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Pe3rome

Ha ceronHAIIHNIM 1eHb P 9KCIIEPIMEHTATBHBIX NCCIEI0BAHNIN YOeUTEeIHHO JoKa3a HaJIN4YHe HeHpo-,
Kapauo- ¥ He()pOIIPOTEKTUBHBIX CBOICTB Y IIpeliapaTroB Ha OCHOBE JIUTUSA XJI0pUIa.

Ileap uccaenoBanusa. ONEHUTDH BIUSHUE PA3JIUYHBIX KOHIIEHTPAIIUH XJIOPH/Ia JTUTHS Ha 00'hEM HIIle-
MHMYEeCKOTr'0 UHCYJIbTa U 1epru(OKAIBbHOIO OTeKa Y KPBIC I10C/Ie IIepeHeCeHHOM UIleMUH FOJIOBHOIO MO3Ta.

MertoabI HccaeaoBaHus. B paboTe MCIToIb30Ba/i 6€CIIOPOIHBIX KPBIC cCaMIIOB Maccoi 315+13,5T. 3a oc-
HOBY B351JI1 MofieJib (DOKaIbHOU uieMud JIonra. JKuBoTHbIX (17=35) pa3ge/iniy Ha 5 TpyIIIL: JIOYKHO-OIlepHU-
pOBaHHbIe, KOHTPOJIbHAA I'PyIIa (MOfeJsIb UIlleMUueCcKOro nHeysTa ¢ BBegenueM NaCl 0,9%) 1 Tpu rpyninbl
C BBEJICHHUEM XJIOPHUJA JINTUA B PA3JIMYHBIX KOHIIEHTPANUAX (4,2 MI'/KT, 21 Mr/Kr 1 63 Mr/Kr). XJI0pu JIMTUAA
BBOJIMJIN Cpa3y I10CJIe IpeKpallleHN sl OKKJII03UU CpeHeld MO3rOBOH apTepuu U Jajiee Kaskible 24 4 10 MO-
MEeHTa 9BTaHa3Mu. [{JIs1 OLleHKU CTelleH!U [10BPesKIeHNsI TOJIOBHOI'O MO3Ia Ha 2-e CyTKU SKUBOTHBIM BbIIIOJI-
HUJIA MarHUTHO-pe30HaHCHYI0 Tomorpaduto (MPT), a Ha 7-e CyTKHU [10CJIe 3BTaHA3UU IIPOU3BeJIU OLEHKY
Cpe30B r0JI0BHOI'O MO3I'a, OKpallleHHbIX 2,3,5-TprudeHn/ITeTpasoIus XJA0pUIoM. MesKIpylIoBble pas/inyuus
ToKasareJiell OLleHUBaJ/IU IPU IOMOIIY KpuTepyusl MaHHa—YUTHU.

Peayabrarsl. [To nanasiM MPT, xstopu muTus B 103€ 4,2 MI'/KT 3HAYUMO He BJIUSAJ Ha 00'beM UIIeMU-
4eCKOI'0 MHCYJIBTa U ITepu(OKaJIbHOr0 OTEeKa I10 OTHOIIIEHUIO K KOHTPOJIBHOH I'pymie yepes 2 cyTok (p=0,9).
ITpu UCIOIb30BAHUU JO3BI 21 MI/KT 00'beM UHCYIBTa (p=0,04) 1 meprupOKaTLHOTO OTeKa OBLJI CTAaTHCTHU-
4eCKH 3HaYuMo Huske (p=0,03), ueM B KOHTPOJIbHOU rpyniie (Ha 25 1 18% COOTBETCTBEHHO). XJIOPUJ, JIUTUA
B J103€ 63 MT/KT B O0JIBbIIIEH CTElTeH! YMeHbIIag 00'beM HHCyIbTa (Ha 45%, p=0,004) 1 nepudoKaJIbHOTrO
oreka (Ha 35%, p=0,007). [Tpu onipeesieHNH 0O'beMa MOPAKEHHS Ha 7-€ CYTKU JaHHbIE OBIJTH CONTOCTABUMBI
C pe3yJabTaTaMy, MOJIy9eHHBIMU Ha 2-€ CYyTKH. [Ipu UCIoJIb30BaHUH 03I 21 MT/KT 00'b€M WHCYJIBTA ObLIT
HusKe Ha 20% (p=0,04), 4eM B KOHTPOJIbHOU IrpyImne. XJI0pUI JIUTHUA B 103e 63 MI/Kr Ha 40% yMeHbIIaI
o0 bem nHCyIbTa (p=0,004).

3aksrrouenue. TakuM 06pa3oM, JO3UPOBKA XJI0PU/A JTUTHUS BINsIET HAa (DOPMUPOBAHYE HEKPOTHYECKOTO
odara U IIposiBjieHus Iepu(OKAIbHOIO OTeKa 0JIOBHOIO MO3ra I10CJIe 3aKyIIOPKU CpelHell MO3rOBOM ap-
Tepuu. MakcuMaIbHOE YMEHbIIIeHe 00beMa NIIIeMITYeCKOT0 MHCY/IBTA 1 ITepr(OKaTBHOTO OTEKa OTMeYasIn
TIPY UCIIOJb30BAHNM KOHIIEHTPAIY 63 MI'/KT.

Krtouesvle croea: X10puo Aumust; UieMUMeCcKull UHCYb; HellPOnpomeKkyust; MazHUmHo-pe3oHanc-
Hast momozpagusy; IKcCnepuMeHmalbHoe Ucciedosanue
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Experimental Studies

Summary

Currently, a number of experimental studies have demonstrated compelling evidence of neuro-, cardio-,
and nephroprotective properties of medications containing lithium chloride.

Aim of the study. To evaluate the effect of various concentrations of lithium chloride on ischemic stroke
volume and perifocal edema in rats after cerebral ischemia.

Material and methods. Male mongrel rats weighing 315+13.5 g were used in the study. The focal ischemia
model according to Longa et al. was employed. The animals (n=35) were divided into 5 groups: sham-operated,
control group (ischemic stroke model with NaCl 0.9% administration) and three groups who received lithium
chloride in different concentrations (4.2 mg/kg, 21 mg/kg and 63 mg/kg). Lithium chloride was administered
immediately after cessation of middle cerebral artery occlusion and then every 24 h until euthanasia. To assess
the degree of brain damage, the animals underwent magnetic resonance imaging (MRI) on day 2, and brain
sections stained with 2,3,5-triphenyltetrazolium chloride were evaluated after euthanasia on day 7. Intergroup
differences were assessed using the Mann-Whitney criterion.

Results. According to MRI data, lithium chloride at a dose of 4.2 mg/kg had no significant effect on ischemic
stroke volume and perifocal edema versus the control group on day 2 (P=0.9). With lithium chloride at 21
mg/kg, stroke volume and perifocal edema were significantly lower than in the control group (by 25%, P=0.04
and 18%, P=0.03, respectively). Lithium chloride at a dose of 63 mg/kg was more likely to reduce stroke volume
(by 45%, P=0.004) and perifocal edema (by 35%, P=0.007). When determining lesion volume on day 7, the data
were comparable to those obtained on day 2. With the 21 mg/kg dose, stroke volume was 20% lower than in
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the control group (P=0.04). Lithium chloride, 63 mg/kg, reduced stroke volume by 40% (P=0.004).

Conclusion. Lithium chloride dose affects necrotic focus formation and manifestations of perifocal cerebral
edema after middle cerebral artery occlusion. The maximum reduction in the volume of ischemic stroke and
perifocal edema was observed when the 63 mg/kg dose was used.

Keywords: lithium chloride; ischemic stroke; neuroprotection; magnetic resonance imaging; experimental

study
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BBenenue

N3 Bcex OoJsie3Heil cepaeyHO-COCYIUCTON
CHCTEeMbI UMEHHO MHCYJIBT IPUBJIEKAET 0COOEHHO
MMPUCTAJbHOE BHUMAaHHE. JTO CBSA3aHO KaK C
BBICOKOM CMEPTHOCTBHIO IPU TaHHOM 3aboJjieBa-
HUMH [1], Tak ¥ CO CTOMKOI MHBAJIMIU3aIINEN Jarke
B C/Iyuyae CBOEBPEMEHHO OKAa3aHHOU MeIUuIINH-
CKoM momoIii (2, 3]. Kpome Toro, oTMeuyaeTcsi pocT
YaCTOTHI BCTPEYAEMOCTHU JaHHOTO 3a00JIeBaHUS
KaK CpeJiu JIUI MOJIOJIOTO BO3PACTa, TAK U MOKU-
JIoro HaceJjeHus [4]. M1 ecii B OTHOIIIEHUU JIWI]
crapiie 65 JieT acKaJsanus YUcjia UHCYJIBTOB CBsI-
3aHa, MpeYke BCEro, C pOCTOM IMIPOAOJLKUTEILHO-
CTH YKM3HU HaceJIeHUs U yBeJIMYeHUEM CpeJHero
BO3PacCTa, KaK B PA3BUTHIX, TAK U B PAa3BUBAIOIIINX-
cs1 cTpaHax [5], To Ipu OIleHKe PACIPOCTPAaHEHHO-
CTH TAaHHOTO 3a00JI€BaHUSI CPEIU JIUI] MOJIOTOTO
BO3pacTa MOKHO BbBIJI€JTUTh HECKOJBKO (PaKTO-
poB [6]. OcHOBHBIMU (paKTOpPaAMU IMPUHATO CUU-
TaTh IIOBeJeHYeCKHe — HU3Kas (pusndeckKas
AKTUBHOCTH, KypeHue, 3JI0yIIOTpeOJieHre aJIKOT0-
JieM ¥ ICUXOTPOITHBIMHU BeIleCTBAMHU, ¥ BO3PACT-
Hble — OepeMeHHOCTh/II0CJEePOIOBOI EPHUOI,
MpreM NepopaibHbIX KOHTPAIENTUBOB.

OpHako HE3aBUCHUMO OT MPUYWH, TTPUBEIIINX
K Pa3BUTHIO UHCYJIBTA [7], IPOTHO3 KakK [JIs1 MOJIO-
IBbIX, TAK W JOJIS TOKUJIBIX ITAallMeHTOB OCTAeTCs
JIOCTATOYHO CJOYKHBIM M 3aBUCSIINM OT IIEJIOr0
psfa puyuH [8], MOBJIUATH HA KOTOPbIE JIMOO Kpaii-
He mpo0OJieMaTU4Ho, MO0 HEBO3MOYKHO. [Tpesxe

Introduction

Of all the diseases of the cardiovascular sys-
tem, stroke attracts particular attention. This is
due to both high mortality in this disease [1] and
persistent disability even in case of timely medical
care [2, 3]. In addition, there is an increase in the
incidence of this disease, in both young and the
elderly population [4]. And if for persons over 65
years old the increase in rates of strokes is prima-
rily related to the rise in life expectancy and aver-
age age in developed and developing countries [5],
several factors can be identified when estimating
the prevalence of this disease in the young age
population [6]. Behavioral (low physical activity,
smoking, alcohol and substance abuse) and age-
related (pregnancy/postpartum period, taking
oral contraceptives) ones are considered to be the
main factors.

However, regardless of the causes leading to
stroke [7], the prognosis for both young and elderly
patients remain quite serious and depends on a va-
riety of factors [8], which are either extremely diffi-
cult or impossible to control. These include the vol-
ume of damaged brain tissue, individual body
reserves, collateral blood flow, and tolerance to is-
chemia [9]. The crucial factors of ischemic stroke
outcome are timely diagnosis [10], timing of trans-
portation to tertiary medical centers, and efficiency
of reperfusion therapy [11]. The diversity of these
issues determines the importance of searching for

www.reanimatology.com

GENERAL REANIMATOLOGY, 2021, 17; 5



https://doi.org/10.15360/1813-9779-2021-5-101-110
JKCIlepUMEHTAaJJAbHbIe UCCJENO0BaHUSA

BCETO0, 9T0 00bEeM ITOBPEYKIEHHOHN TKAaH! TOJIOBHOTO
MO3ra, THIUBHAyaJbHbIE pe3epBbl OPraHn3mMa, CTe-
MeHb PAa3BUTOCTHU KOJLJIATEPATbHOT0 KPOBOTOKA 1
TOJIEPAHTHOCTH K uiieMuu [9]. Pematoniumu ax-
TOpaMH MCXO[a UIIEMUYECKOI0 NHCYJIBTa ABJIAIOT-
CcA: CBOeBpeMeHHada auarHocturka [10], cpoku
TPAHCIIOPTUPOBKHU B CIIEIIAAIN3UPOBAHHbBIE MEIV-
LUHCKUE yUYpeskIeHUs U 9 (PeKTUBHOCTD penep-
¢y3uoHHO Tepanuu [11]. PA3HONJIAaHOBOCTH AaH-
HBIX IIPOOJIEM OIpenessieT BaKHOCTh IIOMCKA
MpernaparoB, CIIOCOOHBIX €CJIN He TIPeI0TBPaTUTh,
TO, 110 KpaliHel Mepe, 3HAYMMO CHU3UTh IPOIIEHT
JIeTaJIbHOCTHU Y MHBAJIMTA3AIINH.

3 Bcex rpemnaparos, 00/1aJaloINX BbIPAsKeH-
HBIM HEHPONIPOTEKTUBHBIM 3(pHEKTOM, OTJeTHHO
CTOWT BBIJEJUTH KapOoHar JuTHs1, 6oJee 60 jeT
YCHENTHO TPUMEHsIeMbIN MPU TaKuX 3abojeBa-
HUSX, KAK MAaHUAKaJIbHO-elPeCCUBHbIE TICUXO0-
3bl W OUMOJsApHBIE paccTpoiicTBa [12, 13].
BrisiBJIeHHBIE B KIMHUYECKOU TIPAKTHUKE HEUPO-
MPOTeKTOPHbIE 3P PEKTHI coell TUTUS HAILIU
MMOATBEPIKIEHNE B HEJJABHUX dKCIIEPUMEHTAaJb-
HBIX UCCJIeJOBAHUSIX KaK in Vitro, Tak u in vivo (Ha
MOZeJIsIX KOTHUTUBHOH TUCMYHKIUA Y KpbIC) [14,
15]. Ocobyto 3HAaYNMOCTH IIPEICTaBJsIeT paboTa
Ming Ren (2003) u coasr. [16], rne BnepBbIe KOJI-
JIEKTUBOM aBTOPOB OBIJIO TTOKA3aHO BJIUSHUE Pas-
JIMYHBIX JTO3WPOBOK XJIOpHAA JIUTUS HA 00BEM
WIIIeMIUYEeCKOT0 WHCYJIBTa. B manHo# paboTe mpu-
MeHsJIach MojieJib (POKATBLHOM UITIEMUU T'OJIOBHO-
r'0 MO3ra C IIepeKPbITHEM CPeHEeN MO3TOBOM apTe-
puu B TeUeHUe Yaca U JajabHelIel penepdysueil.
Xyopu TUTHSI BBOOUWJICA B fo3ax oT 0,5 mEq/kr
(~21 mr/xr) go 3 mEq/kr (~127 Mr/xr) cpady nocJse
peniepdysuy, rocJjie 4ero CIycrsd 23 yaca C MOMEHTa
peKraHann3anuy MOBPEKICHHOI0 y9acTKa MO3ra
SKMBOTHBIE NOABEPrajiich F'YMaHHOU 9BTaHA3WMU.
O6BbeM TOBpEKIEHNS TOJIOBHOTO MO3Ta OIleHUBA-
JIY C IOMOIIBIO OKPalINBaHUA cJ10eB 2% 2,3,5-Tpu-
deHnITETPa30JINA XJIOPUAOM. B KOHTPOJILHOHU
rpymrme o0 beM WHCY/IBTa COCTaBJIsLT 290+12,5 Mm?,
MPU 9TOM JIa’ke NTpUMeHeHre MUHUMAJbHOU U3
HccyaeqyeMbIX KOHIIeHTpauuii 3HaYMMO CHUSKAJIO
00 eM TOBpESKIEHUS TOJIOBHOTO MO3Ta. B ciydae
KOHIIeHTpAaIuu 21 Mr/Kr 00'beM MHCY/IBTa CITyCTS
24 gaca oT MHCyJIBra cocTtaBJjsa 210+14,5 Mm3, 94To
OBI7I0 3HAYMMO HIUKE, YeM B KOHTPOJILHOH I'pyTITe
(p<0,01). B rpynnax 42 Mr/Kr, 84 Mr/Kr u 127 Mr/Kr
30HA WHCYJIBTa OblyIa TaK sKe 3HAYNUTEJIHHO HIKE,
4yeM B KOHTPOJIbHOU rpytre (p<0,001). ITpu nsyue-
HUY BJIMSTHYS XJI0PUAA JTUTHS HA MOIEJIU ITT00aTh-
HOM HIIIEMUM T'OJIOBHOTO Mo3ra [17] u remopparu-
YeCcKOTo WHCYsbTa [18] Takske OBLIN OTYETIUBHI
TOKa3aHbI er0 HEUPONPOTEKTOPHBIE 3PP EKTHI.

OnHako B paHee MPOBEIEHHBIX NCCAeN0Ba-
HUX 00'beM MMOBPESKIEHUST OI[EHUBAJIN B OCTPOM
3KCIIEpUMEHTE IOCMEPTHO, YTO He 1aBaJIO0 IMOJIHO-
ro IpeACTaBJIEeHUS O BJIUSHUE XJIOPUAA JIMTUSA Ha

AUHAMURY q)OpMI/IpOBaHI/IH odara HMHCYJIbBTa U

drugs that can prevent or at least significantly re-
duce morbidity and mortality.

Among the drugs with a strong neuroprotec-
tive effect, lithium carbonate, which has been suc-
cessfully used for more than 60 years for such dis-
eases as bipolar disorder, is particularly
noteworthy [12, 13]. The neuroprotective effects of
lithium salts revealed in clinical practice have been
confirmed in recent experimental studies both in
vitro and in vivo (models of cognitive dysfunction
in rats) [14, 15]. The work of Ming Ren (2003) et
al. [16], who showed for the first time the effect of
various doses of lithium chloride on ischemic
stroke volume, is particularly relevant. In this study
a model of focal cerebral ischemia after 1 hour long
middle cerebral artery occlusion with subsequent
reperfusion was used. Lithium chloride was admin-
istered in doses ranging from 0.5 mEq/kg (~21 mg/kg)
to 3 mEq/kg (~127 mg/kg) immediately after reper-
fusion, followed by humane euthanasia 23 hours
after recanalization of the damaged brain area. The
volume of brain lesions was assessed by staining
with 2% 2,3,5-triphenyltetrazolium chloride. In the
control group, the stroke volume was 290+12.5
mm3, and the administration of even lowest of the
studied doses significantly reduced the extent of
brain damage. At a dose of 21 mg/kg, the stroke
volume 24 hours post stroke was 210+14.5 mm3,
which was significantly lower than in the control
group (P<0.01). In the groups receiving 42 mg/kg,
84 mg/kg, and 127 mg/kg, stroke area was similarly
significantly lower than in the control group
(P<0.001). When studying the effects of lithium
chloride in models of global cerebral ischemia [17]
and hemorrhagic stroke [18] its neuroprotective ef-
fects were also clearly shown.

However, in earlier studies, the extent of dam-
age was assessed postmortem in an acute experi-
ment, which did not provide a complete view of the
effect of lithium chloride on the evolution of stroke
focus and perifocal edema, and also did not allow to
estimate the delayed protective effects. Moreover, in
2003 [16], the 127 mg/kg dose which is nearly 4 times
higher than the maximal tolerance dose for human
use proved to be the most effective in terms of neu-
roprotection [19]. The «narrow therapeutic window»
of lithium salts is well known, that is why it is so im-
portant, knowing their distinct dose-dependent ef-
fect, to determine its optimal concentration in blood
plasma for neuroprotective properties on the one
hand and to avoid toxic effects on the other hand.

Therefore, the aim of our study was to investi-
gate the effect of various concentrations of lithium
chloride on the volume of ischemic stroke and per-
ifocal edema in rats post cerebral ischemia.

Materials and Methods

We used non-pedigreed male white rats weighing
315+13.5 g. The model of endovascular occlusion of the
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nepudoKaIbHOIO OTEKa, a TAKKe He II03BOJISNI0
CyOuTHh 00 OTCPOYEHHBIX 3aITUTHBIX I eKTax.
Kpowme Toro, B pa6ore 2003 roma [16] Haubosee
3(d(pekTUBHON B OTHOIIEHUU HEUPOIPOTEKIIUU
rokasasta ceds1 ;o3a 127 Mr/Kr, 4To MOYTH B 4 pasa
MIPEBBIIIATI0 MAKCUMAJIBHO pa3pelieHHYIo K IpU-
MEHEHUIO 103y Yy uesoBeKa [19]. XopoI1o n3BeCcTHO
0 JIOCTaTOYHO «y3KOM T€PaINeBTUIECKOM OKHE» Y
coJiell IUTUsI, I03TOMY TaK BYKHO, 3HAS UX OTYET-
JIMBBIY 10303aBUCUMBIN 9(P(EKT, ONpee/IuTh ero
ONTHUMAJIBHYIO KOHIIEHTPAIUIO B IlJIa3Me KPOBU
JIJIs1 peajin3ali HeHPOIIPOTEKTOPHBIX CBOMCTB, C
OJTHOY CTOPOHBI, ¥ BO3MOKHOCTH N30€eraHus TOK-
cudeckux apPeKTos, ¢ Ipyrou.

Ilesap uccaenoBaHus — U3ydyeHUe BJIUSHUSA
pas3/IMUHBIX KOHLEHTPALUU XJIOpUaa JIUTUS Ha
00 beM UIIEMUYECKOTO WHCY/IbTa U TEPHU(OKAITH-
HOT0 OTeKa Y KpbIC IOCJIe IepeHeCeHHOU NIlleMUun
TOJIOBHOI'O MO3ra.

MarepuaJ 1 MeTObI

B pabore ucrosbp3oBasn 6€CIIOPOIHBIX CAMIIOB
6esbIX KpbIC Maccor 315+13,5 1. 3a OCHOBY B351JIA MO-
JleJIb 9HJOBACKY/ISIPHON OKKJIIO3UU CpeIHell MO3rOBOM
aprepui (dpokanbHas uiemus) 1o E. Z. Longa [20]. I
TIpeIOTBpAaIlleHUs BJINSHUS CYOBEKTUBHOTO (pakTOopa
npu (OPMUPOBAHUU OSKCIEPUMEHTAJIBHBIX IPYIII
0TOOP SKUBOTHBIX OCYIIECTBJISNIH C IIOMOIILI0 MEeToIa
MOAN(MUIINPOBAHHON OJIOYHOHN paHIoMHU3anuu. Beex
SKUBOTHBIX, BKJIIOUEHHBIX B UCCJIeJOBAHNE, CIIy4aliHbIM
06pasoM IToMeIaan B TYeHKN OJI0Ka paH/IOMU3aIIHH.
ITocne aToro, moJb3ysiChb IeHepaTOpPOM CJy4dailHbIX
unceJs1, GOPMUPOBAJIY IlepedeHb JaHHbIX C HOMepaMu
siYeeK C U COOTBETCTBYIOIIME UM HOMepa IpYIII, KyJa B
JaJbHeHIIeM ObIIH pa3MeIeHbI KPBICHL.

B UTOroByIO OII€EHKY BXOIUJIU TOJIBKO 3KUBOTHBIE,
BBIKUBIIIME HA IPOTSXKeHUU 7 JHel. JKUBOTHBIX, I10O-
TUOIINX B IIPOIecce 9KCIIEPUMEHTA, He YYUTHIBAJIH IIPH
aHanm3e oO’beMa IOpaKeHH A TOJIOBHOTO MO3Ta U HIC-
KJIIOYAJIM U3 TPYIIIBIL.

Ha Bcex aTanax sKMBOTHBIX MADKUPOBAJIU 10CPe[I-
CTBOM HaHeCeHUs IepMaHeHTHbIM MapKepOM OTMEeTKU
Ha OCHOBaHME XBOCTA. B COOTBETCTBUU C OTMETKOM KarK-
JIOMY BRKJIIOYEHHOMY B HCCJIeZJOBaHUE SKUBOTHOMY OBIT
TIPUCBOEH COOTBETCTBYIOIIUI HOMED.

JKuBOTHBIX pa3nenunau Ha 5 rpynn. 'pynma I (n=7,
cpenuss macca 302,5+12,3 1) 6b1s1a ITpeIcTaBIeHa JIOK -
HOOIIEpUPOBAHHBIMU SKUBOTHBIMH, KOTOPBIM B Kaue-
CTBe OIIepaTUBHOI'O BMeIIATe/1bCTBa BBIIIOJIHUIIN Cpe-
JUHHBIN pasdpes KOYKU 110 JIMHUU [IPOEKIUYU Tpaxeu U
BBIZIeJINJIN apTEPUIO, IT0C/Ie Yero I0CIe0IepaluoHHYI0
paHy MTOCJIOMHO YIIIHJIH, a III0B 00paboTaivi aHTUCEITH-
koM. I'pynna II siBIAIaCH KOHTPOJIBHOU (1=7, CpenHsAsA
macca 306+11,2 r), sKUBOTHBIX IO Bepraiu (POKAIbHON
niepebpasIbHOM UITIEMIH ITyTEM OKKJTIO3HH CPETHEN MO3-
roBoii aprepuu. Cpasy nocJje IpekpalieHusl UlleMun
SKMBOTHBIM BHYTPUBEHHO BBOAU/ M pactBop NaCl 0,9% u3
pacuera 1,5 ma/kr. 'pynma III (n=7, cpegusasa macca
304+12,7 1) — OMHOMOMEHTHO C IIPEKpaIlleHreM UIIIEMUH
SKUBOTHBIM BHYTPUBEHHO BBOJUJ/IU XJIOPU JINTUA B ]03€
4,2 Mr'/KT, ¢ TaJIbHEUIIINM BBEJIEHUEM Mpernapara B UccJe-
JyeMoH fo3e Kaskaple 24 yaca. ['pynma IV (n=7, cpemgusis
macca 305+11,5 r) —1ocJie CHATUA COCYAUCTOrO 3askuMa

middle cerebral artery (focal ischemia) according to
E. Z.Longa [20] was used. To prevent subjective factor in-
fluence when forming experimental groups, animals
were selected using modified block randomization
method. All animals included in the study were randomly
placed in randomization block cells. After that, arandom
number generator was used to form a data list with the
numbers of cells and corresponding numbers of groups
where the rats were subsequently placed.

Only animals that survived for 7 days were included
in the final evaluation. Animals that died during the ex-
periment were not included in the analysis of brain dam-
age volume and were excluded from the group.

At all stages, animals were labeled by marking the
base of the tail with a permanent marker. In accordance
with the marking, each animal included in the study was
assigned an appropriate number.

The animals were divided into 5 groups. Group 1
(n=7, mean weight 302.5+12.3 g) included sham-oper-
ated animals, which underwent a midline skin incision
along the trachea projection line and whose artery was
isolated as a surgical intervention with subsequent layered
closure of the wound and antiseptic treatment. Group 2
was a control group (n=7, mean weight 306+11.2 g); the
animals underwent focal cerebral ischemia by occluding
the middle cerebral artery. Immediately after cessation
of ischemia, the animals received intravenous 0.9% NaCl
solution 1.5 ml/kg. Group 3 (n=7, mean weight 304+12.7 g)
animals immediately after ischemia cessation animals re-
ceived intravenous lithium chloride at a dose of 4.2 mg/kg,
followed by the same dose of drug every 24 hours. Group 4
(n=7, mean weight 305+£11.5 g) animals after removal of
vascular clamp had lithium chloride 21 mg/kg injection,
followed by the same dose of drug every 24 hours. Group 5
(n=7, mean weight 309+10.5 g) animals received intravenous
lithium chloride, 63 mg/kg, immediately after cessation of
focal ischemia and later once every 24 hours for 7 days.

The dosages of lithium chloride used were selected
based on the available data on acute and chronic toxicity
of the drug [13].

Induction anesthesia was performed by injecting
12% chloral hydrate solution 300 mg/kg into the peri-
toneum. The surgical field was sterilized with 0.05%
chlorhexidine solution. After that, a midline incision was
made in the neck, and the common carotid artery (CCA),
external carotid artery (ECA), and internal carotid artery
(ICA) were isolated from the right side. The CCA was
clamped with a vascular clip, and a 3-0 Vicryl ligature was
placed to the ICA. The ECA was cut with scissors 3-5 mm
from the bifurcation. A 0.25 mm nylon thread coated with
silicone and treated with heparin solution was inserted
through a section of ECA into ICA to the depth of 19-21 mm
(until the MCA was occluded) and fixed with a vascular clip
(MCA occlusion). The blood flow was blocked for 60 min,
then the suture was extracted, which restored the blood
supply in the MCA region. After that, the ECA stump was
coagulated to complete tightness and the vascular clips
were subsequently removed. At the end of the operation,
the incision was sutured with 4-0 Vicryl and treated with
5% brilliant green dye. After the operation, body temper-
ature monitoring was performed aimed at maintaining
physiological values using infrared lamps until inde-
pendent thermoregulation was restored in the animal.
During the operation the body temperature was main-
tained at 37+0.5°C using an electric heating pad. The av-
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KpbICaM BBOAWJIV XJIOPHUJ, JIUTUA B 03€ 21 MI'/KT c IocJe-
JIYIOIIM BBeJeHWEeM yKa3aHHOHM J03bI pa3 B 24 yaca.
I'pynmma V (n=7, cpenusaa macca 309+10,5 1) — KMBOTHBIM
cpasy mocJse IpekpalieHus (HOKAJIbHOU HIIEeMUH, U
ajiee B TeYeHUe 7 CyTOK OOUH pa3d B 24 yaca BBOLUJIU
XJIOPUJ, JINTUA B 103€ 63 MI'/KT.

[TpuMeHsieMble J03UPOBKHU XJIOPHIA JIUTHS OBLIN
moio0paHbl Ha OCHOBAHUH UMEIOIIUXCSI TAHHBIX 00 OCT-
po¥i ¥ XpOHUYECKON TOKCUYHOCTHU IIpernapara [13].

BBomHYI0 aHECTE3UI0 IPOBOJUJA IIyTeM UHBEK-
nvu B OpromuHy 12% pacTBopa XJI0pajruapara B Jo3e
300 mr/kr. IToste onepanyu 06pabaTsIBaId pacCTBOPOM
xaoprexkcuguHa 0,05%. Ilocse 9TOro BBIIOJHAIA Cpe-
IUHHBIA pa3dpe3 B 006J1aCTH IIeH, C IPaBOH CTOPOHBI
BRI 001IyI0 COHHYIO apTepuio (OCA), BHENITHIOO
conHywo aptepuio (BHCA) n BHyTpeHHIOIO COHHYIO ap-
tepuio (BCA). OCA nepeskumaJsiv COCYAMCTON KIIUTICOH,
Ha BCA nHakganeiBaay jaurarypy mu3 BuUKpuja Ne3.
BHCA mepepesanyu HOKHUIIAMU HA PAaCCTOAHUAU 3-5
MM OT 6udypranuu. HeiJIOHOBYI0O HUTH AHAMETPOM
0,25 MM, TIOKPBITYIO CUJTUKOHOM 1 00paboTaHHYIO pac-
TBOPOM TrenapruHa, BBOAUIN Yepes orpe3ok BHCA Bo
BCA =a ry6may 19-21 MM (0 MOMEHTa IePeKPHITHS
CMA) u duxcupoBanu cocyguctoil kiaumncoii (OCMA).
KpoBoTOK nepekpsIBa/iu Ha 60 MUH, [10CJIe 4ero HUThb
M3BJIEKAJIN, YTO BOCCTAHABJINBAIO KPOBOCHAOKEHNE
B bacceitne CMA. ITocse aToro kynsTio BHCA 3akpsI-
Ba/IM Koary/jsuueidl N0 MOJHOU repMeTUYHOCTU U B
JaJbHENIIIeM CHUMAJIM COCYJUCThIE KJIUIICHI. B KOHIE
omepanuy paspes ymuBaau BUKpuiioM Ned 1 o6pada-
TBIBAJIXA 5% PacTBOPOM OPMJIIMAHTOBOTO 3€JIE€HOTO.
ITocsie onepanuy BBINIOJIHAINA HEIIPEPBIBHYIO TEPMO-
MEeTpHUIO C IIOAJepsKaHueM TeMIlepaTypbl Ha YpOBHe
¢$U3MOJIOTUUECKO HOPMBI C TOMOIIbIO MHGPaKpac-
HBIX JIaMII, 10 BOCCTAHOBJIEHUS CAMOCTOSITeJIbHOU Tep-
MOpEryJIsINY Y 3KUBOTHOT0. Bo BpeMs onepaijuu TeM-
neparypy TeJsa noaaepykuBanu Ha yposHe 37+0,5°C ¢
IIOMOUIBIO 3JeKTPpUUYeCcKold rpenku. CpenHee BpeMs
MIPOBEJEHUA ONlepaluu COCTaBuJIO 7—-10 MuH. JIoKHO-
OIlEPHUPOBAHHBIX KUBOTHBIX (JIO) monBepranu Tem ke
npoLesypaM 3a UCK/II0UeHNeM BBeleHUsI CUJINKOHOBOM
HUTH B pocseT BHCA.

Bsenenne NaCl 0,9% B KOHTPOJIBHOU TPYIITIE U XJI0-
puna Ty B rpynnax I1I, IVu V ocymecTsiisim BHyTpU-
BEHHO OJJHOKPATHO Cpa3dy I10CJle CHATUS COCYJUCTBIX
KJMIIC. B mocseayomnye IHYU 9KCIIepUMeHTa IIpernapar
BBOJIMJIM OJJVH Pa3 B CYTKU O MOMEHTA 9BTaHA3UMU.

OneHKy 00 beMa IOBPEsKIeHNsI TKAHEH TOJIOBHOTO
MO3ra IIPOBOJUJIU C UCII0JIb30BaHUEM MarHUTHO-Pe30-
HaHCHOU ToMorpaduu (Ha 2-e CyTKU) U C IOMOLIBIO CKa-
HUPOBaHUsS CPe30B I'OJIOBHOI'O MO3ra, OKpPalleHHbIX
2,3,5-Trpudenunrerpasonusa xjgopugom (TTC-meron)
T0CJIe 9BTAHA3NM (HA 7-€ CyTKH).

Ilepen noMeleHyeM B almapar MarHUTHO-Pe30-
HaHCHOH ToMorpaduu 1a60paToOpHBIM SKUBOTHBIM IIPO-
BOJWJIA CeNAIfIo IyTeM WHTrajaupoBaHus 1,5-2,0 06%
M3odutypana. [lajiee Y)KUBOTHOE IIOMEIAJIA B YCTPOUCTBO
MO3UIIMOHUPOBAHUSA C CUCTEMOU CTepeoTaKcuca U Tep-
Moperynsanuu. Bce uMIyIbCHbIE IIOCI€40BaTeIbHOCTU
TIpeBapyUTeIbHO 0TPA0OTAIN W ONTHMU3WPOBAIHA Ha
danTomax. [l nepegaun paguovactorHoro (PY) cur-
HaJIa MCII0JIb30BAJIN JIMHEHHBII TPAHCMUTTED C BHYTPEH-
HUM THaMeTpOM 72 MM, i1 feTekiuu PU-curaana — 1o-
BEPXHOCTHYIO IIDUEMHYIO KaTYIIKY JIJIs1 MO3Ia KPBICHI.
Vicnonp3oBaju cilefyloliye UMITyJIbCHbIE II0CJIe0Ba-

erage time of the operation was 7-10 minutes. Sham-op-
erated animals underwent the same procedures except for
the introduction of a silicone thread into the ECA lumen.

Normal saline in the control group and lithium
chloride in groups 3, 4 and 5 were administered intra-
venously immediately after the vascular clips were re-
moved. On the following days of the experiment the drug
was administered once a day until euthanasia.

The extent of brain tissue damage was assessed by
magnetic resonance imaging (on day 2) and by scanning
the brain sections stained with 2,3,5-triphenyltetrazolium
chloride (TTC-method) after euthanasia (on day 7).

The laboratory animals were sedated by inhalation
of 1.5-2.0 vol% Isoflurane before placement in the MRI
machine. The animals were then placed in a positioning
device with a stereotaxis and thermoregulation system.
All pulse sequences were pre-tested and optimized on
dummies. A linear transmitter with an internal diameter
of 72 mm was used to transmit the radiofrequency (RF)
signal, and a surface receiving coil for the rat brain was
used to detect the RF signal. The following pulse se-
quences (PS) were used: RARE - spin echo-based PS with
TR 6000 ms, TE 63.9 ms, slice thickness 0.5 mm, matrix
size 256%384, resolution 0.164X0.164 mm/pixel. Total
scanning time per animal was about 25 minutes.

On day 7 after ischemia, animals were given an in-
creased dose of chloral hydrate and decapitated. The brain
was removed from the cranium and rinsed in normal
saline, then cut into 2-mm-thick coronal sections using a
special mold with grooves for precise cutting. Sections were
stained with 1% 2,3,5-triphenyltetrazolium chloride (TTC,
«Sigman») solution in buffer with pH 7.4 for 10 minutes at
37°C and fixed in 10% formalin solution in buffer. To obtain
images, the sections were scanned from both sides on an
HP Scanjet 4500c scanner (2400 dpi resolution).

Digital images of brain sections stained with TTC
or T2-weighted magnetic resonance images (MR images)
were used for morphometric assessment of the ischemic
focus area and the volume of ischemic injury. Digital im-
ages were analyzed using Image]J (NIH, Bethesda, USA)
medical image analysis freeware. Separate measure-
ments of total infarct area, cortex, and subcortical struc-
tures were used for each section. Areas not stained with
TTC were considered to be necrotic. The 2,3,5-triphenyl-
tetrazolium chloride itself is white, but under the action
of cellular dehydrogenases it turns red due to reduction,
which clearly delineates the dead tissue zone.

The volume of ischemic infarction (V) was deter-
mined using the formula:

V:ZAXd

where V — volume; YA — sum of the areas of all
MR-sections; d — width of sections.

Also, percentage of cerebral edema was determined
using the formula:

% cerebral edema = ((Sih - Sch) / Sch) X100

where Sih — area of the ipsilateral hemisphere,
Sch — area of the contralateral hemisphere. The volume
of ischemic lesion for each group was normalized to the
mean value of infarct volume in the MCA occlusion +
normal saline group.

Five minutes after lithium chloride injection and 1,
4, and 24 hours later, the drug concentration in plasma
was measured to determine a safe dosage based on the
available data on the threshold toxic concentration for
humans (2.5 mmol/l).
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Ta6.1mua 1. 06eM 30H MOBPEKACHHUA I'OJIOBHOI'O MO3ra Ha 2-en7-e CYTKH II0CJI€ HHCYJ/IbTA IIPH PA3JITHYIHbIX

KOHIIeHTpalMAX XJopHuaa autus, Q2 (Q1-Q3).

Table 1. Volume of brain damage zones on day 2 and day 7 after stroke at various doses of lithium chloride, Q2

(Q1-Q3).
Group Values on the study stages
Day 2 Day 7
Stroke volume, P Perifocal edema P Stroke volume, P
mm? volume, mm? mm?3
Control 235,0 (180,5-261,0) — 110,0 (101,5-118,0) — 200,0 (170,5-256,0) —
Lithium chloride 4.2 mg/kg 218,0 (199,5-250,5) 0,9 104,0 (100,5-109,0) 0,9 188,5 (168,0-235,0) 0,9
Lithium chloride 21 mg/kg 175,5 (154,5-180,0) 0,04* 89,5 (79,5-95,0) 0,03*  158,0 (125,0-175,5)  0,045*
Lithium chloride 63 mg/kg 128,5(119,0-143,5)  0,004* 71,0 (68,0-78,0) 0,007* 118,0(102,0-133,0) 0,037

Note. * Differences versus controls are significant (Mann-Whitney U-test) at P<0.05.
IIpumeuanmue. Values on the study stages — 3HaueHUs Ha aTanax uccjienoBanus; stroke volume — o6'bem uncynsra; perifocal
edema volume — 06beM neprudoOKaJIBLHOTO OTEKA. ¥ — PA3JIMYMUs B CPABHEHUU C KOHTPOJIEM CTAaTUCTHUYECKHU 3HAYNMBI

(U-xpurepuit Manna-Yutan) npu p<0,05.

tespHOCTH (MI1): RARE — UI1 Ha 0CHOBE CIMHOBOTO 9Xa
¢ napametrpamu: TR=6000 mc, TE=63,9 mc, TosamuHa
cpesa 0,5 MM, pasMep Marpunsl 256384, paspelienue
0,164X0,164 mM/miukces. Ob1iee BpeMsi CKAHUPOBAHUS
OJTHOTO YKMBOTHOI'O COCTaBHJIO OKOJIO 25 MUHYT.

Ha 7-e cyTku nocjie AIIeMHAN YKUBOTHBIM BBO-
JWUJIA MOBBIMIEHHYIO O3y XJIOpPAAruapara A BBIIOJI-
HAJIW JeKaluTanuo. Mo3r n3B/ieKaau U3 YepernHon
KOpPOOKHM W IpOMBIBAIN B (PU3UOJIOTUYECKOM pac-
TBOpE, II0CJIE Yero pa3pes3atu Ha KOpOHa/JIbHbIE CPE3bl
TOJIIIIUHOM 2 MM C TIOMOII[BIO CeNraJTbHON (DOPMBI C
nasamu AJjsi TouHol pe3ku. Cpesbl okpamusaau 1%
pactBopoM  2,3,5-TpueHUATETPAIONNI  XJIOopUaa
(TTC, «Sigma») B 0ydpeprom pactsope ¢ pH 7,4 B Teue-
Hue 10 munyT 1pu 37°C U (pUKCHpOBaIH B pacTBOpe
10% dopmanuna B 6ydepHOM pacTBope. [y mmosyye-
HUA U300paskeHUH cpe3bl CKAaHUPOBAJIU C 00eUX CTOPOH
Ha ckaHepe hp scanjet 4500c (paspemenue 2400 dpi).

11 MopdoMeTprUUeCKOro U3MepeHusI IJI0anu
ouara v 06beMa UIIeMITYeCKOT0 TOBPESKIEHUST MCIIOJTh-
30Ba/IM M POBbIe U300pAKEHNSI CPE3OB MO3Ta, OKpa-
meHHbIX TTC mam T2-B3BelleHHble MAarHUTHO-PE30-
HaHCHbIE U300paskenuss (MP-u3obparkeHue). AHaIU3
1 POBBIX N300 pa’KeHUH IIPOBOIUIIN C TOMOIIILIO CBO-
00IHO pacIpoCcTpaHsIeMOH IPOrpaMMBbI aHATIN3a MEIH-
IUHCKYX n3obpaskennii «Image)» (NIH, Berecma, CIIIA).
J1 KayK 0T 0 cpe3a MCI0/Ib30BaJId OT/Ae/IbHbIE U3Mepe-
HUS 001eH IO TN MHQAPKTa, KOPHI ¥ HOTKOPKOBBIX
crpykryp. Heokpamennsie TTC y4acTKu IpUHUMAJINA
KaK HeKpoTudeckue 30HbI. CaMm 2,3,5-Tpudenusnrerpa-
30JIMUA XJIOPUCTBIA MMeeT OeJibIil IIBET, OJHAKO IIOf
BJIMAHHAEM KJIETOYHBIX JEruJpOoreHas OKpalnBaeTcs B
KPACHBIH IIBET B pe3yJisraTe BOCCTAHOBJIEHUSI, YTO 1103-
BOJISIET YETKO OT[IeJIUTh 30HY IOTUOIINX TKAHEH.

Ob6beM nmemmyeckoro wHpapkra (V) ompene-
JIs1IM 110 hopMmyiie:

V=Y AXd

rae: V— o6bem; YA — cymMMa Iiomanei Bcex
MP-cpe3oB; d — mupuHa cpesoB.

Takrske onpenenunu % oTeka Moara 110 hopmyiie:

% orerka mo3ara = ((Sum - Skm) / Ski) X100

rae: Sum — IJIomanhb UICAJIATePaJTbHOTO IOJIY-
mapus, SKI — IVIOIalb KOHTPaJIaTepaabHOIo IOJIy-
mapusa. O6beM HIIEMUYECKOTO MOBPEKIAEHUS s
KasKI0 IpyIIIbl HOPMAJIU30Ba/IM Ha CpeiHee 3HaueHne
o6 bema nagapkra B rpymne OCMA+dus p-p.

CrrycTsa 5 MUHYT ITOCJI€ BBEIEHUA XJIOPULa JIATHUS,
a Takyke dyepes 1, 4 1 24 yaca oLleHUBAJIV KOHILIEHTpaA-

Statistica 10.0 (StatSoft, Inc.) and MedCalc 12.5.0.0
(MedCalc Software bvba) were used for statistical analy-
sis. Quantitative data were reported as medians (Q2) and
interquartile range (Q3-Q1I). Intergroup differences were
assessed using the Mann-Whitney test and were consid-
ered significant at P<0.05.

Results and Discussion

The MRI performed on day 2 after ischemia
episode showed that the stroke volume significantly
differed from the control group only when lithium
chloride was administered at doses of 21 mg/kg and
63 mg/kg.

The results obtained when assessing the vol-
ume of brain damage on day 2 are presented in
Table 1. Stroke volume in the 4.2 mg/kg group was
7.8% lower than in the control group, and perifocal
edema volume was 5.7% lower. In the group receiv-
ing the drug at 21 mg/kg, the stroke volume was re-
duced by 25.5% and perifocal edema by 18.6%. In the
group receiving lithium chloride at a dose of 63 mg/kg,
the stroke volume was reduced by 43.5% and peri-
focal edema by 35.4%.

The brain lesion areas on MRI on day 2 are
shown in Figure.

Lithium chloride at doses of 21 mg/kg and
63 mg/kg significantly reduced the volume of the
damage, whereas no significant difference was ob-
served, when a dose of 4.2 mg/kg was administered.

The results obtained when assessing the
stroke volume on day 7 are presented in Table 1.

In animals receiving lithium chloride at a dose
of 4.2 mg/kg, the damaged area was 5.7% smaller
than in the control group. The volume of damaged
tissue was 21% less with the dose of 21 mg/kg and
41% less when the the dose of 63 mg/kg was used.

When determining the concentration of
lithium chloride in the blood of animals, we found
that the dose of 63 mg/kg was associated with the
borderline toxic blood level (2.5 mmol/L) 5 minutes
after administration. However, as early as one hour
later, the blood concentration of the drug de-
creased again to a safe level. Separately, it should
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LIMIO IIpenapara B I1J1a3Me KUBOTHBIX C I1eJIbI0 OIlpeie-
JieHus1 0e30ITacCHOM JO3UPOBKHU UCXOS M3 UMEIOIINXCS
JTAHHBIX O TOPOTOBOM TOKCUYECKOU KOHIIEHTPAIIUH JIJIs1
YeJjoBeKa (2,5 MMOJIb/JI).

JIJIsT cTaTUCTUYECKOTO aHa/u3a HCIIO0Jb30BaJIud
nporpammsbl Statistica 10.0 (StatSoft, Inc.) u MedCalc
12.5.0.0 (MedCalc Software bvba). KoaudecTBeHHBIE
JIaHHBIE IpeJICTaBaIu MequaHol (Q2) M MesKKBApTUIb-
HBIM UHTepBaJioM (Q3-QI). MesKrpynnoBble pa3inyuusa
IoKasaTesiedl OlleHWBAJIM NMPU moMoIu U-KpUTepus
YutHr-MaHHa U IpUHUMAIU 3HaYUMbIMU 1pu p<0,05.

Pe3ynbTarThl M 00CYyK/IEeHUE

IIpu onjeHKEe pe3yabraTOB MAarHUTHO-PE30-
HaHCHOH ToMorpaduu Ha 2-e CyTKH IT0CJIe Iiepe-
HECEHHOU UIleMUu 00beM WHCYJAbTa 3HAYUMO
OTJIMYAJICA OT KOHTPOJIBHOU T'PYHIIBI TOJBKO
IIpYU BBEAECHUHU XJIOPUAA JIUTUA B 103axX 21 Mr/Kr
" 63 MI'/KT.

Peayssrarsl, osy4eHHbIe IPU OIleHKe 00beMa
MOBPEKAEHUSI FOJIOBHOIO MO3Tra Ha 2-€ CYTKH,
IpeAcTaBu/In B Ta0J1. 1. O6beM UHCY/IBTa B TPYyIIIe
4,2 Mr/Kr OB171 Ha 7,8% MEHBIIIE, YeM B KOHTPOJIHHOMU
rpymre, a 00beM neprudoKaILHOTO OTeKa — Ha 5,7%.
IIpyu ucno/sb3oBaHUM KOHLEHTpauuu 21 Mr/Kr
00beM MHCYJIBTA CHUKAJICA Ha 25,5%, a mepudo-
KaJIbHBIA OoTek — Ha 18,6%. B rpynme xyopuma
JINTHS B 103€ 63 MI'/KT 00beM MHCY/IBTa CHUKAJICS
Ha 43,5%, a meprugoKaIbHOro oTeKka — Ha 35,4%.

30HBI ITOPasKEeHUs rOJIOBHOr0 Mo3ra Ha MPT-
n3o0pakeHNsAX yepes 2 CYTOK IpPeCTaBUINA Ha
PUCYHKe.

Xjopun JUTHUA B 103aX 21 MI/KT ¥ 63 MI/KT
3HAYMMO yMEeHbIIIaJ 00'beM IMOBPEKIEeHHs, B TO
BpeMs Kak [IPU BBEJCHUHU 10361 4,2 MI'/KI' 3HAYU-
MOH pa3HHUIIbI He OTMeYaJIn.

Pesysbrarsl, HoIy4eHHbIe TP OIleHKe 00be-
Ma MHCYJIBTa Ha 7-€ CyTKY, IPeICTaBUIH B TaOI. 1.
B rpynne xsiopuja JuTus B 103€ 4,2 MI/KI 30Ha
MOBpesKIeHUs1 Oblja Ha 5,7% MeEHbIIlE, YeM B
KOHTPOJIBHOH rpynie. [Ipy ucnob30BaHNN JO3BI
21 Mr/kr obbeMm mopaskeHus ObLI MeHbIIle Ha
21%, a ipu no3e 63 Mr/kr — Ha 41%.

IIpu onpeneseHNN KOHIEHTPALUU XJI0PUIA
JIUTUS B KPOBU >KMBOTHBIX BBISIBUJIU, YTO MPHU
HCII0JIb3yEeMbIX B PAMKAX 9KCIICPUMEHTA KOHIEHT-
panysix TOJIBKO 1034 63 MI'/ KT yepes 5 MUHYT I10CJIe
BBEJIEHUS JOCTUrAJ1a [IOFPAaHUYHOI'0 TOKCUYECKOI0
3HadeHwus (2,5 MMOJIb/J1). OTHAKO yyKe CITyCTA 4ac
KOHIIEHTpAIMs B KDOBU BHOBb CHIKAJIACh JI0 Oe3-
onacHOM. OT/Ie/IbHO CTOUT YKa3aTh, YTO OT IpUMe-
HEHUsI XJIOpUaa JINTUSI B 03€e 84 Mr/Kr OBLIO
pelIeHO BO3JAEpsKaTbCA B BUJY IIPEBBIINIEHUA
TIOPOTOBOM TOKCUYECKON KOHIIEHTPAIINH KaK CITy-
CTs 5 MUHYT, TaK U CIIyCTA 1 4ac.

JlaHHBIE 110 KOHLIEHTPALUY XJIOPUA JINTHUS B
IJIa3Me MpeiCTaBUIHN B Ta0JI. 2.

B xoze skcnepuMeHTa OTIeIbHO OLleHUBAJIN
JIETAJIbHOCTh B IPYIIAX, OJHAKO €€ aHaJIu3 He

30Ha MIIEMHYECKOr0 HHCYJIbTa Yepe3 2-e CYTOK MOoCJIe OK-
KJIIO3UM cpegHel Mo3roBoii aprepun. MPT (T2-B3BenieH-
HbIe U300pasKeHus1).

Ischemic stroke area 2 days post middle cerebral artery occlu-
sion. MRI (T2-weighted images).

Note. White arrows delineate the brain lesion.

IIpumeuanue. BeJbIMU CTpeJKaMU YKa3aHbl TPAHUIIBI T10-
BPESKIEHNUsI TOJIOBHOTO MO3Ta.

be noted that we decided to avoid using lithium
chloride at a dose of 84 mg/kg due to exceeding the
threshold toxic concentration both after 5 minutes
and after 1 hour.
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Tabauia 2. KoHeHTpaus XJI0puaa JUTHs (MMOJIB/JI) B KPOBH IMMOCJI€ OJHOKPATHOTO BBeaeHus1, Q2 (QI1-Q3).
Table 2. Blood lithium chloride concentration (mmol/L) after a single injection of the drug, Q2 (QI1-Q3).

Lithium chloride dose

Lithium chloride (mmol/L) in blood at different periods after injection

after 5 min after 1 hour after 4 hours after 24 hours
4.2 mg/kg (0.1 ml/kg) 0.7 (0.5-0.8) 0.5 (0.3-0.6) Not detectable Not detectable
21 mg/kg (0.5 ml/kg) 1.7 (1.5-1.8) 1.2 (1.1-1.3) 0.5 (1.3-1.6) Not detectable
63 mg/kg (1.5 ml/kg) 2.5(2.2-2.6) 2.0(1.8-2.2) 1.0 (0.8-1.1) 0.1 (0-0.2)
84 mg/kg (2.0 ml/kg) 3.7 (3.5-3.9) 3.3(3.1-3.5) 2.6 (2.1-2.7) 0.2 (0.1-0.3)

IIpumeuanwue. In blood at different periods after injection — B KpoBu B pasHoe BpeMsi I10CJIe BBEJEHUS.

AIBJISAJICS IPUOPUTETHOM 1eJIbI0 B JTaHHOM HCCJIe-
JIOBaHUU. B KOHTPOJIBHOM IpyIllle OHA COCTaBUIIa
58,8% (13 17 »kUBOTHBIX Toru6J10 10). B rpynme 111
u3 16 sKUBOTHBIX morubio 9 (56,25%, ¥*=0,022,
p=0,882 110 OTHOIIEHNIO K KOHTPOJIbHOMH IpyIIIIe).
JleranpHOCTS B rpymte [V cocrasuia 36,3% (13 11
SKUBOTHBIX TTOTM0JI0 4, ¥?>=1.348, p=0,246 110 OTHO-
IIIeHUIO K KOHTPOJIBHOH I'pynie), B rpymmne V oHa
Obl71a MUHUMaIBHOU U cocTaBuiia 30% (1orubdJio
3 3 10 )KUBOTHBIX, ¥*=2,095, p=0,148 110 OTHO1IIE-
HUIO K KOHTPOJIBHOM rpyIIe).

Ha cerogHAIHUMI eHb 1O0CTaTOYHO XOPOIIIO
M3BECTHBI MOJIEKYJIsIpHble MeXaHU3Mbl Helpo-
npoTekTopHOro adderra coseti mutus. [10]. [lep-
BBIM MEXaHU3M — I3TO MPsSIMOE MHTUOUPOBaHUE
OCHOBHOTO (pepMeHTa B peaju3alii MexaHn3Ma
HIIeMUYeCcKoro 1 (papMaKoJIOrnyecKOTo IPeKoH-
TUIMOHUPOBAHUS — IJINKOT€H-CUHTa3bl-KUHA3bI
36eta (I'CK-3p) [21]. Bropoii MexaH3M — HHAKTHU-
Banusa NMDA-penenrtopos, 4T0O IIPUBOIUT K CHU-
SKEHUIO aKTUBHOCTH IIPOAIIONITOTUYECKOT0 Oeska
P53 U HOBBIIIEHNE AKTUBHOCTU aHTU-AIlONTOTUYE-
ckux 6eskoB Bcl2 [13]. Tperuii MexaHU3M — aKTH-
Barus1 curHajipHoro mytu PI3K/Akt, orBeuaroriero
3a BbDKHBaHUe KJIEeTKH [22].

[1efioTpOIHBIN MeXaHN3M peaTn3alu Hel-
poIpoTeKTOpHOTO 3 (peKTa coJelt TUTHUSI TTO3BO-
JIsIeT HaJIeeTcsl, 4YTO ero UCI0/Ib30BaHMe YIYUIITUT
pea3yJIbTaThl JiedeH!sl MIIeMHUYecKoro MHCYJIBTA.
Taxk ske CTOUT OTMETUTH, UTO B OTHOIIIEHNU Kap0o-
HaTa JIMTHA ysKe HaKOIJIeH JOCTAaTOYHO OOIIMPHBIH
KJIUHUYECKU omnbIT. [IprMeHeHus kapboHaTa
JINTHUS B paMKax Tepalnuy MaHuaKaJbHO-/Iemnpec-
CHBHBIX COCTOSHUHN IT03BOJIMJIO BECbMa IMOAPOOHO
OIIEHUTh €ero BJIMsSHHUE Ha YacTOTy pa3BUTHUA
WMHCYJIBTOB B JaHHOH T'pyIIIle MaIjieHToB, KoTopas,
II0 UMEIOIIUMCS JTaHHBIM, 3HAYUTEJbHO BBIIIIE,
HesKeJIN Y OCTasIbHbIX Jifofett [23]. [Ipu cpaBHeHUN
C TpylIamu arydeHToB, IPUHUMAIOIUX CTaH/1apT-
HYIO Teparnuio Ha OCHOBE aHTUIICUXOTUKOB U aHTH-
JIeIIpeccaHToB, YacTOTa Pa3BUTHA NHCYJIBTA CPeU
II0JTyYaBIINX TepaNuio KapOoHaTOM JUTHUA ObliIa
3HAYUMO HIKe. [1o JaHHBIM IPOBeIeHHBIX HCCIe-
JIOBAHUH B CjIy4ae CTaHJapTHOHN Teparnuy NHCYJIBT
pasBuBasica y 5,4% MalieHTOB, B TO BpeMs Kak Ha
¢one mpuema kapboHaTa JIMTUS €T0 YaCTOTa He
npesblana 2,8%, 4YTO OBIJIO CTAaTUCTUYECKU

Data on plasma lithium chloride concentra-
tion are shown in Table 2.

During the experiment, mortality was evalu-
ated separately in the groups, but its analysis was
not a priority of our study. In the control group the
mortality rate was 58.8% (10 out of 17 animals
died). In group 3, 9 animals out of 16 died (56.25%,
¥?=0.022, P=0.882 versus the control group). The
mortality rate in group 4 was 36.3% (4 out of 11 an-
imals died, ¥?=1.348, P=0.246 versus the control
group), in group 5 it was minimal and reached 30%
(3 out of 10 animals died, ¥?>=2.095, P=0.148 versus
the control group).

Currently, the molecular mechanisms of the
neuroprotective effect of lithium salts are well
known [10]. The first mechanism is the direct inhi-
bition of glycogen synthase kinase 3beta (GSC-3p),
the main enzyme in ischemic and pharmacologi-
cal preconditioning [21]. The second mechanism
is inactivation of NMDA-receptors, which leads to
decrease of pro-apoptotic protein p53 activity and
increase in anti-apoptotic proteins Bcl2 activ-
ity [13]. The third mechanism is the activation of
PI3K/Akt signaling pathway responsible for cell
survival [22].

The multifaceted mechanism of realization
of the neuroprotective effect of lithium salts sug-
gests that its use will improve the results of treat-
ment of ischemic stroke. Moreover, there is a con-
siderable clinical experience with lithium
carbonate use. Administration of lithium carbon-
ate in bipolar disorders has allowed to estimate its
effect on stroke incidence in this group of patients,
which, Whitney-according to available data, is
much higher than in other populations [23]. When
compared with patients on standard therapy
based on antipsychotics and antidepressants, the
incidence of stroke among those receiving lithium
carbonate therapy was significantly lower. Accord-
ing to studies, with standard therapy, stroke devel-
oped in 5.4% of patients, while in those on lithium
carbonate its incidence did not exceed 2.8%,
which was significantly lower (P<0.05) [24, 25].
Also, Mohammadianinejad S. E. [26] and Sun Y. R. [27]
have shown improvement of motor functions in
post stroke patients administered with lithium
carbonate.
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3HaunMo (p<0,05) MeHbIIIe. [24, 25]. Tak ske B pabo-
Tax S. E. Mohammadianinejad [26] u Y. R. Sun [27]
OBI7I0 OTMEUYEHO YIIyUIIIeHNE MOTOPHBIX (DYHKITHH Y
MIAIMeHTOB, [IePEeHECIINX MHCYJIET ¥ IPUHAMAaBIINAX
TI0CJTe 9TOTO KapOOHAT JIUTHS.

3akJrouenue

[TosnydyeHHBIE pe3ysabTaThl IO3BOJIAIOT Cle-
JaTh JBa BbIBOAA. Bo-MepBBIX, XJIOPUJT JIUTHUSA
o0J/1a1aeT HEHPOIIPOTEKTOPHBIM JIEHCTBHUEM, KaK B
paHHEM (2-e CyTKU), TaK U B OTCPOYEHHOM (7-€ CyTKH)
ITIOCTUHCYJIETHOM [1IepUOZe, 3HAYMMO YMEHbIAs pas-
Mep MHCYJIBTa U neprugoKaJIbHOTO OTeKa. Bo-BTO-
PbIX, TaHHBIN 3D (PEKT SABJISIETCS I0303aBUCUMBbIM, B
TOJTHON Mepe MNPOSIBJSSCH MPU HMCIOJJIHb30BAHUU
KOHIleHTpanusA 21 Mr/Kr u 63 Mr/Kr, 1 HUKAaK He
BJIMSISI HA 00bEM TIOPAsKEHUS B T03€ 4,2 MT'/KT.

B To ke BpeMsa mpu CpaBHEHUU C paHee
HccJIeyeMbIMUA KOHIeHTpauusMu [16] ObL10
IMOKa3aHo, YTO peain3alnus HeHpompoTeKToP-
HOTO 9(pdeKrTa XJ0pHUaa JUTUSA BO3SMOKHA Oe3
MPEBBINNIEHUST TOKCUYECKOW KOHIEHTPAIlUH.
KpomMme Toro, B paHee mpoBeIeHHBIX paboTax [23,
28, 29] onTuMaJibHbIE 03Bl IJIA peajausanuu
Kapauo- M HedpompoTekTopHOTO 3ddeKrTa
coctaBuau 30 Mr/Kr. XOpOIIIO U3BECTHO O T0CTA-
TOYHO «y3KOM TepaleBTUYeCKOM OKHe» Y coJsiei

JINTHS, IO3TOMY TaK Ba’KHO, 3HASA UX OTYETIIH-
BbI J0303aBUCUMBbI 3 deKT, omnpeyeauTb
ONTUMAJbHYIO KOHIIEHTPAINIO COJIEH JIUTUS B
I1a3Me KPOBH JIJIs peajn3anuy Ux Helpomnpo-
TEKTOPHBIX CBOWCTB, C OJHON CTOPOHBI, U BO3-
MOKHOCTH TpPEeAyNpesKIeHNs] TOKCHUYECKUX

adPperToB — C Ipyroi.
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Conclusion

The results have led us to two conclusions.
First, lithium chloride has a neuroprotective effect
both in the early (day 2) and in the delayed (day 7)
poststroke period, significantly reducing the size of
the stroke and perifocal edema. Secondly, this ef-
fect is dose-dependent, being fully manifested at
doses of 21 mg/kg and 63 mg/kg and having no ef-
fect on the brain lesion volume when administered
at a dose of 4.2 mg/kg.

At the same time, when comparing with the
previously studied plasma concentrations [16], the
neuroprotective effect of lithium chloride was
shown to develop without exceeding the toxic con-
centration. Moreover, in earlier studies [23, 28, 29],
the optimal doses for implementation of cardio-
and nephroprotective effect were 30 mg/kg. The
«narrow therapeutic window» of lithium salts is well
known, so in view of their distinct dose-dependent
effect it is important to determine the optimal
plasma concentration of lithium salts to implement
their neuroprotective properties on the one hand
and prevent toxic effects on the other hand.

The newly obtained knowledge warrants the
prospects for developing a novel drug formulation
(intravenous lithium chloride) for the treatment of
cerebrovascular accidents.

IMoJsrydueHHBIE HOBbIE 3HAHUS TIO3BOJIAT, KAK
HaM I[IPEJICTABJISIETCS], PACCMOTPETH EPCIIEKTHBBI
CO3/IaHUsI HOBOIO JIEKAPCTBEHHOTO CpEJICTBA
(pacTBOp JIUTUA XJIOpUAA IJIA BHYTPUBEHHOIO
BBEJIEHUS) JIJISI JIEUEHHsT OCTPBIX IlepeOpaibHbIX
Karactpod.
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