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Craniocerebral Hypothermia Stimulates
Reactions of Limited Proteolysis in Rat Tissues

Pecbepart: N3yuanu BnusiHue ymepeHHoro pexumMa kpaHuouepebpansHoi runotepmun (KUIM) 32°C Ha o6Luyo npoTeonutuyeckyto
aktmBHocTb (OlA), akTMUBHOCTb HETpuncuMHonodo6HbIx npoteuHas (HTIM), a Takke Ux UHIMBUTOPOB (O-1-MHIMBUTOpPa NpPoTEMHa3
(a-1-UM) n a-2-makpornobynuHa (0-2-MIM)) B TkaHAX LieHTparbHOW HEPBHOW cUCTeMbl (Kopa Mo3ra, runotanamMmyc, MO3Xe4yok),
nepudepunyeckux opraHoB (cepgue, nerkue, nedeHb, NOYKU) U CbIBOPOTKE KPOBW KpbIC. YcTaHoBMNeHO, 4To npu KU BO BCcex m3y-
YeHHbIX obpasuax pesko nosbiwanack OlMA (Ha oguH-ABa nopsiaka) u aktusHocTe HTIM (B pasbl). Mpu 3ToM Ha hoHE HEU3MEHHOTO
ypoBHs 0-1-UM guHamuka akTnuBHOCTM O-2-MIT MMena pasHOHanpaBreHHbIN U TKaHecneunduyeckuin xapaktep, noBbIWAasCh B CbIBO-
poTKe KpoBW, runotanamyce, cepple, CHKasCb B MO3XKeYKe M Moykax, a B OCTanbHbIX TKaHAX OHa He u3MeHsnacb. Yepes 24 4
Bblcokuii ypoBeHb OlNMA coxpaHsincsi, aktusHocTb HTTIMN B 6onblunHcTBE 06pasLoB Bo3Bpallanachk k ncxogHon, a-1-UM — cHnxanacb
TONbKO B KOpe Mo3ra v runotanamyce, a a-2-MI — B runotanamyce, MO3Xeyke W Moykax, MOBbIWAACL B CEpALE U NevyeHu, B
ocTanbHbIX obpasuax 6bln UcxoaHbI ypoBeHb. Peskasi aktuBaums npotenHas npu KU, coxpaHsiolwascs yepes 24 4, coBur AvHa-
MWYECKOrO paBHOBECUS MeXAy 3H3MMaMu U MHIMOMTOpaMu MOryT oTpaxaTb 3HayuTernbHble NEePecTPONku B CUCTEMaxX OpraHu3ma,
HanpaereHHble Ha peanu3aunio 3aluTHbIX U TepaneBTUYEeCKUX MeXaHW3MOB.

KniouyeBble cnoBa: kpaHuouepebpanbHas runotepmusi, obwas npoteonnTnyeckass akTMBHOCTb, HETPUNCMHONOAOOHbIE
npoteunHasbl, a-1-MHIMBUTOP NpoTenHas, o-2-MakpornobynuH, KpbIChl.

Pecbepat: BuByanu BnnuB nomipHoro pexwumy kpasiouepebpanbHoi rinotepmii (KL 32°C Ha 3aranbHy NpoTeoniTuyHy akTUBHICTb
(BMA), akTuBHiCTb HeTpuncuHonofibHux npoteiHas (HTIMM), a Takox ix iHribiTopiB (a-1-iHriGiTopa npoTeinas (a-1-IM) i
a-2-makpornobyniHy (0-2-MIM)) y TkaHMHax UeHTpanbHOT HEPBOBOI CUCTEMU (KOpa MO3KY, FinoTtanamyc, MO304O0K), nepudepuyHux
opraHiB (cepue, nereHi, neviHka, HApPKW) Ta cupoBaTui KpoBi LWypiB. BctaHoBneHo, wo npu KUI y BCix BUBYEHUX 3pa3kax pi3Ko
nigsuwysanacsa 3MA (Ha oguH-gBa nopsigku) i aktmsHicTe HTIM (y paswm). MNpy uboMy Ha Tni He3MiHHOro piBHA O-1-IN anHamika
aKTUBHOCTI a-2-MI"T Mana pisHOCNPSAMOBaHMN i TKAHUMHOCMEUMMIYHUI XapakTep, NiABULLYIOYUCE Y CUMPOBAaTLi KPOBI, rinotanamyci,
cepui, 3HWKYYUCh Y MO30YKY i HUPKaX, a B iHWMWX TKAHWHaX BOHa He 3MiHloBanacb. Yepe3 24 roguHu Bucokun piseHb 3MMA
36epiraBcs, aktuBHicTe HTIMIM y GinbwocTi 3pa3kiB noseptanacs Ao noyatkosol, a-1-IIN — 3HuxyBanacs Tinbku B KOpi MO3Ky Ta
rinotanamyci, a a-2-MI' — y rinotTanamyci, MO304Ky i HMpPKaX, MigBULLYIOYUCH Yy Cepui Ta MediHui, B iHWMX 3pa3kax crocTepiraBcs
noyatkoBuiA piBeHb. Pi3ka akTuBauis npoteiHas, sika 36epiraeTbes yepes 24 roauHu nicns nposefdeHHs KU, 3cyB anHamivHol
piBHOBarum Mix eHaumamu Ta iHribiTopamy MoxyTb BigobpaxaTu 3HauyHi nepebynoBU B cUCTEMax OpraHiamy, CnpsiMOBaHi Ha
peanisauito 3aXMCHUX i TepaneBTUYHUX MeXaHi3MiB.

KnrouyoBi cnoBa: kpaHiouepebpanbHa rinotepmisi, 3aranbHa nNpoTeoniTU4YHa akTUBHICTb, HETpuncuHonoAibHi npoTteiHasu,
o-1-iHribiTop nNpoTeiHas, a-2-makpornobyniH, wypwu.

Abstract: The effect of moderate craniocerebral hypothermia (CCH) (32°C) on total proteinase activity (TPA), the activity of non-
trypsin-like proteinases (NTLP) and their inhibitors (a-1-proteinase inhibitor (a-1-Pl) and a-2-macroglobulin (a-2-MG) in the tissue
samples of CNS (brain cortex, hypothalamus, cerebellum), peripheral organs (heart, lungs, liver, kidneys) and serum blood in rats was
studied. In all the samples studied a sharp increase in the TPA (by one to two orders) and the NTLP activity (in several times) under
CCH were observed. At the same time, against the background of constant a-1-PI activity the dynamics of the a-2-MG activity were
multidirectional and tissue-specific: it was increased in blood serum, hypothalamus and heart, decreased in kidneys and cerebellum,
and did not change in other tissues. Twenty four hours after the CCH application, the TPA remained at the same high activity level, the
NTLP activity returned to baseline levels in the most samples, the activity of a-1-Pl decreased only in the brain cortex and hypothalamus;
the a-2-MG activity decreased in hypothalamus, cerebellum and kidneys, increased in liver and heart and returned to the baseline
levels in other samples. The sharp proteinases activation, shift of the dynamic balance between enzymes and their inhibitors under
CCH and in the recovery phase may indicate crucial changes in the orgamism systems aimed at implementation of protective and
therapeutic mechanisms.

Key words: craniocerebral hypothermia, total proteinases activity, non-trypsin-like proteinases, a-1-proteinases inhibitor,
o-2-macroglobulin, rat.
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KomMOuHartus HelipoBereTaTuBHOM OJIOKaabI 1 00-
LIETO OXJIAXAEHHs Opranu3Ma (Metol rubepHoTepa-
U1 ), BIIEpBBIe ncnonb3oBanHast A. Jlabopu u I1. ['fore-
HapoM B CepeJuHE MNPOILIOro Beka [7], mo3Boiuia
CYIIECTBEHHO TOBBICUTH 3(P(EKTUBHOCTh JICUCHUS
IIOKOBBIX COCTOSTHUH M 00€CTIeUnTh BpeMsi, HEOOXOTH-
MO€ JUISI TEPANeBTHYECKUX MEPOMPHUSITHI C LETBI0
MIPEIOTBPAIICHHUS W YMEHBIIICHHS TOPAKEHHS IIEHT-
panbHO# HepBHOH cuctems! (LIHC) npu ToTtampHOM
WIIEMHUH U TPaBMeE.

OOmas runoTepMHsi, KpoMe MOJI0KUTENbHBIX (a/1eK-
BaTHOE CHIDKCHHE YPOBHSI METa00IM3Ma U KPOBOTOKA,
3alUTa TKaHEH 1 KJIETOK OT THUITOKCHH, TPEJOTBpALIe-
HUE HAaKOIUICHHS WM BEICBOOOKICHUS IKCAUTOTOKCH -
YECKUX aMHHOKHCIOT U JIp.), UMEET U MOOOYHBIE
3¢ dexTh (BTOpHYHBIC HHPEKINH, APUTMHUH, THITOKA-
JUEMHUS], KOATyJIOaTHs U pereppy3noHHbIE TTOBPEXK-
JICHUSI OPTaHOB MPU BOCCTAHOBJIEHUH TEMIIEPATYPHI
tena (TT), KoTopble MOTYT CHIDKATh U Ta’KE HUBEIH-
poBarts ee euedHoe neicraue [5, 18, 19,22,23,27,31].

VYmpasnsemasi KpanuorepeopaabHast THIIOTEPMUS
(KLI") — otiH 13 METOIOB JIOKATBHOTO (PEerHOHAIBHO-
r0) OXJIAXJIEHHUSI — PacCMaTpUBACTCS KaK ajbTepHa-
TUBHBINA CIIOCO0 TEParneBTUUYECKOTO OXJIAXKACHUS H
HMEET PsI/i HEOCIIOPUMBIX IPEUMYILECTB 10 CpPaBHE-
Huto ¢ obmei runorepmueii. [lpu KL B mepByro
ouepenb (HOPCHUPOBAHHO CHUYKAETCS TeMIlepaTypa
HanboJiee YyBCTBUTEIBHBIX K KUCIOPOJHOMY TOJIO-
TAHWIO IepeOpabHBIX CTPYKTYpP, TOTAA KaK TemIle-
paTypa «sipa» Teja ocTaeTcs B mpejesnax, oezomnac-
HBIX U151 QYHKIIMOHUPOBAHUS CEPAEUHO-COCYINCTON
CUCTEMBI, TAK KaK ITpHU aAeKBaTHOM IposeneHnn KII'
cumxenue TT, aprepuaibHOTO JaBJIEHUS U CEPACYHOTO
pUTMa IPOMCXOJUT OTHOBPEMEHHO. TepaneBTuieckue
pesxkumbl KT (35 u 32°C) npuMeHstoTcs IpH mopa-
KEHHUSX MO3ra (MOCTUIIEMUYECKUX 1 TTOCTTpaBMaTH-
YECKHX ), KOMaTO3HBIX COCTOSHHUSIX M UILIEMHH MO3Ta,
BBI3BAHHBIX OCTAaHOBKOW cepAlla, MPHU UHCYJbTAX,
nH}papKTax, TIOBPEKICHUAX CIIMHHOTO MO3Ta, IEUYCHH
U ApYyTHX OPraHoB, aCQPUKCHH HOBOPOXKIAEHHBIX,
cy0apaxHOMAATFHOW TeMOPPAryH, a TAK)Ke IPU HEKO-
TOPBIX HEUPO- M KapIHOXUPYPIHUSCKUX OTICPAITHsIX 2,
14,23,26,31].

HecmoTpst Ha BO3pocinii HHTEpEC K UCTO0JIb30Ba-
HUIO JIOKAJTLHOM THITOTEPMHIH, MOJIEKYJISIPHBIE MEXaHU3-
MBI €€ 3alUTHOTO JIEHCTBUSA OCTAIOTCA MaJOU3yUeH-
HbiMU. I3Menenne TT MOKET BbI3bIBATh HAPYILLIEHUE
roMeocTa3a OpraHn3ma, a rtMIoTepMHUs, Kak U3BECTHO, —
CABHUTHU Ha BCEX YPOBHSIX OpraHu3auuu (MOJEKYIsp-
HOM, KJIETOYHOM, CUCTeMHOM) [2, 6, 18, 23, 27]. Hau-
Oosiee BeIpaKeHHBIE 3P HEKTHI THIIOTEPMHUH OCYIIECT-
BIISIFOTCS HA yPOBHE KJIETOYHBIX CUTHAIBHBIX ITyTEH,
CHCTEM PETYIISIINNA TCHOB U KJIICTOIHBIX CTPYKTYp [22].

W3BecTHO, 9TO MPOTENHA3BI UTPAIOT BAXKHYIO POITH
B peaju3alii MHOTHX KIETOYHBIX MPOIECCOB Ha
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The combination of neurovegetative blockade and
general cooling of the body (hybernotherapy method),
for the first time used by H. Laborit and P. Huguenard
in the middle of the last century [12] enabled a crucial
increase in the efficiency of treating the shock states
and provided the time needed for therapeutic interven-
tions either to prevent or reduce an injury of the central
nervous system (CNS) during total ischemia and
trauma.

General hypothermia, in addition to positive (ade-
quate slowing-down of metabolism and blood flow,
protecting the tissues and cells against hypoxia, pre-
venting an accumulation or release of excitotoxic amino
acids, etc.) has the side effects (secondary infections,
arrthythmia, hypokalemia, coagulopathy and reperfusion
damage in organs during recovery of the body tem-
perature (BT), which can reduce or even neutralize
its therapeutic effect [1, 2, 8-10, 26, 31].

Controlled craniocerebral hypothermia (CCH) is a
method of local (regional) cooling, it is considered as
an alternative to therapeutic cooling, and has numerous
advantages if compared to the general hypothermia.
During the CCH there is primarily a fast reduction in
the temperature of the most hypoxia sensitive cerebral
structures, while the temperature of the body ‘core’
remains within the limits safe for the functioning of
cardiovascular system, since the adequate CCH is
accompanied with simultaneous decrease in BT, blood
pressure and heart rate. Therapeutic regimens of CCH
(35 and 32°C) are used in treating brain injuries (post-
ischemic and traumatic), coma and brain ischemia,
caused by heart failure, as well as for stroke, heart
attack, injuries of spinal cord, liver and other organs,
newborn asphyxia, subarachnoid hemorrhage and for
certain neuro- and cardiac surgeries [4, 10, 24, 25, 31].

Despite an increased interest to use local hypother-
mia, the molecular mechanisms of its protective action
are still unclear. Change in BT can disturb body homeo-
stasis and a hypothermia causes the shifts through all
the levels (molecular, cellular, system) [1, 4, 10, 26].
The most pronounced effects of hypothermia are
implemented at the level of cellular signaling pathways,
gene regulation systems and cellular structures [8].

It is known that proteinases play an important role
in many cellular processes at different functional levels
(from molecular to physiological) in norm and under
pathological conditions, and their activity is controlled
by specific and nonspecific inhibitors. Limited proteo-
lysis is a key molecular mechanism for the formation,
inactivation and modification of various peptides.

In this context, the aim of this work was to study
the activity of proteinases and their inhibitors in blood
serum, tissue structures of central nervous system and
peripheral organs of rats during craniocerebral hypo-
thermia and following recovery.
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Pa3TUYHBIX (DYHKIIMOHATBHBIX YPOBHSX (OT MOJICKY-
JISPHOTO 10 (PU3HOIOTUYECKOT0) B HOPME H IIPH TATO-
JIOTHH, TIPUA 3TOM UX aKTHBHOCTH KOHTPOIUPYETCS
crienuPpUIecKUMHA U HecTelu(pUISCKUMU HHTUON-
topamu. OrpaHHUYCHHBIN IPOTEOJIU3 ABJSCTCS OCHOB-
HBIM MOJICKYJISPHBIM MEXaHHU3MOM OOpa3oBaHUS,
MHAKTUBAIIMU U MOJU(PHUKAIIMY PA3INIHbIX EHTHIOB.

B aT0i1 cBs3M 1eBI0 HACTOSIIEH pabOTHI OBIIO
M3Y4YCHHE aKTUBHOCTHU MPOTEUHA3 U UX HHTHOUTOPOB
B CBIBOPOTKE KPOBH, TKAHSIX CTPYKTYP LIEHTPAIbHOU
HEPBHOW CUCTEMBI U TEPUPEPUIECKUX OPTAHOB KPBIC
IIpU KpaHUOIIEpeOpaIbHOW THIIOTEPMHUH U HA Tarie
BOCCTAHOBJICHHS.

MartepuaJjbl 1 MeTOABI

DKCHEpPUMEHTHI MPOBEICHbI B COOTBETCTBUU C
«OO0IUMH TPUHIUIIAMHI SKCIICPUMEHTOB Ha KHBOT-
HBIX», 0100peHHbIMH V HallmoHaIbHBIM KOHTPECCOM
no ounostuke (Kues, 2013) u cormacoBaHHBIMH C
MOJ0XKEeHUsIMU «EBpOTIEHCKON KOHBEHIIMHU O 3alllUuTe
MO3BOHOYHBIX KMBOTHBIX, UCTIONIB3YEMBIX JIJIS IKCIIe-
PUMEHTANBHBIX U IPYTHX HaydHBIX Ienei» (Crpac-
Oypr, 1986). Pabory BBHIMONHSIN HA 6—7-MECSUYHBIX
caMmax OenbIXx OECIOpPOIHBIX KPBIC, KOTOPBIE A0
Hayalla SKCIIEPUMEHTa COJePIKAINUCh B YCIOBUSIX
BHUBapHs MIPU €CTECTBEHHOM CBETOBOM DPEXKHME Ha
CTaHJApTHOM pauuone ad libitum.

Jlist mpoBeieHns HEHpPOBETreTaATUBHON OJIOKaIbl
YKMBOTHBIX HAPKOTU3UPOBAIIHU (CMECh THOTICHTAJIa HaT-
pust u okcuOyTHpara Hatpus u3 pacuyera 30 u 100 mMr/xr
MAacChl COOTBETCTBEHHO). MI3BeCTHO, UTO 1IeNbI0 HAp-
xo3a rpu KL siisieTcst mogaBieHne crierupuaecKux
peaxIuii opraHu3ma Ha X0JIOJl, B Y4CTHOCTH MBbIIIey-
HOM IPO’KH ¥ BA3OKOHCTPHKIINH, COMTPOBOKAAIOIINXCSI
aKTHBaNKe 0OMEHHBIX IPOLECCOB. DTO HEOITYCTHMO
[IPU TEPAIIEBTHYECKOM TUITIOTEPMHUH, TaK KaK IPETSITCT-
ByeT cHIDKeHHI0 T'T M IpOTUBOPEYUT OCHOBHOM LIEIH
npumenenust KII™ — obecriedennio cHU>KEHUS MeTa-
Oonu3Ma, 0COOEHHO B TOJIOBHOM MO3Te. YIIPaBIIEeMYIO
KOOI mpoBoAM/IM Ha YCTaHOBKE MJIA HPOrpaMMHOTO
oxnaxaenus (mponsBoactBo CKThB ¢ OIl MuctutyTa
nmpoOieM KpuoOuosoruu u kpuomenuinasl HAH
Ykpaunsl [16]) B reuenne 60 + 10 MUH 10 TOCTIKESHUS
pekTanbHo# TeMirepaTypbl 32°C (yMEpPEHHBINA PEKUM
TUIIOTEPMHH ), KOTOPYIO U3MEPSITH 3JIEKTPOHHBIM
TepMOMETPOM. JKUBOTHBIX pacIpe/ICIIUIN Ha YEThIPE
rpynmsl (7 = 5 B Kaxk10#): 1 — KOHTPOJIb; 2 — HAPKO3;
3 — KUI'; 4 — gepe3 24 g nocne KLUI. U3 skcnepu-
MEHTa KPbIC BBIBOJWIN IyTeM Jekanutanuu. Kposb
coOupaiu B mpoOupku, orcranBainu 10 MUH pu KOM-
HATHOW TeMIiepaType U HeHTpudyrupoBaiu 15 MuH
mpu 5000g ma MPW-331 («Mechanika Precyzyjnay,
[Tonema). Iledens nepdy3upoBaTl OXJITKICHHBIM
(hm3uonormaeckumM pactBopoM. O0pasits! TkaueH (300 Mr)
MTPOMBIBAIIN OXJIAXKIEHHBIM (PU3HOJIOTHIECKUM PacT-
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Materials and methods

Experiments were carried out in accordance with
the General Principles of Experiments in Animals,
approved by the 5™ National Congress in Bioethics
(Kiev, 2013) and consistent with the statements of the
European Convention for the Protection of Vertebrate
Animals used for Experimental and other Scientific
Purposes (Strasbourg, 1986). The research was per-
formed in 6—7-month-old male outbred albino rats before
the experiment housed in the animal facility with natural
light/dark cycle and a standard diet ad libitum.

To carry-out the neurovegetative blockade the
animals were anesthetized (mixture of sodium thio-
pental and sodium hydroxybutyrate: 30 and 100 mg
per kg of animal mass, correspondingly). Anesthesia
at the CCH is needed to suppress the specific res-
ponses to cold, such as muscle tremors and vasocon-
striction, accompanied by the activation of metabolic
processes. This is unacceptable in therapeutic hypo-
thermia as it prevents BT lowering and is inconsistent
to the basic purpose of the CCH application, i. e. ensu-
ring a metabolism slowing down, especially in brain.
The controlled CCH was performed by means of the
unit for programmable cooling (produced by the Special
Constructing and Technical Bureau with Experimental
Unit of the Institute for Problems of Cryobiology and
Cryomedicine [11]) during 60 + 10 min up to reaching
the rectal temperature of 32°C (moderate hypothermic
regime), measured with an electronic thermometer.
The animals were divided into four groups (7 =5 in
each): 1 —control; 2 —anesthesia; 3 — CCH; 4 — 24 hrs
later the CCH. The rats were sacrificied by decapi-
tation. Blood was collected into tubes, left for 10 min
at room temperature and centrifuged for 15 min at
5000g with MPW-331 device (Mechanika Precyzyjna,
Poland). The liver was perfused with a cold physiolo-
gical saline. Tissue samples (300 mg) were washed
with cold physiological saline and homogenized in 3 ml
of Na-phosphate buffer pH 7.4 at 4...6°C, then centri-
fuged for 10 min at 5000g with PC-6 device (Dastan,
Kazakhstan) at 4°C. The samples of blood serum and
tissue homogenate aliquots prior to the analysis were
stored at —20°C.

Blood serum and nucleus-free fractions of 10% tis-
sue homogenates of cortex, hypothalamus, cerebellum,
lung, heart, liver and kidneys were used to examine the
total proteolytic activity (TPA), activity of non-trypsin
like proteinase (NTLP) and their inhibitors (alpha-1-
proteinase inhibitor (a-1-PI) and a-2-macroglobulin
(a-2-MG) by highly sensitive (10°-10"'? g) enzymatic
methods developed at the L.T. Malaya National Insti-
tute of Therapy of the National Academy of Medical
Sciences of Ukraine. The methods are based on clea-
vage of the marker enzyme complex (horseradish
peroxidase) immobilized on the polystyrene surface and
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BOPOM M rOMOTeHU3upoBaiu B 3 M Na-ocdaTHoro
oydepa pH 7,4 mpu 4...6°C, 3arem rieHTpudyrupoBaiu
10 mun npu 5000g Ha PC-6 («Dastan», Kazaxcran)
npu 4°C. IIpoObl CBIBOPOTKH KPOBHU U QJIMKBOTHI
TOMOTEHATOB TKaHeH 10 aHanmm3a xpaamwiy mpu —20°C.

B cbIBOpoTKE KpOBU U O€3bsICPHBIX (PPaKIUIX
10%-x roMOTeHaTOB TKaHEH KOPBI MO3Ta, THIIOTaJa-
Myca, MO3)K€UKa, JIETKUX, CepAla, MeYeHH U TOYeK
oTpeessiv O0ITYI0 MPOTEOTUTHYECKYIO aKTHBHOCTh
(OITA), akTHBHOCTH HETPUIICHHOTIOAOOHBIX MPOTEN-
Ha3 (HTIIII) u ux uarnoutopos (O-1-uHruéuropa npo-
teuHa3 (0-1-UIT) u a-2-makpornoOynuna (-2-MI')
BbIcOKOUyBCTBUTENBHBIMU (10°—1071° ) sH3UMaTH-
YeCKUMHU MeToJamu, pa3padorannsiMu B 'Y «Ha-
LMOHAJIBHBIA HHCTUTYT Tepanuu umenn JI.T. Manoi
HAMH VYkpaunsr». MeTozibl 0CHOBaHBI Ha pacliensie-
HUW UMMOOMIIN30BaHHOTO HA TIOBEPXHOCTH MOJINCTH-
poJia KOMITIEKCa MapKepHOTO SH3UMa (MIEPOKCUAA3HI
XpEeHa) 1 MpoTenHoBOTO cyocTpara [ 17]. B pesynsrare
peakunu MPONCXOAST pacIleruieHne cyocTpara u ero
JecopOIHs ¢ MOBEPXHOCTH TMOJMCTUPOIIA BMECTE C
MOJIEKyJIaMH CBS3aHHOTO C HUIM MapKepHOT'0 H3UMa.
st ouenku aktuBHOCTH npoteunas, HTTII, a-1-UIIT
B KauecTBe cyOcTpara ObLI HCIIONB30BaH albOyMHUH
CBIBOPOTKHM ObIka, O-2-MI" — mporamuncynb@ar.
TpuncuHUHTHOUTOPHYIO aKTUBHOCTH O-1-UI1 oeHu-
BaJIM MIOCJIE TPOBEACHUS PEAKIIK 00pPa30BaAHUS KOMII-
JIeKca MPOTEHHA3a-UHTHOUTOP MPOTEHHA3 B TEUCHHUE
15 mua ipu 20°C. [pu onpenenenuu A-2-MI mocne
peaxmyy 00pa3oBaHUs KOMILIEKCa TPOTenHa3a — MHTH-
OUTOp MPOTENHA3 K PEAKITHOHHONW CMECH TOOABIISITH
1:1 mo o6wemy coeBsiii nHTHONTOP TpUTicuHa (CUT)
B KOHIICHTpanwu# 150 MKT/MIJI 1 HHKYOHPOBAIIH S5 MUH
ripu 37°C aiist cBsI3bIBaHHS CBOOOJHBIX MPOTEHHAS.
AkTHBHOCTH O-2-MI' B mccnenoBaHHBIX 0o0Opa3nax
paccUMTHIBAIU 110 OCTATOYHOW aKTUBHOCTH CBS3aH-
HOTO C HUM TpHIICHHA. J{JIsT onpeieneH st aKTHBHOCTH
HTIIII oTaenbHO MPOBOAUIN PEAKLIMIO MTOAABICHUS
TaKUX H3MMOB, KaK TPHUIICHH, TJIA3MHUH, CBIBOPOTOY-
HBIH KaJUTMKPEWH, TOHUH (00J1a/1aeT TPUIICHH- U XUMO-
TPUTICHHIIOO0HOW aKTUBHOCTHIO) Ho0aBiIeHuEM 1:1
o o6semy CUT B xornenTparmu 0,01 MKr/Mi u HHKY -
6uposamm 5 mus ripu 37°C. Jlanee mpoBoANIN peaKInuio
pacuierieHrs IMMOOMITH30BAHHOTO SH3NM-CyOCTpaT-
HOTO KomIuieKkca. [lokaszarenn orieHuBaIy 1Mo u3MeHe-
HUIO aKTUBHOCTH MapKEPHOTO SH3UMa M BBIPAXKAJIU B
MI/J TpHUIICHMHA. B HcciienoBaHUSAX HCIONB30BAIH
nepokcupazy xpena («ICN», CIIA), tpuncun
(«Spofay, YUexwust), CUT («Reanaly», Benrpus), anb0y-
MUH CcbIBOpOTKH Oblka («ICN»), mporamuHcynbgar
(«ICN»), npyrue peareHTbI IPOU3BOJCTBA «XapPbKOB-
peaxum» (YKpawHa); MHOTOKaHAJIbHBIC TTOJHCTHU-
poroBeie mianmeTsl («KIMAy, Utamus), a Takxke
(hoToMeTp-aHanm3aTop IMMyHOpepMeHTHBIN « Huma-
reader» («Humany, ['epmanus).
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the substrate protein [22]. The reaction results in the
substrate cleavage and its desorption from the polysty-
rene surface together with molecules of marker
enzyme bound with it. To evaluate the activity of
proteinases, NTLP and a-1-PI the bovine serum albumin
was used as the substrate and for a-2-MG there was
applied protamine sulfate. Trypsin inhibitory activity
of a-1-PI has been evaluated after the formation of
the proteinase-proteinases inhibitor complex during
15 min at 20°C. To determine a-2-MG activity the
formation of the proteinase-proteinases inhibitor
complex was followed by supplementation of the
reaction mixture with the soybean trypsin inhibitor (STI)
in ratio of 1:1 v/v, 150 mg/ml concentration, and
incubated for 5 min at 37°C to bind free proteinases.
The activity of a-2-MG in the samples was found from
the residual activity of the bound trypsin. To determine
the activity of NTLP we performed the reaction of
suppressing the enzymes such as trypsin, plasmin,
serum kallikrein, tonin (has both trypsin- and chymo-
trypsin-like activities) by addition 1:1 v/v STI with
0.01 mg/ml concentration and incubated for 5 min at
37°C. Later the cleavage of immobilized enzyme-
substrate complex was performed. The indices were
assessed by the change in activity of marker enzyme
and expressed in mg per liter of trypsin. The research
was perfomed using horseradish peroxidase (ICN,
USA), trypsin (Spofa, Czech Republic), STI (Reanal,
Hungary), bovine serum albumin (ICN), protamine
sulfate (ICN) and other agents produced by
Kharkovreakhim (Ukraine); multichannel polystyrene
plates (KIMA, Italy), and the photometer Immunoassay
Analyzer Humareader (Human, Germany).

The data were statistically processed by Student-
Fisher test using the Excel software (Microsoft, USA)
and the nonparametric Kruskal-Wallis test.

Results and discussion

Analysis of the results demonstrated that anesthesia
and CCH performed on its background, led to a sharp
increase in the TPA in all the tissue samples, kept even
24 hrs later the CCH (Table 1). Activity of NTLP
under the influence of anesthesia significantly decrea-
sed in blood serum and increased in cerebellum, liver
and kidneys; during the CCH the activity of NTLP
increased in all the tissue samples, but not as drama-
tically as for TPA. In 24 hrs after the CCH the activity
of NTLP remained elevated only in blood serum and
kidneys, in the cerebral cortex vice versa it dropped
and in other tissues it approached the control values
(Table 1).

An activity of a-1-PI both during anesthesia and
CCH was not significantly changed, indicating a
neglective involvement of this inhibitor into suppressing
an excessive proteinase activity. In 24 hrs after the
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CraTrcTuuecKyro 00pabdoTKy JaHHBIX POBOANIH
MetogoM CthloneHTa-Puiepa ¢ UCIOIb30BAHUEM
nporpaMMmHoro obecnieuenus: «Excel» («Microsofty,
CIIA) 1 MeTooM HemapaMeTpUYecKOil CTaTUCTUKH

Kpyckana-Yomuca.

Pe3yabTarsl U 00cy:xkaeHUE

AHanu3 NOJIy4EeHHBIX pe3yJbTaToOB
rokasai, uto Hapko3 1 KLI', npoBonnmas
Ha ero ¢oHe, IPUBOAMUIN K PE3KOMY
nosbeimieHuto OITA Bo Bcex oOpasmax
TKaHeW, coxpaHsmolemMycs u uepes 24 u
nocne KII' (tabxa. 1). AKTHBHOCTH
HTTIIT nox neficTBrEM HapKO3a 3HAYMMO
CHIDKAJIACh B CHIBOPOTKE KPOBH U MTOBBI-
1aiach B MO3XKeUKe, MEYCHH U MMOYKaXx;
npu KIII' moBslmanack akTUBHOCTH
HTTIII Bo Bcex oOpasmax TKaHel, HO He
Tak pe3ko, kak OITA. Uepes 24 1 nocne
KII' aktuBrocts HTIIII octaBanack
MTOBBIIIIEHHOH TOJIBKO B CBIBOPOTKE KPOBH
1 MOYKaX, B KOPE MO3ra, HallpOTUB, CHU-
’Kajach, a B OCTAJIbHBIX TKAHAX — MPU-
OMrKanach K KOHTPOJIBHBIM 3HAYCHUSIM
(Tabm. 1).

AxTuBHOCTH O-1-UI1 Kak mpu HapKo-
3e, Tak u npu KII" 3Haunmo He u3MeHsi-
J1ach, YTO yKa3bIBaeT HA HE3HAYNUTEIb-
HO€ y4acTHe 3TOr0 HHrHOUTOpa B TIO/1aB-
JICHUH U30BITOYHON aKTUBHOCTH MPOTEH-
Ha3. Yepes 24 u nocne KII" akTuBHOCTH
0-1-UI1 cHmxanace ToapKo B oOpasiax
TKaHel KOpbl MO3ra M runoranamyca,
KoTopble oTHOcATcs K obmactsam LIHC,
YUYacTBYIOIIUM B KOHTPOJIE U peain3aliu
TEPMOPETYIATOPHBIX pEaKIUil, U B
MEeYEHU, TAK)KE 3aJIeCTBOBAHHOM B MPO-
reccax TepMoperyisun (Tadm. 2).

IIpu 3KCTpeMalbHBIX BO3JIEHCTBUIX
0-1-WI1 cBsA3BIBaETCS CO CTPECCOPHBIMU
Oenkamu [3], 9TO MOXKET OMPEACTATH
ero GyHKUMOHAIBbHYIO aKTHBHOCTD MPH
TUITOTEPMUH, XOTS SKCIIPECCUS OJJTHOTO U3
OCHOBHBIX OEJIKOB TEIJIOBOTO ILIOKa
(BTUI70) mpu runoTepMumr MOXKET Mpe-
TepIeBaTh Pa3HOHAIPABIECHHbIE U3Me-
HeHus U gaxke He meHsaThes [31]. Kpome
TOT'O, B IICYEHHU, SIBJSIOLIEHCS OHUM U3
OCHOBHBIX MCTOYHHUKOB MHTHOHUTOPOB
MIPOTENHA3, IPU CTPECCE HapylIlaeTcs
TPAHCIIOPT CHHTE3WPOBAHHOTO MHTUOM-
TOpa U3 3HJIOIUIA3MAaTHYECKOIO PETUKY-
JTyMa, TTO3TOMY (DYHKIHUIO TOJaBICHUS
NM30BITOYHONH AaKTUBHOCTH MPOTEHHA3
OepyT Ha cebs apyrue HHruOUTOpHI [3].
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CCH an activity of a-1-PI decreased only in the
samples of brain cortex tissues and hypothalamus from
the CNS regions, controlling and implementing thermo-
regulatory responses, as well as in liver, participating
in thermoregulation as well (Table 2).

Under extreme conditions 0-1-PI is bound to stress
proteins [28], that can determine its functional activity

Tabnuua 1. Bnnanne kpaHunouepebpansHol runotepmmnm 32°C Ha
aKTMBHOCTb MPOTEnHa3 B TkaHaX Kpbic (M £ m), mr/n

Table 1. E

ffect of craniocerebral hypothermia (32°C) on proteinase
activity in rat tissues (M £ m), mg/I@r

O6pasubl Yepes 24 4
TKaHewn KoHTponb Hapkos Kyr Kyr
Tissue Control Narcosis CCH 24 hrs after
samples CCH

O6wan NpoTEONMTUYECKAA aKTUBHOCTb
Total proteolytic activity
CbiBOpOTKa
KpOBM 0,007 +0,002 | 0,134+0,003* | 0,243+0,1* | 0,175+0,065*
Blood serum
BKOPa mosra 0,01+ 0,003 | 0,177+0,036* | 0,356+0,162* | 0,324+0,108*
rain cortex
vnoTtanamyc % % *
Hypothalamas | 0:008+ 0,004 | 0,3040,131* | 0,2910,099* | 0,176+0,033
Mozsxeok 0,05+ 0,036 | 0,128+0,029* | 0,184+0,006* | 0,324 +0,133*
Cerebellum
’E;"é"se 0,015 +0,006 | 0,156+0,027* | 0,416+0,131* | 0,521 +0,304*
C:g;‘:‘te 0,005 +0,001 | 0,315+0,043* | 0,463+0,104* | 0,664+0,168*
”ﬁ:‘,‘;’:b 0,006 +0,002 | 0,68+0,046* | 0,715+0,378* | 0,64+0,182*
[Moukun * % *
| 0,005 +0,000 | 0,34+0,04 0,312+0,112* | 0,357 +0,076
Kidneys
HeTpuncrnHonoao6Hble NpoTenHasbl
Non-trypsin-like proteinases
CbiBOpOTKa
KpOBY 0,033+0,003 | 0,01+0,003* | 0,133+0,077* | 0,143+0,05*
Blood serum
Kopa mosra % *
Bran corex | 0.153+0,085 | 0,178+0,092 | 0,342+0,111* | 0,056+0,017
funotanamyc | 471,005 | 0,239+0,108 | 0,5617+0,107* | 0,155=0,109
Hypothalamus
Mosxeriok 0,101+0,03 | 0,458+0,262* | 0,285+0,069* | 0,225+0,193
Cerebellum
Tiran”f 0,121+0,033 | 0,256+0,127 | 0,46+0,085* | 0,221+0,137
C:gg;‘te 0,188+0,057 | 0,441+0,254 | 0,63+0,216* | 0,214+0,084
nf:,ee':b 0,159+0,05 | 0,483+0,126* | 0,548+0,158* | 0,243+0,101
K'7°”““ 0,12+0,031 | 0,239+0,103* | 0,45+0,16* | 0,202+0,051*
idneys
MpumeyaHue: * — pasnuuus 3Ha4YMMbl MO CPABHEHUIO C KOHTponem, p < 0,05.

Note: * — the differences are significant if compared with the control, p < 0.05.
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U3BecTHO, uTo O-2-MI" mpeBocxoaut a-1-UII mo
CKOPOCTH PEaKLIMI KOMIUIEKCOOOPa30BaHusl C IPOTEH-
Hazamu [3]. B Hamumx vccnea0BaHusIX €ro akTUBHOCTD
M3MEHSJIACh TO-pa3HOMY (Talil. 2): ToJ AeHCTBUEM
HapKo3a OHAa MOBBIIIAIACH B CHIBOPOTKE KPOBH U IT€YE-
HU, MO3KEUKE U MTOYKaX — CHIKAIACh, & B OCTAIBHBIX
oOpa3nax TkaHeil — He m3MeHsuTach. [locie mpose-

during hypothermia, nevertheless the expression of one
of the major heat shock proteins (HSP70) during hypo-
thermia may undergo multidirectional changes or even
do not change [31]. Furthermore, stress affects the
transport of synthesized inhibitor out of endoplasmic
reticulum in liver, which is one of the main sources of
proteinases inhibitors; thus the suppressing function of

nenus ceanca KII' akTUBHOCTH 3TOro
WHTHOUTOpA MOBKINIATACH B CBIBOPOTKE
KpOBH, TUTIOTaJIaMyce, CEpALIE, B MO3KEU-
Ke ¥ IOYKaxX OHa, HAalIPOTHUB, CHIKAJIACh,
a B OCTaJbHBIX TKAHIX — HE N3MCHSIACh.
MN30bITOUHAS aKTHBHOCTH MPOTEHUHA3

npu KLIT" 6b11a CKOMIIEHCHPOBaHa yJac- O6pasus Yepes 24 4
muem 0-2-MI 5 chipoporke kpomi,  Tawr | Kgmew | e | gL MO
TUTIOTaJaMyce U Cep/le, CKOpee BCero, samples CCH
3a cier -2-MI MaKpo®araanoro TpUNCUH-MHrMBUTOPHAA aKTUBHOCTb O-1-MHrMBuTOpa NpoTenHas
npoucxoxaeaus. Yepes 24 1 mocne KL Trypsin-inhibitory activity of a-1-inhibitor of proteinases
aKTUBHOCTH O-2-MI" B yacTu oOpa3ios Ceoporka
BO3Bpallagach K UCXOJHOMY YPOBHIO, o poan | 318480069 | 31,908£0082 | 31,6470,127 | 31,6710,102
KpOMe THuIoTajllaMyca, MO3XKeuKka U
NOYeK (CHWXKANACh), a TAKKE Cep/a U Kopamoara | 31 5,0,256 | 31,787+0,04 | 31,527+0,128 | 30448+0,589*
NeveHH (TMOBBILIANACE), YTO YKa3bIBaeT Brain cortex
Ha BOCCTaHOBJIEHNE CHHTe3a O-2-MI' B funotanamyc | 54 gg3.0,121 | 31,316+0,421 | 30,966+0,446 | 29,608+ 1,103*
rematornuTax (Tabm. 2). Fiypothalamus

Taknm 00pa3oM, yMepEHHbIH PeKUM Moake 0K | 31,645+0,166 | 31,74+0,031 | 3157+0,233 | 31,15+0,22
KIOI" (32°C) cnocobcTBOBaN pe3Kon erebeflum
aktusanuu OITA (Ha oauH-1Ba MOPS- Jlerkue 31,496+0,222 | 31,84+0,046 | 31,161+0,44 | 31,089+041
Ka) u cymecTBeHHol aktuBaruu HTIIIT Lungs
(B paser) (Tabm. 1). CHeﬂOBaTeHBHOj Gopaus 31,596+0,167 | 31,82+0,06 | 31,174+0,434 | 31,409+0,271
MO3JKHO MPEMNOI0KHUTh, YTO YMEPEHHBIN
pesxim KIT 3v2°C TNPUBOZUT K PasBUTHIO ”ﬁ:‘/‘:"’ 31,711+0,074 | 31,373+0,187 | 30,433+0,79 | 30,944+0,209*
OTIpEe/IETIEHHON a/IalTallMOHHON peakuK
(BO3MOIKHO, «peaKIHs aKTHBALII [4]), K'_i'é’:xs 31,208+0,357 | 31,803+0,075 | 31,2568+0,472 | 31,510,166
KOTOpasi B HAIIMX 3KCIIEpUMEHTaX Mpo-
SBHJIACh KaK MHTEHCU(UKAIINS OTPAHU- HeTﬁgg_ctl:;gsnim?kG:I;?O?gﬁ];esgr;asbl
YEHHOT0 MPOTEOIIN3a M 00pa30BaHMUs aK-
TUBHBIX opy SH3HMOB, 1TO cnocober- CbIKB[)OC[)):J “ | 00830008 | 0,0120008* | 0,13320,07% | 0,143:0,05*
ByeT IOBBIIICHHUIO YCTONYMBOCTH Opra- Blood serum
JHSNIE ¥ ToeIe yIomeny XOHOHOBON{Y Kopamosra | 1530085 | 0,178+0,092 | 0,342+0,111% | 0,056+0,017*
WU APYTOMY 3KCTPEMAJIBHOMY BO3/ICH- Brain cortex ! - ! - ’ - ’ -
ctButo. ComtacHo nanHeM JI.X. ['apkaBu Famoranamyo
U CcoaBT. [4], BbI3bIBask ONPEICICHHYIO Hypothalamus | ©:171+0.05 | 0,239+0,108 | 0,517+0,107 | 0,155+0,109
10 XapaKTepy M CTENEHH PE3UCTEHT- Moomouon
HOCTH AJIANTALMOHHYIO PEAKLIHIO, MOKHO Coopeliok | 0,101+0,03 | 0,458+0,262* | 0,285+0,069" | 0,225+0,193
POPORTT ¥ YIDABRTELIIO yeIorT RS IO Jlerkue 0,121+0,033 | 0,256+0,127 | 0,46+0,085* | 0,221+0,137
OpraHu3Ma, MOATBEPKIEHUEM 3TOMY, 11O Lungs AeED 290+, A0=D, 2ot =0,
nalienly Muenio, ARITIoTes AaHtbe Cepaue 0,188+0,057 | 0,441+0,254 | 0,63+0,216* | 0,214+0,084
O TIOBBIIIIEHUH XOJI0I0BOH yCTOWYINBOCTH Heart 19820, AETED, 030, 21820,
KkpsIc rtocyie mposeneHwst KL 32°C [13]. Mevens

MHTeHcHbUKAIS PAIa GHOXHMH- e 0,169+0,05 | 0,483+0,126* | 0,548+0,158" | 0,243x0,101
acelti TIpofieecol xapaiciepna 1 TR 104 0,12+0,031 | 0,239£0,103* | 0,45+0,16* | 0,202+0,051%
JIPYTUX XOJOIOBBIX BO3IEHCTBUAX HA Kidneys SeED LSS ED AOED D=
OpraHHBM‘ TaK’ HaMH 6BIHO IIOKa3aHO I'Ipvmeqarwle: - pas3nuyna 3Ha4YnMMbl NO CPaBHEHUKD C KOHTPONeEM, p < 0,05

[10, 15], uTo pUTMHUYECKHE XOTOJOBBIC
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Tabnuua 2. BnnsHue kpaHuouepebpanbHoi runotepmmn 32°C Ha
aKTMBHOCTb MHIMOUTOPOB NpoTEnHa3 B TkaHAX Kpbic (Mtm), mr/nkd

Table 2. Effect of craniocerebral hypothermia (32°C) on proteinase
inhibitor activity in rat tissues (M £ m), mg/IBr

Note: * — the differences are significant if compared with the control, p < 0.05.
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BozzeicTBua (PXB) Takxke crmocoOCTBYIOT pe3koMy
noBeIeHuIo Kak OITA, Tak 1 aKTUBHOCTH Pa3IMYHBIX
IO MTPOMCXOXKICHUIO dacTas B oOpasuax tkaneit LIHC
1 nepudeprudeckux opraHos. Jpyrumu ncciienona-
teaamu [21] Takke Moka3zaHO, YTO XOJOJOBOE
BO3JIEHCTBHE CTIOCOOCTBYET CEHCUOMITN3AIIIH HEHPO-
WMMYHHOW PEaKTHBHOCTH B TOJIOBHOM MO3T€ KPBIC,
YCUJICHHUIO MeTaboI3Ma B opranax (Ie4eHb, CKeJIeT-
HbIE MBI, Oypas )KUpOBas TKaHb U CEpIIE),
YYaCTBYIOIIUX B pEaM3aIH TEPMOPETYISITOPHBIX
npoueccoB. Ha HauanbHBIX 3Tanax (GOpMUpPOBAHUS
XOJOJOBOM ajanTaliy aKkTUBALHIO (EePMEHTOB B
TKaHSX OPraHOB KpPbIC OTMEYAJIU U APYTHUe aBTOPbI
[29,30].

B npupoze a5 HeKOTOPBIX OPraHU3MOB XapaKTep-
Ha SBOJIOIUOHHO JETEPMHHHPOBAHHAS CTpaTEeTHS
MOTPY’KEeHUsI B 00OpaTUMBbIe THITOMETabOINYecKue
COCTOSIHHS (COTIPOBOXKIAIONINECS TUIIOTEPMUEH), U
JUISL TIOJTYYSHHUS OTITUMAJIbHOM CKOPOCTH PEAKIIUH OHH
CIIOCOOHBI PEryIUpPOBaTh aKTUBHOCTH MMEIOIIUXCS
9H3MMOB HJIH CHHTE3UPOBATh UX de novo. Kpome Toro,
y HUX €CTh H3UMBI, 3/IalITHPOBAHHBIC K ()YHKIIMOHH-
POBaHHIO B 3KCTpEMaJIbHBIX YCIOBUsAX oOuTanus. Kak
H3BECTHO, THIIOTEPMHUSI COMPOBOXKIACTCS M3MEHE-
HUSIMH B OpraHU3Me Ha MOJICKYJISIPHOM, KJIETOYHOM H
CHCTEMHOM YPOBHSIX, 3aIIUIIACT HEWPOHBI OT TOBPEXK-
JCHUS, TPEAO0TBpaIas aKTHBALUIO TITHAJIbHBIX KIETOK
(0cOOEHHO MUKPOTIIUH ), 0CIA0NSAET SHI0TEINAIBHYIO
TuchYHKITHIO TeMaTodHIIe(haaTnaeckoro 6aprepa [2, 6,
18,19,23,24,27,30].

l'unoTepMust BBI3BIBACT U3MEHEHUS BO MHOTHUX
BHYTPHUKJIETOUHBIX CHTHAIBHBIX KacKajax W CHCTe-
Max, KaK MOAaBIIsisl, TaK M akKTUBUPYsI uX. [Ipumepom
MOTYT CIYXHUTb CEpPUH/TpEOHHHCIICHUPHUIECKas
MPOTEMHKMHA3a, 00J1a1aonasi MUTOTeHHON aKTHB-
HOCTBIO, a TaKXXe KMHa3a-1/2, yyacTByioas B pery-
JSIUMHM BHEKJIETOUYHOW CUTHAIM3ALMM, AaKTHBALIMS
KOTOPBIX ObllIa yCTaHOBIIEHA IIPU TUIIOTEPMHUU [22].

W3BecTHO, 4TO, KpOME TeMIlepaTypHOro (akropa,
AKTUBHOCTH JH3WMOB 3aBHCHUT OT KOHIIEHTPAIMHU
cyOcTpatoB, pH, HoHHO-COIEBOTO OaTanca, HO IPH -
MMOTEPMHUH ITH MapaMeTPhl MOTYT U3MEHITHCS
OJTHOBPEMEHHO. YCTaHOBIIEHO, YTO THIIOTEPMUS CTIO-
cobctByeT casury pH (Merabomndaeckuii arumao3) u
BOJIHO-COJIEBOTO Oayranca. Pa3zBuBaromtuiics Ha (hoHE
TUIIOTEPMHUH OKCHUAATHBHBIN cTpecc [18, 19] Taxxke
MIPUBOJAUT K aKTUBALMU SH3UMOB. [Ipu runorepmun
MOTYT U3MEHATHCS KOHIIEHTpaUHs CyOCTpaToB H
CPOJICTBO K HUM, KOH()UTypaLsi aKTHBHOT'O LIEHTPa SH-
3UMa U CaMOHM €ro MOJEKYJbl, B3aHMOOTHOIICHHUSI
9H3UMOB ¢ 0a30BBIMH OenkamMu M GochoaunuIaMu
[28], mpu oxJTaXACHUH MTPOUCXOAUT TKAHECTICITU(hHU-
gecKast MOIYIISIIIFSI MeTa0ommIecKux mporieccos [20].
Kpome Toro, akTHBHOCTh IH3MMATHYECKHX CHCTEM
MOJKET 3aBUCETh OT TNTyOWHBI THIIOTEPMHUH, HHTEHCHB-
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excessive proteinase activity is undertaken by other
inhibitors [28].

It is known that a-2-MG exceeds a-1-PI by the
rate of reaction of forming the complex with pro-
teinases [28]. In our studies its activity varied in
different ways (Table 2), in particular under the anes-
thesia it was increased in blood serum and liver, in
kidneys and cerebellum this was decreased and in other
tissue samples this index did not change. After the
CCH session the activity of this inhibitor increased in
blood serum, hypothalamus, heart; dropped in
cerebellum and kidneys, and was not changed for the
remaining tissues. Excessive proteinase activity during
CCH was compensated due to the function of 0-2-MG
in blood serum, hypothalamus and heart rather, and
the a-MG-2 was of macrophage origin. In 24 hrs after
the CCH the activity of 0-2-MG returned to the
baseline in some samples, except hypothalamus
cerebellum and kidneys (where it was decreased), as
well as in heart and liver (increased), indicating the
recovery of d-2-MG synthesis in hepatocytes (Table 2).

Thus, moderate CCH (32°C) contributed to a sharp
activation of TPA (by one to two orders) and significant
activation of NTLP (multi-fold) (Table 1). Consequent-
ly, it can be assumed that moderate CCH at 32°C leads
to the development of specific adaptive response (e. g.
‘activation reaction’ [5]), which in our experiments was
manifested both as an intensification of the limited
proteolysis and formation of active forms of enzymes,
thereby contributing to a rise in the organism resistance
to the subsequent cold exposure or other extreme
conditions. As reported by L. Garkavi et al. [5], causing
an adaptive response varying by character and extent
could allow the control of the organism resistance. We
believe that this can be confirmed by the data on in-
creased cold resistance of rats after the CCH at 32°C [20].

The intensification of several biochemical processes
is also intrinsic for other cold effects on the organism.
In particular, we have reported [16, 23], that the
rhythmical cold exposures (RCE) also contributed to
a sharp rise in both TPA and in activity of elastases of
various origin in the tissue samples of CNS and periphe-
ral organs as well. Other investigators [ 7] also showed
that cold exposure promoted a sensibilization of neuro-
immune reactivity in rat brain, accelerated metabolism
in organs (liver, skeletal muscle, brown adipose tissue
and heart), involved in the thermoregulatory processes.
Initial stages of developing cold adaptation were
accompanied by an activation of enzymes of the rat
organ tissues, as reported by other scholars [29, 30].

In nature, some organisms possess an evolution-
determined strategy of entering the reversible hypome-
tabolic states (accompanied by hypothermia), and an
optimal reaction rate could be controlled by changing
activity of present enzymes or synthesizing them
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HOCTH, KPaTHOCTH, IEPHUOAUYHOCTH U JUTUTETLHOCTH
XOJIOZIOBOTO Bo3zeHcTBUA. [IpuMeHeHne neueOHbIX
PEXMMOB OXJIAKIECHHS PU NATOJIOTUH OTAEIBHO WIIH
B COYETAaHUM ¢ OMO- U apMIpenapaTaMu TaKKe MO-
JKET CYIIECTBEHHO BIMSTH HAa aKTUBHOCTH ITPOTENHA3
Y UX HHTHOUTOPOB. | UITOTepMUs OKa3bIBACT BIHUSIHNE
Ha MeTaboIM3M, KITUPEHC U CBOMCTBA (hapMIpenapa-
TOB, IPUMEHSIEMBIX B KOMIUIEKCHOW T€paryy pa3ind-
HBIX 3a00JIEBaHUI, YTO MOXKET CIIOCOOCTBOBATH ITOBHI-
HICHUIO X KOHIEHTPALMH B 11a3Me KpoBu. OcobeH-
HOCTH MPOTEKaHUS Pa3TNIHbIX (pa3 hapMaKOAMHAMUKA
1 (apMaKOKWHETUKH JICKAPCTBEHHBIX CPEJCTB IPHU
THIOTEPMHH MOTYT CIIOCOOCTBOBATh KaK YCHIICHHIO,
Tak M ociableHuIo ee TeparneBTHIeckoro 3ddexra
[22]. Tak, namu [9, 11, 12] u apyrumu aBTopamu [8]
OBUIO [TOKAa3aHO, YTO COUYETAHHE JIeYEOHBIX PEKUMOB
oxnaxaenus (KL, aspokpuorepanus, PXB) u 6mo-
npenaparoB (M3 KOPIOBO KPOBH, SMOPHOHAIBHON
HEPBHOW TKaHM, TKaHEH (eTOTUIalleHTaPHOTO KOMII-
JIeKca U JIp. ), COJepIKAIINX CTBOJIOBBIE KIETKH, Ooiee
3(h(HeKTUBHO 151 KOPPEKITMH ITATOIOTHIECKUX COCTOSI-
HUH, CMOZCTUPOBAHHBIX B OKCTIEPUMEHTAX Ha )KUBOT-
HBIX (#enpeccHs, THIOTUPEO3, TEMEHIIHS, TOCIe-
CTBHUSI XPOHMUYECKOTO CTpecca), YeM UX OTAEIbHOE
[IPUMEHEHHE.

buonpenapartsl, coepikaliyie CTBOJIOBBIE KIETKH,
AaKTUBHO HCIIOJIB3YIOTCSI B KIIMHMYECKOH MpakTHKE,
OJTHAKO MEXaHU3MbI MUTPAIIUH, UMIUIAHTAIIAH, TIPOJITH-
dheparnu u audPepeHITHAIINE CTBOJIOBBIX KJIETOK
ocTalTca ManousydeHHbIMH. [loaTomy o anamorun
C TIPOIIECCaMU aHTHOT€HEe3a, METaCTa3upOBaHUSI, BOC-
MaJIeHNS, COMPOBOXKIAIOIINMUCS MUTPAITEH KIIETOK,
MO>KHO TIPETIOI0KHTb, YTO CIIEIH(PHYECKNE TPOTEH-
Ha3bl, B YaCTHOCTHU MaTPUKCHBIE METAJUIONPOTENHA3EI,
HETIOCPEACTBEHHO YYaCTBYIOT B peann3auy 3 heKkTrs-
HOW MUTPAITUH U IPOJTU(EPAIUU TPAHCIUIAHTUPYEMBIX
CTBOJIOBBIX KJIETOK [1]. Takue mpoieccsl MOTYT Mpo-
ucxonuth U nipu KII, korma HaOmomaeTcs pe3koe
yCHJICHHE O0ILIEH MPOTCONIMTHYECKON aKTUBHOCTH B
tkausx [THC u nmepudepudgeckux opranos. Ciemyer
OTMETHUTh, YTO AKTUBAIHA OTJCIBHBIX CIIEIU(PIIECKIX
MIPOTEMHA3 PU OTCYTCTBUM KOHKYPEHTHOTO CBS3bIBA-
HUS MOKET TIPOSIBIIATHCS e1rfe 0oiee BRIPaKEHO, YeM
0011125t UX aKTUBHOCTH. MeTamonpoTenHa3bl paciien-
JISIOT 3JIEMEHTHI BHEKJIETOYHOTO MaTpUKCa U Oa3aib-
HBIX MEMOpaH, IPH ATOM aKTHBAIUsl MATPUKCHBIX
METaJUIONPOTENHA3 00ECIIeYBAETCS yUaCTHEM MaK-
pocdaros [24].

MoinHasi CTUMYISALUS PEAKIUNA OTPAHUYECHHOTO
nporeonusa, Habmogaemas npu KUI, mo namemy
MIPEIIONI0KEHUIO, MOXKET OBITH OJHUM U3 (pakTOpOB
B3aWMHOTO TIOTCHIIUPOBAHUS 3P HEKTOB THIIOTEPMUHN
1 OMoIpenapaToB, COAEPIKANTUX CTBOJIOBBIE KIETKH.
DTO MPOUCXOIUT, BEPOSTHO, 3a CUET YBEIHUCHUS
CKOpocTH H A(H(PEKTUBHOCTH MUTPAIIUHA HE TOIHKO
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de novo. Furthermore, they have enzymes which are
adapted to function under extreme habitat conditions.
Hypothermia is known to be accompanied by changes
at molecular, cellular and systemic levels of an orga-
nism, ‘protects’ the neurons against injury by preventing
the activation of glial cells (especially microglia),
reduces endothelial dysfunction of blood brain barrier
[1,2,4,10,13,21,26,30].

Hypothermia causes changes in many intracellular
signaling cascades and systems, inhibiting some of
them or activating the others. As the examples could
serve serine/threonine-specific protein kinase possess-
ing mitogenic activity as well as kinase-1/2, involved
in regulation of extracellular signaling, the activation
of those has been found during hypothermia [8].

It is known that, in addition to the temperature
factor, the activity of enzymes depends on substrate
concentration, pH, ion-salt balance, and these parame-
ters can change simultaneously during hypothermia.
Hypothermia contributes to pH shift (metabolic acido-
sis) and water-salt balance. Oxidative stress developing
on the background of hypothermia [1, 2] also leads to
the activation of enzymes. Hypothermia could be ac-
companied with changes in the concentration of sub-
strates as well as their affinity, configuration of the
enzyme active site and the molecule per se, relation-
ship of enzymes with basic proteins and phospholipids
[27], in addition there is a tissue-specific modulation of
metabolic processes during cooling [6]. Furthermore,
the activity of enzymatic systems may depend on the
depth of hypothermia, its intensity, multiplicity, frequen-
cy and duration of cold exposure. Application of cooling
regimens to treat diseases alone or in combination with
bio- and pharmaceuticals can also strongly affect the
activity of proteinases and their inhibitors. Hypothermia
affects the metabolism, clearance and properties of
pharmaceuticals used in treatment of various diseases
that may enhance their concentration in blood plasma.
The features of various phases of pharmacodynamics
and pharmacokinetics of drugs during hypothermia can
contribute to both strengthening and weakening its
therapeutic effect [8]. Thus, we [15, 17, 18] and other
authors [ 14] have shown that the combination of cool-
ing modes (CCH, aerocryotherapy, RCE) and biolo-
gicals (derived from cord blood, embryonic neural
tissue, tissue fetoplacental ef al.), containing the stem
cells, is more effective to correct pathological condi-
tions modeled in the experiments in animals (depression,
hypothyroidism, dementia, consequences of chronic
stress) vs. their single application.

Biologicals containing stem cells are widely used
in clinical practice, however, the mechanisms of
migration, implantation, proliferation and differentiation
of stem cells have remained poorly understood.
Therefore we could hypothese the similarity of the
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TPaHCILIAHTHPOBAHHBIX, HO U COOCTBEHHBIX CTBOJIO-
BBIX KIICTOK.

Panee cumranock, 4ro 3amuTHEIA 3 EKT rumno-
TEPMUU OOYCIIOBJICH HUCKIIOYUTEIBHO 3aMe]JICHUEM
nepedpabHOTO MeTaboaM3Ma U CBS3aHHBIM C HUM
CHIDKEHHEM TTOTPEOICHUS TITIOKO3EI M KHciiopoaa [6,
7, 25]. OgHako ceidac CTAaHOBHUTCS MOHATHO, YTO B
9TOT TIPOIIECC BOBJIEKAIOTCS WU JIPYTHE MEXaHHU3MBI,
MMeEIOINe, BEepOsTHO, TOpasao Oojblliee 3HAUYCHHE,
YeM 3aMeJIeHne CKOpOCTH oOMeHa BemiecTB. Tak, B
paborax N. Alva u coasr. [18, 19] o0cyxaanuce naH-
HBIC O COCTOSTHUM aHTH- U TPOOKCUIAHTHOTO Oaanca
B OpraHu3Me Py THIIOTEPMHUH 1 ObLIIa TOITBEPIKICHA
TUIIOTE3a O POJIM CBOOOIHBIX (POPM KUCIOpOa B pea-
JIN3alUU TepareBTUYeCKuX 3(P(PEKTOB rUMOTEPMUH.
Ha ocHOBaHMM yCTaHOBJICHHOT'O HAMU ()eHOMEHa 3Ha-
YUTETTHHON aKTUBAITIH OTPAHUYEHHOTO ITPOTE0NH3a ITPU
KT MOXHO ITPEoNI0KUTh, YTO TPOTEUHA3BI UTPAIOT
BaXHYIO POJIb B OCYIIECTBICHUH aJCKBATHBIX IIEpe-
CTpPOEK B OpTraHU3Me TPU CHIDKEHUHU TEeMIIEPaTyphl
Tena, a Tak)Ke B pealu3alnd MEXaHW3MOB HeEHpo-
MMPOTEKINU M 3aIIUTHI OT THIIOKCUHU. TeM He MeHee,
3HAYUTEJbHBIC META00IUUYECKUE U3MEHECHUS TpU
TUIIOTEPMUU MOTYT OBITh OIIPEIEISIFOIIUMU B 00ecTie-
YSHHH 3aIIUTHI TKAHEH 1 OPTaHOB, B IIEPBYIO O4YEPElb
ITHC, ot runoxcuu u niemuw [6, 23,27, 31].

Bospociuii nHTEpec K NOTeHIIMAITY TepareBTHYeC-
KO JIOKQJIbHOM TUTIOTEPMUU, BBIICHEHUE MOJICKYJISIP-
HBIX MEXaHU3MOB €€ HeHpPOIPOTEKTOPHOTO BIUSHUS
OyayT crmocoOCTBOBATh pa3pabOTKe HOBBIX Oojee
0e30omacHBIX 1 2G(HEKTUBHBIX CTPATETHH KOPPEKIINH
MHOTHX paccTpoiicTB IITHC, B 0CHOBE KOTOPBIX JIGKUT
1100 00111as1, JIN0O JIOKaJIbHAs TUIIOKCHS MO3Ta.

BriBoaBI

[Ipumenenne ymepensnoro pexxuma KII' (32°C)
CI0COOCTBOBAJIO PE3KOW aKTUBAIIMU PEAKIIHIA OTPaHH-
yeHHOTO Tporeonu3a B TkaHsax [[HC (kxopa mosra,
TUIOTAIAMYC, MO3XKEUOK) U MEepUPEPUUSCKUX Oopra-
HOB (cep/rie, IeTKue, ICUeHb M IIOYKH ): 00IIIast IPOTE0-
JINTUYECKAs] aKTUBHOCTh MOBBIIIATIACH HA OJIMH-7BA
MOPSAKA, aKTHBHOCTH HETPHUIICHHOTIOTOOHBIX IIPOTEH-
Ha3 yBeIW4HMBasack B passl. [Ipr aToM Ha QoHe Hens-
MEHHOU aKTUBHOCTH O - | -WHTHONTOpA MTPOTEHHA3 TPH
KLI" akTHBHOCTEL Apyroro mHTHOUTOpa — O-2-MI
M3MEHSUIACH PA3HOHAIIPABJICHHO U TKAaHECTICITU(PHYIHO:
B CHIBOPOTKE KPOBU, TUTIOTATIAMYCE, CEP/ILIC OHA ITOBBI-
1I1aJ1aCh, B MOKEUKE U TOYKAX, HATTPOTUB, CHUYKAJIACH,
B OCTaJIbHBIX TKAHSAX HE IpeTeplieBalia U3MEHEHUH.
Uepes 24 g mocne KT OITA ocTaBanack Ha BBICOKOM
ypoBae, aktiBHOCTh HTTIII B O0sbIMHCTBE 00pa3IioB
BO3BPALLATIACH K UCXOJIHBIM 3HAYEHUSM, aKTUBHOCTh
0-1-UII camxanachk TOIBKO B 00pa3iiax TKaHEeH KOPhI
MO3Ta ¥ TunoTaisamyca. AKTUBHOCTD O-2-MI" 1 uepes
24 g nocne KII" MeHsutack pa3HOHANPaABIEHHO: B TUIIO-
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processes of angiogenesis, metastasis, inflammation,
accompanied by the migration of cells and the activity
of specific proteinases, particularly matrix metallopro-
teinases, in terms of their direct participation in
providing effective migration and proliferation of
transplanted stem cells [3]. These processes can occur
under the CCH as well, when a sharp rise in the total
proteolytic activity occurs in the tissues of CNS and
peripheral organs. It should be noted that the activation
of certain specific proteinases in the absence of compe-
titive binding may be manifested even more prominent-
ly comparing to their overall activity. Metalloproteina-
ses cleave the elements of extracellular matrix and
basal membranes, herewith the activation of matrix
metalloproteinases is provided by macrophages [13].

We believe that powerful stimulation of the limited
proteolysis reactions observed during the CCH can be
one of the factors in mutual potentiation of the effects
resulted from hypothermia and stem cell containing
biologicals. This is probably due to accelerating the
speed and efficiency of migration not only of the
transplanted, but also their own stem cells.

Previously it was thought that protective effects of
hypothermia were caused exclusively by slowing-down
of cerebral metabolism and associated with it reduction
in glucose and oxygen consumption [12, 19, 21]. How-
ever, today it becomes clear that the process also
involves other mechanisms that are probably much more
important than slowing-down of metabolic rate. For
example, N. Alva et al. [1, 2] reported the data on a
state of anti- and pro-oxidant balance in the body during
hypothermia and there was confirmed the hypothesis
about arole of reactive oxygen species in the implemen-
tation of hypothermia therapeutic effects. Basing on
the established by us phenomenon of a significant
activation of the limited proteolysis during CCH it could
be assumed that the proteinases play an important role
in adequate transformation in an organism while
reducing the body temperature, as well as in realization
of neuroprotection mechanisms and protection against
hypoxia. Nevertheless, significant metabolic changes
during hypothermia can be crucial in protecting tissues
and organs, especially the CNS, against hypoxia and
ischemia[10, 21, 26, 31].

The increased interest to the potential of therapeutic
local hypothermia, identification of the molecular
mechanisms of its neuroprotective effects will contri-
bute to the development of new safer and more
effective strategies for the correction of many central
nervous system disorders, which are based on either
general or local hypoxia of the brain.

Conclusions
The use of moderate CCH (32°C) contributed to a
sharp activation of the limited proteolysis reactions in
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TajlaMyCe, MO3KEUKE M IIOYKaxX CHUXKalach, B CEPALE
Y TICUCHH ITOBBIIIANACK, 4 B OCTAIBHBIX 00pa3iax ObLIa
Ha YpOBHE KOHTPOJIbHBIX 3HAYEHUI.

JlanpHeiime ucciieioBanns OyayT HallpaBJIeHbI Ha
uzyuenue BiausiHua KII" Ha ak THBHOCTb TaKUX CIEU-
(hmgeckux mpoTenHa3, Kak X1uMasa, TOHWH, KaJTbITanHbI.
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the CNS tissues (brain cortex, hypothalamus, cerebel-
lum) and peripheral organs (heart, lungs, liver and
kidneys): total proteolytic activity was increased by
one to two orders, activity of non-trypsin-like protei-
nases increased multifold. Herewith, along with un-
changed activity of a-1-proteinase inhibitor at CCH
the activity of another inhibitor a-2-MG varied in
different directions and tissue specifically: in blood
serum, hypothalamus, heart it increased, in cerebellum
and kidneys, in contrast, it decreased and in rest of the
tissues no chages were observed. In 24 hrs after CCH
the TPA remained high, NTPL activity in most of the
samples returned to baseline values, the activity of a-
1-PI decreased only in the samples of brain cortex
and hypothalamus tissues. The activity of a-2-MG 24
hrs after CCH varied in different directions as well: in
hypothalamus, cerebellum and kidneys it decreased,
in heart and liver this was increased and in other
samples that was at the control values.

Further studies will be aimed to investigate the
effect of the CCH on the activity of specific proteinases
such as chymase, tonin, calpains.
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