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Ienb uccrenoBanuss — OIEHUTD BIUSTHUE TPEKOHANIIMOHIPOBAHUS echIypaHoM Ha cojep:kanue dhochopu-
JINPOBAHHOI (hOPMBI IIIMKOTEH CHHTETA3bI-KIHA3bI 3 THIIA.

Marepuaisl u MeToabl. Vccrenosanue poses Ha 56-u Gesibix GeCIIOPOAHBIX KPbICaX-camilaX, CIydalHbIM
obpasoM pacrpeseseHHbix Ha 6 rpymi. WMiemuio/penepdysuto Mopenuposanu 1o mMeroauke B. I Koprauesa.
KoHTposibHast TpyIIiia COCTOsIA U3 JIOKHO-OIEPUPOBAHHBIX KMBOTHBIX. BTopas rpyiina mnogsepriach raobaibHol
uiemMnn,/periepdy3un mocie aHeCTe3NN ¢ XJIOPAITUAPATOM. B clieyionux AByX rpyInax KpPbicaM MHTATUPOBAIN
1 MAK ceBodurypana min gecdirypana, a B IByX HOCJTEIHIX IPYIIIAX, 32 IIPIMEHEHNEM dTHX aHECTETHKOB CJIeI0-
Basa TiobanbHas wiemust/perepdysust. Comepskanne hochopraInpoBaHHON GOPMBI TJIMKOTEH CHHTETA3bI-KIHA-
361 33 B TOMOTE€HATaX MO3Ta OCYIIECTBISIIA METOZIOM BecTepH-OmoTTiHTa. CTaTHCTHYECKUI aHaJI3 TIPOBOIIIHN C
romotipto U-kputepust MaHHa- YUTHHU, JOCTOBEPHBIMU cUUTaIN pasyandnst npu p<0,05.

PesyabraTel. TpexMuHyTHas uilieMus ¢ nocJeayonei perepdysueii puBesa K 3HAYUTETbHOMY YBEJTMYCHUIO
coziepxkanust hochoprInpoBanioil HOPMbI IIMKOTeH CHHTETA3bI-KUHA3BI 30 10 CPABHEHUIO C KOHTPOJIBHOI IPyII-
moit (620437 orHOCUTENBHBIX euHUT] TPOTHB 304574 OTHOCHUTENBHBIX EAMHUI] cCOOTBeTCTBEHHO, p<0,05). Cxo/-
Hble pe3yJIbraThl HabJI0AANUCh B IPYIINAX, I/le TOJAbKO MHTrasupoBaau ceBoduaypan (743166 oTHOCHTENBHBIX €11~
uni) win gechaypan (667119 ornocutenpunix exmnaui) (p<0,05). B rpymme wmiemun/penepdysnn mocie
uHTAIANNN ceBodIypana comepskanie hochoprminpoBaHHoil (HOPMBI TIHKOTEH CHHTETAa3bI-KIMHA3E! 33 COCTABUIIO
922231 ornocurenbiyio exunnity (p<0,05 o cpaBHeHmo ¢ KouTpojeM). B rpytie ¢ coueranuem gechiypana u
utiemun,/periepdysnn, cogepskanue hepMeHTa MOBBIIAN0Ch 110 677084 orHOCUTEbHBIX ernuil (p<0,05 1o cpas-
HEHUIO ¢ KOHTpoJieM). Pazsnunii 1o cofep:kanuio uccyieryeMoro hepMeHTa MeKIy TPYIIaMu, Iie TPUMeHSIIChH
MHTJISIIMOHHbIE AHECTETHKK B COYETAaHNU ¢ uieMueil /penepdysueii nin 6e3 Hee, He ObL10. Kpome Toro, conepsxka-
HUSE HTOTO (hepMeHTa ObLIK COMOCTABMMBI ¢ Pe3yJIbTaTaMy B TPYIIIE U30JMPOBAHHOI UilleMun/penepdysun.

3axmouenue. O6a MCCIeJOBAHHBIX aHECTETUKA O0JIA/IAI0T BHIPAKEHHON U AHAJIOTUYHO [0 CTEIIEHU BhIPAsKEH-
HOCTH CIIOCOGHOCTBIO MOBBIIIATEH cojiepskatue (hochopuinpoBaHHON GOPMbI IJIMKOTEH CHHTETa3bl-KUHa3bl 3 B
rOMOTeHaTaX MO3Ta KPBIC.

Knmioueevte crnosa: npexonouyuonuposanue; cesopypan; decuiopai; eecmepn-610mmuiie; HeUponpomexuus;
KpblCbL

The purpose of this study is to determine and evaluate if the preconditioning with desflurane depends on level
of phospho-GSK-34.

Material and methods. White outbred male rats (56) were randomly allocated to 6 groups. Ischemia/reperfusion
modeling was performed using V. G.Korpachev's technique. The reference group consisted of sham (falsely-operated)
animals. The second group underwent global ischemia/reperfusion after anesthesia with chloral hydrate. The next
two groups were treated with either sevoflurane or desflurane at 1 MAC. In the final two groups, the use of same anes-
thetics was followed by global ischemia/reperfusion. The concentration of phospho-GSK-34 in brain homogenate was
determined using western blotting. A statistical analysis was performed using the Mann-Whitney U-test, and the dif-
ference was considered significant at P<0.05. A three-minute ischemia with subsequent reperfusion resulted in a sig-
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nificant increase in the concentration of phospho-GSK-38 vs. the reference group (620437 relative units vs. 304574
relative units, respectively, P<0.05). Similar results were observed in groups where animals received inhaled sevoflu-
rane (743166 relative units) and desflurane (667119 relative units) alone (P<0.05). In the ischemia/reperfusion
group, the concentration of phospho-GSK-38 was equal to 922231 relative units after inhalation of sevoflurane
(P<0.05 vs. the reference group). In the group with a combination of desflurane and ischemia/reperfusion, the enzyme
concentration increased up to 677084 relative units (P<0.05 vs. reference group). No difference in concentrations of
the enzyme between groups receiving inhaled anesthetics with and without ischemia/perfusion was found. In addi-
tion, the concentration of this enzyme was comparable with that in the ischemia/reperfusion group.

Conclusion. Two anesthetics under testing possess similarly increased concentration of phospho-GSK-38 in

rat brain homogenates.

Key words: preconditioning; sevoflurane; desflurane; phospho-GSK-38; western blotting; neuroprotection; rats
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Beenenue

WHTaIs1mMoHHbIe aHECTETUKH SBJISTIOTCS OJTHIM
13 HanboJIee YacTo UCIOJIb3YEMBIX KJIACCOB JIEKapCT-
BEHHBIX cpeicTB. OTHAKO MEXaHU3MBI, TIOCPEICTBOM
KOTOPBIX 9TH TIPENapaThl BBI3BIBAIOT aHECTE3UIO, /10
KOHI[a He U3YYEHBI W BCE ellle MHTEHCUBHO UCCJIeTy-
foresd. /IBa npyrux adexTa 9TUX aHECTETHKOB Ha
IEHTPATBHYI0 HEPBHYIO CHUCTEMY, aHECTeTHYeCKast
HENPOTPOTEKINS U HEUPOTOKCUYHOCTD, TAaKKe B Ha-
CTOsIIIee BPEMsI SIBJISTIOTCSI TTPE/IMETOM aKTUBHBIX UC-
caenoBanuii [1]. MHTranmammonable aHECTeTUKN OKa-
3bIBAIOT MPEKOHUIIMOHUpYoNnii  adderT Ha
TOJIOBHOI MO3T (HEWPOIIPOTEKITUS BCIEACTBHAE aHeC-
TETUYIECKOTO TPEKOHANITMOHNPOoBanns) [2—4]. Pas-
BUTHE ITOM 3aMUTHI TPOJEMOHCTPUPOBAHO B KYJIBTY-
pe HEWPOHOB KPbIC, KYJBTYPe HEUPOHOIOI00HBIX
KJIETOK Y€JIOBEKA, Y B3POCJBIX KPbIC TTOCJE TPAH3H-
TOPHOHM 0YaroBOH WINEMUH TOJOBHOTO MO3Ta, MO3Te
HOBOPOK/IEHHBIX KPBIC TIOCJE TIOBPEXKAEHUS THIIO-
KCHeH-uIeMnel, WM y MbIIiel ocje BHyTPUMO3TO-
BBIX KPOBOMBJIUAHMIA. PaHee ObLIO MMOKa3ajo, u4To y
B3POCJIBIX KPBIC OTMEUYAETCS] MEHBIINN 00beM HH-
(hapkTa Mo3ra M Jydiiee HEBPOJIOTUIECKOE BOCCTa-
HOBJIeHNe (110 olleHKe Ha 14 nim 28 nHelt ocse nie-
MU TOJIOBHOTO MO3Ta), eCJii MHrajnposath 1,8 00.%
uzodaypana (1,4 MAK) B reuernme 50-MuHyTHOI
i 80-MUHYTHOW OKKJIIO3UN CepemHell MO3TOBOU
aprepun [5]. Dtu naHHbIe yOEAUTEIBHO JOKAa3hIBAIOT,
410 n30GIypaH 00eCeunBaET JOJTOCPOUHYIO HEHPO-
nporeknuio. HenaBHue uccaeoBaHUs MTOKA3aIn
MOIITHBIE HEITPOTIPOTEKTOPHBIE (D eKThI ceBodIypa-
Ha TI0cjIe 04aroBoii mepebpasiphoil nimemun [6]. Ko-
HEYHOU 1eJThi0 B KacKaJle PeakIuii, MHUITMUPOBAH-
HBIX WIIeMuel, sBjsieTcs Hecrenuuyeckas
MUTOXOHIpHabHas mopa (mitochondrial permeability
transition pore (mPTP)) [7, 8]. OTkpbITHE 3TOI TIOPBI
[IPUBOUT K BEIOPOCY (haKTOPOB, BHI3BIBAIOIINX ATIOI-
TO3, B TIepBYI0 ovepenb — 1utoxpoma C. [IpenoTrspa-
IIeHWEe OTKPBITUS MUTOXOH/IPUAIBHOM MOPBI 3allH-
1aeT KJIETKY OT HWIIEMUYECKOTO TIOBPEXKICHNUS.
KitoueBbIM (hepMEHTOM pETYJIUPYIONIUM TIPOHUIIAE-
MOCTb MUTOXOH/IPUATTBHON TIOPBI SIBJISIETCS TJIMKOTEH
cunrasza-kuHaza 36 (I[CK-383): dbochopunuposarue

Introduction

Inhalation anesthetics are the most commonly
used classes of drugs. However, the mechanism of
their anesthetic effect has not been specified to date
and is still being thoroughly studied. Two other
effects of these anesthetics on the central nervous
system, namely, anesthetic-induced neuroprotec-
tion and neurotoxicity, are also actively studied
[1]. Inhalation anesthetics produce preconditioning
effects on the brain (neuroprotection due to anes-
thetic preconditioning) [2—4]. This protection has
been demonstrated in rats' neuron cultures, human
neuron-like cell cultures, adult rats' brain after
transient focal brain ischemia, newborn rats' brain
after a hypoxia-ischemia injury, or mice's brain after
an intracerebral hemorrhagic stroke. Recent studies
have demonstrated smaller brain infarction volume
and better neurological recovery in adult rats (as
evaluated on Days 14 or 28 after brain ischemia), if
1.8% isoflurane (1.4 MAC) is inhaled after a 50-min
or 80-min middle cerebral artery occlusion [5].
These findings provide strong evidence that isoflu-
rane provides long-lasting neuroprotection. Recent
studies demonstrated potent neuroprotective
effects of sevoflurane after focal cerebral ischemia
[6]. The mitochondrial permeability transition
pores (mPTP) are the final target in the cascade of
reactions induced by ischemia [7, 8]. The opening of
mPTP results in release of factors triggering apop-
tosis, first of all, the cytochrome C. Inhibition of
mPTP opening protects cells from ischemic dam-
age. Glycogen synthase-kinase 38 (GSK-3p) is a
key enzyme regulating the mPTP permeability:
phosphorylation of this enzyme inactivates it and
prevents the pores from opening. Our previous
study demonstrated that preconditioning with
sevoflurane increases the concentration of the
phosphorylated form of glycogen synthase-kinase
3B (p-GSK-3B), and protects the mitochondria in
rats' brain neurons during ischemia/reperfusion
[9]. The purpose of this study was to determine, if
desflurane has neuroprotective effects, and to eval-
uate their potency.
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3TOTO (hepMeHTa MHAKTUBUPYET €T0 U MPENsTCTBYET
OTKPBITHIO MTOPBL. B TipeibIyiieM uccae[oBaHuy Ha-
MU [TPOJIEMOHCTPUPOBAHO, YTO MTPEKOHAUITMOHUPOBA-
HUe ceBO(IypaHOM yBeJUUYMBaeT cojep:kanue doc-
hopumuposannoit hopmbr TCK-36 (bocho-T'CK-35)
U 3alUIIAeT MUTOXOHJPUN HEMPOHOB B MO3TE KPbIC
o Bpems unremnn/periepdysun [9]. Lenvio HacTos-
IIETO MCCJEOBAHUS CTAJIO OIPEIEIUTh, 00JIaaeT JIn
nechypaH HeHpPOTPOTEKTOPHBIMHU CBONCTBAMU, U
OIIEHUTD WX BBIPAKEHHOCTb.

Marepuan u MeTObI

OcTaHOBKY CUCTEMHOTIO KPOBOOOPAIIEHUST MO -
pOBajl B COOTBETCTBUU C METOJ/IOM, BIIEPBBIE OMUCAH-
ubiM B. T. Kopniauessim u corp. [10], BocTpeGoBaHHBIM B
paborax 3apy6exHbix aBTOpOB [11]. AHecTe3upOBaHHBIX
KpbIC (hpUKCUPOBAIN HA TIPENAPOBAJBLHOM CTOJIE B T0JIO-
’keHun Jiexka Ha crirhe. [Tocisie cpepimHHOrO Hajxpesa Ko-
JKM Ha TPY/IM, OKKJIIO3UPYIONNIT KPIOK (IIPOBOJIOKA /1A~
MeTpoM 1 MM ¢ u30oTHYThIM 1o/ yriioMm 90° KoHIoM, JITIHA
KkoToporo 1 ¢cM) BBOAMJIN B cpe/loCTeHNEe Ha YPOBHE BTO-
poro MexpebepHOro MpoMeskyTKa. KpIiok 0cTOpoxkHO
[IOBOPAYMBAJIM IIyTEM IIEPEMEIICHUS] €ro UCTaJbHOTO
KOHIIA BJIOJTb 33/{HEH CTEeHKM TPyaHOH kieTku. Ilosnoe
npekpaiienue KpoBooOpaIleHus TOCTUTAIU MyTEM Iie-
peskaThsl OCHOBHBIX COCY/IOB CEp/illa U OJJHOBPEMEHHBIM
naBJeHneM Ha Tpyab manbiiamu. Ilocre 2—3 MunyT 1He-
peskaTus Kpiok yxausian. OcTaHOBKa CepAlla MOATBEPIK-
JlaJiach OTCyTCTBUEM cepialebuenus. [[iuTenbHOCTD OC-
TAHOBKHU Cep/lla COCTaBJsAIa 3 MHUHYTBI, IOCJE Yero
HaynHaau peanumanuio. [Iposoauan kommpeccuu rpy/-
HON KJIETKM U MCKYCCTBEHHYIO BEHTHJISIIMIO JIETKUX
(MBJI) Bo3myxom pecnupatopoM ajst KUBOTHBIX Ugo
Basile Gas Anesthesia System (Ugo Basile, Uranus).
Kommipeccun rpyiHoit KJieTKH IPOJOJIKAIN /10 BOCCTA-
HOBJIEHUS CIIOHTAHHON CepIeYHON [eATeJbHOCTH, HO He
6osee yem 5 MunyT, a UBJI mpekpainasiu mocie BoccTa-
HOBJIEHUSI CIIOHTAHHOTO JIbIXaHUSI.

Konrposbuas rpynna (C, n=12). JKubotHeix anecre-
3MPOBAJIU C IOMOII[bI BHYTPUOPIOIIMHHON UHBEKIIUK XJI0-
pasruzpara B f103e 300 Mr/Kr, KOTOPBIN OBLI HOATOTOBJIEH
Heriocpe/ICTBEHHO 1iepet BBegenueM. Ilocie noctuskenns
JOCTATOYHON TJIyOUHBI aHeCTe3NH KPbIC (DUKCHPOBATIN Ha
npemnapoBajibHOM crojie. [Toce uHTybaum Tpaxen yepes
POT TOHKOH CHJIMKOHOBOH TPYOKOii, )KHBOTHBIX BEHTHJIN-
poBaymu aTMOC(EPHBIM BO3ZYXOM C YACTOTON JIbIXaHUS
85emun" B Teuenue 25 munyt. 3arem VBJI npexpariasim,
KPbIC 9KCTYOMPOBAJIU U BHIBOJUJIN U3 SKCIIEPUMEHTA [Ty TEM
nekarnuran. Mosr Kpbic M3BJIEKaIU, TOMOTeHU3UPOBAIN
1 (PUKCHPOBAJIN B KUJIKOM a30Te.

Ipynna «umemus/penepdysusa» (U/P, n=8). Ku-
BOTHbIX aHECTE3UPOBAJIM BHYTPUOPIOUIMHHON HHbEKIINEl
xjiopanaruapara B 103e 300 Mr/Kr, KOTOPbIil TOTOBUJIN He-
ocpe/IcTBeHHO Tiepes BBejenueM. Ilocie poctmskenns
JIOCTATOYHON rIyOUHBI AHECTE3HH, KPbIC (PUKCUPOBAIH HA
npenapoBaibHoM crosie. [locse nuTyGanuy Tpaxer Havu-
nann VBJI atmochepHbIM BO3/IyXOM € 4aCTOTOH IBIXaHUST
120 emun" B Teuenne 25 muryT. OCTaHOBKY CEP/IA [JTH-
TEJBHOCTHIO 3 MUH MOJIEJUPOBAJINA paHee OIMCAHHBIM
c11oco6oM. 3areM JKUBOTHBIX peaHuMuposasu. [locse Boc-
CTAHOBJICHUS CEP/IEYHOM /IesITeJIbHOCTU 1 JIbIXaHUS, KPBIC

Materials and Methods

Systemic circulatory arrest was induced according to
the technique originally described by V.G. Korpatchev et
al. [10], which is also applied by international researchers
[11]. The anesthetized rats were immobilized in supine
position on a dissection table. After a midline skin incision
in the chest, an occluding hook (a 1 ¢cm wire having 1 mm
in diameter with a cranked end) was introduced into the
mediastinum at the level of the second intercostal space.
The hook was gently turned by moving its distal end along
the dorsal wall of the thorax. A complete circulatory arrest
was achieved by compression of major cardiac blood ves-
sels and simultaneous pressure on the chest with fingers.
The hook was removed 2—3 minutes after the compres-
sion. Cardiac arrest was confirmed by the absence of heart-
beat. The duration of the cardiac arrest was 3 minutes, and
then the resuscitation procedure was initiated. Chest com-
pressions and mechanical ventilation were performed
using an Ugo Basile Gas Anesthesia System animal respi-
rator (Ugo Basile, Italy). Chest compressions continued
until spontaneous cardiac activity and systemic blood cir-
culation recovered, but for not longer than 5 minutes, and
the mechanical ventilation was discontinued after recov-
ery of spontaneous respiration.

Reference Group (C, n=12). The animals were anes-
thetized using intraperitoneal chloral hydrate injection at
a dose of 300 mg/kg, which was prepared directly prior to
administration. After achieving a sufficient depth of anes-
thesia, the rats were fixed on a dissecting table. After oral
intubation with a thin silicone tube, animals were mechan-
ically ventilated using atmospheric air with a respiration
rate of 85+min™ for 25 min. When the MV was discontin-
ued, the rats were extubated and withdrawn from the
experiment by decapitation. Then, the rat brain was
removed and fixed in liquid nitrogen.

Ischemia/Reperfusion group (I/R, n=8). The animals
were anesthetized by intraperitoneal injection of chloral
hydrate solution at a dose of 300 mg/kg, which was pre-
pared directly prior to administration. When a sufficient
depth of anesthesia was achieved, the rats were immobi-
lized on a dissecting table. After oral intubation with a thin
silicone tube, animals were mechanically ventilated using
atmospheric air at a respiration rate of 120*min” for 25
min. Cardiac arrest was induced by the procedure described
previously. Then animals were then resuscitated. When car-
diac activity and respiration had been restored, the rats
were withdrawn from the experiment, and materials for
examination were sampled.

Sevoflurane group (S, n=9). Animals' heads were
placed in a 5 ml glass container containing a cotton swab
dipped in sevoflurane (Sevoflurane, Abbot Laboratories
Limited, United Kingdom). When a sufficient depth of
anesthesia was achieved, the rats were immobilized and
intubated, and the mechanical ventilation was initiated. At
the same time, sevoflurane was introduced into the venti-
lator circuit directly before the endotracheal tube at a dose
of 50 ul/min, providing an exhaled anesthetic concentra-
tion of 1 MAC. Sevoflurane administration lasted 25 min-
utes for each animal, and then the MV was discontinued.
The rats were then extubated, withdrawn from the experi-
ment, and materials for examination were sampled.

Sevoflurane + ischemia/reperfusion group (S+I/R,
n=9). The anesthesia was performed as in the S group.

www.reanimatology.com

GENERAL REANIMATOLOGY, 2016, 12; 6



DOI:10.15360,/1813-9779-2016-6-8-15

BKCHGPIAMGHTQABHHC MCCACAOBAHM I

BBIBOJIMJIM U3 HKCIIEPUMEHTA, 3a0UPaJI MAT€PUAI JIJIs UC-
CJIeI0OBAHUSI.

Ipymma «ceBodmypans (S, n=9). TosoBy skmBOTHOTO
MOMEIIAIN B CTEKJISTHHBI KOHTeHep 06heMOM 5 MII, CO-
JIep>KalIi BaTHBIN TaMIIOH, CMOUYEHHBIM B CEBOPAHOM (ce-
Bo(aypan, Abbot Laboratories Limited, Besukobpura-
nus). Ilocse JAOCTWIKEHMS JOCTaTOUHON  TIyOUHBI
AHeCTe3MU KPbIC (GUKCUPOBAIN, MHTYOMPOBAIN U HAUYMHA-
s UBJL. B To ske Bpems ceBopaH HAYMHAIN BBOAUTD B JTbI-
XaTeJIbHBII KOHTYP HEMOCPEJCTBEHHO Tepe] 9HI0Tpaxe-
anbHOH TpyOKOil B 03¢ 50 MKJ/MHH, co3aaBas
KoHieHTpaiuio anectrerrka Ha Boiioxe 1 MAK. Beenenue
CeBOPaHA JIJINIOCH 25 MUHYT JIJIsI KaXKIOT0 JKHBOTHOTO, T10-
caie yero MIBJI npexpauan. Kpbic akcTyOrpoBaim, BbIBO-
JIAJTU U3 9KCTIEPUMEHTA 1 3a0UPasiil MaTepHal.

Ipymma «ceBodaypan-+uiemust/penepdysust» (S+U1/P,
1n=9). IHyKI1i0 aHeCTe3nn OCYIIECTBIISAIN KaK B TpyTie S.
ITocste 25 MUHYT UHTAIAIIHA CEBOPAHA MOJIETUPOBAIIH OC-
TAHOBKY Cep/la. 3aTeM JKUBOTHBIX PEAHUMHUPOBAIU U 3a-
Gupasi MaTepua.

Ipynma «gecdaypan» (D, n=9). lonoBy xnBotHOTO
MOMEIAIN B CTEKJIAHHBII KOHTEHHEP 06BEMOM 5 M, CO-
JlepsKaluil BaTHBIN TaMIIOH, CMOUEHHBIM B cylpaHe (jiec-
daypan, Baxter Healthcare Corporation, CIIIA). ITocue
JMOCTYIKEHUS JIOCTATOYHOU TJIYOMHDBI aHECTE3UU KPBIC
urcuposamm, naTybmpoBaan n Haunnaan VBJI. B arto
BpeMsi CyNpaH BBOJUJIM B JIbIXaTeJIbHBII KOHTYD HeIo-
CPEICTBEHHO Iepe/l AHI0TPaxeanbHO TpyOKOoii B 103¢e 170
MKJI/MUH, CO3/1aBasi KOHIIEHTPAIMIO AaHECTETUKA Ha BBIJIO-
xe 1 MAK. BBesnenue cympana JIuioch 25 MUHYT JIJist
kaxxzporo skuBotHoro. I[locie atoro MBJI mpekparmasny,
KPBIC 9KCTYOMPOBAIN U BBIBOJWJIM M3 9KCIIEPIMEHTA, 3a-
6upanu Matepua. Tak kak gecdrypaH KUIHAT TP KOM-
HATHOU TeMIIepaType, IIPUIL TIOMENaln B CIIeIUATBHYIO
KaMepy, B KOTOPOH TeMIieparypa TMoIep;KUBAIACh B THa-
nazone ot 0° no -4°C.

Ipynna «gechaypana + wuriemus/pernepdysus»
rpymna (D+W/P, n=9). Unayxnuio anectesmn ocyiie-
cTBJIsH, Kak B rpytie D. TTocie 25 MUHYTHON WHTAJIS-
IIUU CYNIPAaHOM, MOZIEJINPOBAJIA OCTAHOBKY CcepAala. 3a-
TEM JKUBOTHBIX PEAaHUMUPOBAJIU, 3a0Upajiun MaTepual
Ha UCCJe0BAHNE.

OGpasibl TOMOreHaTOB Mo3ra morpyxaiu B 15%
Tpuc-rimius moaunakpuaaMuanbii resab (10—20 Mkr 06-
mero Gesika Ha nosocy). [Tocae anekTpodopesa reib re-
perocuan Ha IIBA® (noausunnnageHdropum) memopa-
el (Amersham Pharmacia Biotech, Besmkobpuranus).
MewmbGpanbr 6okupoBanu B 3% (Bec/o0bem) 06e3Ku-
pernbiM MosiokoM B PBS ¢ 0,1% (06,/06) Tween 20, a 3a-
TeM UHKYOMPOBAJIK C TIEPBUYHBIMU aHTUTENAMU: KPOJIU-
ybK noJuKJAoOHanbHble aHTU-pP-GSK-3b B passenenun
1:1000 (Cell Signaling, CIIIA). Mem6patbi o6pabarbiBa-
JIN BTOPUYHBIMU KpoJuubuMu anturtenamu. Crenndu-
YeCKuUe M0JI0CHI OB BU3YaTM3UPOBAHBI ¢ TIOMOIIBIO Be-
crepu-6morTunr  Habopa ECL  Plus  (Amersham
Pharmacia Biotech, Benukobpuranus) (puc. 1). Ilocie
3aBeplICHUS CKAHUPOBAHUS IJIOTHOCTbH IMOJYYEHHOTO
OKpaIlllUBaHUst B MeMOPaHe U3MePSLIN JIJIst KaKI01l [0JI0-
CKU C HCIIOJIb30BAHUEM IIPOrPAMMHOTO ObeciieyeHust
ImageLab (Bio-Rad, CIITA).

[Tosydennsle MaHHBIE W3MEPUJIM B OTHOCHUTEJBHBIX
ennHnIaX (OTH. €/I.) W TPEJCTABUJIN B BUJE MEIMAHBI C
MEKKBAPTHJIBHBIM pa3dmaxoM. CTaTHCTUYeCKUi aHainu3
nposesin ¢ nomouibio U-kputepust Manna-YutHu B 1po-

Cardiac arrest was modeled 25 min after sevoflurane
inhalation. Then animals were resuscitated, and the mate-
rials for examination were sampled.

Desflurane group (D, n=9). Animals' heads were
placed in a 5 ml glass container containing a cotton swab
dipped in suprane (desflurane, Baxter Healthcare
Corporation, USA). When a sufficient depth of anesthesia
was achieved, the rats were immobilized and intubated,
and the mechanical ventilation was initiated. At the same
time, suprane was introduced into the ventilator circuit
directly before the endotracheal tube at a dose of 170
ul/min, providing an exhaled anesthetic concentration of 1
MAC. Suprane administration lasted 25 minutes for each
animal, and then the MV was discontinued. The rats were
then extubated, withdrawn from the experiment, and
materials for examination were sampled. Since desflurane
boils at a room temperature, the syringe was placed into a
special chamber in which the temperature was maintained
within the range from 0° to -4°C.

Desflurane + ischemia/reperfusion group (D+I/R,
n=9). The anesthesia was performed as in the D group.
Cardiac arrest was modeled 25 min after suprane inhala-
tion. Then animals were resuscitated and the materials for
examination were sampled.

Samples of brain homogenates were dipped into
15% tris-glycine polyacrylamide gels (10—20 mg of
total protein per strip). The gel was transferred onto
PVDF  (polyvinylidene  fluoride) = membranes
(Amersham Pharmacia Biotech, UK) after elec-
trophoresis. The membranes were blocked with 5%
(w/v) milk skimmed in PBS with 0.1% (v/v) Tween 20,
and then incubated with primary antibodies (rabbit
polyclonal anti-P-GSK-3b antibodies diluted at a ratio
of 1:1000) (Cell Signaling, USA). The membranes were
then treated with secondary rabbit antibodies. Specific
bands were visualized using ECL Plus Western blotting
kit (Amersham Pharmacia Biotech, UK) (Fig. 1). After
scanning, the density of the resulting stain in the mem-
brane was measured for each band using the Image Lab
software (Bio-Rad, USA).

The obtained data were expressed as relative units
(r.u.) and represented as medians and interquartile ranges.
Statistical analysis was conducted using the Mann-
Whitney U-test, and the difference was considered signifi-
cant at P<0.05 (Statistica 6.0, StatSoft, USA).

Results and Discussion

Median concentration of p-GSK-38 in sham
(falsely operated) animals in the C group was equal
to 304574 [169651—426472] r.u. (Fig. 2).

The three-minute total ischemia followed by
reperfusion in the I/R group led to a significant
increase in p-GSK-38 concentration as compared to
the C group (P<0.05), namely to 620437 [454993—
785880] r. u.

The same results were observed in rats treated
either with sevoflurane in in the S group or desflu-
rane in the D group, with a mean increase in the p-
GSK-3f concentration up to 743166 [742257—
990792] and 667119 [619735—790934] r.u.,
respectively. Although these levels were comparable
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Puc. 1. Ckan 6J10T-IICHOK.
Fig. 1. Blot scan.

Note. For Fig. 1, 2: C — Control; I/R — "Ischemia/Reperfusion”;
S — "Sevoflurane"; S+I/R — "Sevoflurane + ischemia/reperfu-
sion"; D — "Desflurane”; D+I/R — "Desflurane + ischemia,/reper-

fusion”.

Ipumeuanune. [l puc. 1, 2: p-GSK-38 — docdo-IT'CK-35;
Groups — rpynuns;; C — koutpoisb; 1/R — «uiemusi/pernepdy-
3ust»; S — «ceBodurypan»; S+1/R — «ceBodurypan + urremusi/pe-
nepdysusi»; D — necaypan; D+U/P — «mechaypan + wurmre-

musi/perniepdysusis.

rpamme Statistica 6.0 (StatSoft, CIITA), craTucTiyeckn
3HAUYMMBIMHE PasJInaust caurasu npu p menee 0,03.

PesyabraThl U 00CyK/IEHHE

Cpennee 3Hauenme (MeanaHa) COAEPKAHUS
hocdho-TCK-38 y 10KHO-0MEPUPOBAHHBIX JKUBOT-
upix B rpymme C cocraBuino 304574 [169651 —
426472] otH. ex. (puc. 2).

TpexMUHYTHasT TOTATbHAS UIEMUS C TTOCJEY-
forelt penepdysueit B rpymnme V/P npusena x 3Ha-
YUTEJBHOMY YBeJIUYeHUo cojepxanust docho-
I'CK-36 mo cpasuenuio ¢ rpymmoir C (p<0,05), no
620437 [454993 — 785880] orH. ef..

MbI HabIOfaIn aHAJIOTHYHBIE PE3YJIBTAThl Y
KPBIC, aHECTE3UPOBAHHBIX CeBO(IyPAaHOM B TPyTIEe S
um echrryparoM B rpytire D, ¢ yBesmuenwe conepska-
uust pocdo-I'CK-36 B cpennem o 743166 742257 —
990792] u 667119 [619735 — 790934] oTH.ex1. cooTBeT-
cTBeHHO. XOTSI 9TH IMOKa3aTe ObLIM COMOCTABIMbI
MeIy AByMst Tpymmamu (p>0,05), oru ObIM 3HAYM-
TeJIbHO Bbitme, yeM y rpytiist C (p<0,05).

B rpynme S+U /P cpennee conepxanue hocho-
I'CK-3p pasusiiocs 922231 [824201 — 1020261]
OTH. €]I., 4TO TaKKe OBLIIO 3HAYUTEJIBHO BBIIIE, UM B
rpymie C (p<0,05).

Ty ke TeHIeHIWIO HAOJIOJATM B TPYyIIIle
D+U /P rre conepxanue docho-I'CK-3f cocraBuio

Puc. 2. Me:xxrpynmnoBsie pa3inyus 10 KoHieHrpauuu dpocdopu-
JIMPOBAHHON (POPMBI IIIMKOTEH CHHTETa3bI-KUHA3bI-3f.

Fig. 2. Between-group differences in concentration of p-GSK-38.
Note. * — P<0.05 compared with the control group.
Ipumeuanue. r. u. — otH. ef,; * — p<0,05 110 cpaBHEHMIO C KOH-
TPOJILHON TPYIIIOLL.

between the two groups (P>0.05), they were signifi-
cantly higher than those in the C group (P<0.05).

In the S+I/R group, the median p-GSK-33
concentration was 922231 [824201—1020261] r.u,,
which was also significantly higher than that in the
C group (P<0.05).

The same trend was observed in the D+I/R
group, where the median p-GSK-38 concentration
was equal to 677084 [581352—742218] r. u. (P<0.05
vs. the C group).

There was no difference in p-GSK-34 concen-
trations between all four groups treated with inhala-
tion anesthetics, both alone or followed by
ischemia/reperfusion (P>0.05). Furthermore, levels
of this enzyme were comparable with the results in
the T/R group (P>0.05).

In 1979, D.R. Hunter and R.A. Haworth
observed the phenomenon of excessive mitochondrial
membrane permeability at increased Ca2* concentra-
tions in the matrix. They suggested that there were
mitochondrial permeability transition pores [12].
During reperfusion, a great amount of reactive oxy-
gen species (ROS) is released from ischemic cells,
thus leading to mPTP opening [13], water and dilut-
ed substances enter mitochondria through the
opened pores causing matrix swelling and outer mem-
brane disruption. Cytochrome C is released from the
intermembrane space and initiates apoptosis [14].

Inhalation anesthetics are known to trigger
preconditioning by releasing a small amount of ROS
from the mitochondria, thus leading to a significant
increase in the ROS sensitivity threshold for mPTP
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B cpenreMm 677084 [581352 — 742218] orH. en.
(p<0,05, o cpasuenuio ¢ rpymmoii C).

MbI He OOHAPYKUJIN HIUKAKUX PasJIndUil B CO-
nep:xanun dhocdo-I'CK-36 Bo Beex 4-x Tpyrmax, rie
MIPUMEHSIIN WHTAJISTIMOHHBIE AaHECTETUKH, KaK B OJTH-
HOUKY, TaK ¥ B COYETAHUU C MOCJIEYIONIEH HIeMU-
eii/penepdysueii (p>0,05). Kpome Toro, comepska-
HUe 9TOro ¢epMeHTa OBLIO COMOCTABUMO €
pesyasraramu B rpyiie /P (p>0,05).

B 1979 romy D.R. Hunter and R.A. Haworth ma-
Gurro1as (heHOMEH Ype3MePHOI TIPOHUIIAEMOCTH M-
TOXOH/IPUATIEHON MeMOPaHBI B YCJIOBHSIX MOBBIIICH-
Hoii konnenrpanuu Ca2™ B MaTpuKce M BbICKA3a/IM
MIPE/IIOJIOKEHe O CYIIeCTBOBAHUK Hecrenuduaec-
KO MUTOXOH/ipuansbHOU mopsl [12]. Bo Bpems pe-
nepdy3ur BBICOKOE KOJUYECTBO AKTHBHBIX (HOPM
kucsopoza (ADK) BbICBOOOKIAETCS U3 UIIEMUHUPO-
BAHHBIX KJIETOK, YTO MPUBOANUT K OTKpbITUI0O mPTP
[13]. Yepes oTKpBITYIO IIOPY B MUTOXOH/PUIO IIOCTY-
TaeT BoJIa M PACTBOPEHHbBIE B HEl BEIIECTBA, BHI3bIBAS
HabyxaHIe MaTpUKCa W Pas3pbiB HApyKHOU MeMOpa-
HbL. V13 MexkMeMOPaHHOTO MIPOCTPAHCTBA BBICBOOOK-
naetcs ruroxpom C, maUTIMUPY: anonTto3 [14].

WN3BecTHO, 4TO WHTAJISITUOHHBIE AHECTETHKH
3aIlyCKalOT MPEKOHIUIIMOHUPOBAHNIE 32 CUET BHIOPO-
ca masioro koimdectsa ADK u3 mMuToxoHapuii, 4to
MPUBOJIUT K 3HAYUTETHHOMY YBEJTMUEHUIO TOPOra
gysctBuTeabHocT mPTP k ADK [15, 16]. dto ne-
6oapiioe kosmmdecTBo ADK feficTByeT Kak cuTHAT
TS aKTUBAITIH KMHA3HOTO Kackaja, KOTOPbIH 3aKaH-
YUBAETCS TJIMKOTeH CHHTA30-KIHa30i 33, pacoJio-
JKEHHOH HeNOCPeICTBEHHO TIepell KOMILTEKCOM
mPTP [15]. @ochopunupoBanune (MHAKTUBAIINN)
ATOTO KJIOYEBOTO (hepMeHTa MPeIOTBPAIAET OTKPbI-
THE MHUTOXOHJPUAJBHOI TOPbHI, BbI3bIBAEMOE II0-
BpEK/IEHUEM BCJIE/ICTBUE UIIEMUN /periepdy3ui.

B 2009 roxy 6bLTH CyMMUPOBAHBI BCE TOCTYTI-
uple K ToMy Bpemenu jannple o mPTP, ee cBasu c
I'CK-38 u yuyactum obenx Kackaze denomeHa mpe-
KOHIUTIMOHUBapoBanus [17].

B mpeznpiyiemM rccieoBaHUN MbI ITPOJEMOH-
CTPUPOBAJIH, UTO TPEKOHUITUOHUPOBAHIE CEBODITY-
panom yBeauunsaer copepskanue dhocho-I'CK-36 u
3aIUINAeT MUTOXOHJPUU HEHPOHOB B TOJOBHOM
MO3T€ KPBIC OT MOBPEXKIEHNS aKTUBHBIMU (hopMaMu
Kucjaopoa npu utemun,/penepdysnn [9].

B mannom nccnenoBarny uiemust/penepdysns
B rpymmne V/P npusesa, Kak 1 ObLIO TPEACKA3aHO, K
3HAUNTETLHOMY YBeJW4YeHHUI0 cojep:xkanus ¢ocdo-
I'CK-38 mo 204% (p<0,05). DToT pesysbrar MOXKeT
OBbITH CBSI3aH CO CXOKUM C TIPEKOHAUIIMOHUPYIOIIM
CTUMYJIOM, BBI3BAHHBIM 3-X MUHYTHOM UIIIEMUN.

[IpekouaMIIMOHUPOBaHUE CEBOMIYPAHOM B
rpymie S BBI3BAJIO yBeINUYeHne cofiepskaHus docdo-
I'CK-38 (p<0,05) mo 244% 10 cpaBHEHWIO C JIOKHO-
onepupoBaHHbIME KuUBOTHBIMH (Tpynmna C). Kak
YIIOMUHAIOCH paHee, 9TO HAOJIIONEHIE MOKET ellle
pa3 yKasbIBaTh HA aKTUBAIIMIO KACKa/a, BEAYIIETO K

[15, 16]. This small amount of ROS acts as a signal
for the activation of the kinase cascade which ends
with glycogen synthase-kinase 38, located directly
before the mPTP complex [15]. Phosphorylation
(inactivation) of this key enzyme prevents the mito-
chondrial pore opening caused by ischemia/reperfu-
sion injury.

In 2009, all available data regarding mPTP, its
relation to glycogen synthase-kinase 38 and the
involvement of both in preconditioning cascade phe-
nomenon were summarized [17].

Our previous study demonstrated that precon-
ditioning with sevoflurane increases the p-GSK-34
concentration and protects the mitochondria in rats'
brain neurons during ischemia/reperfusion [9].

In the current study, the ischemia/reperfusion
in the I/R group cause a significant increase in the p-
GSK-3f8 concentration up to 204%, as it had been
predicted (P<0.05). This effect can be attributed to
ischemic preconditioning-like stimulus, caused by
the 3-minute ischemia.

Preconditioning with sevoflurane in the S
group caused a 244% increase in the p-GSK-38 con-
centration (P<0.05) vs. sham animals (group C). As
it has been mentioned previously, this observation
may demonstrate an activation of the cascade, lead-
ing to augmented cell protection against ischemic
injury, even if such injury did not follow [9].

Apparently, anesthetic and ischemic precondi-
tioning have a limited ability to summarize their pro-
tective effects, as it has been evident from a 303%
increase in the p-GSK-38 concentration in the
S+1/R group. However, these findings did not differ
significantly from values in S group and I/R group
(P>0.05).

In the brain samples of animals preconditioned
with desflurane, either alone (D), or followed by
ischemia/reperfusion (D+I1/R), the p-GSK-38 con-
centrations increased by 219% and 223%, respective-
ly. This indicates that, like sevoflurane, desflurane
triggers anesthetic preconditioning; however; unlike
sevoflurane, it is not disposed to summation. In addi-
tion, we found no significant difference in p-GSK-34
concentrations between the groups treated with des-
flurane and sevoflurane, and that with
ischemia/reperfusion modeling without any inhala-
tion anesthetic (P>0.05).

Conclusion

This study again demonstrates the ability of
sevoflurane to increase the p-GSK-34 concentration
in rats' brains exposed to 3-minute of global ischemia
followed by reperfusion. Our data suggest that the
observed effect is typical both for sevoflurane and
desflurane. This result can be regarded as the evi-
dence that inhalation anesthetics under test produce
the effect of anesthetic preconditioning.
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MOBBINIIEHUTO KJIETOYHON 3aIUTBI OT WITEMIYECKOTO
MOBPEXKAEHUS, JaKe eCJTU UIEMUS B TIOCTIeLyToleM
He nocsiezioBada [9].

[To-BuMOMYy, y aHECTETUIECKOTO U UITIEMUYEC-
KOTO MPEKOHAUITMOHUPOBAHUS UMEETCST OTPaHUYEeH-
Hasl CIIOCOOHOCTh K CYMMMPOBAHUIO POTEKTOPHBIX
a(HEKTOB, YTO OTMEYATOCH IO YBEJTUIEHUIO CO/lePIKa-
uust docho-I'CK-3 mo 303% B rpymme S+1/P. Tem
He MeHee, 9TOT Pe3yJIbTaT CYIIeCTBEHHO He OTJINYaeT-
cs1 oT 3Havenuit B rpymmax S wim U /P (p>0,05).

B obpasiiax Mo3ra JKHBOTHBIX, TOJBKO MTPEKOHIN-
IIMOHUPOBAHHBIX jiechypanoM (D) nimm ¢ mociemnyio-
meit nmemwueli/pernepdysueii (D+U1/P), conepxanne
hocho-TCK-34 ysemmumnocs va 219% u 223% coor-
BETCTBEHHO. JTO YKa3bIBAET HA TO, UTO JlechrypaH Kak
1 ceBoTypaH, SBJSETCS TPUTTEPOM aHECTETHUECKOTO
MIPEKOH/IUTIMOHUPOBAHUS, B OTJINYKE OT TOCJEHETO,
OJTHAKO, He CKJIOHHBIM K CyMMUpPOBanuio. Kpome Toro,
MbI He OOHAPYIKUJIN CYIIECTBEHHOI Pa3HUIIBI B COEP-
xanun ocho-I'CK-3f mexay rpyiimamu, rie mpuve-
HAMCh ceBorypan wian aecdaypan u rpymion rie
MOJIEJIMPOBAJIach nieMusi/perepdysust 6e3 mpuMeHe-
HUST MHTAISIIMOHHBIX aHecTeTHKoB (p>0,05).
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ﬂaHHOG nccaeg0Batnue emie pa3 1eMOHCTPUPYET
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The presented data may extend the range of
therapeutic indications for inhalation anesthetics in
clinical practice.

In addition, the long-forgotten, little-known,
but easy-to-perform V. G. Korpatchev's model of
ischemia/reperfusion could be deployed in further
experiments.

dhocdo-TCK-38 B Mo3re KpbiC, TEpeHECITUX 3-MU-
HYTHYIO TJIOGAIbHYIO UIIEMUIO ¢ TIOCIEAYIONIeN pe-
nepdysueii. Hamm gannabie CBUETENBCTBYIOT O TOM,
yT0 HabJIroaeMblil a(hPeKT XapaKkTepeH Kak IJIs ce-
Borypana, Tak u s gechirypana. ITOT pe3yabrar
MOKHO PacCcMaTpuBaTh Kak JI0Ka3aTeJbCTBO TOTO,
YTO UCCJIelyeMble MHTAJISIIUOHHBIE AaHECTETUKH JleHi-
CTBUTEJIHHO TPOSIBISAIOT 2P ((DEKT aHecTeTHUeCKOTO
MIPEKOH/IUITUOHUPOBAHUSL.

[TpencraBienHble JaHHBIE MOTEHIIUATBHO MO-
TYT PacHIUPUTh CIEKTP TOKAa3aHUN K MPUMEHEHHTO
WHTJISITIOHHBIX AaHECTETUKOB B KJIMHUKE.

Kpome Toro, MasonsBecTHas, JaBHO 3a0bITasdl,
HO MPOCTAst B BBITOJTHEHUN MOJIEJTh UIIIEMITH /Perep-
dysuu B. T. KoprnaueBa MoskeT ObITh MOJIE3HA B J1aJIb-
HEHUIINX 9KCTIePUMEHTAX.
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ObIMIAA PEAHUMATOJIOI'UA

Hayuno-nipaktiyeckuii skyprai «O61mas peaHnMaToI0THs >,
Bxozstiuii B nepeuenb BAK P, nipesinasnaven /7ist Bpaueil aHeCTe3M0JI0T0B-PEaHnMATOIOTOB
W HAYYHBIX COTPYZIHUKOB.

Tematuka JKypHaJa: 1aToretes, KJInHuKa, InariocTrkKa, JiedeHue, HpO(i)I/I]IaKTI/IKa 1 IIaTOJIOIMYEeCKasA aHaTo-
MU KPUTUYECKUX, TEPMUHAJIBHBIX W TIOCTPECAHNMAIITMOHHbBIX COCTOSTHUI. BO]'IpOCI)I OKa3aHusAd IIOFOCHHT&JIBHOﬁ 110~
MOMIU IIPU KPUTUYECKUX COCTOAHUAX. BOHpOCbI O6y‘{€HI/IH HaceJeHUA U MEJUITMHCKOTO ITepCOHaJIa IIpueMaM OKa-
3aHUS HEOTJIOKHOM TTOMOIIN TP KPUTUYECKUX COCTOAHUAX.

Aypmuropust: iedeGHbIe yIPeKIEHNUs; BBICITIE yIeOHbIe 3aBeleH ST MEAUTIMHCKOTO MPOMUIIS; MEIUITTHCKUE
YUPERIEHs OCJAeUILIIOMHOro oOpasoBanust, DenepalibHble U PErHOHATIbHbIE OPraHbl YIIPABIEHUS 31[PABO0OXPa-
HEeHUeM, MEJIUIIMHCKIE HAYYHO-UCCIIE[0BATEbCKAE HHCTUTYThI; MEIUIIMHCKITE OUOIMOTEK.

IMOAIINCKA

B 11060M IOYTOBOM OT/€JIeHHH CBS3H [0 KaTasory «PocneyaTss>

e uHeKc 46338 — g MTHANBU/IYaIbHBIX TIOJITUCYUKOB
* mHeKe 46339 — i mpeanpusATHIL U OpraHnu3aIit
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