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XJI0pU[I IUTHSI, UCTIOJb3YEMBIN [JIsT KOPPEKINHU OUTIOJISIPHBIX PACCTPONCTB, 00JIa1aeT HEUPOIPOTEK-
TUBHBIM 3(p(hEeKTOM IIPU COCTOSTHUAX, CBA3AHHBIX C OCTPBIM U XPOHUYECKUM HapyIlleHreM KpoBooOpariie-
HHA B 'OJIOBHOM MO3re.

IleJss ccIeOBAHUA — OIEHUTD 3(p(PeKTUBHOCTE XI0pUA JUTHUS /IS IPeIOTBPAIeHNs THOe/N BbI-
COKOYYBCTBUTEJIHHBIX K THIIOKCUY HEMPOHOB HIINIOKaMIIa B TOCTPeaHNMAallMOHHOM IIepHofie II0CJIe Bpe-
MEHHOU OCTAaHOBKU Cep/lia.

MarepwuaJ u MeToAbl. OCTAaHOBKY Cep/ilia Y B3POCJIBbIX KPbIC-CAMIIOB Ha 10 MUHYT BbI3bIBAJIA IIyTEM BHYT-
PUTOPAKATBHOTO MepeskaThsI COCYIUCTOro IyyKa cepIia ¢ Iocaeayoleli peaHuMaIuel. 9-Tu >KUBOTHBIM
BBOIMIIH pacTBop 4,2% LiCl 3a 1 yac 1o octaHoBKU cep/na (40 Mr/kr B/0), Ha 1-e 1 Ha 2-e CYTKU OCJIe pea-
HUMaImu (20 Mr/Kr B/6, COOTBETCTBEHHO). 9 HeJIeUeHBIX SKUBOTHBIX B T€ YK€ CPOKHU IOJTyYa/Id 9KBUBAJIEHTHbIE
J103bI (DU3M0JIOTMYECKOT0 PAcTBOPA XJI0pU A HaTpus. KOHTposeM Ciry;Ru/In JIOXKHOIIePIPOBaHHBIE KPBICHI
(n=10). Yepes 7 nHelt MeTOq0M MOP(HOMETPUIECKOTO aHATN3A OLEHUJIN YUCJI0 YKU3HECTIOCOOHBIX HEHPOHOB
B rtosiax CAl u CA3/CA4 runmokaMIia Ha cpeaax, OKpalleHHbIX Kpe3UI0BbIM (hroJieToBBIM 1o Hucciio. B oT-
JIeJIbHOH cepry aKCIIEPIMEHTOB ¢ IToMolrbio Western-Blot aHasm3a B 9TH yke CPOKU MCCJIeJOBAJIN BIUSHIE
XJIOpHJIA TUTHS Ha cofeprkanue Oesika GSK3f (kmHa3a IMKOTreHCUHTAa3bl KWHA3bI-3) B TKAHU MO3TA.

PeayubraThl. [Ipy rucTO/IOTMYECKOM UCC/IENOBAHNY YCTAHOBMIIM, YTO 10-MUHYTHAA OCTAaHOBKA CepALa
MIPUBOJIAT K CHIYKEHUIO YHCJIA }KU3HECTIOCOOHBIX HeHpOoHOB B mosie CAl runmokammna — Ha 37,5% (p<0,001),
B moste CA3/CA4 — Ha 12,9% (p<0,05). [Tpumenenune LiCl IpUBOAMNIO K YBETHMYEHHIO YHCIA SKU3HECIIOCO0-
HBIX HeIPOHOB TUIIIIOKAMIIA y PeaHNMHUPOBAHHBIX KPBIC B ToJsie CAl Ha 37% (p<0,01), B moJsie CA3/CA4 —Ha
11,5% (p<0,1) 110 cCpaBHEHUIO C HeJIeUEHbIMU KUBOTHBIMU.

ITpu uccnenoBanuu 6enka GSK3f ycTaHOBMIIN, UYTO Y pEAHUMHUPOBAHHBIX ;KUBOTHBIX, TOJTYIaBIIHX XJI0-
puj IuTHA, cofepskaHue ero hochopunupoBanHol GopMBI B TKAHU MO3Ta OB17I0 BhIIIe Ha 180% 110 cpaBHe-
HUIO ¢ KOHTpoJieM (p<0,05), n Ha 150% BhIllIe, YeM y HeJIeYeHHBIX sKUBOTHBIX (p<0,05).

3aksrroueHne. BBeqeHne XJ10pyu/a JUTHA B TOCTPeaHNMAI[IOHHOM IIepHUojie IPUBOAIIIO K BIPASKEeHHOU
HeUPOIPOTEKINY B HeHPOHAJIbHBIX MOMIANMAX TUNIIOKaMIIa. ITOT 3P eKT MoKeT OBITh 00YCIOBJIEH I0-
BBIIIIEHHEM coniepskanus pocdopunmmpoBannoil popmel 0emka GSK3[. ITosrydeHHbIE pe3y/IbTaThl CBUIE-
TeJIbCTBYIOT O BBICOKOM IIOTEHITHAJsIe JIUTHUA A1 TPOMUIaKTUKY U JIedeHNs HeHpoJereHepaTuBHbIX Hapy-
[IIeHUH, BLISBAHHBIX BDEMEHHOH OCTAHOBKOUM KPOBOOOPAIIEHHUS.

Knrouesvte croea: ocmanoska cepoya; uiemusi-penep@ysu;, 20J108HOLL MO3;, 2UNNOKAMN, AUMULL Helipo-
npomeryusi; GSK3

Lithium chloride, which is used for the treatment of bipolar disorders, has a neuroprotective effect in con-
ditions associated with acute and chronic circulatory disorders.

The purpose of the study: to investigate the efficacy of lithium chloride for the prevention of post-resus-
citation death of hippocampal neurons during the post-resuscitation period.

Material and methods. Cardiac arrest for 10 minutes was evoked in mature male rats by intrathoracic
clumping of the vascular bundle of the heart, followed by resuscitation. 40 mg/kg or 20 mg/kg of 4,2% lithium
chloride (LiCl) was injected intraperitoneally 1 hour before cardiac arrest, on the 1st and 2nd day after resus-
citation (n=9). Untreated animals received equivalent doses of saline (n=9). Rats after a sham surgery served
as areference group (n=10). The number of viable neurons in the CA1 and CA3/CA4 fields of the hippocampus
was estimated in slides stained with cresyl violet by day 6 or 7 postresuscitation. In a separate series of exper-
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iments, at the same terms, we studied the effect of lithium chloride on the protein content of GSK3 (glycogen
synthase kinase) in brain tissue using Western-Blot analysis.

Results. Histological assay showed that a 10-minute cardiac arrest resulted in a decrease in the number of
viable neurons in the hippocampal CALl field — by 37.5% (P<0.001), in the CA3/CA4 field — by 12.9% (P<0.05)
vs. the reference group. Lithium treatment increased the number of viable neurons in resuscitated rats — in
the CAl field by 37% (P<0.01), in the CA3/CA4 field — by 11.5% (P<0.1) vs. the untreated animals. It was found
that lithium caused an increase in phosphorylated form of GSK3f: by 180% vs. the reference group (P<0.05),

and by 150% vs. the untreated animals (P<0.05).

Conclusion. Lithium treatment leads to a pronounced neuroprotection in the neuronal populations of the
hippocampus post-resuscitation. This effect may be due to an increase in the content of the phosphorylated
form of GSK3p protein. The results indicate a high potential of lithium for the prevention and treatment of
neurodegenerative disorders caused by a temporary arrest of blood circulation.

Keywords: cardiac arrest; ischemia-reperfusion; brain; hippocampus; lithium; neuroprotection; GSK3
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BBenenue

IIpemnaparb! Jiutust 6osiee 60 JIET yCIIENTHO
MMPUMEHSIIOTCSA B ICUXUATPUU JIs1 JIeUeHUsI MaHUa-
KaJbHO-JeTPECCUBHBIX IICUX030B U OUIIOJSIPHBIX
paccTpoiicTs (1, 2]. Bpuio 3aMedeHo, 4To y maryeH-
TOB C OUTIOJIIPHBIMU PACCTPOUCTBAMU, MIPUHUMAIO-
WX JIUTAY, CHUYKEH PUCK BOSHUKHOBEHUS UHCYJ/Tb-
Ta (3, 4]. 1 neiicTBUTEIbHO, 0Ka3a/I0Ch, YTO JINTHUIA
00J1a1aeT HEUPOTPOTEKTOPHBIMU CBOCTBAMU, YTO
MMOATBEPIUIA MHOTOUHCJIEHHbIE 9KCIIEPUMEHTAJTb-
HbIE UCCJeIOBaHUA in vitro u in vivo [5, 6]. JIutui
YMeEHbIIIaJI BBIPaYKEHHOCTh II0BPEKIEeHU MO3Ta 1
yiy4dinai (PyHKIMOHAJIbHOEe BOCCTAaHOBJIEHUE HA
pa3/IMuHBbIX MOJIEJISIX HeWpojereHepaTuBHbBIX
OoJie3Hel, TaKUX Kak UHCYJIBT [7-11], Xxopest XaH-
TUHT'TOHA [5], 60J1e3Hb AJtblirelimepa [12].

[ToJstyueHbl TakKe [OJIOKUTEJIbHBIE Pe3yJib-
TaThl DU BBEJIEHUH JINTUSI OOJIBHBIM C WHCYJIb-
TOM, YTO IIPOABJIAJNOCH B YIYyYII€eHUH MOTOPHBIX
(pyHKk1Mit ¥ BepOasbHOM namsTu [13, 14]. BeisiBie-
Ha IpsMasi CBSA3b MeKIY JJUTHEBOU Tepanueil u
00'bEMOM CepoTo BellecTBa IOJIOBHOTO MO3ra y
Jgiopett [14, 15], UTO yKas3bIBaeT Ha CIOCOOHOCTh
JIUTUSI CHUSKATh PUCK JIeMEHIINU. ITOT (paKT moj-
TBEPIKIAEeTCA U JpyTrUMU naHHbIMU [16]. Kinnan-
YyecKUe WUCCJIeJOBAaHUsI CBUAETEIbCTBYIOT 00
3¢ HEeKTUBHOCTY JINTUSA U JIJIs JJeUeHUsT 00JIe3HU
Anbrireiimepa u 6oJ1e3uu ITapkuacoHa [17-19].

Bb110 0OHapyskeHO, YTO JIMTUH 00JIagaeT
MMPOTUBOCIAJUTEILHOW, aHTUATIONMTOTUYECKOHN
AKTUBHOCTBIO, yCUJIMBaET IIPOLeCChl aHTMOTreHe3a
U HelporeHesa [4, 20, 21]. MuIieHsIMU €TO Jel-
CTBUsI CYUTAIOTCA ABA PA3JUUYHBIX CUTHAJIBHBIX
yTH, 6EPYIINX HAYaJI0 OT AKTUBHOCTH JIBYX pas-
HbIX (hepMeHTOB. VcTopruecKku MepBBIM ITyTEM
peanusanuu 3¢p@HEeKTOB NOHOB JIMTUS CYUTAIOCH
IeiicTBue HA nHO3UTMOHO(pochaTasy (MMP) u,
COOTBETCTBEHHO, (POChHaTUIUIUHOSUTHBIN CHUT-
HaJIbHBIN NyTh [2]. OgHAKO B HACTOsIIlee BpeMs
OHVM M3 OCHOBOMOJIATAIONINX MEXAaHU3MOB pea-
JIM3alUU JeUCTBUS JINTUS HA OPTaHU3M CUNUTAET-
cs1 UHTUOMpoBaHue (pepMeHTa NIMKOTeHCUHTA3bl
kmHa3bIl-3 (GSK-3) [11, 22, 23], uTO, B CBOIO O4Ye-

Introduction

Lithium preparations have been successfully
used in mental medicine for over 60 years to treat
maniac depressive psychosis and bipolar disorders
[1, 2]. It has been noticed that patients with bipolar
disorders who take lithium have a reduced risk of
stroke [3, 4]. It turned out in fact that lithium pos-
sesses neuroprotective properties as supported by
numerous experimental studies in vitro and in vivo
[5, 6]. Lithium abated brain damage and improved
functional recover in various animal models of neu-
rodegenerative diseases, such as stroke [7-11],
Huntington chorea [5], Alzheimer’s disease [12].

Positive results were obtained when lithium
had been administered to patients with stroke. The
results were manifested in the improvement of
motor functions and verbal memory [13, 14]. A direct
relation between lithium therapy and gray matter in
humans has been established [14, 15], which indi-
cates the ability of lithium to reduce the risk of de-
mentia. This fact is supported by other data as well
[16]. Clinical studies evidence lithium efficacy for
Alzheimer’s disease and Parkinson’s disease [17-19].

Lithium was found to possess anti-inflamma-
tory, anti-apoptotic activities, to intensify angio-
genesis and neurogenesis processes [4, 20, 21]. Its
effect is believed to be targeted at two different sig-
naling pathways originating from the activity of two
different enzymes. Historically, the action on inos-
itol monophosphatase (IMP) and, correspondingly,
phosphatidylinositol signaling pathway was con-
sidered the first pathway of realization of lithium
ion effects [2]. Currently, however, inhibition of
glycogen synthase kinase-3 (GSK-3) [11, 22, 23],
which, in turn, leads to activation of different sig-
naling cascades aimed at cell survival [12], is re-
garded as one of the essential mechanisms of
lithium action.

All experimental investigations dedicated to
neuroprotective properties of lithium salts are
based on the modeling of focal or global brain is-
chemia [24]. However, in clinical practice, the most
common cause of total cerebral ischemia is circula-
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penb, IPUBOAUT K AKTUBALIUM PA3JIUYHBIX CUT-
HaJIbHBIX KaCKaJI0B, HAIIPABJIEHHBIX HA BbI)KUBA-
HUeE KJEeTOK [12].

Bce skcrepuMeHTaIbHBIE PabOTHI, MOCBSI-
IIIeHHbIe N3y4YeHUIO HeHPOIIPOTEeKTOPHBIX CBOMCTB
coJie JINTUS, BBITIOJHEHBI HA MOJIEJISAX (pOKaJIb-
HOM MU IJI00AJBHOM UIIIEMUH FOJIOBHOT'O MO3Ta
[24]. OmHAaKO, B KIIMHUYECKOU ITPaKTUKe HauboJiee
JacTas IpUYMHA TOTATHLHOU IlepedpaibHON HIIle-
MUH — OCTaHOBKA KpoBooOparenusi [25]. FI3BecT-
HO, KJIMHAYECKasi CMePTh CyIIeCTBEHHO OT/INYaeT-
CA IO IIaTOreHe3dy WU  IIOCJENCTBUAM  OT
M30JIMPOBAHHOM MIIIEMUM MO3Ta, U MPEsKIE BCETO
HAJIUYMEM I[IaTOTeHHBIX 9KCTparepedbpasTbHbIX
¢parxTopoB [26-28], uTo 00yC/IOBIMBAET HEOOXOIM-
MOCTB U3y4Y€HN MEXaHN3MOB Pa3BUTHUA IIOCTpea-
HUMAaIMOHHOM TIaTOJIOTMKX MO3ra Ha MOJIEJIsax
TOTAJIBHOU WIIIEMUH OpraHu3Ma. B nmpeapIaymx
HCCJIETOBAHMSIX OBLIIO TIOKA3aHO, YTO MMPaMUTHbIE
KJIETKU TUIIIIOKaMIIa, UTPAIOIero BasKHyI0 poJib B
BBICIIE HEPBHOU JeATeJIbHOCTA OPraHu3Ma, B
BBICOKOU CTeIleHU MOABEPSKEHBI JIEUCTBUIO UIIle-
MUU-penepdysnu Nocjae BpeMeHHOU OCTaHOBKU
cepana [27, 29, 30]. CHukaeT Jid JIMTAMN BbIpasKeH-
HOCTb TMOBPEKIEHUS HEWUPOHOB THUIIIIOKaMIIa B
MOCTPEAHNUMAIIMOHHOM TIepro/ie, U UMeeT JIU TIPU
9TOM 3HAUeHWe BJIMSAHUE JUTHS Ha aKTUBHOCTH
6enka GSK3[3, ocTaercss HEBBISICHEHHBIM.

Llesb vccienoBaHusi — OIeHUTD 3P PEeKTUB-
HOCTh IPUMEHEHUS XJOPUAA JIUTUSA OJI Mpem-
OTBpAIIeHUs TIOCTPeaHNMAIIMOHHONU TnOesT Hell-
POHOB THIIIOKAaMNa B ITOCTPeaHUMAaIMOHHOM
nepuoe.

MarepuaJ ¥ MeToAbI

MopnenupoBaHue KIHHUYECKOH CMepTH. JKCIle-
PUMEHTBI IPOBEJIM COIIACHO PEKOMEHAANUAM JTHYe-
ckoro komutera PI'BHY HVU 06111€i peaHnMaToI0TUN
uM. B. A. HeroBckoro B cooTBeTcTBUH C «IIpaBniaamu
IpoBeieHNsT paboT C UCIIOJIb30BAaHUEM IKCIIEPUMEH-
TaJbHBIX 3KUBOTHBIX» (ITprka3 Munsnpasa CCCP Ne755
ot 12.08.1977) Ha OeJIbIX HEJTMHEHHBIX TI0JI0BO3PETTBIX
KpbIcax-caMmIax (macca 180-280 r). ¥V »KUBOTHBIX IIOT,
HapKo30M (6% xmnopasnaruapar 0,8—-1 mu1) Bei3biBaan 10-
MHHYTHYIO OCTaHOBKY CepJilia ITyTeM BHYTPUTOPAKaJIb-
HOTO IIepesKaTus COCYAUCTOrO IMy4dKa ceppna [31, 32].
PeaHmManoHHbIe MEPOTIPUATHS BKIIIOYAJIN B ce0sI He-
NIPAAMOM Maccask cepAla B COYeTaHUU C UCKYCCTBEHHON
BEHTUJIALIMEN JIETKUX BO3AYXOM B pesKHUMe TUIlepBeH-
TUJIAUY annaparoM «Animal Respirator» pupmbl «SMT
Geratehandel» ¢ BHyTpuTpaxeaabHBIM BBeJleHEM pac-
TBOpa afpeHannHa B fo3e 0,1 Mr/Kr. 9-Tu Kppicam BBO-
nuau pactsop 4,2% LiCl 3a 1 yac 10 ocTaHOBKY cep/ra
(40 Mr/Kr BHYTPUOPIOMIMHHO), HA 1-e ¥ Ha 2-e CyTKHU
mocJie peaHuMaruu (o 20 Mr/Kr B/0, COOTBETCTBEHHO).
9 HeJIeYeHBIX KMBOTHBIX IIOJy4Ya/ld IKBUBAJIEHTHBIE
006BeMbI (PU3HMOJIOTHIECKOT0 PaCcTBOPA XJIOpH/Ia HaT-
pus Ha l-e n 2-e CyTKM ITocJie peaHuManuu. Konrposem
CJIYSKUJIA JIOKHOOIIEPUPOBAHHbIE KPBICHI (1=10), KOTO-
PBIM IIOf, HAPKO30M BBINOJIHANNA pa3pe3 KOKU U ee
yImBaHMe 6e3 mepeskaTHs COCYAUCTOTo ITyYKa Cep/ra.

tory arrest [25]. It is known that clinical death differs
substantially in its pathogenesis and consequences
fromisolated brain ischemia, first of all, by presence
of pathogenic extracerebral factors [26-28], which
warrants studying the mechanisms of post-resusci-
tation brain pathology development on total body
ischemia models. Previous investigations have
shown that pyramidal cells of hippocampus, which
plays an important role in the higher nervous func-
tion of the body, are largely exposed to the effects of
ischemia-reperfusion after a temporary cardiac ar-
rest [27, 29, 30]. It remains unclear whether lithium
lessens the severity of post-resuscitation damage of
hippocampal neurons or whether its influence on
GSK3p activity is important.

The purpose of this study was to investigate
the efficacy of lithium chloride for the prevention
of post-resuscitation death of hippocampal neu-
rons during the post-resuscitation period.

Materials and Methods

Clinical death model. The experiments were car-
ried out in line with the recommendations of the Ethics
Committee of Federal State Budgetary Scientific Institu-
tion V. A. Negovsky Research Institute of General Reani-
matology, according to the Rules of Carrying Out Work
Using Experimental Animals (USSR Health Ministry
Order No.755 dated 12.08.1977), on white randombred
sexually mature male rats weighing 180-280 g. The ani-
mals under anesthesia with 6% chloral hydrate, 0.8-1 ml,
were subjected to 10-minute cardiac arrest by intra-
toracic compression of vascular fascicle of the heart [31,
32]. Resuscitation measures included closed-chest car-
diac massage combined with artificial ventilation of
lungs with air in the hyperventilation mode using Animal
Respirator apparatus (SMT Geratehandel GmbH, Ger-
many), and intratracehal administration of adrenalin so-
lution ata dose 0of 0.1 mg/kg. In an experiment, 4.2% LiCl
solution was administered into 9 rats intraperitoneally
(i.p.) 1 hour before cardiac arrest at a dose of 40 mg/kg
and on day 1 and day 2 after resuscitation at a dose of 20
mg/kg each day. Nine untreated animals received equiv-
alent volumes of sodium chloride saline on day 1 and day
2 after resuscitation. Sham-operated rats served as con-
trol animals (n=10), which were subjected to skin dissec-
tion and closure under anesthesia without compression
of vascular fascicle of the heart.

Histological analysis. 6-7 days after resuscitation,
the animals were pulled out from the experiment by de-
capitation under anesthesia (chloral hydrate). Brain was
removed immediately, its hippocampus-containing seg-
ments were isolated and fixed in Carnoy solution during
3.5 hrs., and thereafter embedded in paraffin using stan-
dard techniques. For morphometric analysis, 5-6 pm
thick frontal sections (Bregma -4,2+0,4 mm according to
Paxinos G. and Watson C. atlas, 1986) were stained with
cresyl violet following the Nissl method. From each ani-
mal, 2-3 sections were analyzed. On the images of hip-
pocampal sections obtained with the help of light micro-
scope AXIO Imager.A2 and digital camera AxioCamMRc5
(Carl Zeiss, Germany) at X40, using ImageScopeM soft-
ware (Systems for Microscopy and Analysis LLC, Russia),
the number of normal pyramidal neurons in hippocam-
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I'mcronorudyeckoe ucciaegopaHue. Yepes 6-7
JHell IocJie peaHUMAallUH KMBOTHBIX BBIBOJUJIN U3 9KC-
IepuMeHTa JeKanuTanuen og HApKo30M (XJIOpaJITUI-
par). Hemej1eHHO U3BJIeKaJIA MOS3T, BbIJEJISIJIA €r0 CeT-
MEHTB], CoflepsKalllie TUNIOKaMII, U PUKCUPOBAJIM UX B
pactBope Kapnya 3,5 4 u 3astmBa/iu B mapaduH 1o CTaH-
JapTHOU MeToguKe. [1j1s1 MOpdoMeTprdecKoro uccJe-
JOBaHUA (PPOHTAIbHBIE Cpe3bl TOJIIIUHON 5-6 MKM
(Bregma -4,2+0,4 MM comtacHo aTiacy Paxinos G. and
Watson C., 1986), okpainBaad Kpe3uaoBbIM (PHOJIETO-
BBIM I10 MeToay Hucciis. ¥ Kakgoro sKUBOTHOTO aHAJIN-
3UpoBaJsu 1o 2-3 cpeda. Ha u3oOpaskeHusx Cpe3oB I'Ull-
IIOKaMIla, IIOJIyYeHHBIX C IIOMOIIBIO CBETOBOIO
mukpockormna AXIO Imager.A2 u mudpoBoit kamepsl AX-
ioCamMRCc5 (Carl Zeiss, Tepmanwst) mpu yBeJTudeHUH 00.
X40, ¢ ucrnoab3oBaHUeM INporpammel ImageScopeM
(OO0 «CucteMsl 111 MUKPOCKOIINU M aHaJIM3a», Poc-
CHsl) CJIeNIbIM MeTOJOM BPYYHYIO ITOICUUTBIBAIN YUCJIO
HOPMaJIbHBIX IMPAaMUIHBIX HEHPOHOB B noJisix CAl u
CA3/CA4 runnokamia jieBoro noJtymapus (puc. 1). Io-
JIy4eHHBIH II0Ka3aTeJb IepeCYUThIBAIM Ha 1 MM JJINHBI
NUPAMUIHOIO CJI0A Tunnokammna. K kareropum Hop-
MaJIbHBIX, COXPaHUBIINX SKN3HECIIOCOOHOCTH, HEHPO-
HOB OTHOCHJIU KJIETKU C YETKO O4ePUYEHHBIM SIIPOM 3JI-
JUIICOUJHON WJAU Kpymwio ¢GOpMBI U SICHO
Ppas3JIMYUMBIM AAPBIIIKOM, PACIIOJIOKEHHBIM B IIeHTpe
simpa [33]. CTaTucTrieckyio 06paboTKY JaHHBIX ITPOBO-
JAJIY B IporpaMmme Statistica 7.0 ¢ ©CIIO/Ib30BaHUEM Me-
toga ANOVA 1151 MHOYKeCTBEHHBIX cpaBHeHU# (Post-
hog comparisons of means).

BecTepH-0JIOTTHHT aHAJH3. [[JI OLIEHKH coep-
skanus 6eska GSK3f B TKaHU MO3ra BBITIOJTHUIHN OT-
JIETTBHYIO CEPHUIO0 9KCIIEPUMEHTOB. Y OeJIbIX HeJTMHEHHBIX
T0JIOBO3PeJIbIX KpbIcax-caMIoB (Macca 180-280 r) BbI-
IIIEONMCAHHBIM CIOCOOOM BBHI3BIBAIN 10-MUHYTHYIO
OCTaHOBKY cepJlia ¢ TocjaeAylolel peaHuManyei. 5-tu
kpbicaMm BBonusu pactBop LiCl 3a 1 yac 10 ocTaHOBKHU
cepana (40 mr/kr B/06), Ha 1-€, Ha 2-e U HA 3-U CyTKU
rrocjie peaHUMAaIuu (1o 20 Mr/Kr B/6, COOTBETCTBEHHO).
5 HeJleYyeHBIX >KUBOTHBIX IIOJYyYa/Iu 9KBUBAaJEHTHBIE
00'beMBI (PM3MOJIOTTYECKOTO PACTBOPA XJIOPHAA HATPHS
Ha 1-3-u cyTKu nocse peanuManuu. KonrpoJsem ciy-
SKAJIN JIOKHOOIIEpUPOBAHHbIE KPBICHI (n=5). Uepes 7
CYTOK I10CJIe peaHUMali1 KPbIC BBIBOAU/IU U3 9KCIIEPH-
MEHTa, U3BJIeKAJIA Y HUX MO3T U U3MeJIb4asIi ero CKaJjb-
nesjeM B TedeHue 30 cekyHI. [oMmoreHaTr pacTBOpsi/Iu B
oydepe, cogepskamem 0,125 M Tpuc-HCI (pH 6,8), 4%
noneruiicysibgara Harpus (Sigma Chemical Co., CIIIA),
20% runeprHa, 0,005% 6pomdenona cuHero (Sigma
Chemical Co., CIIA) u 10% 2p-meprarnroaraHoJia
(Merck, l'epmanwst). O6pasIibl KUIISATHIN 2 MIH Ha BOJIS-
HOU OaHe M BHOCHJIH B 15% TpHC-IVINIITHOBBIIN TOJIH-
AKpUJIAaMUIHBIN TeJTb B KOHIIeHTparuu 50 Mr 6esika Ha
JIYHKY. JJieKTpodopes NPOBOLUIN IIPU IIOCTOSHHOM
TOKe 10 MA B peskrMe KOHIIEeHTPUPOBaHUsA 1 15 MA B pe-
sKUMe pasnesienust. Ilo okoHuaHuu ajiekTpodopesa me-
peHocuu 6enkn Ha PVDF mem6pany (Amersham Phar-
macia Biotech, UK). Memb6paHnbl 6J10kupoBaiu B 5%
obe3xrpeHHOM MoJIoKe Ha 0,1% docdarHom bydepe u
3aTeM WHKYOMPOBAJIH C TIEPBUYHBIMHU aHTUTEIaMH ITPO-
tuB GSK3P (mouse monoclonal anti-total-GSK3{ 1:1000,
Cell Signaling, USA) niu ¢ochopunupoBanHoit popmbl
GSK3p (mouse monoclonal anti-P-GSK3( 1:1000, Cell Sig-
naling, USA). 3arem MeMOpaHbI HTHKYOUPOBAJIH C BTO-
PUYHBIMU aHTUTEJIaMU, KOHbIOTMPOBAHHBIMU C IIEPOK-

Puc. 1. Mukpodororpadusi 06/1acTH runmoKamiia.

Fig. 1. Photomicrograph of the hippocampus area.

Note: X4 (ob.). PCL is the pyramidal cell layer; CA1, CA3, CA4 -
hippocampal subfields.

ITpumeuanwme: V8. 06. X4. PCL (pyramidal cell layer) — cioi -
pPaMUIHBIX HeHpoHOB. [l71a puc. 1, 2: CAl, CA3, CA4 - moJsa

TUIIIIOKaMIIa.

pus fields CA1 and CA3/CA4 of the left hemisphere were
counted manually in blind design conditions (fig. 1). The
figure obtained was reduced to 1 mm of the length of hip-
pocampal pyramidal layer. The category of normal, still
viable neurons included cells with a sharply marginated
nucleus of ellipsoidal or round shape and a distinct
karyosome located in the nucleus center [33]. Statistical
processing of the data was carried out by Statistica 7.0
software pack using ANOVA post-hoc comparisons of
means.

Western blotting analysis. To evaluate the content
of GSK3p in brain tissue, a separate series of experiments
were carried out. Ten-minute cardiac arrest followed by
resuscitation of rats was performed as described in Ma-
terials and Methods. In five rats, 4.2% LiCl solution was
administered 1 hour before the cardiac arrest (40 mg/kg
i.p.), on days 1, 2, and 3 after resuscitation (20 mg/kg i.p.
each day). Five untreated animals received equivalent vol-
umes of sodium chloride saline on days 1-3 after resusci-
tation. Sham operated rats (n=5) served as a control.
Seven days after resuscitation, the rats were pulled out
from the experiment, their brains were removed and
minced with a scalpel during 30 seconds. The ho-
mogenate was dissolved in a buffer containing 0.125 M
Tris-HCl (pH 6.8), 4% sodium dodecyl sulfate (Sigma
Chemical Co., USA), 20% glycerol, 0.005% bromophenol
blue (Sigma Chemical Co., USA), and 10% 2f-mercap-
toethanol (Merck, Germany). The specimens were boiled
for 2 min in water bath and added into 15% Tris-glycerol
polyacrylamide gel in a concentration of 50 mg of protein
per well. Electrophoresis was carried out at direct current
of 10 mA in the concentration mode and 15 mA in the sep-
aration mode. Upon completion of electrophoresis, pro-
teins were transferred onto a PVDF membrane (Amer-
sham Pharmacia Biotech, UK). Membranes were blocked
in 5% defatted milk on 0.1% phosphate buffer and there-
after incubated with mouse monoclonal anti-total-GSK3(3
1:1000 (Cell Signaling, USA) or mouse monoclonal anti-
P-GSK3p 1:1000, (Cell Signaling, USA). After that, the
membranes were incubated with secondary antibodies
conjugated with horseradish peroxidase (Calbiochem,
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Puc. 2. CHH3KeHH e IVIOTHOCTH JKU3HECIOCOOHBIX HeipoHOB B oJisix CAl (a) u CA4 (b) runmokamMiia B HoOCTpeaHHMaIlHOHHOM

nepuoje.

Fig. 2. Decrease in viable neurons density in CA1 (a) and CA4 (b) hippocampal fields in the post-resuscitation period.

Note. Micrographs of hippocampus histological sections. Nissl staining. X40 (ob.). The neuronal density in the study groups, M+m.
For fig. 2, 3: Control — a sham surgery rats (n=10); Resuscitation — resuscitated untreated rats (n=9); Resuscitation + Lithium — resus-
citated rats with lithium treatment (n=9); Groups — rpynmslL. ** — P<0.001 vs. the Control; * — P<0,01 vs. Resuscitation; * — P<0.05 vs.

the Control; # — P<0.1 vs. Resuscitation.

ITIpumeuanue. MukpodoTorpaduu rucToorndecKux cpe3on runnokammna. Okpacka no Huccio. VB. 06. X40. Il1oTHOCTD
HENPOHOB B UCCJIelyeMbIX rpymnmnax, M+m. [las puc. 2, 3: Control — jioskHO onepupoBaHHble KpbIChI (1=10), Resuscitation —
peaHnMUpOBaHHBIE HeJleueHbIe KPbICHI (1=9), Resuscitation + Lithium — peannMupoBaHHBIE KPBICHI C BB EHUEM JINTHUS (1=9).
Groups — rpynmnsl. ** — p<0,001 B cpaBHEeHUH C KOHTpoJeM; * — p<0,01 B CpDaBHEHUU C HeJIeYeHbIMUA PEAHUMUPOBAHHBIMU JKU-
BOTHBIMHU. *# — p<0,05 B cpaBHEHUHU C KOHTpoJieM; * — p<0,]1 B cpaBHEHHUU C HeJIeYeHbIMU PeaHUMUPOBAHHBIMU KMBOTHBIMU.

cumasoii xpena (Calbiochem, USA), B pa3sBejeHuu
1:10000. JleTeKyio CBA3aHHBIX aHTUTEJI IIPOBOIUIIN C
TIOMOIITHI0 XEMUJTIOMUHECIIEHTHOTO CyOCTpara MepoKCH-
nasel xpeHa ECL (Enhanced chemiluminescence system,
Amersham Pharmacia Biotech, UK). XemuiromuHecieH-
¥ TeTEKTUPOBaIach Ha hOTOTIEHKY. OTCKaHMPOBAH-
HbIe N300pasKeHNsT AHAJM3UPOBAJIH C IIOMOIIIBIO MTPO-
rpammbl  Image] (NIH, Bethesda, MD, USA).
HNHTeHCMBHOCTH curHasta 6enka P-GSK3[ Hopmanmuao-
BaJIA K MHTEHCUBHOCTH 06111ero 6esrka GSK3[ a1s kak-
JTO¥ T010ChI. CTaTUCTHYECKYI0 00PabOTKY TAHHBIX IPO-
BOJWJIM B IIporpaMMe Statistica 7.0 ¢ uCII0JIb30BAHUEM
U-tecta ManHa- YUTHH.

Pe3ysnbrarhl U 00Cy:K/AI€HHE

I'ucrosiornyeckoe mccjaegoBaHue IOKa3aso,
4TO yepes 7 CyTOK nocsie 10-MUHYTHOU OCTaHOBKU
cepAma MPOUCXOIUT CHUKEHUE YHCJTIA SKU3HEeCHOo-
COOHBIX HEHPOHOB y HEJIeYEHBIX PeaHNMHUPOBaH-
HBIX YKUBOTHBIX B CDABHEHUH C IPYIIION JIO3KHOOIIEe-
PYPOBaHHBIX KPbIC — B nojie CAl runmnokamma —
Ha 37,55% (p=0,0007) (puc. 2, a). B mone CA3/CA4
uiemMusi-pernep@ysus IpuBoanUsa K MeHee BbIpa-
SKEHHOMY IIOBPEKIECHUIO II0 CPAaBHEHUIO C II0JIEM
CA1l — 4mCJI0 YKU3HECTIOCOOHBIX HEUPOHOB OBLIO
yMeHbIleHo Ha 12,9% (p=0,04) B cpaBHEHUH C JIOK-
HOOIIEPHUPOBAHHBIMHU (pHC. 2, D).

B rpymnne peaHMMHpPOBAaHHBIX KPBIC C BBEe-
HUEeM XJIOPU/IA JIUTHUS 00HAPYKUIN HESHAYNTETh-
HOE€ CHIKEHNE YHCJIa SKU3HECTIOCOOHBIX HEHPOHOB
B 1tosie CAl o CpaBHEHMIO C JIOSKHOOIIEPUPOBAH-

USA), 1:10000. Bound antibodies were detected with the
help of horseradish peroxidase chemiluminescent sub-
strate — ECL (Enhanced chemiluminescence system,
Amersham Pharmacia Biotech, UK). Chemiluminescence
was recorded on a photo film. Scanned images were ana-
lyzed using Image] software (NIH, Bethesda, MD, USA).
The intensity of P-GSK3( protein signal was normalized
to the intensity of GSK3 total protein for each band. Sta-
tistical processing of the data was carried out by Statistica
7.0 software using Mann-Whitney U-test.

Results and Discussion

Histological analysis has shown that seven
days after a 10-minute cardiac arrest there is a de-
crease in the number of viable neurons in un-
treated resuscitated animals compared to the
group of sham operated rats — in hippocampal
field CA1 — by 37.55% (P=0.0007) (fig. 2, a@). In field
CA3/CA4, ischemia-reperfusion led to a less severe
damage than in field CAl: the number of viable
neurons was reduced by 12.9% (P=0.04) compared
to sham operated animals (fig. 2, b).

In the group of resuscitated rats with lithium
chloride administration, a non-significant ten-
dency to a minor decrease of the number of viable
neurons in field CA1 versus sham operated animals
was found (P=0.07) (fig. 2, a). At the same time, in
the treated vs. untreated animals, the number of vi-
able neurons was significantly increased in a field
CA1 by 37.0% (P=0.008) (fig. 2, a). In hippocampal
fields CA3/CA4, there were no difference in the
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HBIMHU KUBOTHBIMU. OTHAKO 3TO OTJIMYHME ObLIO
HeJIoCTOBepHBIM (p=0,07) (puc. 2, a). Ilpu aTtoM y
JIeYeHbIX )KUBOTHBIX B CDABHEHUHU C HeJIeYeHbIMU
YHCJIO YKU3HECTTOCOOHBIX HEHPOHOB OBLIO MOBBI-
meHo B nose CAl — ua 37,0% (p=0,008) (puc. 2, a).
B nosie CA3/CA4 runiiokamna He BBISIBUJIU OTJIH-
YW 110 YHUCTY 5KU3HECITOCOOHBIX HEHPOHOB MEKTY
KOHTPOJIbHOU I'PYNIION U TPYNIION JIedeHbIX pea-
HUMUPOBaHHBIX KpbIC (p=0,62) (puc. 2, b). V jeue-
HbIX SKMBOTHBIX OTMeYaJ/d IIOBBIIIEHUE 3TOTO
MOKa3areJisi, 10 CPAaBHEHUIO C HeJIeYeHbIMU KPbI-
camy, Ha 11,5% (p=0,1) (puc. 2, b).

TakuM o6pasoM, NTpUMeHEHUe XJIopuIa
JIUTUA NIO3BOJINJIO IIPENyIpeJUuTh IOBPEKIeHUE
1 rubesb MUPAMUIHBIX HEHPOHOB TUIIIIOKaMIIa B
MMOCTEPaHNUMAIMOHHOM MepHuoJIe.

HccnenoBanme conepskanus 6emka GSK3[ B
TKAaHU TOJIOBHOT'O MO3Ta KPBIC, IEpEHeCIINX Bpe-
MEHHYIO OCTAaHOBKY CepAlla, METOAOM BeCTepH-
OJIOTTHMHTA IMOKas3aJio, YTO peaHWMUPOBAHHBIE
SKUBOTHbBIE 0€3 JieueHUs He OTVIMYaJIICh OT JIOMK-
HOOIIEPUPOBAHHBIX II0 3TOMY IIOKa3aTeJIlo. YCTa-
HOBWJIY, YTO B I'PyIIIIE peaHUMHUPOBaHHBIX SKUBOT-
HBIX C BBeJeHHEM XJIOpHUIA JIMTUSA COJlep KaHue
¢ochopunuposannoii dpopmbr GSK3[ 6b1710
BbIIIe Ha 180% (p<0,05) MO CpaBHEHUIO C JIOKHO-
nepupoBaHHBIMUA U Ha 150% (p<0,05) BeILIE IO
CPaBHEHMIO C HeJIeYeHHBIMU PEaHUMUPOBAHHbI-
MU KpbICaMH (TabJiuIia, puc. 3).

number of viable neurons between the control
group and the group of treated resuscitated rats
(P=0.62) (fig. 2, b). In the treated animals, this fea-
ture had a trend for a slight increase by 11.5% com-
pared to untreated rats (P=0.1) (fig. 2, b).

Hence, use of lithium chloride has allowed
preventing damage and death of pyramidal neu-
rons of hippocampus during the post-resuscitation
period.

Western blotting assay of protein GSK3p con-
tent in the brain tissue of rats subjected to a tem-
porary cardiac arrest has shown that resuscitated
animals that had not received treatment did not
differ from sham operated animals. It has been es-
tablished that in the group of resuscitated animals
to which lithium chloride was administered, the
content of phosphorylated GSK3f was 180% higher
(P<0.05) versus sham operated animals and 150%
higher (P<0.05) versus the untreated resuscitated
rats (fig. 3).

Thereby, administration of lithium chloride
during the post-resuscitation period resulted in in-
creased content of the phosphorylated form of en-
zyme GSK3p.

The data presented here agree with the results
of other experimental studies evidencing neuro-
protective properties of lithium ions [34, 35]. On the
model of temporary occlusion of medial cerebral

Takum o6pa:30M, BBE€JIEHHUE XJIO0- P
pyuaga JUTHUA B IOCTPEAaHNMAIITMOHHOM 2

Iepuojie TpUBOJUJIO K MOBBIIIEHUIO 18
cogepskanus ¢ochopuaupoBaHHOU 16
¢opmel pepmenTta GSK3p. 14

[lonyyeHHble HaMu  JaHHBIE 12
COIIACYIOTCSI C pe3yJibraTaMM IpyTux 1
3KCIIEpUMEHTAJIBHBIX UCCIeJOBaHUN, 0.8
CBUJIETEeJIbCTBYIOIINX O HEHPOIIPOTEK- 0.6
TUBHBIX CBOMCTBaX MOHOB JIUTUA [34, 0.4
35]. Tak, Ha M™Momeaun BpeMeHHOU 0.2

OKKJII03UU CpeHell MO3TOBOU apTe- -
pUM Y MBIIIed ObLIO MTOKa3aHO, YTO
BBeJleHUe XJIOpUa JuThs (B/6 B 103e

B GSK-3 O pGSK-3p *#

Control Resuscitation Resusdtation + Lithium

Groups

1 Mr/Kr yepes 6 yacos nocse penepdy-

Parameters Values of parameters in groups, CU, Me; [25-75%]; (%)

Control Resuscitation  Resuscitation + Lithium
3WM U €KeTHEBHO B TeUeHHe 7 CYyT B/O oS =80 805750 =071
B J103€ 2 MI'/KT), IPUBOJUT K YMEHbIIIe- [770256-790934]  [790343-815857] [740828-790925]
HUIO 30HBI MH(MAPKTA, YMEHbIIEHUIO (100) (104) 97)
OoTeKa TroJIOBHOI'O MO3ra, a Takyke K pGSK-35 1146780 1310790 2050921
YCKOPEHHMIO HEBPOJIOTHYECKOTO BOC- [1138756-1158957] [1108956-1380850]  [1958821-2158929]*
(100) (114) (179)

CTaHOBJIEHUA [35]. ABTOpPBI OTMEYaloT,

4TO HEeUpPONpOTEeKTUBHBIN adderT
JIMTUS COXPaHSAJICS 00 56 THel 1moce
WIIeMHUH, O 4YeM CBHUAETeJIbCTBYET
MOBBIIIEHWE MJOTHOCTU BBIKUBIINX
HEHpOHOB B CTpUAaTyMe Yy MBbIIIeHd C
BBelleHUeM xyiopua gutusi. Ha moge-
g mHcyasra (MCAO) y KpbIC OBLIO
[I0KA3aHO, YTO UH'bEKLIUSA JTUTUA (esKe-
JHEBHO uepe3 24 4 IocCje UIIeMUu-

Puc. 3. lencuroMmerpuyeckuii anaau3 BecrepH 6s0ToB 6eska ICK-38 u
ero (pocpopumpoBaHHOM (hOPMEL.

Fig. 3. Densitometric analysis of Western blots of GSK-38 protein and its
phosphorylated form.

Note: CU -
#— P<0.05 vs. Resuscitation + Lithium.

IIpumeuyanue: CU — yc/I0BHBIE eJUHUIIBI XeMuItoMuHecueHnuu. GSK-34 —
I'CK-33; pGSK-3p — pI'CK-34. Parameters — mapameTpsl; Values of ... in — 3Haue-
HUA...B. *—
HUH C TPYINIION peaHNMMUPOBAHHBIX HeJIEeYeHHBIX YKUBOTHBIX.

chemiluminescence conventional units. * — P<0.05 vs. Control;

p<0,05 B cpaBHEHHUH C KOHTPOJIBHOH rPymIol; *— p<0,05 B cpaBHe-
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peniepdysnu 1 B Teuenre 1 Hefew B/0 B 1o3e 40 1
60 MI'/Kr) IpUBOJXJIA K CYIIEeCTBEHHOMY YMEHbIIIe-
HUIO BBIPA)KEHHOCTU TIOBPEKIEHUS HEWPOHOB,
IIpenoTBpallasa HapyleHus NoseneHus [36].

OpHako, kKak OBLIO IIOKAa3aHO Ha MOIeJaH
IVIyTaMaTHOTI'O CTpecca B KyJIbTypaxX 3epHUCTBIX
HEPOHOB MO3’KeYKa, ropasao 60j1ee BHIpaKeH-
HBIM HeHPONPOTEKTUBHBIM MelCTBHEM 00Jia-
JAIOT OpTAaHWYECKUE COJIU JINTHUS, B YaCTHOCTH,
nuTpat auTuA. [losaraioT, YToO aHMOHBI 9H/IOTEH-
HBIX OpPraHUYeCKUX KUCJIOT, TaKKWe Kak ackopoar,
OUTpaT JIMTUS W JAp. CHOCOOCTBYIOT OoJjiee
3¢ (PeKTUBHOMY TpPAHCHOPTYy WOHOB JIUTUSA
BHYTPb HEPOHOB OCPEACTBOM COOTBETCTBYIO-
X MOHHBIX KAHAJIOB [IJ11 TPAHCIOPTa OPTAHU-
YyeCKHuX KucJor [37].

PeaynpraTrel HacTOAIIEro MCCAELOBAHUA
MMOKa3aJu, YTO XPOHUYECKOe BBeJeHME XJIOpUIa
JUTHS TPeaynpeskraeT Tudesb TUPaAMUTHBIX
HEWPOHOB TUMIIOKaMIIa B IOCTPEAHUMAIIMOHHOM
Iepuo/ie, YTO MOKeT OBITH 0OYCIOBJIEHO MHAK-
TuBanueil pepmenrta GSK3f, o ueM cBuneresb-
CTBYyeT IOBBINIEHUE cofiepykaHue pochopuiin-
poBaHHO¥ (popMBI 9TOTO OejiKka B TKAaHU MO3ra
peaHUMHUPOBAHHBIX SKHUBOTHBIX C BBeJEHUEM
autusa. IlonydyeHHble HaMU JaHHBbIE IIOATBEp-
SKIAIOTCA U IPYTMMU MCCJIefJOoBaHuAMU. B vacr-
HOCTH, Ha MOJieJI TeMOPpParudecKoro HHCyJIbTa
OBLJI0 TTOKA3aHO, YTO XJIOPU JIUTUSI UHTUOUPO-
BaJs aktuBanuio GSK3f, 4To cOnpoBOXKIAIOCH
yMeHbIIIeHneM Tu0eu HeHPOHOB, CHU)KEHUEM
HEBPOJIOTUYECKOro Jeduuura y MOJONbITHBIX
*KUBOTHBIX [11].

3aluTHOE OeliCTBUE JIMTHUSA MOMKeT ObITh
CBsI3aHO C YCUJIEHUEM IIPOIIeCCOB aHTUO- U Hell-
poreHesa, yJay4lleHreM aKCOHAJbHOU MJI1acTU4-
HOCTHU, CHUPKEHHEM NHQPUJIBTPAIIUN JIEUKOIIUTOB
¥ aKTUBAIlUM MUKPOTJIMHA B TOJIOBHOM MO3re [35,
38]. Ha MmoJieky/IspHOM ypOBHe HellpoTpoduue-
CKU# 3 EKT JUTHUS MOKET OBITH 00yCJIOBJIEH
CHI)KEHHEM YPOBHS OKCHUIATUBHOIO CTpecca U
IIPOBOCHAJIUTEJILHBIX IMTOKUHOB [36], MHaKTHUBa-
et NMDA (N-meTuii-D-acnaprar)-perenTopos,
CHIYKEHHEM BHYTPUKJIETOYHOI'O YPOBHS HOHOB
kanbiua [39], nayH-peryausuuu (down-regula-
tion) mpoanonTU4YeCcKON aKTUBHOCTH, 32 CYET CHU-
SKEeHUs TpoAyKnuu 6eakoB p53, Bax, kacmassl,
0eTa-aMUJIOUIHOIO IENTHIa, BLICBOOOMKIEHUE
nuroxpoma c, akrtupanmeit PI3K/AKT curnanbHo-
r'0 IIyTH, OTBEYAIOILEr0 3a BbKUBAHKE KJIETOK [40]
Kpome Toro, MUTUN NPUBOAUT K MOBBIIIEHUIO
BBIPAOOTKU IUTOINPOTEKTUBHBLIX OeskoB Bcl-2,
HSP70 (6eJsiok TemsioBoro moka), BDNF (Mmo3ro-
BOI Hetiporpoduueckuii pakrop), GRP78 (rmoko-
30-perysmpyemsiii 6esiok) [36, 37, 41].

Takum 00pa3om, IoJTydeHHbIe HAaMU TaHHbIE
MOJITBEP K IAI0OT HEUPONIPOTEKTUBHBIE CBOMCTBA
JUTHA. B HacToslee BpeMs B JIUTeparype MInupo-

KO O6CY)K,I[aIOTCH MNEPCHEKTUBbI KIMHUYIECKOIO

artery in mice, it has been shown that i.p. adminis-
tration of lithium chloride a dose of 1 mg/kg 6
hours after reperfusion and every day during 7 days
at a dose of 2 mg/kg, leads to lessening of the in-
farction area, brain edema and acceleration of neu-
rological restoration [35]. The authors note that the
neuroprotective effect of lithium was maintained
for up to 56 days after ischemia, as evidenced by in-
creased density of survived neurons in striatum of
mice to which lithium chloride had been adminis-
tered. Using the stroke model (MSAO) in rats, it was
shown that lithium i.p. injection every day after 24
hrs from ischemia-reperfusion and during 1 week
at a dose of 40 mg/kg and 60mg/kg led to consid-
erable lessening of neuron damage severity and
prevented behavioral disorder [36].

However, as was shown in a model of gluta-
mate stress in the cultures of granular neurons of
cerebellum, organic lithium salts (particularly,
lithium citrate) induced much more significant
neuroprotection. Anions of endogenous organic
acids, such as ascorbate, lithium citrate, etc. are as-
sumed to promote more effective transport of
lithium ions into neurons by means of respective
ionic channels for organic acids transport [37].

The results of this study have demonstrated
that chronic administration of lithium chloride pre-
vents death of pyramidal neurons of hippocampus
during the post-resuscitation period, which might
be related to inactivation of GSK3f enzyme as evi-
denced by the increased content of the phosphory-
lated form of this protein in the brain tissue of re-
suscitated animals that received lithium. Our
results are supported by previous studies obtained
in different experimental model. In a hemorrhagic
stroke model, it was shown that lithium chloride in-
hibited activation of GSK3p, which was accompa-
nied by a lesser rate of death of neurons and de-
creased neurological deficit in experimental
animals [11].

The protective action of lithium might be con-
nected with intensification of the angiogenesis and
neurogenesis processes, improvement of axonal
plasticity, reduction of infiltration of leukocytes, and
activation of microglial cells in the brain [35, 38]. At
the molecular level, the neurotrophic effect of
lithium might be related to oxidative stress lessen-
ing and reduction of anti-inflammatory cytokines
[36], inactivation of NMDA (N-methyl-D-aspar-
tate)-receptors, decrease of intracellular calcium
ions [39], down-regulation of proaptotic activity
thanks to decreased production of proteins p53,
Bax, caspase, beta-amyloid peptide, release of cy-
tochrome c, activation of PI3K/AKT signaling path-
way responsible for cell survival [40]. Besides,
lithium leads to increased production of cytopro-
tective proteins Bcl-2, HSP70 (heat shock protein),
BDNF (brain-derived neurotrophic factor), GRP78
(glucose-regulated protein) [36, 37, 41].
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NpUMEeHEeHUs JIUTUS AJIs JeUYeHnsi HelpojiereHe-
paTuBHBIX 3a0oJieBaHmi [15, 18, 42].

3akJrouenue

VYCTaHOBUJIM, YTO XJIOPHJ JIUTHAS 00JIaTaeT
BBbIPa’KeHHBIM HEHPOIIPOTEKTUBHBIM JIEHICTBUEM,
KOTOPOE MPOSIBJISIETCSI B COXpaHEHUH YKU3HECIIO-
COOHOCTH TMPaMUIHBIX HeHpoHOB nosieit CAl n
CA3/CA4 runnokamIiia B TOCTpeaHUMaIMOHHOM
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Therefore, the obtained data prove the neuropro-
tective properties of lithium. Currently, the prospects
of clinical application of lithium for neurodegenerative
diseases are widely discussed [15, 18, 42].

Conclusion

It has been established that lithium chloride
features a prominent neuroprotective action that
manifests in maintaining viability of pyramidal
neurons in fields CA1 and CA3/CA4 of hippocam-
pus during the post-resuscitation period after a car-
diac arrest, which might be related to inhibition of
GSK3p protein through its phosphorylation.

The results we obtained demonstrate a high
potential of lithium for its employment in clinical
practice as a therapeutic aid for prophylaxis and
treatment of post-ischemic encephalopathies.
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Juccepranuy Ha COMCKAaHHE YYE€HOH CTeNeHH AOKTOpAa HAayK 0e3 OIyO/JTHKOBAHHS OCHOBHBIX
HAyYHBIX PE3yJIGTATOB B BEAYIIUX KYPHAIAX M H3JaHUSX, IEPEeYEHb KOTOPBIX yTBepskIeH Boicuieii aTre-
CTAIMOHHOM KOMHUCCHEH, OyyT OTKJIOHEHbI B CBSAI3H ¢ HapyureHueM 1. 10 [o1okeHus 0 mopsaKe npu-

CYy;KA€HHUA YIEHBIX CTeleHei.

ITepeuens sxypHasnoB BAK, nusnasaembix B Poccuiickoil @enepanuu 1o crenuanbHocTu 14.01.20 «Ane-
CTE3WOJIOTHSI M PEAHUMATOJIOTHsI», B KOTOPBIX PEKOMEHIYETCsI MyOJIUKAIMST OCHOBHBIX PE3YJIbTaTOB JIFIC-
cepranuii Ha COMCKaHNe YIeHOH CTeleH! JOKTOpa U KaHAUAaTa MeTUIIMTHCKUX HAYK:

*  AHecme3uosozusi U peanumMamonous;
*  Obwas peaHuMamonozusi.
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