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ITenw uccnedosanus: ycranoButh 3HaueHue ypoBHs axcnpeccun 6enka GDNF B passutnun nponecca ruéemu kietok ITypku-
Hbe MO3Keuka nocie uuemun-penepdysun. Mamepuanot u memoosi. Y Kpbic Pa3HOro 110712 BbI3bIBAIN 10-MUHYTHYIO OCTa-
HOBKY CHCTEMHOTO KPOBOOOpaIeHNs, BBI3BBAHHYIO IIEPeKaTHEM COCYUCTOro myyka cepaua. Ha pasHpix cpokax nocrpeanu-
MaIMOHHOTO IEePHOJA HCCJEOBATH COCTOSIHHE BBICOKOYYBCTBHTEJIBHOW K TMIOKCHM HEHPOHAIBHOW MOIMYJSIMU KJIETOK
Ilypkunbe mo3:keuka. IIpu rucrosornyeckom aHain3e Ha penaparax, OKpalleHHbIX Kpe3wIoBbiM ¢uoseroBbiM o Huccimo,
onpenensi obuee YUcao kireTok Ilypkunbe Ha 1 MM UMHBI UX c10sl. IIpU MMMYHOUMTOXMMHYECKOM aHATIN3€ ONpeIesin
yicio GDNF-nosutuBHbIx (€1260- 1 cuibHoOKpameHHbiX ) 1 GDNF-HeratuBHbIX HEPOHOB Ha 1 MM JUIMHBI HX CJIOS, & TAKIKE
001ILYI0 IIIOTHOCTD NonyJisiiuu. Pesyasmamot. C IOMOIIBIO THCTOJIOTHYECKUX M IMMYHOIIUTOXUMHYECKUX HCCIIEI0BaHuUil y pe-
AHNMHPOBAHHBIX CAMIIOB M CAMOK KPBIC ONpe/ieieHa UHAMUKA Pa3BUTHS POIlecca THOen HEHPOHOB B MOMYJISIIUH KJIETOK
ITypkuHbE MO3KEUKa U BISIBJIEHBI IOCTPEAHMMAIIMOHHBIE H3MEHEHUs1 YPoBHsI 9kcnpeccuu Genka GDNE YeranosieHo, uro y
SKUBOTHBIX Pa3HOTO I10JIa B NOMYJIsiuK KieTok IlypkuHbe pa3BUBAIOTCS OHOTHUIIHBIE M OHOHANIPABJIECHHbIE OCTPeaHUMAIH-
onHble u3Menenns. IlepBoHavasbHbIii HoxbeM ypoBH: skcnpeccuu 6enxa GDNF B HeiipoHaIbHOI NOMYJISIMI TO3BOJISIET Ipe-
JyNpeInTh Pa3BUTHE NpoLecca rudeiu HepBHbIx Ki1eTok. [locaenyonee ymenbuienue yposusi axcnpeccun GDNF conpoBosk-
naercs BbinajzienueM (ru6ennbio) HelpoHos. Ilpu atom ruGemu noasepraorcss GDNF-orpunaresnsubie kaerku. OGHApyKeHbI
0CO0EHHOCTH, CBSI3aHHDIE C IIOJIOBOIi IPUHA/LIESKHOCTHIO OPTraHU3Ma: y caMIOB c¢ABUrH ypoBHs akcnpeccun GDNF B nomyuis-
uu kietok Ilypkunbe, a Takske mpouecchl ruéein HeHPOHOB PAa3BUBAIOTCS PaHbIe, YEM y CaMOK. 3akJtouenue. BoisBiaena
B3aUMOCBSI3b MEJK/ly H3BMEHEHUsIMU yPOBHs aKcnpeccun 6eaka GDNF u passutnem npouecca ru6esn HEHPOHOB B IOCTPEAHH-
MmauoHHoM nepuojie. [Tokaszano, uro ypoBens sxcnpeccuu Genka GDNF siBisiercst Ba:kHbIM (PaKTOPOM, BIUSIONIMM HA YCTOI-
YHBOCTb HEHPOHOB K THOEJIH B IIOCTPEAHUMAIIMOHHOM Iepuoie. ITo 00ycIaBimBaer nepcnekruBHocTs npumenenns GDNF st
pa3paboTKH MOAXOJ0B K 3amure Mo3ra npu uumemuu-penepdysuu. Kmouegvie crosa: 6enox GDNFE, nocrpeanumManoHHbiit
nepuoj, ruéenb HeiipoHoB, kieTkn IlypKuHbe MO3iKeYKa, IMMYHOTHCTOXUMHUSI, MOP(OMeTpUYEeCKuii aHaIN3

Objective: to determine the significance of the expression of GDNF protein for developing a cerebellar Purkinje cell death
process after ischemia-reperfusion. Materials and methods. Rats of both sexes were subjected to 10 minutes of systemic cir-
culatory arrest caused by cardiac vascular fascicle ligation. The status of a highly hypoxia-sensitive neuronal population of
cerebellar Purkinje cells was investigated in different postresuscitation periods. The total number of Purkinje cells per mm
of their layer length was estimated by a histological analysis of the specimens stained with cresyl violet after the Nissl pro-
cedure. An immunocytochemical analysis was made to determine the number of GDNF-positive (weakly and strongly
stained) and GDNF-negative neurons per mm of their layer length and the total population density. Results. The histological
and immunocytochemical studies of resuscitated male and female rats have determined a trend in the development of a neu-
ron death process in the population of cerebellar Purkinje cells and revealed postresuscitation changes in the level of GDNF
protein expression. Homogeneous and unidirectional postresuscitation changes have been ascertained to develop in the
Purkinje cell population of the animals of both sexes. The initial rise in the expression of GDNF protein in the neuronal pop-
ulation can prevent the development of a nerve cell death process. The subsequent decrease in GDNF expression is accom-
panied by neuronal fallout (death). At the same time, GDNF-negative cells may undergo death. There are gender- specific
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features; the male rats show changes in GDNF expression in the Purkinje cell population and develop neuronal death
processes earlier than the female rats. Conclusion. There was an association between the changes in GDNF protein expres-
sion and the development of a neuronal death process in the postresuscitation period. The GDNF protein expression was
shown to be an important factor influencing the resistance of neurons to death in the postresuscitation period. This deter-
mines prospects for using GDNF to elaborate approaches to protecting the brain in ischemia-reperfusion. Key words: GDNF
protein, postresuscitation period, neuronal death, cerebellar Purkinje cells, inmunohistochemistry, morphometric analysis.
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BBenenne

WccnenoBanne MEXaHU3MOB U 3aKOHOMEPHOCTEH 13-
MEHEHHT, Pa3BUBAOIINXCS HA YPOBHE HEHPOHAIBHBIX O~
IyJISIUE, FMEET CYIIECTBEHHOE 3HAUCHHE JJIsl U3YUCHMs
HATOreHe3a MOCTTUIIOKCHYECKUX dHIleaIonaTii u paspa-
GOTKM TOAXO/I0B K 3aIIITE MO3Ta. TO 00YCIOBICHO HATIN-
YMeM TECHOH B3aHMMOCBSI3M MEXK/y BOCCTAHOBJIEHHEM
(OYHKIII MO3Ta B TIOCTPEAHNMAIOHHOM TTEPHO/IE U BBIPA-
JKEHHOCTDBIO M3MEHEHNI, PA3BUBAIONINXCS HA YPOBHE Hell-
ponanbHbIx momyssinuii [1, 2]. OxHoit 13 Hanbosee akTy-
3ama4y
3¢ bEKTUBHBIX METO/IOB 3aIUTHI MO3Ta [3—5].

AJIbHBIX PEaHNMATOJIOTUN  SBJISIETCSI  IOWMCK

Panee Hamu GBI BBISIBJIEHBI (DAKTOPBI, BJIHSIO-
Imye Ha yCTOHUMBOCTH HEHPOHOB K IOCTPEAHMMAIINOH-
HBIM M3MeHeHnaM: Genku cemeiictsa HSP70 (HSP72 n
HSP73) [1, 6, 7], a takxke Genox GRP78 [8]. Baxuyto
pOJIb B IIpolleccax pocTa 1 BBUKUBAHMS HEHPOHOB OTBO-
1At neiporpoduuecknm daxropam. Cpeanm Hux 607b-
1oe 3HaYeHWe HMMeeT TJIMAJbHBII HelpoTpoduueckmii
(akrop (GDNF). ITokazanbl ero HeWpONPOTEKTUBHbBIE
cBOMCTBa /Uit 1oaMUHEPIUYeCKUX HEHpPOHOB 1pu (0-
sesnu [lapkutcona [9—11]. BeistsiieHa ero cnocoOHOCTh
K 3a1ure HelpoHoB mpu Gosesun Asbiireiimepa [12], au-
abete [13], moBpeskAEHUN CIIMHHOTO MO3Ta U epudepu-
yeckux HepBoB [14], a Takske Mpu McUxXUYecKuX 3a6oJre-
Banusix [15]. ITokazano yseanuenne axcrnpeccnn MPHK
GDNF u npoayximn 6esika B HEKOTOPBIX OT/leJIaX MO3Ta
II0CJIe 0YaroBOI NIIEMUH Y B3POCJIBIX U HOBOPOXK/[CHHBIX
kpbic [16, 17]. Onnako nanHble 06 U3MEHEHUSIX YPOBHS
HKCIPECCHH ATOTO GesIKa MPOTHBOPEYUBBI, & €T0 POJIb U
MEXaHU3MBI IeHCTBH /10 HACTOSIIETO BPEMEHH He BBISIC-
Hensl [15]. IIpm aToM BOIpPOC O B3anMOCBSI3M yPOBHSI
skcnpeccnu Gerxka GDNF ¢ mpomeccom tubenn meipo-
HOB OCTA€TCsI OTKPBITBIM.

JLuist aHaymM3a 3aKOHOMEPHOCTEH 1 MEXaHU3MOB TIOCTpe-
AHUMAIMOHHBIX M3MEHEHUIT HEPBHBIX KJIETOK TIPEICTABIISIET-
Cs1 CYIIECTBEHHBIM HICCTIE/IOBATh B3aMMOCBSI3b YPOBHS 9KC-
npeccrn Gesika GDNF B BBICOKOUYBCTBUTETLHON K THITOKCHH
HeMpPOHAIBHOW MOy My KiaeTok [lypknHbe Mo3zkeuka c
pasBUTHEM MPOIiecca THOe/N HEHPOHOB B TIOCTPEAHMMAI[HOH-
HOM IIepHOJie. YUUTBIBASI, YTO M0JIOBAsT IPHHAIESKHOCTD Op-
TaHU3Ma SIBJIIETCS OJTHUM M3 BAsKHBIX (DAKTOPOB, BJIMSTIONINX
Ha TeYeHHe 1 UCXOJ] KPUTHIECKUX cocTostamii [ 18—21], mpes-
CTaBJIIeT MHTEPEC TaKKe OLEHNTD, KaK B MOCTPEAHNMAINOH-
HOM TIepHoJie pean3yioTcsl HeHpPOITPOTEeKTUBHBIE CBOMCTBA
6esika GDNF y jKMBOTHBIX PAa3HOTO TI0J1A.

Marepuan u MeTObI

VY camiioB U caMoOK OeJbIX HeJMHEHHBIX KPBIC Maccoii
190—250 r moj »(hUPHBIM HAPKO30M BBI3BIBAJIU OCTAHOBKY

Introduction

There is a close relationship between the restoration
of brain functions in the postoperative period and the
severity of the changes at the neuronal populations level
[1, 2]. Investigation of the mechanisms and regularities of
changes developing within neuronal populations is essen-
tial for studies of posthypoxic
encephalopathies. One of the most important problems of

of pathogenesis

resuscitation is a searching for effective methods of cere-
bral protection [3—35].

In previous studies, we have identified molecules
HSP72, HSP73 and GRP78 as factors affecting the stabil-
ity of neurons to postresuscitation changes [1, 6—8]. Glial-
derived neurotrophic factor (GDNF) seems to be of a great
significance for survival of neurons in different patholo-
gies. GDNF possessed neuroprotective properties for
dopaminergic neurons in Parkinson's disease [9—11], pro-
tected neurons in Alzheimer's disease [12], diabetes [13],
spinal cord injury and peripheral nerve [14], psychiatric
disorders [15]. Both GDNF mRNA expression and protein
production were increased in the brain after focal ischemia
in neonatal and adult rats [16, 17]. However, data on
changes in the expression level of this protein are contro-
versial, and the role and mechanism of GDNF actions has
not been yet elucidated [15]. Thus the question about the
relationship of a level of GDNF protein expression and a
process of neuronal death is still unclarified.

For analysis the regularities and mechanisms of post-
resuscitation nerve cell changes it is necessary to investi-
gate the expression of GDNF protein in hypoxia-sensitive
neuronal populations and determine its relationship with
the neuronal death induction. Since the gender is one of
the important factors that influence the course and out-
come of critical states [18—21] it was important to assess
neuroprotective properties of GDNF protein in animals of
both sexes post-resuscitation.

Materials and Methods

Male and female albino rats (190—250 g body mass) were
anesthetized with an ether and cardiac arrest was evoked for 10
min by intrathoracic clamping of the supracardiac bundle of ves-
sels with a special hook [22]. Animals were resuscitated with the
aid of chest compressions in conjunction with mechanical air ven-
tilation during hyperventilation by «Animal Respirator> (SMT
Geratehandel) accompanied by intratracheal administration solu-
tion of adrenaline at a dose of 0.1 mg/kg. Animals were sacrificed
by decapitation under ether anesthesia at 1, 4, 7, 14 days after
resuscitation (5—7 males or females per each time). Sham-operat-
ed animals served as controls (7 males and 7 females).
Experiments were performed according to the recommendations
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[TocTpeaHMMAMOHHBIN IEPUOA

Puc. 1. Knerku ITypkusbe ¢ pa3HpiM ypOBHEM 3KCIPECCHH INHAIBHOTO Heliporpoduyeckoro ¢akropa (GDNF).

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

Note (mpumeuanue). Here and in Fig. 2 (3mecp u Ha puc. 2): GDNF — glial cell derived neurotrophic factor (rimanbbrii
neiiporpoduueckuii dhakrop); GDNF -neurons — white arrows (GDNF -ueiiponsr — Gesbie crpesnkn); GDNF*-neurons — yellow
arrows (GDNF*-neiiponsr — sxkentoie crpeakn); GDNF+-neurons — black arrows (GDNF**-Hefiporbr — uepHbre crpeakn). X400.

cepana Ha 10 MUH 1yTeM BHYTPUTOPAKATIBHOTO TIePEKATHS CO-
cyaucroro my4ka cepana [22]. OkupiieHue IpOBOINIIN HETIPsi-
MBIM MacCakeM cepjilja B COYeTAHNH C UCKYCCTBEHHON BEHTH-
JIAIUEll JIETKUX BO3/YXOM B peXHMMe THMIIePBEHTUJISIINN
anmapatom «Animal Respirators> ¢pupmbl «SMT Geratehandel»
¢ BHYTPUTPaxeaJbHbIM BBe/[EHUEM PACTBOPA aIPEeHANNHA B J10-
3e 0,1 mr/xr. Uepes 1, 4, 7, 14 a1 mocre peaHMMAInN >KIBOTHBIX
BBIBO/IMJIN M3 3IKCIIEPUMEHTA JeKanuTaiueil 1moj shupHbIM
HapKo30M (110 5—7 caMI[OB U CAMOK Ha KaX/blil CPOK MocTpea-
HUMAIMOHHOTO Teproia). KoHTposeM CarysKuim JI0XKHOOIepH-
poBaHHbIe )KUBOTHBIE (7 CaMI[OB M 7 CaMOK). JKCIEPHUMEHTBI
MPOBOIMJIUCH COTJIACHO PEKOMEH/AIUIM JTHUYECKOTO KOMUTE-
ta @TBY HUMN ob6ueit peanumarosorun um. B. A. Heroscko-
ro B cOOTBeTCTBUM € <«IIpaBuiamu mposeseHusi paboT ¢ uc-
MOJIb30BAHUEM JKCIEPUMEHTATIbHBIX KUBOTHBIX>» (IIpukas
MumnsapaBa CCCP Ne755 or 12.08.1977).

WccenenoBanuch mocTpeaHnMalinoHHble U3MEHEHHsI COCTOSI-
HUST BBICOKOUYBCTBUTEJIBHON K TUIIOKCHU TOIMYJISIIIUN KJIETOK
[Typxunbe KOpbl MO3KeuKa. [MCTOMOrNYeCKIi aHAIN3 TPOBOANIIN
Ha napaUHOBBIX cpe3ax TOJIIUHON 5—6 MKM, OKpaIeHHbIX Kpe-
3110BbIM (brosieToBbiM 110 Hircesmo. Onpezesisiiu o6IIyto mioT-
HOCTD HelpoHaTbHON momyJsinun (yucao kiretok Ilypkunbe ma 1
MM JUINHBL UX cJI0s1). VIMMyHOIIUTOXUMHUYECKUE HCCJIe[OBAHUS
IIPOBOJIMJINA HEIIPSIMBIM T1€POKCH/Ia3HO-aHTUIIEPOKCH/IA3HBIM Me-
TOJIOM C WCIOJIh30BAHUEM TTOJUKIOHATBHBIX anTuTesq K GDNF
(pasBenenue 1:100) (Santa Crus, USA) u Busyanusupyiouieii cu-
crempbl EnVision™+Kit (DAKO, Glostrup, Denmark). VimmyHo-
IIUTOXUMUYECKAST PEAKIINST KOHTPOJINPOBAIACH WHKYOAImel cpe-
30B CO BCEMM peareHTaMM KpoMe IepBUYHbIX aHtutes. IIpum
MMMYHOTUCTOXUMUYECKOM uccienoBannu Boieasim GDNF-ne-
raruBuble (GDNF") n GDNF-nio3utnBHble HEHPOHBI € Pas3imy-
HbiM yposHeM skcrpeccun GDNF (cnabeiv — GDNF* u unten-
cuBubpiM — GDNF*) (puc. 1).

Ornpeziesisiyii YMCI0 HEIIPOHOB ¢ Pa3HBIM YPOBHEM KCIIPeC-
cun GDNF Ha 1 MM JIMHBIL UX CJI051, 8 TaKKe OOILYO TJIOTHOCTh
HOMYJISAIUK (IS COIOCTABIEHHSI € IAHHBIMHU THCTOJIOTMYECKOTO
AHAJN3).

B uccaenoBaHusIX MCIIOAb30BAIU CUCTEMY aHAIN3a M300-
pakenuii (komnbiorep Intel, Mmukpockon Olympus BX-500,
nporpammer Image Scope M, Excel 2007). Crarucruueckyio 06-
paBoTKy JaHHBIX MPOBOAMIM B mporpamme Statistica 7.0 ¢ uc-
noJb3oBanneM t-kpurepusi CTbiogeHTa.

of the Ethics Committee of V. A. Negovsky Institute for General
Reanimatology in accordance to the «Rules of the work using
experimental animals» (Order Ne 755 of the Ministry of Public
Health (USSR), 12.08.1977).

We investigated post-resuscitation changes of population of
Purkinje cells of the cerebellar cortex highly sensitive to hypoxia.
Paraffin-embedded brain tissue sections, 5—6 pm thick, were
stained with cresyl violet by the Nissl procedure. The total densi-
ty of neuronal population (number of Purkinje cells per 1 mm of
the layer length) was assessed.

The GDNF immunoreactivity was determined by indirect
peroxidase-antiperoxidase method using polyclonal antibodies
against GDNF (dilution 1:100) (Santa Crus, USA) and visualiza-
tion system EnVision™+Kit (DAKO, Glostrup, Denmark).
Immunocytochemical control reaction was monitored by incubat-
ing sections with all reagents except the primary antibody.

The number of neurons with different levels of GDNF (nega-
tive — GDNF", weak — GDNF* and intense — GDNF**) (Fig. 1)
per 1 mm of the layer length, as well as the total population densi-
ty was determined.

Images were analysed with the use of light microscope
Olympus BX-500 (Japan), program ImageScopeM (Russia) and
Excel software. Statistical processing of the data was performed
using the Student's t-test.

Results and Discussion

According to histological data, the Purkinje cell death
of male rats occured on 4th postoperative day and not fur-
ther enhanced. At 1st day after resuscitation the total densi-
ty of neuronal population was similar to the control, but at a
4th day decreased by 16.6% (Table 1). At later stages of
post-resuscitation (7th and 14th day), further reduction of
total population density did not occur (Table 1).

Immunohistochemical study demonstrated that in
males the total population density was not changed at the
1st post-resuscitation day compared to the control (Fig. 2)
that coincides with the results of histological analysis.
Thus the number of GDNF**-neurons was increased by
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Ta6muua 1. O6uee yncao kireTok IlypkuHbe y KPpIC pa3HOro 1oJia B OCTPEAHUMAIIMOHHOM nepuoze (M+m)
Table 1. Total number of Purkinje cells in rats of different gender in control and post-resuscitation period (M+m)

Gender Control Total number of Purkinje cells in post-resuscitation, days

st 4th 7th 14th
Males 17,5+0,6 17,1+£0,5 14,6+£0,5* 14,1+£0,6** 13,9+£0,6%*
Females 17,7+0,8 16,7£0,6 16,2+0,7 13,6+0,5%* 12,94+0,5%*

Note (npumeuanue). * — P<0,01; ** — P<0,005 in comparison with control (B cpaBuenuu ¢ kourposem). Gender — noJr; Control — Kon-
Tpoub; Males — camupr; Females — camku, Days post-resuscitation: 15t, 4th, 7th 14th — nuy nocse peannmaruu: 1-¢, 4-¢, 7-¢, 14-e cyTku;
Total number of Purkinje cells in post-resuscitation, days — o6mee uncio knetox IlypkuHbe B TOCTPEAHNMAIIMOHHOM MIEPUO/IE, THU.

PesyibraThl U 00CyK/IEHHE

CorJlacHO pe3yJsbraTaM THCTOJIOTHYECKOTO UCCIIE0-
BaHUSsI, y PEAHUMHUPOBAHHBIX CaMIIOB MIPOLECC THOEIIH KJe-
ToK [IlypKUHbE Pa3BUBAJICS K 4-M CyTKaM MOCTPeaHMMAI1-
OHHOTO TIeprojia M B JaJbHEHIIeM He ycuiauBajics. Tax,
gepe3 1 cyT. mocJie 0KUBJIEHUST O6IIast MIOTHOCTH HEWpo-
HAJIbHOU TIOMYJISIIIUNA COOTBETCTBOBAJIA KOHTPOJIHHOMY
YPOBHIO, HO K 4-M CyT. ymMeHblIasach Ha 16,6% (tabi. 1).
Ha Gosiee 11031H1X 9Tanax MoCTPeaHUMAIOHHOTO TIePUO-
na (7- u 14-e cyt.) pajbHeinero cHuKeHust o0mIei mIoT-
HOCTH HOILYJISIIMK He rpoucxoauio (tabsr. 1).

MMMYHOTHCTOXMMHUYECKOE NCCIIEIOBAHKE TTOKA3ATIO,
YTO y CaMIIOB Yepe3 1 cyT. mocJie peaHuMaInm B CPaBHEHUN
¢ KOHTPOJIeM 0011asl IJIOTHOCTD TOIYJISIIIUY He U3MEHSIeT-
cst (puc. 2), 9TO COBNAJIAET € PE3yJIbTaTaMU THCTOJIOTUYeC-
koro anamusa. [Ipu stom yncao GDNFT -neiiporos yse-
70,0%, GDNF ™ -neiipoHnos
yMeHblaeTca Ha 35,4%, a uncio GDNFT-neiiponos coot-

JMYUBaeTCd  Ha YUCTIO
BETCTBYeT KOHTPOJIbHOMY ypoBHIO (puc. 2). [lomydyennsie
JIAaHHbIE CBU/ICTEIBCTBYIOT O TOM, UTO HA JAHHOM 3TaIle Mo-
CTPEAHUMAIMOHHOTO TIPOIlecca YPOBEHb IKCIPECCHH
GDNF B nccienyemoit HelfpoHATBHON MTOTYJISIINH BO3pa-
CTaeT 3a CYET YBEJIMUYCHMS UYUCJA KJIETOK, aKTUBHO HKC-
npeccupymoimx atot 6esnok. [Ipu atom rubesn HeiipoHOB
He MPOUCXOIHT.

K 4-M cyTkam mocTpeaHnMaImoHHOTo Mepuo/ia Ync-
10 GDNF T -neiiponos cHuskaercsi, onyckasgch 10 KOH-
TPOJBHBIX 3HaueHUHU (puc. 2), T. e. ypOBEHb IKCIIPECCHN
6eska GDNF B HeiipoHAIBHOI TOMYJISAIIN YMEHBIIIACTCS.
IIpu stoM uncio GDNFT-KIeTOK cOOTBETCTBYET KOHTPO-
o, a gncao GDNF ™ -HelipoHOB CHUKEHO B CPaBHEHWU C
koHTpoJsieM Ha 32,3% (puc. 2). YCTaHOBIEHO, UTO HA 3TOM
aTale MOCTPEaHMMAIMOHHOTO TIPOIIeCca CHUKAETCST U 00-
Imast I0THOCTH Moty istinn (Ha 15,8% B cpaBHEHNUN ¢ KOH-
TPOJIEM), UTO COBIIAJIAET C PE3YJIBTATAMK I'MCTOJOTHYECKO-
ro aHaznusa. IIpu aToM ruGesu MoABepraTCcs, OYEBHIHO,
GDNF-neakcrpeccupyione HEHPOHBI, TTOCKOJbKY B
CPaBHEHUM C KOHTPOJEM YMEHBIIEHO TOJBKO YHCJIO
GDNF -kerox (puc. 2).

Ha 7-e cyTku mocTpeaHMMaIimoHHOTO MIepruo/ia 1ajib-
HEH X M3MeHEeHUN 00Iell IIIOTHOCTH OMYJISIIIUK He Bbl-
SIBJTEHO (CHUJKEHWE B CPaBHEHWN ¢ KOHTpoJeM Ha 14,7%)
(puc. 2). lIpu atom yncro GDNF-nosnutuBHBIX HEIPOHOB
(xak GDNFT, tak 1 GDNFTT) cooTsercTByeT KOHTPOJIb-
HOMY yPOBHIO, B TO BpeMs kKak uncyao GDNF ™ -ueiiponon
pesko cumkeno (na 50,8%) (puc. 2). K 14-m cyTkam mocie

—— GDNF  —#— GDNF+ —4— GDNF++ —o— Total

Number of neurons per 1 mm of the length

Control 1 4 7 14
Time after resuscitation, days

Puc. 2 /lunamMuka u3MeHeHHs Yiclia Hel{POHOB € Pa3HBIM yPOB-
HeM skcnpeccud GDNF y camnos.

Fig. 2. Changes in numbers of neurons with different levels of
GDNF expression in males.

Note (npumeuanue). Here and in Fig. 3 (3mech u Ha puc. 3):
Control — konTposin; days — auu; Time after resuscitation — Bpemst
nocsre pearnmaniy; Number of neurons per 1 mm of the length —
qucsio HeiipoHoB Ha 1 M gunsbr; Total — Beero; GDNF — glial cell
derived neurotrophic factor (rimanbHblii HelipoTpoduyeckuii ax-
Top). ¥** — p<0,005; ** — p<0,025; * — p<0,05 in comparison with
control (B cpaBHEHUU € KOHTPOJIEM).

70.0%, the number of GDNF -neurons was reduced by
35.4%, while the number of GDNF"-neurons correspond-
ed to the control (Fig. 2). The obtained data indicate that
at this stage of post-resuscitation process the level of
GDNF expression in neuronal population raises by
increasing the number of cells actively expressing this pro-
tein with no neuronal death.

By the 4th postoperative day the number of GDNF *+-
neurons was reduced to control (Fig. 2), i.e. GDNF expres-
sion level in neuronal population decreased. Whereas the
numbers of GDNF-cells in experimental and control groups
were sumilar, the numbers of GDNF -neurons were reduced
by 32.3% (Fig. 2). At this stage of the post-resuscitation
process the total density of the population also reduced by
15.8% vs. control that coincides with the results of histologi-
cal analysis. Interestingly, only GDNF-cell numbers were
significantly reduced demonstrating the selective death of
neurons not expressing GDNF (Fig. 2).

On the 7th postoperative day further changes of the
total density were not found (reduction by 14.7% of the
control value) (Fig. 2). The number of GDNF-positive
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[TocTpeaHMMAMOHHBIN IEPUOA

OKMBJIEHUSI JaIbHEHINX U3MEHEHUH OOIIed MIOTHOCTH
nomryistiin Kietok [lypkuabe, a Taxke yncaa GDNF-mo-
sutuBHbIX 1 GDNF-HerarusHbIX HEHPOHOB He OOHAPYKe-
HO (puc. 2).

Wrak, y camios yposeHb akctpeccun Oeika GDNF B
MO JISIIK KJIeTOK [lypKiHbe Bo3pacTaeT yke B paHHEM
MOCTpeaHuMaIMoHHoOM Tiepuojie (uepe3 1 cyTku mocse
oskuBJieHst ). [Ipu aToM rubesn HelipOHOB He TIPOMCXOIUT.
K 4-M cyTkam 1iocsie peaHMMAIUU YPOBEHb HKCIPECCHUN
6emxa GDNF B MOMyJISIIINN CHIZKAETCSI, YTO COTPOBOKIA-
eTcsl pa3BUTHEM IIpoliecca BBITIAZeHWs HelpoHoB. Ilpm
ATOM yMeHbIIIEHO TOJbKO uncyio GDNF-neratuBHbIX, T. €.
HEIKCIPECCUPYIONIUX ITOT OEJIOK, HEHPOHOB.

Y peaHuMUpOBaHHBIX CAMOK B TOMYJISIIUN KJIETOK
[TypkuHbe MPOUCXO/SAT aHATIOTUYHBIE TTOCTPEAHNMAIIOH-
HbIE U3MEHEHWSI, HO OHU Pa3BUBAIOTCS MTO3/IHEE, YEM Y CaM-
110B. COrylacHO JJAHHBIM TUCTOJIOTUYECKOTO UCCIIe/IOBAHMS,
B paHHEM I0cTpeaHuMalnoHHoM tiepuoge (1, 4 cytku) 06-
11ast IIIOTHOCTh HEHPOHAIBLHON MOITYJISIIIMKA COOTBETCTBYET
KOHTpoJIbHOMY ypoBHIO (Tabm. 1). CHukenne obmieii
rotTHOCTH notyJisitn (Ha 23,2% B cpaBHEHHN C KOHTPO-
JIeM) TIPOUCXOJUT TOJBKO K 7 CYTKaM I0CJie PeaHuMaIlnm
(1abr.1), 4TO CBUAETENBCTBYET O PA3BUTHU MPOIIECCA BbI-
nagenust (rubesn) Heliponos. [losanee (14-e cyTku) 06-
11ast IJI0THOCTD TIOMYJISIIIUN HE U3MEHSIETCS, OCTaBasICh Cy-
IIECTBEHHO CHMKEHHOH B CPaBHEHUHU € KOHTpoJieM (Ha
27,1%) (tabm. 1).

[Tpr UMMYHOTHCTOXMMHUYECKUX HCCIEI0BAHUSIX BbI-
SIBJICHO, YTO y PEAaHMMMPOBAHHBIX CAMOK 4epe3 1 cyT. 1mo-
cie oxxusieHns ynciao GDNF-nosutuBHbIX Ki1eTok ITyp-
kunbe (kak GDNF™' tak u GDNF'), a Takxe umcio
GDNF-neratnBHBIX HEHPOHOB COOTBETCTBYET KOHTPOJIO
(puc. 3). Ilpu 5TOM He U3MeHsieTcst 1 00111ast IOTHOCTD 0~
TYJISIIIAN, YTO COBIAJIAET C PE3yJIbTaTaMU IUCTOJOTHYECKO-
ro uccaenoBanusd. K 4-M cyTkaM TOCTpeaHNMaI[OHHOTO
[epUo/Ia MPU COXPAHEHUU 00MIEH TIOTHOCTU MOIMYJISIUK
Ha KOHTPOJIBHOM YPOBHE TIPOUCXOJUT yBEJUYEHUE YHCIIA
GDNF**-meiiponos na 29,2%, a uncto GDNF -kretok
yMmenbimaercss Ha 55,5% (puc. 3). Ilpm atom uwmcio
GDNF"-neitponos ne uamensercs. 1loydennbie JaHHbie
CBUJIETEJILCTBYIOT O TOM, YTO Ha JIAHHOM JTarle TIOCTPeaHu-
MAIOHHOTO TIPOIECCa B MOIMYJISIIUNNA YBEJINYMBAETCS YHC-
J10 K71eToK, axcpeccupyomux GDNE n yposens axcmpec-
cnn GDNF B HeliponabHOI MOy BO3pacTaeT.

Yepes 7 cyTok 1oce peannmain uncao GDNF*T-
HEHPOHOB CHUIKAETCS, OTTYCKAsICh /0 KOHTPOJIbHBIX 3HAUE-
nuit (puc. 3). Ipu srom uncio GDNFT-neitponos ne ns-
Mensetcs, a uncao GDNF ™ -#eiipoHOB pe3ko ymeHbImaeTcs
(cHKeHne B cpaBHEHNH ¢ KOHTposieM Ha 50,8%). Mmemnto
Ha 9TOM Talle TPOUCXOAUT YMEHbIIeHne 00111eil MI0THOC-
i onysisitmn (Ha 15,4% B cpaBrennu ¢ konTposiem). [To-
JIy4EHHBIE JIAHHBIE COTJIACYIOTCS C PE3YJIBTATAMU IHCTOJIO-
THYECKOTO  WMCCJENOBAHUS U CBUJAETEJbCTBYIOT O
BbinageHun (rubenn) HeiipoHos. IIpu aTOM, Kak GbLIO OT-
MeYeHO BBITIe, yMeHbIIeHO Tosbko ynciao GDNF-orpura-
TEJbHBIX, T. €. HEIKCIPECCUPYIOIIUX ITOT OEJOK KJIETOK
(puc. 3). K 14-M cyTkaM MOCTpeaHNMAIMOHHOTO MTEePHOIa
MATBHENIINX U3MEHEH I 00IIeH IIOTHOCTY TIOTY JISTINH, a

—o— GDNF  -m GDNF+ —4— GDNF++ —o— Total

10

[oe]

L (=2}
*
*

Number of neurons per 1 mm of the length
N

ok

Control 1 4 7 14
Time after resuscitation, days

Puc. 3 lunamuka u3MeHeHHUs YHCJIa HEHPOHOB C Pa3HbIM YPOB-
neM skcnpeccud GDNF y camok.

Fig. 3. Changes in numbers of neurons with different levels of
GDNF expression in females.

Note (npumeuanue). ** — p<0,01; * — p<0,05 in comparison with
control (B cpaBHEHNN ¢ KOHTPOJIEM).

neurons (both GDNF* and GDNF* cells) did not differ
from the values of the control, while the numbers of
GDNF -neurons were dramatically reduced (by 50.8%)
(Fig. 2). On the 14th day no further changes in total den-
sity of Purkinje cells and numbers of GDNF-positive and
GDNF-negative neurons were revealed (Fig. 2).

Therefore, in males GDNF protein expression within
the population of Purkinje cells increases early in a post-
operative period (1 day after resuscitation), and neuronal
death did not occur. By the 4th day after resuscitation the
level of GDNF protein expression in the population was
reduced that was accompanied by a neuronal loss. At the
same time only the numbers of GDNF-negative neurons
were decreased.

The same post-resuscitation changes occured in the
population of Purkinje cells of resuscitated female rats, but
they developed later than in males. According to data from
the histological study, in early postoperative period (1 and
4 days) the total density of neuronal population corre-
sponded to the control (Table 1). It decreased only at 7th
day after resuscitation (by 23.2%) (Table 1), indicating the
neuronal loss. Later (on 14th day), the density of the pop-
ulation was without further change, remaining reduced
compared to the control (by 27.1%) (Table 1).

Immunohistochemical study revealed that in females
on the 1st day post-resuscitation the numbers of GDNF-
positive Purkinje cells (both GDNF** and GDNF™), as
well as GDNF-negative neurons correspond to the control
(Fig. 3). The total density of Purkinje cells population was
not changed that coincides with the histological findings.

By the 4th day the overall population density was as
in control while the number GDNF**neurons increased
by 29.2% and the number of GDNF -cells was reduced by
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takke ynciaa GDNF-mosutnBabIx 1 GDNF-HeratnBabBIX
HEHpOHOB He 06HapyskeHo. OBIIAst IIOTHOCTD MO IS
ymenbiena Ha 16,8%, ancio GDNF-03uTHBHBIX HEHPO-
nos (kak GDNF*, tak u GDNF*1) coorsercrByer KoH-
Tpoutio, a uncsio GDNF-otpuiiaresbHbIX HEHPOHOB PE3KO
cHmKeHo (Ha 44,5%) (puc. 3).

Wrak, y camox B notyJisiiiiy kieTok [Typkunbe ypo-
BeHb akcrpeccun Oenka GDNF Bospacraer yxe B paHHEM
TTOCTPeAaHNMAIIMOHHOM TIeprozie (depe3 4 CyTOK TIOCje
OKUBJICHHS ), HO ATO TIPOUCXO/IUT TIO3/IHEE, YeM Y CAMIIOB.
Ha atom artane rubenm neiiponos e mnponcxoaut. K 7-m
CyTKaM TI0CJIe PeaHMMAaluk YPOBEHb 9KCIpeccuu Oeska
GDNF B HeltpoHAJIbHON TOMYJISIIANA CHIKAETCS /10 KOH-
TPOJIBHBIX 3HAYEHUI, YTO CONPOBOKIAECTCS PA3BUTHEM
poliecca Bblia/leHus KIeToK. [Ipr 9TOM yMEHbITIEHO TOJIb-
ko uncsio GDNF-orpuiarebHbIx HelipoOHOB.

KoMmruiekcHbIf aHATM3 Pe3yJIbTaTOB TUCTOJIOTHYEC-
KMX U IMMYHOITUTOXUMHUYECKUX UCCJIEJ0OBAHUIA TTO3BOJINI
BBISIBUTH B3aUMOCBSI3b MOCTPEAHNMAIMOHHBIX U3MEHEHUIT
yposHs akcnpeccun G6enka GDNF ¢ passutueM mporecca
rubesin HeIPOHOB. YCTAaHOBJIEHO, YTO Y KUBOTHBIX PA3HOTO
T10JIa B MOMYJISIIIMK KJIeTOK [lypKiuHbe MO3KeuKka pa3BuBa-
I0TCSI OJITHOTHUITHBIE U OJ[HOHATIPABJICHHBIE OCTPEeAaHMAI[U-
oumble caBuru. Yposenb akcupeccun GDNF Bospacraer
yKe B paHHEM IOCTPEAaHMMAIIMOHHOM Mepuojie 3a cyeT
YBeJINYeHNs B HEHPOHATBHON TOIYJISAINN YNCTIa dJIeMEH-
TOB, PaHee HEDKCIPECCUpPYIKUX 3T0T 6esok. CyliecTBeH-
HO, YTO Ha 9TOM ITalle HU y CaMIOB, HU Y CaMOK Tubesiu
HelpoHOB He npoucxoaut. Ha Gosiee m1o3aHMX dTamnax no-
CTPEAHUMAIIMOHHOTO MPOIECca y JKUBOTHBIX 000€ro 1moJa
yposenb akcrpeccun 6enka GDNF cuuskaercs. [pu atom
YMeHbIIAeTCs1 00Iast IIOTHOCTh TIOMYJISIUHI, YTO CBUJIe-
TEJBCTBYET O rubesin HeHpoHOB. VIMMYHOTHCTOXUMUUEC-
KHe MCCJIA0BAHUST TO3BOJIUIM YCTAHOBUTD, UTO TUOEJIH
noasepraiorcsi GDNF-orputiatesnbubie, T.e. HEIKCIIPECCH-
PyIOILIEe ITOT GEJIOK KIETKHU.

WNurtepecHo, 4TO BbISIBJICHHAS HAMU B HOIYJISIIIMN
kiaetok IlypkuHbe AMHAMMKA TOCTPEAHUMAIMOHHBIX
cnBuroB ypoHs akcnpeccun GDNF  (1iepBonauaibHbIi
MIO/IBEM U TIOCJIE/IYIONIee CHUMKEHUE /10 HOPMbI) COBIIAJIAET
C U3MEHEHUSMHU, OOHAPYKEHHBIMU B IPYTON 001aCTH MO3-
ra — THUIIIOKAMIIe TIPU MOJEJMPOBaHIK (DOKATBHO uIlie-
mun [23]. Peskoe yBeamuenne axcrpeccun GDNF noxasa-
HO u 11pu ntoBpeskaeHnn [IIBaHHOBCKNX KieToK [24].

YcTaHOBJIEHO, UTO XOTSI Y CAMIIOB M Y CAMOK KPbIC B
OIS KJIETOK [IypKUHbe BO3HUKAIOT aHAJIOTHMYHBIE
NOCTPEaHUMAIMOHHbIE U3MEHEHUsI, CYHIECTBYIOT 0COOEH-
HOCTH, CBSI3aHHbIE C TOJIOBOI MTPUHAJJIE;KHOCTBIO OPTaHK3-
Ma. OGHApYsKEHO, UTO y CAMI[OB CABUIU YPOBHSI 9KCIIPEC-
cun GDNF, a rtaxxke mnpomeccol rubennm HEHPOHOB
BO3HUKAIOT PaHblIle, YeM Y CAMOK. JTO COTJIACYETCS C pas-
BHMBAEMBbIMU HAMU MPEICTABICHUSMU O HAJTMYUU TeHJIep-
HBIX Pa3jMYUil B MOCTPEAHUMAIIMOHHOM IOBPEKICHUHI
mosra [19, 20, 25, 26].

B 1iesioM rosryueHHbIe pe3yJIbTaThl CBU/IETEbCTBYIOT
0 TOM, 4TO M Y CaMIIOB, 1 Y CaMOK YPOBEHb IKCIIPECCUH
6enka GDNF sBiisiercst BasKHBIM (DaKTOPOM, BJIUSIIOIIAM
Ha YyCTOHYMBOCTH HEUPOHOB K THOEIM B MOCTPEaHMMAIlU-

55.5% (Fig. 3). The number of GDNF*-neurons was not
changed. The data indicate that at this stage of postresus-
citation process the number of GDNF expressing cells
increases and the level of GDNF-expression in the neu-
ronal population raises.

By the 7th day after resuscitation the number of
GDNF**neurons falled to control values (Fig. 3). The
number of GDNF*-neurons was not changed, and the num-
ber of GDNF neurons sharply reduced, specifically, by
50.8% compared to the control. At the same time the total
density of the population decreased by 15.4%. These data
are consistent with the histologic findings and indicate loss
of neurons. Thus as noted above, only GDNF-negative cells
reduced (Fig. 3). By the14th day the density of population
and the number of GDNF-positive and GDNF-negative
neurons didn't changed. The total density reduced by
16.8% of control value, the number of GDNF-positive neu-
rons (both GDNF™ cells and GDNF**cells) corresponded
to the control, and the number of GDNF-negative neurons
dramatically reduced (by 44.5%) (Figure 3).

Therefore, in the population of Purkinje cells of
females the expression level of GDNF protein increases in
the early postoperative period (within 4 days after the
resuscitation), but later than of the males. At this stage
neuron death did not occur. By the 7th day after resuscita-
tion expression level of GDNF protein reduced to control
values that was accompanied by neuronal loss (GDNF-
negative neurons were dyeing).

Histological and immunocytochemical studies
revealed the relationship of post-resuscitation GDNF pro-
tein expression level changes with the development
process of a neuronal death. We found that in animals of
different sex in a population of cerebellar Purkinje cells the
same type and unidirectional post-resuscitation changes
develop. The levels of GDNF expression increase in the
early postoperative period due to an increase in numbers of
neurons previously non-expressing this protein, and neu-
ronal cell death did not occur in both males and females.
Later GDNF protein expression level was decreasing in
resuscitated animals of both genders. The total density of
the population was also reduced indicating neuronal death.
Immunohistochemical studies confirmed the loss of
GDNF-negative cells.

It is interesting that dynamics of post-resuscitation
changes of GDNF expression in the population of Purkinje
cells (initial rise and subsequent decline to normal) coin-
cides with the changes found in the hippocampus at focal
ischemia [23]. Sharp increase of GDNF expression in dam-
aged Schwann cells has been also demonstrated [24].

It was established that although male and female rats
have similar post-resuscitation changes, there are gender
differences. In males GDNF expression shifts as well as
processes of neuronal death occur earlier than in females.
This is consistent with our ideas about gender differences
in post-resuscitation brain damage [19, 20, 25, 26].

In general, the results indicate that in both males and
females expression level of GDNF protein is an important
factor for resistance of neurons to death. Initial rise of
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OHHOM Tiepuojie. [lepBoHauaIbHBINI TOABEM YPOBHS JKC-
mpeccun 6emxka GDNF B momyssammn kiaetok [Typruibe
MO3BOJIIET TPeAyNpeanTh rubenb HeiipoHos. [locaenyio-
mee yMeHbIenne yposHs akcnpeccnnn GDNF compoBox-
nmaetcst BeimageHneM (Tnbenbio) HeitpoHos. IIpn aToM TH-
6emn momsepraiorcsi GDNF-orpunartenbubie (T. e. He
IKCIIPECCUPyIoNTe aToT 6esoK) KieTk. CrremoBaTesbHo,
GDNF B nocrpeaHMMaIimoHHOM TIEePUOJIe XapaKTepPU3yeT-
Cs1 HEMPOTIPOTEKTUBHBIMU CBOMCTBAMHU.
Heiiponiporextusnoe pneiicreBue GDNF mokazano
Taxke in vitro na mozgesm 6osesnn [lapkumcona (moBpexk-
naoree ielicTBre 6-rugpokcuaodaMaa Ha 10haMITHep-
rudeckue HelpoHbl Kiaetok junuu MNID) [10]. ABTopst
nojiaraiot, uto s3anmrtHoe faeiictue GDNF cBg3ano ¢ ero
CIIOCOOHOCTBIO YBEIUUMBATh DKCIPECCUI0 'eHOB, HHIUOU-
PYIOIIUX aTlONTO3, U CHIKATh AKCIPECCUIO TIPOATIONTIYEC-
KUX TeHOB. /leficTBUTEIbHO, TIPU MCCIEIOBAaHUN HAa aHAJIO-
rMYHOI Mozie/ ObLIo TokasaHo, uto BBegenne GDNF
MIPUBO/IUT K YBEJMUYEHUIO HKCIIPECCUN AHTHAIOTITHUECKIX
6enkoB Bel-2 1 Bel-w u ymeHbIaeT sKCIpeccuro mpoarior-
Tyeckux 6eikoB Bax u Bad [9]. Yeranosseno taxske [13],
uyt0 BBesienne GDNF B cTeksioBuIHOE TEJIO0 KPBIC C UHITY-
[MPOBAHHBIM JUA0ETOM YMEHBIIAET BBIPAKEHHOCTb IPO-
1ecca HelipojiereHepaluy B CeTYaTKe, uTO OObSICHSIIOT BJIU-
suneM GDNF na aucdynxiuio Tpancnopra rayramara. C
yBeamdenneM cuaTe3a GDNF cBSA3BIBAIOT U TTOJIOKHUTEIb-
Hoe JieficTBre (hIaBOHU/IOB HAa KYJIBTUBUPYEMbIE acTPOIIU-
el [14].
ladostigil, npumensiemoro npu 6osiesru IapkutcoHa u npu

HeifiponiporexktuBabil  addext mnpemnapaTa

Gosie3Hu AuiblireiiMepa, CBSI3bIBAIOT C €r0 CIIOCOOHOCTBIO K
aKTUBAIMKM MHAyIpyeMoro runokcueil dakropa (HIF),
KOTOPBI, B CBOIO OuYepe/lb, YCHJINBAECT HKCIIPECCHIO Psi/ia
Heliporpodudecknx hakrtopos, B Tom uncie 1 GDNF [12].
ITokazaHo Takike, 4TO TIPU MOJEJIUPOBAHUN THIIOKCHUH —
perniepdysun in vitro npuMeHeHNe dKCTPaKTa KOPEenHOBOI
KUCJIOTHI, @ TakKe pacteHus Erigeron breviscapus npuso-
muT K yBesmuenuto skcnpeccun GDNF B acrporurax n
YCUJICHUIO BBIEIEHUST 9TOTO OeJIKa B KyJIBTYPaIbHYIO Cpe-
]Iy, 94TO CIIOCOOCTBYET BBIKHBAEMOCTH HEPOHOB [27].

Panee namu 6b1710 ycTanosseHo [ 28], aTo akTrBarus
MOBE/IEHNsI PEAHNMUPOBAHHBIX JKUBOTHBIX MTO3BOJISIET TIPe-
JIOTBPAaTUTh MOCTPEAHUMAIIMOHHYIO IHOesib HEliPOHOB B
BBICOKOUYBCTBUTEJIbHBIX K IMIIOKCHH OT/eJIaX Mo3ra (Ko-
pa, TUIIIOKAMIT U MO3KEUOK) JIaske T10cJie JIJTUTEeNbHON oC-
TaHOBKM cep/ia. [ToyueHHble He/JaBHO JIAHHBIE O TOM, YTO
KPAaTKOCPOYHbIE YIPA)KHEHUS] TPUBOJAAT K YBEJIUYEHUIO
yposas Geika GDNF B HelipoHAaX CIIMHHOIO MO3Ta KPbIC
[29], no3BOMSAIOT IPEIIONOKUTD, YTO OHUM U3 MEXaHH3-
MOB COXPaHEHUsS HEHPOHOB TIPU AKTUBAIMU TOBEJICHUS
MoseT ObITh yBeandeHue yposHs akcipeccuu GDNF. ITo-
JIyU4eHHbIE B HACTOsIIEH paboTe aHHbIE TAKKE CBUIETE b
CTBYIOT B I10JIb3Y 3TOTO MPE/IIOTIOKEHUSI.

B nocsiesinee BpeMsi OSIBUIIOCh MHOTO 9KCIIEPUMEH-
TaNbHBIX MCCAETOBAHUNI, CBSA3aHHBIX ¢ Pa3pabOTKON pas-
JIMYHBIX CTIOCOO0B BBesieHus B Mo3r ak3orenHoro GDNFE
Tak, Ha MoJeJIN TIOBPEKAEHUSI CIIMHHOTO MO3Ta Y KPbIC
paspaboTaHa KOHCTPYKIUs, 00ECIeUrBAKOIIAs POCT aKCO-
HoB | 30]. [Tokaszano, yto yBenunuenue akcripeccut GDNF B

GDNF protein expression contributes to neuronal death
prevention. The subsequent decrease in the GDNF expres-
sion was accompanied by a neuronal loss. Thus GDNF-
negative cells (i.e. cells with no expression of the protein)
are dying. Therefore GDNF is characterized by neuropro-
tective properties in the post-resuscitation period.

The neuroprotective action of GDNF was also
shown in vitro in a Parkinson's disease model [10]. The
authors suggested that the protective effect of GDNF was
due to its ability to increase the expression of genes that
inhibit apoptosis, and reduce the expression of proapoptot-
ic genes. Indeed, when tested in the same model, it was
shown that GDNF increased expression of anti-apoptotic
proteins Bcl-2 and Bcel-w and reduced expression of
proapoptotic proteins Bax and Bad [9]. It was also estab-
lished that the introduction of GDNF into the vitreous of
rats with induced diabetes reduced the severity of the
process of neurodegeneration in the retina that is
explained by the influence of GDNF on the dysfunction of
glutamate transport [13]. Positive effects of flavonoids on
cultured astrocytes were associated with the increase in
the synthesis of GDNF [14]. Neuroprotective effect of the
drug ladostigil, used in Parkinson's disease and
Alzheimer's disease, is associated with its ability to acti-
vate hypoxia inducible factor (HIF), which in turn
increases the expression of several neurotrophic factors
including GDNF [12]. It was also shown in in vitro model
of hypoxia-reperfusion that the use of an extract of caffeic
acid and Erigeron breviscapus plants led to increased
expression of GDNF in astrocytes and enhanced excretion
of the protein into the culture medium that promoted sur-
vival of neurons [27].

Earlier we have found that the activation of behavior
of resuscitated animals prevents post-resuscitation neu-
ronal death in highly sensitive to hypoxia areas of the brain
(cortex, hippocampus, and cerebellum), even after pro-
longed cardiac arrest [28]. Recent evidence that short-
term exercise lead to increased levels of GDNF protein in
neurons of the spinal cord in rats [29] suggest that a mech-
anism for preserving of neurons at behavior activation
could be relate to an increase in the level of GDNF expres-
sion. The present data support this assumption.

Lately several experimental studies related to the
development of different modes of administration of exoge-
nous GDNF in the brain were published. It was shown that
the increase the expression of GDNF in the transplanted
Schwann cells promoted axonal regeneration and growth,
formation of synapses and partial functional recovery in a
spinal cord injury model in rats [30]. In in vitro studies the
ability of biodegradable microparticles containing GDNF
to induce differentiation of neural progenitor cells into
mature neurons was demonstrated that considered as very
promising for treatment of Parkinson's disease and other
neurodegenerative diseases [31]. Delivering exogenous
GDNF to the brain is currently under study, specifically,
with the aid of lentivirus-mediated hGDNF gene delivery
system [32], or through the recombinant human GDNF (r-
metHuGDNF) construct [33].
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TPaHCIIAHTUPOBaHHBIX [[IBAHHOBCKIX KJIETKaX CIOCoOCT-
BYET pereHepary akCoHOB, (JOPMUPOBAHUIO CUHATICOB 1
YacTUIHOMY (DYHKITHOHAJIBHOMY BOCCTAHOBJICHUIO. B 1c-
CJIEIOBAHUSX N Vitro MpOIEeMOHCTPIPOBAHA CITOCOOHOCTD
Guozerpagupyomux Mukpouactull, cogepsxkamux GDNEF,
BbI3BIBATh AU((DEPEHIUPOBKY TIPOTEHUTOPHBIX HEPBHBIX
KJIETOK B 3peJible HEHPOHBI, YTO CYUTAIOT BEChMa MepCIek-
TUBHBIM TIpU JiedueHun GoJiesHu [lapKuHCOHA U APYTHX
HelipojerenepaTuBHbIX 3a6oseBannii [31]. B axcriepumven-
Te pa3pabaThiBAIOTCSI U YCOBEPIIEHCTBYIOTCS HOBBIE CIIO-
co0bl roctaBkn B Mo3r ak3orenHoro GDNF — Bupycubie
sextopbl (lentivirus-mediated hGDNF gene delivery sys-
tem [32], a Takske pekoMOuHaHTHBIN yenoBedeckuit GDNF
(r-metHuGDNF) [33].

Caenyer ormernts, uto Xotss GDNF B nenom pac-
CMATPHUBAETCS KaK BasKHBIN HelpoTpodudeckuil (haxrop,
€ro upe3MepHasi IKCIIPECCUsI MOKET IIPUBOAUTH K 11000U-
HbeIM abdektam [34]. [TosToMy oHIUM U3 CYIIECTBEHHBIX
aCIIeKTOB 1pU pa3paboTKe TOJAX0A0B K TeHHOU Teparuu,
obecrieanBaioniell 3aluTy MO3Ta, SBISETCS PEryJIsist
YpOBHs aKcrpeccuu reHoB [32]. B nactosiiee Bpemsi Ha
MOJIETISIX in Vitro yoke pazpabaThIBAIOTCS CHCTEMBI PEryJisi-
1 ypoBHsi akcripeccun GDNF [34]. ABrops! mosiaraior,
4TO pelieHue Toii npobsueMbl GyIeT BechMa IIE€PCIEKTUB-
HBIM JIJIS1 IAJTBHENIIIEr0 UCTIOJIb30BAHUS B 9KCIIEPUMEHTAX
in vivo, IPUYEM He TOJBKO JIJIT 3aIUTHl HEUPOHOB, HO 1
JUTST HOPMAJTM3AIMK TTOBEIEHUST JKUBOTHBIX.

Wrak, nojsydeHHble HAMHM PE3YJIBTAThI B 1[EJIOM CBH-
JIETEJIbCTBYIOT O TOM, YTO YPOBEHb 3KcIpeccuu Oeska
GDNF gBnsiercst BaskHbIM (hDaKTOPOM, BJIMSIIONIMM Ha yC-
TOINYMBOCTD HEWPOHOB K THOEIH B IIOCTPEAHUMAI[HOHHOM
nepuojie. IloyueHnble pe3ysbTaThl MPEACTABISIOTCS CY-
IIECTBEHHBIMHU JIJISI aHATTM3a MEXaHM3MOB Pa3BUTHS M1OCT-
IUIIOKCUYECKUX HIIeATONATUH, a TAKKeE s Pa3paboTKu
MOJIXO/IOB K MX MPOGUIAKTHKE U KOPPEKIUU. AKTHUBHBIE
MOUCKU PA3JUYHBIX CHOCOOOB BBEACHUS HK30I€HHOIO
GDNF 006yc/1aBiuBaiT MepeleKTUBHOCTh TIPUMEHEHUS
ATOr0 HelpoTpoduueckoro dakropa sl 3alIUThl MO3Ta
IIpy uiieMun — perepgysuu.

3akaoyeHue

BoisiBIeHA B3AaMMOCBSI3b MEK/Ly MI3MEHEHUSIMU YPOB-
nst akcnpeccnn 6enka GDNF u passutrem nporecca rube-
JIN HEPOHOB B TIOCTPEAHUMAIIMOHHOM TIEPHOJIE. YCTAHOB-
JIEHO, YTO Y JKUBOTHBIX PA3HOTO T10JIa B MOIYJISIIIUK KJIETOK
[TypkuHbe MO3KeEUKa Pa3BUBAIOTCS OJHOTHITHBIE U OJIHO-
HaIPaBJEHHbIE MTOCTPEAaHUMAIMOHHbIe u3MeHeHus. [lep-
BOHAYAJIbHBII 110/1beM ypoBHs aKkcrpeccun Gesnka GDNF B
HeHPOHAIBHON MOMYJISAINN TTO3BOJISIET MPeYTIPeINTDh Pas-
BUTHE TIpoliecca THOe HEPBHbBIX KJIeToK. [locenyomiee
yMmenblreHne yposHs skcnpeccnt GDNF conpososkiaercst
BoIaeHreM (Tubernsio) Heliporos. [Tpu aTom rubesu moj-

Jlurepartypa

1. Aspywenxo M.III., Ocmposa 1.B., Bonxos A.B., 3apaceyxuii FO.B. TToct-
peaHIMaIIOHIbe H3MeHenus: MOphO(YHKIIOHATBHOTO COCTOSIHNS
HEPBHBIX KJIETOK: 3HaUeHue B narorenese snuedanonaruit. Obwas pe-
anumamonozust. 2006; 2 (5—6): 85—97.

It should be noted that although GDNF is generally
regarded as an important neuro- trophic factor, its overex-
pression might lead to side effects [34]. Therefore, one of
the essential aspects of the development of approaches to
gene therapy that protects the brain is the regulation of
gene expression level [22]. Currently, regulatory system
capable to modulate the level of expression of GDNF are
already being developed by in vitro modeling [34]. It is
believed that the solution of problem of GDNF delivery to
the brain will be promising for both neuron protection and
behavior normalization.

Presented results demonstrate that the level of
expression of GDNF protein is an important factor affect-
ing the resistance of neurons to death post-resuscitation.
Active search for optimal administration of exogenous
GDNF in experimental setting would definitely optimize
the future exploration of this neurotrophic factor in pro-
tecting the brain during ischemia-reperfusion in clinics.

Conclusion

In a subset of cerebellar Purkinje cells in male and
female rats the same type and unidirectional post-resusci-
tation changes occur. Initial rise of GDNF protein expres-
sion within the neuronal population allows to prevent neu-
ronal death. Subsequent decrease in the level of GDNF
expression is accompanied by a neuronal loss. GDNF-neg-
ative (i. e. cells that do not express the protein) cells dies.
Specific features associated with a gender: changes in a
GDNF expression and neuronal cell death processes with-
in the population of Purkinje cells are developed earlier in
males than in females.

In general, the results indicate that the level of
expression of GDNF protein is an important factor affect-
ing the tolerance of the neurons to death during post-resus-
citation. Data demonstrate potential applications of GDNF
in protecting the brain during ischemia-reperfusion.

Bepraiorcst GDNF — oTtpumnarenpasbie (T. e. He aKcIIpeccu-
pyiotie aToT 6esok) kiaetk. OOHApYKeHbI 0COOEHHOCTH,
CBSI3aHHBIC C IIOJIOBON IIPHHA/JIEKHOCTBIO OpPraHu3Ma: y
cam1oB cBuTH ypoBHA akcripeccnn GDNF B momyssanmm
kietok [IypkumHbe, a Takke Mporecchl rubesn HeifipoHOB
Pa3BUBAIOTCS PAHBIIIE, Y€MY CAMOK.

B 11e10M oty 4eHHBIE Pe3yIbTaThl CBUAETEIBCTBYIOT
0 ToM, 4TO ypoBeHb skcipeccun Gemka GDNF apisiercst
BaKHBIM (DAaKTOPOM, BJIUSIONINM Ha YCTOHYMBOCTD HEHPO-
HOB K THOEIN B TIOCTPEAHUMAIIMOHHOM TIeproje. ITo 00y-
craBaMBaeT TmepcrekTuBHOCTh npuMeHenns: GDNF mmsa
paspaboTKM MOAXO/OB K 3all[Te MO3Ta TPU HIEMHN-Pe-

nepdysnn.
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