 12-minute cardiac arrest, neurological status
recovery in female animals was faster and by day 5 of
the postresuscitation period it resolved in 77.8% of
cases versus 27.2% in male animals [28]. At that, in
female animals, brain damages developed later and
were less manifested that in male animals. Gender
differences in orientation behavior and anxiety exi-
sting before resuscitation and persistent during the
postresuscitation period were also detected [28].

Gender differences in ischemic brain damage
were also found in rats after occlusion of medial ce-
rebral artery. It turned out that in male rats and
sprayed female rats the sizes of brain infarction in
cortex and caudoputamen region were larger than
in intact female rats [32]. Higher sensitivity of male
brain to ischemia was shown using lines of rats with
diabetes and spontaneous hypertension as well as in
different ischemia models. The reasons for this phe-
nomenon stem from hormone-independent mecha-
nisms of ischemic cell damage and factors related to
gender [2]. Interestingly, gender peculiarities of
nervous cell death mechanisms were found on cul-
tures bare of sex hormones. For instance, cultured
dopaminergic neurons from 14-day female embryos
were tolerant to exposure by toxic concentration of
dopamine, and their surviving was doubled than in
males [33]. Male cells were more sensitive to gluta-
mate and peroxynitrite; however, the action of oxi-
dants, such as H,0,, did not depend on gender of
animals [34]. Data show that the brain of male and
female animals is not equally sensitive to ischemia.
At the same time, these differences manifest already
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MO3/iHEE U OBLIN BBIPAKEHBI MEHBIIIE, €M Y CAMIIOB.
BbIsgBiieHBI TakKe MOJIOBBIC PA3UuUs OPUEHTUPO-
BOYHO-MCCJIE/IOBATEJILCKOTO MTOBEJICHNUS U TPEBOKHO-
CTH, CYIIECTBYIOIIUE /0 PEAHUMAITMM W COXPAHSIO-
HIecs: B MOCTPeaHUMAIIMOHHOM Tiepuojie [28].
lenniepHble pazinyusg B WIIEMUYECKOM T10-
BPEKJCHUM MO3Ta BBISBJIEHBI TaKyKe TTOCJE OKKJITO-
31U cpefiHell MO3TOBON aprepun y Kpbic. OKa3anocs,
YTO y CaMIIOB U Y OBAPHOIKTOMHMPOBAHHBIX CAMOK
pasMepbl uHGAPKTa MO3Ta B KOpPe U KayJoITyTaMeHe
ObwTi GOJIbIIE, YeM Yy MHTAKTHBIX caMok |32]. BoJee
BBICOKAs YyBCTBUTEJIBbHOCTH MO3Ta CAMIIOB K UIITEMUN
MOKa3aHa Ha JINHUSIX KPBIC ¢ THabeTOM U CIIOHTAHHOI
TUINEPTEH3MEH, a TAK)Ke HA PA3HBIX MOJIEJISAX UIIEMUN.
ITpuuusbl 9TOTO (heHOMEHA OOCYKAATCS KaK C
TOYKM 3PEHUS TOPMOHOHE3AaBUCUMBIX MEXAaHU3MOB
UIIEMUYECKOTO TIOBPEKACHUS KJICTOK, TaK U C YIeTOM
(hbaxTOpOB, CBA3AHHBIX C TTOJIOBOI TPUHAIJICKHOCTHIO
opranusma |[2]. VIHTepecHo, 4To TeHAepHbIE 0COOEH-
HOCTU MEXaHU3MOB IO HEPBHBIX KJIETOK BBISIBJIE-
HBI Ha KyJIbTYpax, JIMIICHHBIX TOJOBBIX TOPMOHOB.
Tak, KyJbTUBHPYEMbIE TohaMIUHEPTHIYECKUE Heipo-
HbI OT 14-1HEBHBIX SMOPUOHOB KEHCKOTO 110J1a ObLIK
TOJIEPAHTHBI K 9KCIMO3UITUN TOKCUYECKON KOHIIEHTPA-
ur oaMUHa, U UX BBIKUBAEMOCTh ObLIa BJBOE
Gourbiiie, ueM MyKCKUX [33]. MyskcKue KIeTKu ObLIn
6oJiee UyBCTBUTEJILHBI K TJIyTaMaTy U TEPOKCUHUT-
PUTY, OJTHAKO BO3JICHCTBUE OKCUAHTOB, TAKMX KaK
H,0, ne 3aBucesno ot mnoma [34]. Ilpusemenubie
(baxTpl CBUIETENBCTBYIOT O TOM, YTO MO3T CAMIIOB U
CaMOK HEOZIMHAKOBO UYBCTBUTEJIEH K UIIeMUU. B To
JKe BpeMs, 9T PA3JInuus MPOSIBJALIOTCS Y:Ke B paH-
HEM OHTOTEHE3e, T.e. €lle /IO TPOSBJICHUS BIUSHUS
MOJIOBBIX TOPMOHOB. Kpome ToT0, reHiepHble pasJim-
YU UIIEMUYECKOTO TOBPEXKACHUS BBIABISAIOTCS HE
TOJIBKO B 00JIACTSIX MO3Ta, CBSI3AHHBIX C PEIPOLYK-
TUBHOU (DYHKIMEl, HO U B APYTUX ero otraesnax [35].
CJie1oBaTeJIbHO, TOJIOBOI TUMOP(U3M UIIIEMUYECKO-
T'O TIOBPEIK/IEHUST MO3Ta 0OYCJIOBJIEH HE TOJILKO TIOJI0-
BBIMM TOPMOHAMU, HO CBSI3aH TaKyKe C Pa3IMIUAMU
MOJIEKYJIIPHBIX MEXaHU3MOB TIOBPEKICHUS KJIETOK.
Tak, usBecTHo, 4yT0 NO-CHMHTa3a WUrpaeT BaKHYIO
pOJIb B MHUIMAIIMY UIIEMUYECKON THOETU KIIETOK.
OjHaKo, OTCYTCTBUE €€ aKTUBHOCTU Y HOKAyTHBIX
CaMOK WM TIpH (hapMaKOJIOTUIECKOM TO[aBJICHUN
MIPUBOJNUT K TAPaZIOKCATBHOMY YBEJUYEHUIO pazMme-
poB MHMAPKTA T0C/e OKKJIIO3UN CPeTHEl MO3rOBOM
aprepun [36]. TlokazaHbl Takke TEHIEPHbIC PA3JIM-
qust peakiuu Ha akrusaiuio dpepmenta monu( A/l D-
pubosa) mosmepassl (PARP). V camiioB mociie k-
CaTOTOKCUYECKOTO WJIU WIIeMHUYeCKOTO BO3Jei-
ctBuss PARP rumnepaktuBupyeTcsd U yCUIUBACT TH-
6eb kietok. OHAKO Y CAMOK OTCYTCTBHE aKTHBHO-
CTH 9TOTO (hepMeHTa (HOKAYTHBIC CAMKH WJTH TTO/IaB-
sgenrie PARP) npuBoIUT K 3HAYMMOMY YBEJTMUCHUIO
UNIEMUYECKOTO TOBPEKICHUS MO3Ta MMOCJe OKKJITO-
3UN cpe/iHell MO3TOBO apTepuy B OTJINYME OT Iiepe-
HECIIUX aHAJIOTUYHOE BO3/leiicTBUe caMIloB [36].

during early ontogenesis, i.e. before the effects of
sex hormones appears. Besides, gender differences
in sensitivity to ischemic brain damage were found
not only in brain regions contributed to the repro-
ductive function, but in other regions as well [35].
Hence, sexual dimorphism of ischemic brain dama-
ge is determined not only by sex hormones, but is
also related to differences in the molecular mecha-
nisms of cell damage. For instance, NO-synthase is
known to play an important role in the initiation of
ischemic cell death. However, absence of its activity
in knockout female animals or in case of pharmaco-
logical suppression leads to paradoxical increase of
the size of infarction after occlusion of median ce-
rebral artery [36]. Gender differences of response to
activation of enzyme poly(ADP-Ribose) Polymera-
se (PARP) were also shown. In male animals after
excitotoxic or ischemic effect, PARP becomes hype-
ractivated and intensifies death of cells. However,
in female animals, absence of the enzyme's activity
(knockout female animals or suppressed PARP) re-
sults in a considerable increase of the ischemic
brain damage after occlusion of medial cerebral ar-
tery in contrast to male animals exposed to the
same effect [36].

Apoptosis development differences may also
be one of hormone-independent mechanisms of
gender peculiarities of ischemic cell damage. Tt was
shown [8], that during the early postnatal period,
in neurons of median preoptic nuclei (MPNc) and
anteroventral periventricular nuclei (AVPV) of
hypothalamus, the level of Bcl-2 and Bad in female
animals is smaller than in male animals whereas the
level of Bax is larger. Gender differences were also
identified in the number of caspase-3-positive cells:
in AVPV, their quantity was smaller in female ani-
mals than in male animals whereas in MPNc it was
greater.

Existence of gender peculiarities in specific
mechanisms of ischemic brain damage demonstrate
that the effectiveness of neuroprotective therapy
may differ in animals of different sex, too. Indeed,
during subarachnoid hemorrhage, application of an-
tioxidant tirilazad (nom-hormone 21-amino ste-
roid) was more effective in males that in females
[37]. Similarly thereto, post-trauma hypothermia
reduced brain damage and subsequent dropout of
neurons in males, but not in females [38]. It was
also established [39], that brain damage caused by
neonatal hypoxia was less manifested in females.
However, use of selective inhibitor of necroptosis
(drug Neurostatin-1) prevented development of da-
mages in males only. Earlier, we have also establis-
hed gender differences in efficacy of experimental
therapy after cardiac arrest of equal duration in
rats. Treatment with hormonal drug Gynodian
Depot (estradiol with dehydroepiandrosterone)
prevented death of neuronal cells only in male ani-
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OnHUM U3 TOPMOHAJIBLHO HE3aBUCUMBIX MeXa-
HU3MOB TEHJIEPHBIX OCOOEHHOCTEI WIIEMITYECKOTO
MOBPEK/IEHUS KJIETOK MOTYT OBITh TaK)Ke OTJIUUHUS B
pasBUTHM aronTo3a. Tak, mokasaHo [8], uTo B paH-
HEM TIOCTHATAJIBHOM TIepro/ie B HEHPOHAX MeIUaTh-
Horo mnpeontuiyeckoro (MPNc) u anTepoBeHTpash-
HOTO TiepuBeHTpUKYIsipHOTO (AVPV) snmep rumota-
Jamyca yposerb Bel-2 u Bad y camok meHbIie, uem y
caMIlOB, a ypoBeHb Bax- Gosbiie. IToJioBbie pasim-
YU BBISABJICHBI TAKJKE U B YHCJIE Kacma3a-3-TI03UTHB-
HBIX KJIEeTOK: B AVPV 1xX y caMOK OBLIIO MEHBIIIE, YeM
y camii0B, a B MPNc¢ — Goublie.

Hasmuue renziepabix ocobenHocTel B crienudu-
YeCKUX MeXaHW3MaX HMIEMUYECKOTO IOBPEKICHUS
MO3Ta CBUIETETBCTBYET O TOM, YTO Y JKUBOTHBIX PA3HO-
TO TI0JIa MOKET Pa3inyaThes v aphHeKTUBHOCTD HENPO-
NPOTEKTUBHOM Teparuu. [leficTBuTesbHO, mpu cy6-
APaXHOU/IATIbHOM KPOBOMBJIUSHUY TIPUMEHEHUE aHTH-
OKCHJIAHTA TUpHUJIa3aga (HeropMOHAIBHBIN 21-amMrHO-
crepoujt) 66110 Gostee APPEKTUBHBIM Y MY/KUNH, YEM Y
SKeHIUH [37]. AHAJIOTMYHO 3TOMY, MOCTTpaBMATHye-
CKasl TUTIOTEPMUS YMEHbIA/Ia TIOBPEKICHUE MO3Ta U
MocJIeTytolnee BbITTaJieHIe HEHPOHOB Y CaMIIOB, HO HE Yy
camok [38]. YcranosrieHo Taxke [39], 4T0 BBIZBAHHOE
HEeOHATa/IbHOM I'MIIOKCHEH TTOBPeKIeHe MO3ra ObLIO
MeHee BhIpaKeHHBIM y caMok. OnHaKo, pruMeHeHue
CEJIEKTUBHOTO WHIHOWTOPa HEKporTo3a (Ipemapar
HelipocTaTuH- 1) mpeynpekIano pa3BuTHe MOBPEKIe-
HUIT TOJIbKO Y caMmioB. PaHee HamMu Takyke ObLIN BbI-
SBJIEHBI TIOJIOBBIE Pa3imuus B a(DPEKTUBHOCTH Tepa-
ITUH TT0CJIE OCTAHOBKY CEPJIIIA OZIMHAKOBOM JTUTETHHO-
ctu. Tak, mprMeHeHne TopMOHAIbHOTO IIpenapaTa «I'm-
HozieaH Jlenoy (3CTpamuon ¢ AeTUIPOSITUAHPOCTEPO-
HOM) MTPEIOTBPAIIAJIO TUOEb HEPBHBIX KJIETOK TOJIBKO
y caMI10B 1 He B0 Ha caMok [30]. [TonoBbie pazsu-
yust ObLI OOHAPYSKEHBI U B 9(D(HEKTUBHOCTU UCIIONb-
30BaHUS Y PEAHUMHUPOBAHHBIX JKUBOTHBIX UMMYHOMO-
nyJsTopa nanasupa [31].

[IpuBenennbie (hakTbl CBUAETENBCTBYIOT O TIO-
JIOBBIX PA3JIMUYMAX HE TOJIBKO B MEXaHU3MAX MTOBPEXK-
JICHUS MO3ra, HO Takyke W ero 3amuThl. Panee Hamu
BBISIBJICHBI T€HJIEPHBIE OCOOEHHOCTH B PEAIH3AIUN
HEMPONPOTEKTUBHBIX CBOWCTB Psi/la 3HOTEHHBIX
HelpoTpoduueckux HakTOPOB — IIINATBHOTO HEMpPo-
tpoduueckoro axropa GDNF [20,21], roroko3ope-
ryaupyemoro Oeska GRP78 [22], a Takke 6enKoB
terioBoro moka cemeiictBa HSP70 [40]. Pesysibra-
TBI HACTOSIIEN PAaOOTDI CBUIETEIBCTBYIOT O HAJIMIUT
MOJIOBBIX OCOOEHHOCTEH TTOCTUIIIEMUIECKON 9K CITpec-
cun BDNEF. Tenznepubie pasziuyus sKclpeccuu
BDNF u ux MexaHu3mbl MPUBIEKAIOT B TOCJEIHEE
BpeMst GoJibiioe BHuManue. Tak, HeJaBHO ObLIN BbI-
SBJICHBI PA3JINUUA MEKITY MYKUYMHAMU U JKEHIIUHA-
MU Jla’ke B IIUPKAAHbIX putMax ypoBHs BDNF [41].
YCTaHOBIIEHBI TaKKe IOJIOBbIE OCOOEHHOCTH 3KC-
npeccur BDNF wu ero pertenitopa TrkB B Me/mainb-
HOM MPEONTUYECKOM SIIPE THITOTAIaMyca — 00JIacTh
MO3Ta, XapaKTePU3YIONIEHCs Y XOMSIKOB ITOJIOBBIM JIH-

mals and had no effect in female animals [30]. Gen-
der differences were also discovered in the effecti-
veness of using immunomodulator Panavir in resus-
citated animals [31].

The stated facts evidence gender differences
not only in the brain damage mechanisms, but in
the mechanisms of its protection, too. Earlier, we
have found gender peculiarities in neuroprotection
by a number of endogenous neurotrophic factors —
Glial Cells Derived Neutrophic Factor (GDNF)
[20, 21], Glucose Regulated Protein GRP78 [22],
and heat-shock proteins of HSP70 family [40]. The
present results display the existence of gender diffe-
rences at the level of the post-ischemic expression
of BDNF. Gender differences of BDNF expression
and their mechanisms had attracted much attention
lately. Recently, differences between men and
women were found even in circadian rhythms of
BDNF level [41]. Gender differences were also
shown in the expression of BDNF and its receptor
TrkB in median preoptic nucleus of hypothalamus
— the brain region characterized in hamsters by se-
xual dimorphism and control of sexual behavior in
male animals [42]. Tt was shown that in male rats
brain tissue, BDNF expression was higher than in
female rats. Gender differences in the BDNF gene
expression and its regulation by estrogen in diffe-
rent sectors of hippocampus in newborn rats were
established [43]. It turned out that in sector CA1 of
hippocampus and dentate gyrus, the level of BDNF
expression in male animals was higher than in fema-
le animals. Exogenous administration of estradiol
resulted in opposite shifts of BDNF expression in
these sectors: in CA1, increase was observed, and in
dentate gyrus — decrease.

The above factors show an existence of gen-
der differences in BDNF expression both in norm
and under different influences. Sex hormones are
important for the regulation of BDNF expression
in brain. Effect of androgens on the structural and
functional condition of hippocampus was discove-
red. Tt was shown that following castration by
orchiectomy, the absence of androgens in male ani-
mals is compensated by BDNF modulation of
mossy fibers, whereas testosterone annuls this ef-
fect [44]. Regulation of BDNF expression by
estrogens and estradiol interaction with BDNF
and its receptors are intensively discussed [45,
46]. Tt is pointed out that hormonal disorders du-
ring the fetus development period might lead to
abnormal shifts of BDNF expression. Interesting-
ly, the brain regions studied by us in this paper —
cerebellum and hippocampus — are among most
influenced by estrogens during development [47,
48]. The issue of gender peculiarities of BDNF ex-
pression becomes especially because of the role of
the BDNF in neurological and mental illnesses
[49, 50]. Sex hormones were shown to modulate
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MOP(hU3MOM U KOHTPOJUPYIOIIEM Y CAMIIOB TIOJIOBOE
nosezieaue [42]. [TokazaHo, 4TO B TKAaHW MO3Ta y CaM-
1108 akcrpeccust BDNF Bbiinie, uem y camok. BoisiBiie-
HBI I'eH/lepHble passinyus akcrpeccuu rena BDNF n
ee PeTyJIAINK 3CTPOTEHOM B PA3HbBIX OT/EJaX TUIIIIO-
KaMIla Y HOBOPOXKIEHHBIX KpbIc [43]. Oxazanoch, uTo
B cektope CA1l runmokamiia u B 3y6uaroil dacuuun
ypoBetb akcipeccun BDNF y caMIiioB ObLT BbIllie,
YeM y CaMOK. DK30T€HHOE BBEJICHUE ACTPAINOJIA TTPH-
BOJIMJIO K TIPOTUBOIIOJIOKHBIM C/IBUTAM 3KCIIPECCUU
BDNF B atux o6sacrsax: 8 CA1 Habionanoch yse-
JIMYeHue, a B 3y6uatoil (haciuu — CHUKeHHe.

[IpuBenennbie (hakTbl CBUACTEIBCTBYIOT O Ha-
JINYUU TOJIOBBIX pasyinyuii B akcripeccun BDNF kak
B HOPMe, Tak M IPU Pa3JnyHbIX BozjeiicTBusax. Ilo-
JIOBBIE TOPMOHBI UMEIOT OGOJBINOE 3HAYEHKE B PEry-
sanmu axcripeccunt BDNF B mo3sre. BoisiBieno Bins-
HUE aHJPOTEHOB Ha CTPYKTYPHO-(YHKIIMOHAIbHOE
cocrogHue rurnmnokamia. [lokasano, 4To mpu opxu-
JIDKTOMUM OTCYTCTBUE AaHJPOTEHOB Y CAMIIOB KOM-
neHcupyercs monyssanueir BDNF B cucreme moxo-
BU/IHBIX BOJIOKOH, TIPUYEM TECTOCTEPOH OTMEHSET
aT0T 3hdekT [44]. AKTUBHO OOCYKIAIOTCS BOTIPOCHI
o perysaiun akcrpeccun BDNFEF actporenamu, a
Takke B3amMozelicTBue actpaaunosna ¢ BDNF u ero
pettentopamu |45, 46]. Ilpu saTom momuepkuBaercs,
YTO FOPMOHAJIbHBIEC HAPYIIEHUS B TICPUOJ PA3BUTHUSA
IJI0/Ia MOTYT TIPUBOAMTH K AHOMAJbHBIM CI[BUTAM
akcnpeccun BDNFE MHuTepecHo, uTo nccseoBaHHbIe
HaM¥ B HacTosIeil pabore 006acT Mo3ra — MO3JKe-
YOK U TUIIOKAMII — OJ[HU U3 HauboJiee TTO/[BEPIKEH-
HBIX BJIMSHUIO 3CTPOTEHOB BO BpeMd pa3BUTHSA [47,
48]. Ocoboe 3HAUEHIIE BOTIPOC O MOJOBBIX OCOOEHHO-
crsix akcrpeccun BDNF npuobperaer B CBsI3U ¢ UC-
CJIe/IOBAaHNEM HEBPOJIOTUYECKUX U MICUXMUCCKUX 3a-
6osieBanuii [49, 50]. ITokasaHo, B 4aCTHOCTH, YTO 110-
JIOBbIe TOPMOHBI MOALy/Inpy1oT ypoBeHb BDNE, B ToM
gucsie u 1npu crpecce [45]. [Ipu aTom mposiBisioTes
KaK TeH/EePHBIE, TaK W CBA3aHHbBIC CO CHENM(pUKO
HeWPOHAJBHBIX TIOTYIAui ocobeHHoCTH. Tak, y uH-
TakTHBIX caMOoK ypoBeHb BDNF B mosie CA3 rurrio-
Kamita OblI OOJIbIIlE, YeM y CaMIOB, a B 3y04aToit
(bactium — menpire. Ctpecc MPUBOAMI K CHUKEHUIO
ypoBasi BDNF B CA3 y :KuBOTHBIX 000€r0 10J1a, a
MIPUMEHEHUE 3CTPOTeHA U TIPOTECTEPOHA TTOBBIIIAJIO
yposeb BDNF y nepenecmimx crpecc ;KUBOTHBIX.

B nenom mosiydeHHble HAMU B HACTOSIIEN pa-
60Te JlaHHbIE CBUJIETEIBCTBYIOT O HAJIMYUH [TOJIOBO-
ro aumopdusmMa He TOJBKO B HMIIEMUYECKOM I10-
BPEKJIEHUU MO3Ta, HO M B PEAJN3aluu HEHPOIpo-
TEKTUBHBIX MEXaHU3MOB €TI0 3aIUTHl. BbISBJIEHBI
reHjiepHble 0COOEHHOCTH MOCTPEAHMMAITMOHHBIX
casuroB akcnpeccun BDNF u conpsikeHHBIX ¢
HUMU IIpolieccoB rubesu Heiiponos. VccienoBanue
MOJIOBBIX OCOOEHHOCTEN OpTraHu3Ma JaeT BO3MOK-
HOCTH 0O0Jiee MOJHOTO TMOHUMAaHUS OOIIUX 3aKOHO-
MEPHOCTEI  TTOCTUNIEMUYECKOTO MOBPEKICHUSA
Mo3zra [2]. [leficTBUTeIbHO, MTOKa3aHO, YTO Y JKUBOT-

the BDNF level during stress [45]. In intact fema-
le animals, BDNF expression in sector CA3 of hip-
pocampus enhanced more compared to male ani-
mals and it was smaller in dentate gyrus. Stress led
to decreased BDNF level in CA3 in animals of
both genders, while application of estrogen and
progesterone increased BDNF expression in ani-
mals that had suffered stress.

Overall, the data obtained in our study de-
monstrate the existence of sexual dimorphism not
only in ischemic brain damage, but also at the level
of neuroprotective mechanisms. Gender peculiari-
ties of post-resuscitation shifts of BDNF expres-
sion and neuronal death processes associated the-
rewith were found. The investigation of gender pe-
culiarities at a neuronal level allows better under-
standing of general regulates of post-ischemic
brain damage [2]. Indeed, it has been shown that in
animals of both gender, in neuronal populations,
highly sensitive to hypoxia only BDNF non-ex-
pressing and BDNF weakly expressing cells suffer
to death. These data support our previous hypot-
hesis on significance of the level of BDNF expres-
sion for assuring neuronal stability during the po-
stresuscitation period.

Conclusion

Gender peculiarities of the development of
post-resuscitation shifts in the level of BDNF ex-
pression and neuronal death processes associated
therewith have been established. It has been shown
that after a cardiac arrest of equal duration, the post-
resuscitation shifts in the level of BDNF expression
and neuronal death processes are less manifested in
female animals than in male animals. At the same
time, both males and females demonstrate common
regularities of post-resuscitation brain changes indi-
cating a link between the level of BDNF expression
in neurons and neuronal resistance to ischemia-re-
perfusion. The gender-related patterns of neuropro-
tection might be significant for searching the mecha-
nisms of post-hypoxia encephalopathy and develo-
ping approaches to prevent and correct this frequent
consequence of critical illness.

The authors are grateful to T. N. Vassilieva
for the experiments of resuscitation of animals.

HBIX 000€TO T10J1a B BBICOKOYYBCTBUTEIBHBIX K THITO-
KCUU HEHPOHAJIBHBIX MOMYJISIIIUIX THOEU TOABEP-
raloTCsI TOJIBKO HEIKCIPECCUPYIONIHE U CITab0IKC-
npeccupyomue BDNF knerku. Ilosyuenubie
(baxTBI IOATBEPKIAIOT Pa3BUBAEMOE HAMU MTOJIOKE-
HUe€ O CyIIIeCTBeHHOM 3HAaUeHNN YPOBHS 3KCIIPecCun
BDNF 15t obeciiedeHust yCTONYUBOCTH HEMPOHOB B
MTOCTPEAHUMAITMOHHOU TIepUoie.
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3akiaoueHue

BoisiBiIeHBI TeHIEPHBIE OCOOEHHOCTU PA3BUTHSI
MIOCTpEeaHNMAIMOHHBIX C/[BUTOB YPOBHS 3KCIIPeCCUN
BDNF u conpsizKeHHBIX ¢ HUMU [IPOIECCOB THOEN
HetipoHoB. [lokazaHo, 4To mMocCae OCTAaHOBKU CepIIa
OJINHAKOBOW JIJINTEJIBHOCTH Y CaMOK ITTOCTpPeaHnMa-
IIMOHHBIE c/IBUTH ypoBHs aKciipeccut BDNF u mipo-
1iecchl THOEJIN HEWPOHOB BBIPAKEHBI MEHbIIIE, YEM Y
caMmIioB. B TO ke BpeMst, y JKHUBOTHBIX 0OOETO TI0Jia
BBISIBJIAIOTCS OOIIE 3aKOHOMEPHOCTH TIOCTPEAHNMa-
IIMOHHBIX U3MEHEHNI MO3Ta, CBU/IETEJIbCTBYIOIINE O
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