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PedrepaTt: M3yyanu BnusiHne ymepeHHoro pexuma (32°C) kpaHuouepebpanbHoi runotepmun (KLIM) Ha akTuBHOCTL cne-
UMUYECKNX MPOTENHA3 XMMasbl, TOHUHA U KanbNanHOB B TKAHAX KpbIC. AKTUBHOCTb 3H3MMOB OMPeAensnyn B CbIBOPOTKE KPOBMW,
TKaHSAX CTPYKTYp LieHTpasibHON HEpPBHOW cUCTeMbl (Kopa Mo3ra, runotanamyc, CTBOM MO3ra, MO3Xe4okK) M BHYTPEHHWX OpraHoB
(cepaue, neyeHb, nerkue, NoYKM) XMBOTHbIX. BbisiBNeHo, 4To npoBoanMasi Ha doHe Hapko3a KL (32°C) cnocobetByeT peskomy
MHIMBUPOBaHNIO aKTUBHOCTU XMMas3sbl U, 0COBEHHO, TOHMHA (Ha 3—5 nopsakoB) Ha OHE 3HAYMTENBHOW akTUBaLUW KarbhauHoOB
(B 10-50 pa3) Bo Bcex obpasuax, KpoMe CbIBOPOTKM KPOBW ANs KanbnanHoB (He uameHsnace). Mpu KU (32°C) no cpaBHeHuto
C KOHTpOnem oTMeYeHbl Gonee 3HauMTenbHble U3MEHEHWUs B runoTanamMmyce, MO3xeuke W neyeHun (Ons xumasbl), B MO3XKe4yke U
neyeHu (4NS KanbnavHoOB), @ NO CPaBHEHWUIO C AENCTBMEM HapKo3a — B MO3XeYKe, Nerkux, cepaue u novkax (Ans TOHWHA), a Takke
B runotanamyce u MO3Xeuyke (4N KanbnawHOB).

KnioyeBble cnoBa: kpaHuouepebpanbHas runotepmusl, xmMmasa, TOHWH, KanbnauHbl, KpbIChl.

Pecbepart: Buuanu Bnnue nomipHoro pexumy (32°C) kparioepebpanbHoi rinotepmii (KLIM) Ha akTMBHICTb cneundivHnx npoteiHas
XiMa3n, TOHIHY i KanbnaiHiB y TKaHWHax LWypiB. AKTUBHICTb €H3UMIB BU3Ha4yanu B cMpoBaTLi KPOBi, TKAHWHaX CTPYKTYP LEHTpanbHOI
HEpBOBOI cucTeMM (Kopa MO3Ky, rinotanamyc, cToBOyp MO3Ky, MO30YOK) i BHYTPILLHiX OopraHiB (cepue, neviHka, nereHi, HUPKK)
TBapuH. BusineHo, wo KU (32°C), sika npoBoaunacs Ha OHi Hapko3ay, Crpusie pi3KOMy MPUrHIYEHHIO aKTUBHOCTI XiMasu i, 0cob-
nnBO, TOHIHY (Ha 3-5 nopsiakie), sike BigGyBaeTbCa Ha TNi 3Ha4HO! akTuBauil kanbnaiHiB (B 10-50 pasiB) B ycix 3paskax, okpiMm
cupoBaTku KpoBi Ans kanbnaiHiB (He 3miHtoBanacs). Mpu KU (32°C) y nopiBHSHHI 3 KOHTpPONeM BiA3HaYeHO Ginbll 3HaYyLLi 3MiHM
B rinotTanamyci, MO304Ky i nediHui (4na ximasn), B MO304KY i nediHui (AN kanbnaiHiB), a B MOPIBHSAHHI 3 BMNIMBOM HapKo3y —
B TKaHMHaxX MO304Ka, fereHis, cepus i HUPOK (A4ns TOHIHA), a TakoX y rinoTanamMmyci Ta MO304Ky (4N KanbnaiHis).

KniouoBi cnoBa: kpaHiouepebpanbHa rinotepMisi, Ximasa, TOHiH, KanbnaiHu, Lypu.

Abstract: The effect of moderate (32°C) craniocerebral hypothermia (CCH) on the activity of specific proteases such as
chymase, tonin and calpains was studied. The proteases activity was determined in the blood serum, tissues of the central nervous
system structures (cortex, hypothalamus, brain stem, cerebellum) and internal organs (heart, liver, lungs, kidneys) in animals. It has
been revealed that the moderate CCH performed together with anesthesia promotes a sharp suppression of chymase and especially
tonin activities (by 3-5 orders), accompanied with significant increase (in 10-50 times) of calpains activity. In comparison to the
control the CCH led to more significant changes were found in hypothalamus, cerebellum and liver (for chymase), in the cerebellum
and liver (for calpains), and if compared with the action of anesthesia the differences were present in the cerebellum, lungs, heart
and kidneys (for tonin), in hypothalamus and cerebellum (for calpains).

Key words: craniocerebral hypothermia, chymase, tonin, calpains, rats.

B mocnennee BpeMs BO30OHOBHMIICS MHTEpEC K
MeTony Kpauuorepebpansuoit runotepmun (KIII),

Recently an interest to the method of craniocerebral
hypothermia (CCH), having numerous undeniable

KOTOPBIIl UMEET Psii HEOCIIOPUMBIX MPEUMYIIECTB
niepen o0mmM oxnaxkaerneM [ 19, 21]. Jlanuslii MeToT
M03BOJISIET IpU (POPCUPOBAHHOM OXJIAXKACHUU IIO-
BEPXHOCTH T'OJIOBBI (KOT/Ia IPEUMYILECTBEHHO OXJIakK-
JAI0TCs HaMEHEee YCTOMYMBBIE K THIIOKCHH Lepeo-
paJIbHBIE CTPYKTYPHI, B IEPBYIO OUEPEab HEOKOPTEKC)
COXPAHUTD JI0CTaTOYHO BBICOKYIO TEMIIEpaTypy Tena
(TT) (B TOM 4HCIIE CEPALIA) U TPAKTUIECKH TTIOJTHOCTHIO
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advantages over general cooling [3, 5], was renewed.
In case of forced cooling of head surface (predominant
cooling of the least resistant to hypoxia cerebral
structures, especially the neocortex) this method allows
to maintain reasonably high body temperature (BT)
(including that of heart) and mostly eliminate the risk
of ventricular fibrillation. According to the Guideli-
nes of the European Council for Resuscitation, the
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HCKITIOUUTH OMTACHOCTh BOZHUKHOBEHHS (PUOPUILISIIINH
KeTynoukoB. COTIIaCHO METOINUYECKIM PEKOMEH -
uusaM EBponeiickoro coBera o peaHumanuu, AMepu-
KaHCKOM accouualnuy KapauoJoroB u Accouuaiuu
HelpoxupyproB Poccuu ypoBHH TepanmeBTHUECKOM
TUIIOTEPMUU HAXOJSATCS B AMAna3oHe moHwxkenus TT
(35...32°C), mockonbKy Ooree HU3KHH YPOBEHb Oa3aibHON
TT Mo3KeT BBI3bIBATh Pa3BUTHUE PsiAa OMACHBIX OCIOXK-
HEHUH (KapaIuoBaCKyISIpHAsI TeNpeccus, prOpHiUIsIis
1 aCUCTOJIMSI CepAIla, HapyIICHUE DICKTPOTUTHOTO
Oamanca, TUCPYHKIIUS TICYCHU U MMOYEK, CHIDKCHHE
CBEPTHIBAEMOCTH KpOBHU | Ap.) [4].

K Hacrosmmemy BpeMeH! YCTaHOBICHO HECKOIBKO
OCHOBHBIX MEXaHHM3MOB AEHCTBHS JIEYEOHON THIIO-
TEPMUHU: 3AIIUTA OT TUIIOKCUH, SIBISIFOIIECUCS TOCTOSIH-
HBIM KOMITOHEHTOM OOJIBIIIMHCTBA TATOJIOTHYECKHIX
IIPOLIECCOB B OPraHU3Me; CHIDKEHUE YPOBHS MeTa0o-
J3Ma B OXJIQXKJACHHBIX TKaHSIX U YMEHbILICHUE MOT-
peOIeHNs PHEPTUH KIIETKAMH ITyTEM UX MOTPYKEHHS B
COCTOSIHUE «THOEPHAIIMNY; TIepepacIipeieieHUue SHeP-
TOPECYPCOB IS peau3aliii TOJHKO JKU3HEHHO BaXK-
HBIX TIPOLIECCOB; OOecreueHre Oaanca B aHTHOKCHIAHT-
HOH cucTeMe W ToJAepKaHue META0OIUIECKOTO TO-
MeocTasa KIeTKU. Bee 3Tu mporiecchl CioCOOCTBYIOT
BOCCTaHOBJICHHIO OCMOTHYECKOTO HOHHOTO TPaINCHTA
1 yCTPAHEHUIO OTeKa-HaOyXaHWs TKAHEH IEHTPaIb-
Hoit HepBHOU cucteMbl (LIHC). HeliporiporekropHas
3(hPEeKTUBHOCTh YMEPEHHOUN THIIOTEPMHUH OTIpEjie-
JsieTCss OONBITMME KOMITEHCATOPHBIMU BO3MOXKHOC-
TSIMU MO3Ta U ero miactuuHocThio [37]. IIpoBenenue
KII'" cmocoOCcTBYeT MOAaBICHUI0 MHOXKECTBEHHBIX
MEXaHU3MOB BTOPUYHOTO MOBPEKICHUS, BKIIIOUAS
9KCAaHTOTOKCUYHOCTh, TEHEPUPOBAHUE CBOOOIHBIX
paJMKaioB, BOCIAJICHUE W allONTOTHYCCKYIO THOCIN
KJIETOK.

B peamm3amuy 3amMUTHBIX PEaKIUi OpraHU3Ma
YY9aCTBYIOT MPOTCOITUTHICCKIE DH3UMBI, FITU TPOTEH-
Ha3bl, KOTOPBIC MOTYT y9acTBOBATh B MOCTTPAHCIIS-
[IMOHHBIX MOTU(DUKAINIX IPOTCHHOB, U3MEHEHUH JI0-
KaJIM3al[iy BHY TPUKIIETOYHBIX METITHIOB U AKTUBHOCTH
JPYTUX YH3UMOB, a TAKXKE B BOSHUKHOBEHUU U PA3BUTUH
psiJia MaToJIOTUYECKUX COCTOSIHUH, B 4aCTHOCTH 3200-
JIEBaHUH IEHTPAIbHONU HEPBHOU U CEPICUHO-COCYIHC-
Toit cucteM. Oco0ast poJib B 3TUX MPoIleccax MprUHaI-
JIeXKUT IMPOTEHHA3aM PEHUH-aHTMOTEH3UHOBOM CHCTEMbI
(xuMaza, TOHUH U Jp.), KOTOPBIE YYaCTBYIOT B 00pa3o-
Banuu anruorensuna Il (All), peryasun KpoBSIHOTO
JABJICHUS U CTIOCOOCTBYIOT MMPOTPECCUPOBAHUIO CEP-
JIEYHO-COCYIHCTOTO peMmoaenupoBanus [24, 38].
Xumaza—(EC 3.4.21.39) sinsieTcst Haubouiee crierugu-
YyeckuM TKaHeBbIM All-00pa3yromum 3H3UMOM He3a-
BHCHMOTO OT aHTHOTEH3UH-TIPEBPAIIAOIIETr0 YH3UMa
myt oopazoBanus All uz anruorensuna [ (Al) [25].
XuMaza BUIOCTCIIM(PUYHBIA SH3UM. B oTiudne ot
YeII0BeKa, IPUMATOB, COOAK U XOMSKOB, Y KPBIC U MbI-
IIe OHa SIBIISIETCS aHTMOTEH3WHA30M, TIOCKOIIBKY TH/I-
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American Heart Association and the Association of
Neurosurgeons of Russia, the admissible BT range for
therapeutic hypothermia are within 35...32°C, whereas
a lower level of basal BT can cause a number of
dangerous complications (cardiovascular depression,
fibrillation and heart asystole, violation of electrolyte
balance, dysfunction of liver and kidneys, decreased
coagulability of blood, etc.) [17].

By now, several basic mechanisms of therapeutic
hypothermia impact have been discovered: protection
against hypoxia, being a constant component of the
majority of pathological processes in the body; reduc-
tion in the level of metabolism in cooled tissues and
a decrease in energy consumption by cells due to
their hibernation; redistribution of energy resources
for performance of only vitally important processes,
ensuring a balance in antioxidant system and maintai-
ning the metabolic homeostasis of the cell. All these
processes contribute to restoration of the osmotic ion
gradient and elimination of edema-swelling of cent-
ral nervous system (CNS) tissues. Neuroprotective
efficacy of moderate hypothermia is determined by
the large compensatory capacity of the brain and its
plasticity [37]. CCH contributes to suppression of di-
verse mechanisms of secondary damage, including
excitotoxicity, generation of free radicals, inflammation
and apoptosis of cell.

Proteolytic enzymes or proteinases participate in
implementation of protective responses of the body,
as well as in post-translational modifications of pro-
teins, change in localization of intracellular peptides
and activity of other enzymes, and in development
of a number of pathological conditions, in particular,
diseases of the central nervous and cardiovascu-
lar systems. A special role in these processes belongs
to proteinases of renin-angiotensin system (chymase,
tonin, efc.) participating in formation of angiotensin I1
(AII), regulation of blood pressure and promoting the
progression of cardiovascular remodeling [9, 38]. Chy-
mase (EC 3.4.21.39) is the most specific tissue All-
forming enzyme of independent from angiotensin-
converting enzyme pathway of AlIl formation from
angiotensin [ (AI)[9]. Chymase is a species-specific
enzyme. Unlike humans, primates, dogs and hamsters
the chymase of rats and mice is an angiotensinase,
because it hydrolyzes the Tyr4-IleS bond in All, and
forms AlIl only at high Al concentrations [ 14, 33]. Tonin
(EC 3.4.21.35) forms AIl both from Al and directly
from angiotensinogen [6].

It is known that hypothermia leads to reduction of
both the amount of damaged neural tissue and the
number of neurons died via necrosis and apoptosis [18].
The activation and progression of apoptotic processes
during neurodegeneration can be caused by an abnor-
mal activity of Ca?*-dependent cysteine enzymes, i. e.
calpains (EC 3.4.22.17) [10, 11, 42]. Calpains parti-
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poinu3yert cBsi3b Tyr4-IleS B All, oOpasyet All Tosbko
npu BbICOKKX KOHIeHTpamusx Al [29, 35]. Tonun
(EC 3.4.21.35) obpazyer All xak u3 Al, Tak u Heno-
CPEICTBEHHO U3 aHTMOTEH3UHOreHa [22].

W3BecTHO, 4TO B yCIIOBUSAX TMIIOTEPMUH YMEHb-
maercss 00beM MOBPEKICHHUS HEPBHOH TKaHU H
KOJIMYECTBO MOTHOIINX HEHPOHOB Kak MO HEKPOOHO-
TUYECKOMY THUITy, TaK U ImyTeM amomnrto3a [30]. Ak-
TUBAIHIIO ¥ TIPOTPECCUPOBAHNE AITONITOTUIECKHUX TIPO-
LIECCOB TMPHU HEWpOJeTreHeparii MOXKET BBI3BIBATH
aHOMaJIbHAsl aKTUBHOCTH Ca’’-3aBUCUMBIX LIUCTEH-
HOBBIX dH3UMOB — KanbnanHoB (EC 3.4.22.17) [25, 26,
42]. KanpnanHbl y9acTBYIOT BO MHOTHX OHOJIOTHYEC-
KHX rnpoueccax [15, 25], BkirouatoTcs B aAanTauio
KJIETOYHOTO0 MeTaboJn3Ma K M3MEHSIOMKMCS YCIIo-
BUSAM OKpykatomieid cpeas! [9]. OHM mpUHHUMAIOT
yuyactre B 0a30Bbix Ca’'-3aBHCHMBIX KJIETOYHBIX IPO-
Leccax —Iepesiaye CUrHaJIoB, KIIETOYHOM LIUKJIE, TPO-
mudepanun, 1upPepeHIIpPOBKE, alIONTO3E, CIUIHUN
MeMOpaH, POPMUPOBAHUH MBILICUHBIX BOJIOKOH H JIP.
[15]. [Ipu yrHeTeHNM aKTUBHOCTH KaJIbITAWHOB ITPOMC-
XOIAT TOPMOXKEHHE Pa3BUTHUS AUCPYHKINN HHIOTE-
JIUS1, CEPJICUHO-COCYIUCTBIX OCTIOKHEHHUH, (hOpMUpOBa-
HUE CTPYKTYPHBIX U (YHKIIMOHAIBHBIX W3MEHEHUH
B TKaHSX, a TAK)KE OTMEYAETCS] HEHPOIIPOTEKTOPHBII
apodexr [7, 8, 10, 15].

Panee 6b110 TOKa3aHO [6], YTO yMEPEHHBIH pEKUM
KLI" (32°C) cnocoOCTBYET pe3Koii akTUBALMN PEaKLIUi
OrPaHMYEHHOTO IIPOTEO0NIN3a B CHIBOPOTKE KPOBH, TKAHSX
IHHC (xopa mo3ra, runoTraiamyc, MO3Ke4OK ) U BHYT-
PEHHUX OpraHoB (ceplue, Jerkue, Ne4eHb U MOYKH).
[Tpu 5TOM 00111as1 TPOTEOTUTHYECKAS AKTUBHOCTH T10-
BBIIIIAETCS HA OJIH-]BA ITOPSIIKA, @ aKTUBHOCTH HETPHUII-
CHUHOIIOTO0OHBIX MPOTENHA3 (CyMMapHasi aKTUBHOCTh
XUMOTPHIICHHA, XUMa3bl, YACTUYHO TOHUHA U IPYTHX
9H3MMOB) YBEIMUMBACTCSA B pPa3bl BO BCEX MCCIETye-
MBIX TKaHAX [6]. OgHAaKo BKJIaJ OTIACITBHBIX CIEIH-
(bryecKuX SH3UMOB, B HACTHOCTH XMMa3bl, TOHWHA U
KaJIb[ITAUHOB, B MPOIIECC aKTUBAIIMHU TPOTEOIH3a IPH
KII" e n3yuen. MccrnenoBanne akTHBHOCTH yKa3aH-
HBIX SH3UMOB MOMOJKET paclIM(pOBKEe MEXaHU3MOB
Pa3BUTHS ¥ BBIICHEHHIO OCOOCHHOCTEH B3aMMOCBSI3H
Ba30KOHCTPUKTOPHBIX U alIONTOI€HHBIX H3MEHEHUH B
romoiiorepmMHoM opranusme npu KT

Lenb paboThl — N3yYNTH AKTUBHOCTH XMMa3bl, TO-
HUHA U KJILIIANHOB B CHIBOPOTKE KPOBH, TKAHAX CTPYK-
typ UHC u BHyTpeHHUX OpraHOB KpBIC IPHU yMe-
PEHHOM peKnMe KpaHHOIepeOpaaTbHOW THITOTEPMUAN
(32°0).

MaTtepuajbl H METOAbI

DKCIIEpUMEHTHI MTPOBEICHBl B COOTBETCTBUU C
«OO0mMMH TPUHIIATIAME SKCIIEPUMEHTOB Ha KHBOT-
HBIX», 0J100peHHbpIME V] HaroHaibHBIM KOHTpeCCoM
o 6uostrke (Kues, 2016) u cornmacoBaHHBIMU C TIOJIO-
»eHusIMU « EBponeiickoli KOHBEHITMH O 3aIIUTE TT03BO-
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cipate in a wide range of biological processes [10, 35],
they are involved into adaptation of cell metabolism to
changing environmental conditions [25]. They partici-
pate in the basic Ca?*-dependent cellular processes
such as signalling, cell cycle, proliferation, differen-
tiation, apoptosis, membrane fusion, formation of mus-
cle fibers, etc. [35]. Inhibition of calpain activity is
accompanied by the suppressed development of endo-
thelial dysfunction, cardiovascular complications, and
formation of structural and functional changes in the
tissues, as well as appearance of neuroprotective ef-
fect [21, 22, 26, 35].

It was previously shown [20] that the moderate
regimen of CCH (32°C) promoted a sharp activation
of reactions of limited proteolysis in blood serum,
tissues of CNS (cortex, hypothalamus, cerebellum) and
internal organs (heart, lungs, liver and kidneys). Here-
with the total proteolytic activity rised by one/two or-
ders, and the activity of non-trypsin-like proteinases
(the total activity of chymotrypsin, chymase, partially
tonin and other enzymes) was increased several times
in all the studied tissues [20]. Nevertheless, the contri-
bution of some specific enzymes, in particular, chy-
mase, tonin and calpains, to the proteolysis activation
in CCH has not been studied. The study of activity of
these enzymes will help to determine the mechanisms
of development and find out how interact vasocons-
trictive and apoptogenic changes in homeothermal or-
ganism at CCH.

The research aim was to study the activity of chy-
mase, tonin and calpains in blood serum, tissues of
the CNS structures and internal organs of rats un-
der moderate regimen of craniocerebral hypother-
mia (32°C).

Materials and methods

The experiments were carried out in accordance
with the General Principles of Experiments in Animals,
approved by the 6™ National Congress in Bioethics
(Kiev, 2016) and agreed 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 performed in 6—7-month-old
male outbred albino rats which were kept before the
experiment at the animal facilities with natural day/
night cycle and a standard diet ad /ibitum. Before the
CCH the animals were anesthetized (mixture of so-
dium thiopental (PAT Arterium, Ukraine) and sodium
hydroxybutyrate (ISC Farmak, Ukraine) in the amount
of 30 and 100 mg per kg of animal mass, correspon-
dingly) to provide the neurovegetative blockade and
suppress the specific responses to cold (such as mus-
cle tremor and vasoconstriction). The controlled CCH
was performed by means of the unit for program-
mable cooling (produced by the Special Constructing
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HOYHBIX JKUBOTHBIX, UCTIOJIB3yEMBIX ISl SKCTIEPH-
MEHTAJIBHBIX U IPYTUX HaydHBIX 1enein» (CtpacOypr,
19806).

PaGoty BbIMOHSIM HA 6—7-MeCSYHBIX caMIiax OesbIX
0ecropoIHBIX KPBIC, KOTOPBIE 0 Hauana 3KCIEpH-
MEHTa CO/IEPKAINCh B YCIIOBHSIX BUBAPHsI IPH €CTECT-
BEHHOM CBETOBOM pPEKMME Ha CTaHAAPTHOM pallMOHE
ad libitum.

ITepen ceancom KIII' nst mpoBeneHust HEWpPOBE-
TeTaTUBHOI OJI0KaIbI ¥ TIOJJABICHUA CTICIN(PUIECKIX
peakIuit opraau3Ma Ha X0J10/] (B YaCTHOCTH MBIIIIEY-
HOM JTPO’KH ¥ BA30KOHCTPUKIINH ) > KHBOTHBIX HAPKOTH-
3upoBain (cMech THorneHTata Harpus (Koprmopanus
«Aptepuym», YkpanHa) n okcuOytupara Hatpusi ([1AO
«®Papmax», Ykpauna) u3 pacuera 30 u 100 Mr/kr Mmaccel
COOTBETCTBEHHO). Ynpasnsemyto KT npoBoaunu Ha
YCTaHOBKE [UIsl IPOTPAMMHOTO OXJIaXKACHUS (IIPOU3-
BozactBo CKTE ¢ OIl UucTuTyTa mpobieM Kpuoouo-
noruu u kprpoMeuimasl HAH Yikpannst [17]) B reuenune
(60 £ 10) MHUH 10 AOCTHXKEHUS PEKTAIBHOU TeMIie-
patypsl (32°C) (yMepeHHBIH peXuM THIOTEPMHUN),
KOTOPYIO M3MEPSIIN JIEKTPOHHBIM TEPMOMETPOM.

JKUBOTHBIX pacmpenenuin Ha TpU TPYIIEI (7 = 5
B KaX7oi): 1 — KOHTPOJb (MHTAKTHBIE KPBICHI); 2 —
nercTBrue Hapko3a; 3 — mposenenne KLI™ 1o yposHs
pekranbHoi Temneparyps (32°C). 3abop Orosormyec-
KOT'0 MaTepuasia Juis aHajau3a IpoU3BOJWIIN [TOCIIE Jie-
KaIlUTallly )KUBOTHBIX.

KpoBb cobupanu B mpobupku, orctanBain 10 MuH
B YCJIOBUSIX KOMHATHOW TeMIIEpaTypbl U LEHTPHU]Y-
rupoanu 15 My pu 5 000g na «MPW-331» («Mecha-
nika Precyzyjna», [lonbma). [leuens nepdysnuposanu
OXJIaXACHHBIM (pr3nonornyeckum pactopom. O0-
pasubl TkaHe# (rmo 300 mr) Kopsl Mo3ra, TUIOTaja-
Myca, MO3)KeJKa, CTBOJIa MO3Ta, JIETKUX, Cep/IIa, IIEYeHN
Y TIOYEK MPOMBIBAIIN OXJIAXKJICHHBIM (pru3nosornyec-
KM pacTBOPOM M TOMOTeHH3upoBanu B 3 mi Na-
(dhocdarnoro Oydepa pH 7,4 npu 4-6°C, 3areM 1HEHT-
pudyruposanu 10 mun pu 5 000g na «PC6» («Das-
tan», Kazaxcran) npu 4°C. I1poObl CHIBOPOTKH KPOBH
1 amukBOTHl 10%-X TOMOreHaTOB TKaHEH /10 MpOBe-
JeHust aHanu3a xpaduiu npu —20°C.

B ceiBopoTKe KpoBU 1 0€3bsAepHBIX (PPAKLIUIX IO~
MOTEHATOB TKaHE! ONpeeNsiii aKTUBHOCTb XMMa3bl,
TOHMHA U KaJIbITAHHOB BHICOKOYYBCTBHTEIILHBIMH SH3HU-
MaTHYECKUMH METOAaMu, pa3padbotanasimMu B ['Y «Ha-
LIMOHAJIbHBIM MHCTUTYT Tepanuu umenu JI.T. Maioi
HAMH VYkpauns». [Ipumensembie B paboTe METObI
OCHOBaHbI Ha PACIICIUICHUH MMMOOWIH30BAHHOI'O
Ha MOBEPXHOCTH MOJUCTUPOIA KOMIUIEKCA MapKep-
HOTO 9H3UMa (NEPOKCHUAA3bI XPEHA) U MPOTCHHOBO-
ro cyoctpara [18]. B pe3ynbrare npoTeonuTuyeckon
peaKIMu OPOUCXOIAT pacUICIVICHUE U AecopOouus
cyOcTpara ¢ MOBEPXHOCTH MOJUCTHPOJIA BMECTE C
MOJIEKYJIAMH CBSI3aHHOT'O C HUM MapKEpHOTO 3H3KMa.
Ji1st OLIEHKH aKTUBHOCTH XHMMas3bl B KauecTBe CyOCT-

npo6nemMbl KpMOOGMONOrMM M KPUOMeEeAULMHbDI
problems of cryobiology and cryomedicine

Tom/volume 27, Ne/issue 3, 2017

and Technical Bureau with Experimental Unit of the
Institute for Problems of Cryobiology and Cryome-
dicine [16]) during (60 +10) min till reaching the rectal
temperature to 32°C (moderate hypothermic regimen),
measured with an electronic thermometer.

The animals were divided into three groups (n =5
in each): 1 — control (intact rats); 2 — anesthesia effect;
3 — CCH performance up to reaching the rectal tem-
perature to 32°C. Biological samples were collected
after animal decapitation.

Blood was collected into tubes, left for 10 min at
room temperature and centrifuged for 15 min at 5,000g
with MPW-331 device (Mechanika Precyzyjna, Po-
land). The liver was perfused with a cold physiologi-
cal saline. Tissue samples (300 mg) of cortex, hypotha-
lamus, cerebellum, brain stem, lung, heart, liver and
kidneys were washed with cold physiological saline
and homogenized in 3 ml of Na-phosphate buffer
pH 7.4 at4...6°C, then centrifuged for 10 min at 5,000g
with PC-6 device (Dastan, Kazakhstan) at 4°C. The
samples of blood serum and tissue homogenate ali-
quots were stored at —20°C prior to the analysis.

Blood serum and nucleus-free fractions of homo-
genates were used to study the activity of chymase,
tonin and calpains by highly sensitive enzymatic me-
thods developed at the SE National Institute of Therapy
of the L.T. Malaya name of the National Academy
of Medical Sciences of Ukraine. The used methods
are based on cleavage of the complex of marker
enzyme (horseradish peroxidase) and the protein sub-
strate immobilized on the polystyrene surface [27].
The proteolytic reaction results in the cleavage and
desorption of the substrate from the polystyrene sur-
face together with molecules of marker enzyme bound
with it. To evaluate the activity of chymase we have
used the 3-8 Al fragment (ICN, USA) as the subs-
trate, for tonin we have used protamine sulfate (ICN)
and bovine serum albumin (ICN) for calpains. Before
the assessment of chymase activity we performed
the suppression of trypsin, plasmin, serum kallikrein,
tonin (has both trypsin- and chymotrypsin-like activities)
by introducing 1:1 v/v soybean trypsin inhibitor (STI)
solution with 0.01 pg/ml concentration and incubated
for 5 min at 37°C. To determine the activity of tonin,
the kallikrein-like enzymes were preliminarily inhi-
bited by adding 1:1 v/v aprotinin (ICN) (20 pg/ml)
and incubated for 5 min at 37°C. The activity of cal-
pains was determined as the difference between the
activity of proteinases mixed with CaCl, and cysteine
(Reachim, Ukraine) to obtain final concentrations
of 5 mM and activity of proteinases supplemented
with ethylenediaminetetraacetate (Reachim, Ukraine)
until a final concentration of 10 mM. Calpains’ acti-
vity was assessed by proteolytic reaction: the samp-
les were placed on polystyrene plates (KIMA, Italy)
with immobilized horseradish peroxidase (ICN) and
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para ucniosibzoBaiu Gparmedt 3-8 All («ICNy, CILHA),
ToHUHA — ipotaMuHCcyIbdar («ICN»), KanbIanHOB —
Obrunii ceiBopoTouHbli anbOymun («ICNw). Ilepen
aHaJIM30M aKTUBHOCTH XMMa3bl IPEABAPUTEIBHO OT-
JeNTbHO MTPOBOIWIIN PEAKLIUIO MTOJaBJICHUS TPUIICHHA,
MJa3MUHA, CBIBOPOTOYHOI'O KaJUIMKPEHWHA, TOHUHA
(obOnamaeT TPUTICHH- U XUMOTPHIICHH-TIOIOOHOM aKTHB-
HOCTBI0) fo0aseHneM 1:1 1o o0beMy coeBOro MHrMOH-
topa TpuricuHa («ICN») B kontieHTparuu 0,01 Mxr/mi
u uHKyOupoBanu 5 mus nipu 37°C. Jlns onpeaeneHus
AKTUBHOCTH TOHWHA MPEJIBAPUTEIILHO HHTHOUPOBATH
KaJUTMKPEUH-TIONO0HEBIE dH3UMBI go0aBieHueM 1:1
o oobemy anpotuHuHa («ICN») (20 MKT/MIT) M UHKY-
o6uposanu 5 muH rpu 37°C. AKTUBHOCTH KQJIBITAHOB
OTIPENICIISIIN KaK Pa3HULLY MEXKIY aKTUBHOCTBIO IIPO-
Tennas pobapnennem CaCl, n nucrenna («Peaxumy,
VYkpanHa) 10 MOJTY4YCHUs KOHEUHBIX KOHLEHTPALUi
5 MM 1 aKTHBHOCTBIO IPOTEHHA3 C J0OABICHUEM 3TH-
neHauamuHTerpaanerara («Peaxum», Ykpanna) 1o
MOJTy4€HUs] KOHEYHO! KoHLeHTpanuu 10 MM. AKTHB-
HOCTb KaJILITAMHOB OI[CHUBAJIU T10 IPOTEOIUTHYECKOH
peaximu: 00pasibl BHOCKWIH B IYHKH MOJUCTHPOJIO-
BbIX 1iaHmeroB («KIMAy», Uranus) ¢ uMMoOuIU-
30BaHHBIM KOMITJIEKCOM Nepokcuaasbl xpeHa («ICNy)
1 anbO0yMUHa CHIBOPOTKH ObIKa B MapajuieNsx. 3aTem
K O1HOH |3 mapayenel no6apismu CaCl) n uncre-
WH, KO BTOPOW — 3TUJICHINAMUHTETpaanerar (aKTUB-
HOCTb KaJIbIAMHOB OLIEHMBAJIM 10 Pa3HMIIEC MOKa-
3aresieit). B kauecTBe KOHTPOJIS HCIIONIB30BAIIHN PACT-
BopbI TpuricuHa («Spofay, Uexus). Jlanee mposoaunn
PEaKLuUIO PacIleINICHUs UMMOOWIN30BaHHOTO YH3HM-
CyOCTpaTHOTO KOMILJIEKca. AKTUBHOCTh XUMa3bl, TO-
HUHA M KaJbIIaMHOB PACCUUTHIBAIN MO M3MEHEHHIO
AKTHBHOCTH MapKEepHOTO SH3UMa — IIEPOKCHUIA3bI Xpe-
Ha B peakuu ¢ oprodermienrnaMuaoM («Peaxnmy,
YkpanHa). AKTHBHOCTh XMMa3bl U TOHHHA BBIpaXKa-
i B E X 107 wim HaHOMOJISIX CyOCTpaTa B MHHYTY,
KaJbIIaWHOB — B MWJIJTUTPaMMax Ha JIUTP TPHUIICUHA
B Hac.

OnTryeckylo MIOTHOCTh 00pa3oB U3MEPSUIM Ha
(doromeTpe-ananuzarope uMmMmyHodepmenTHoM «Hu-
manreader» («Humany, I'epmanus).

CraTucTHuecKyro 00paboTKy JaHHBIX POBOANIH
MerogoM CthioneHTa-Puiepa ¢ UCIOIb30BAHUEM
nporpaMMHOT0 obecrieuerust «Excel» («MicroSofty,
CIIA).

Pe3yabTarsl U 00cy:xKaeHHe

HeiictBue ymepennoro pexuma KT (32°C) cro-
COOCTBOBAJIO PE3KOMY MHTMOMPOBAHHUIO MO CpaBHE-
HUIO C KOHTpoJieM (Ha 3—5 MOpsIKOB) aKTHUBHOCTHU
XHMMa3bl 1 0OCOOCHHO TOHHHA BO BCEX U3YUYEHHBIX 00-
pasuax Tkanel (tadm. 1, 2). bonee 3HaunTenpbHOE CHU-
JKEHHE aKTUBHOCTH XuMasbl (p < 0,01) oTmeueHo B
TUIIOTAJIaMyCe, MO3KEUKE, a TAK)KE IIEUEHN — OpraHe,
B KOTOPOM aKKyMYJIUPYIOTCS TYUHbIE KJIETKH, BBICBO-
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bovine serum albumin complex in parallel wells. Then,
CaCl, and cysteine were added to one of the parallels,
and ethylenediaminetetraacetate was added to the
second one (the activity of calpains was estimated by
the difference in indices). Trypsin solutions were used
as a control (Spofa, Czech Republic). Thereafter the
cleavage of immobilized enzyme substrate complex
was performed. The activity of chymase, tonin and
calpains was calculated from the change in the activity
of marker enzyme — horseradish peroxidase in reaction
with orthopheny-lenediamine (Reachim, Ukraine).
The activity of chymase and tonin was expressed in
E x 107 or nanomoles of substrate per minute, the
index for calpains was calculated in milligrams per
liter of trypsin per hour.

The optical density of the samples was measured
with photometer Immunoassay Analyzer Humanreader
(Human, Germany).

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

Results and discussion

The effect of a moderate CCH regimen of 32°C
contributed to a sharp inhibition in comparison with
the control of the activity of chymase and especially
tonin in all the studied tissue samples (by 3—5 orders)
(Tables 1, 2). A more significant decrease in chymase
activity (p,<0.01) was observed in the hypothalamus,
cerebellum, and also in liver, the organ within which
the chymase releasing the mast cells is accumulated
(Table 1). Compared with anesthesia CCH resulted
(group 2) in a less significant decrease in tonin activity
in the tissues of cerebellum, lungs, heart and kidneys
(Table 2). Herewith, an increase in calpains activity
(in 10-50 times) was revealed in all the samples, except
blood serum (it was unchanged) (Table 3). The most
pronounced increase in calpains activity at CCH was
observed in liver and cerebellum, in case of anes-
thesia per se it was found in the tissues of hypotha-
lamus, cerebelum and liver (Table 3). It should be noted
that the CCH contributed to the least increase of cal-
pains activity in hypothalamus and cerebellum if
compared with anesthesia.

The reduction of chymase and tonin activity indi-
cates a decrease in formation of vasoconstrictor pep-
tide, AIl from Al and/or angiotensinogen in tissues [6,
9, 14, 33]. It is known that anesthesia suppresses
the body specific responses to cold, in particular vaso-
constriction. Hypothermia can be accompanied with
increase in the level of neuropeptides and a simul-
taneous decrease in activity of specific proteinases, in
particular mast cell chymase [12]. Normally, chymase
is not secreted and it is stored inside intracellular gra-
nules of mast cells, and its release requires an activa-
tion and degranulation of mast cells. Chymase activity
is affected by oxidative stress, inflammatory processes,
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0o maromue xumasy (cM. Tab. 1). B pe-
synbrare nposeaenus KII' no cpaBhe-
HUIO C ACWCTBHEM Hapko3a (rpymnma 2)
OTMEYEHO MEHEE CYIIECTBEHHOE CHHU-
JKEHUE aKTUBHOCTH TOHUHA B TKaHIX
MO3KEUKa, IETKHUX, Cepilia ¥ TTOYeK (CM.
ta0m1. 2). [Ipr 3TOM BBISIBIICHO OBBILIIEHUE
AKTUBHOCTH KanbranHoB (B 10-50 pa3)
BO Bcex 00pasIiax, KpoMe CHIBOPOTKH KpPO-
BH (He u3Mensutack) (tabum. 3). HanGonee
BBIPAKEHHOE YBEIUYECHHE aKTHUBHOCTHU
kasbnanHoB npu KII™ orMedeHo B neye-
HU 1 MOKEUKE, a B Pe3yJibTare JecTBUSA
HapKo3a — B TKAHIX THUIIOTAIaMyca, MO3-
JKedka M riedend (Tabi. 3). Cnemyer oTMe-
tuTh, yTo KL 1o cpaBHeHuto ¢ aeict-
BHEM HapKo3a CrocoOCTBOBAIA MEHBILIE-
MYy TOBBIILICHUIO AKTUBHOCTH KaJIbIIAHOB
B TMIIOTAIaMyCE U MO3KEUKE.

CHMKeHue aKTUBHOCTH XUMAa3hl U TO-
HHUHA YKa3bIBAET HA YMEHBIIICHNE 00pa-
30BaHUS Ba30KOHCTPUKTOPHOTO MENTHAA
All w3 Al u/vnu aHrMOTEH3MHOI€HA B TKA-
Hix [22, 25, 29, 35]. U3BecTHO, 9TO Hap-
KO3 ITOJIABJISIET CTIeU(PHUYECKIE PEaKIIUH

Tabnuua 1. AKTMBHOCTb XMasbl (E x 107%) B TkaHsIX KpbIC
npu kpaHvoLepebpansHon runotepmun 32°C (M + m)

Table 1. Chymase activity (E x 107%) in rat tissues
under craniocerebral hypothermia of 32°C (M + m)

O6pasubl TKaHen
Tissue samples

KoHTponb
Control

Hapkos
Anesthesia

KL
CCH

Kopa mozra 16,048 + 5,524 0,020 + 0,005 2 0,022 + 0,007 ?
Cortex
lnotanamyc 23,863 + 4,728 0,023 + 0,006 2 0,024 + 0,008 '
Hypothalamus
Mogxeiok 15,828 = 4,592 | 0,020 x 0,005 2 0,019 + 0,008 !
Cerebellum

CTBONn mo3ra
Brain stem

21,461 + 5,608

0,017 £ 0,004 '

0,030 + 0,006 ?

CblBOpOTKa
KpoBU
Blood serum

1,766 + 0,611

0,006 + 0,001 ?

0,004 + 0,001 ?

INerkune
Lungs

19,130 + 6,479

0,008 + 0,002 ?

0,014 + 0,003 ?

Cepaue
Heart

17,499 + 8,370

0,012 + 0,003 ?

0,035 + 0,007 @

MeyeHb
Liver

16,565 + 4,205

0,036 + 0,004 ?

0,033 + 0,008'

Mouykn
Kidneys

12,138 + 4,784

0,012 + 0,003 ?

0,021 + 0,008 3

OpraHu3Ma Ha XOJIO/, B YaCTHOCTH Ba30-
KOHCTPHUKIIHIO. B yca0BUsIX runorepmun
MO>KET MOBBIIIATHCS YPOBEHb HEUPOIIET-
TUJOB NPU OJHOBPEMEHHOM CHUXCHUU
AKTUBHOCTH CHIEIM(DUIECKUX POTEHHA3,
B YACTHOCTH XMMa3bl TYUHBIX KJIETOK [27].
B HOpMe xuMmaza He CEeKpeTUpyeTCs U Co-
JEPKUTCS BO BHYTPUKIIETOUHBIX TPaHyJaX TYyUHBIX
KJIETOK, ISl €e BBIOpOoca HeoOXOomnMa akTHBAIMS U
JETPaHyJSINs Ty9HBIX KJIETOK. Ha aKTUBHOCTH XH-
Ma3bl BIUSIOT OKCHAATUBHBIN CTPECC, BOCIIATUTEIh-
HEIE TIPOIIECCHI, TUITOKCHUS U UIIEMEsI MHOKap/a, CIo-
COOCTBYIOIIIME JICTPAHYJISIIMK TYYHbBIX KIIeTOK. [Toka-
3aHO, YTO Pa3BUBAIONIMICS B YCIOBUSIX TMIIOTEPMUH
OKCUJATUBHBIN CTpECC MPUBOIUT K YBEJIMUYCHUIO B TKa-
HSIX KOJIMYECTBA TyYHBIX KJIETOK, KOTOPBIE TAKKE yUacT-
BYIOT B PETyJISILIUHI PETEHEPAaTUBHBIX POLIECCOB [2].
Crnenyer OTMETUTB, UTO XUMasza uMeet Tpu pH-3aBu-
cuMbIe (POPMBI: HU3KYIO — KATAIMTUYECKH HEaKTHB-
HYIO, HEUTpaIbHYI0 — C HOPMAJIbHOM AKTUBHOCTBIO
U BBICOKYIO — C TOBBIIIEHHON KaTaJUTUYEeCKOM ak-
tuBHOCTHIO [33]. Iocne 3-uyacoBoii X0I010BO IKCIIO-
3uruu pu 4°C akKTUBHOCTHh XMMa3bl B TKAHIX KPBIC
Tarke cHmkaercs [13], kak u pu ymepennoit KT
(32°C) (cm. Tabma. 1), 4To MOKET yKa3blBaTh Ha Iie-
pexon PH3UMa B KaTaJUTHUYECKH HEaKTHUBHYIO pH-
3apucuMyto (opmy. [Ipu rumorepmMun pasBuUBaeTCs
MeTtabonmueckuid aruno3 (pH casuraercs B KUCITyrO
cTopoHy) [40], 4TO MOKET OBITh TPUYUHON OTMEUCH-
Horo npu KIII' pe3koro cHU>KEHUSI aKTUBHOCTHU HE
TOJIPKO XMMa3bl, HO ¥ TOHHHA (CM. Tabi. 1 u 2), moc-
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Note: " 23 —

MpumeyaHue: " 23 — pasznumynms 3Ha4YMMbl NO CPaABHEHWUIO C KOHTpPONeM
p < 0,01, p < 0,05, p < 0,1 COOTBETCTBEHHO.

differences are statistically significant if compared with control
p <0.01, p <0.05, p <0.1, respectively.

hypoxia and myocardial ischemia, which contribute to
degranulation of mast cells. It is shown that oxidative
stress developing under hypothermia conditions pro-
motes an increase in tissues of mast cells’ number
participating in regulation of regenerative processes
as well [2].

It should be noted that chymase has three pH-
dependent forms: low pH is catalytically inactive,
neutral one possess normal activity and high pH
dependent has an increased catalytic activity [32].
After 3 hours of cold exposure at 4°C, the chymase
activity in rat tissues is also reduced [30], like during
moderate CCH (32°C) (Table 1), that may indica-
te the transition of enzyme to catalytically inactive
pH-form. Hypothermia is followed by metabolic aci-
dosis (acidic shift of pH) [40], that may be the reason
for a sharp decrease in the activity of not only chy-
mase, but also tonin (Tables 1, 2) observed under
CCH, because the optimal pH value for their activity
is 8.5 [39].

It should be noted that optimal carrying-out of CCH
is accompanied by a simultaneous decrease of BT,
heart rate and blood pressure [20, 40]. Tissue kallikreins
are powerful modulators of blood pressure and their
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KONbKY 3HadeHue pH ans mposiBieHust

WX aKTUBHOCTH cocTaBysieT 8,5 [39].
CrnenyeT OTMETUTH, YTO MPHU ONTH-

ManbHOM npoBenennu KIII™ ogHoBpe-

Tabnuua 2. AKTMBHOCTb TOHUHA (E x 1078) B TKaHsX KpbIC
npu kpaHvoLepebpansHon runotepmun 32°C (M + m)

Table 2. Tonin activity (E x 107%) in rat tissues under craniocerebral
hypothermia of 32°C (M = m)

MeHHO cHikarorest TT, cepaeunslii putm O6pasubi TKaweit KowTponb Hapkos KUT
W apTEpUAIIBHOE J1aBJICHHUE [6, 40] MOH.[— Tissue samples Control Anesthesia CCH
HBIM MOJYJISITOPOM KPOBSIHOTO JIaBlie- Kopa moara 6108 + 1775 o 0,005 + 0.002 -
HUS SIBJISIIOTCS TKAHEBBIC KaJUTUKPEUHBI, Cortex R MRS
COJICp)KaHUE KOTOPBIX YBEIMYUBACTCS
. funotanamyc 8,320 + 1,767 0,004 + 0,001 3 0,005 + 0,002 2
IpY XpoHM4YecKor Tunorensuu [41]. Tka- Hypothalamus e E L AR ES RS E
HEBbIC KAJJTUKPEHHBI — KMCIIBIC [IHKO- y
03XKEe4Y0K
MPOTENHBI, BKIIOYAIOIINECS TaKKe B Cerebellum 6,974 + 2,303 0! 0,009 + 0,002 **
MPOLIECCH] aaNTalMK U 3aluThl. [Ipn .
o TBOJ1 MO3ra
pH 8,0-9,0 melcTBYIOT KHHHHOTCHA- Brain stem 1,951 + 0,857 0,002 + 0,001 0,006 + 0,002 ¢
3bl, TEHEPUPYIOIINEe KHHUHBL, a ipu pH
3,5—4,5 — TKaHeBble KaJIIUKpeHHbL. Ta- Chizopotka
D, CBRIC PCHHBIL. KpoBH 12,989 + 1,154 | 0,003 + 0,001 0,007 + 0,001
kuM oOpazom, KLII', conpoBoxmaromia- Blood serum
Cs TUTIOTEH3HEH, MOYKET CIIOCOOCTBOBATh erine
(v} 1 1.,4#
HEPEKIIFOYEHNIO DH3UMHOM KUHUH-aH- Lungs 8819 = 1,757 0 0,008 + 0,003
THOTCH3WHOBOM CHCTEMBI Ha Ba30JICII- c
PECCOPHYIO DYHKIIHIO. o 11,127 + 2,016 o' 0,009 + 0,003 " -*
Heo0xomimo oTMeTHTb, 4TO IPOUCXO-
MeveHb
JiA1ast npu KHF (32°C) 3HAUUTEIbHAS Liver 12,285 + 2,286 0,005 + 0,002’ 0,011 + 0,003 '
AKTHUBAIMsl HETPUIICUHO-TIOI0O0HBIX ITPO-
TenHa3 (B passl) [6], oTMeuaemas Ha K'_i'(;’::;'s 12,408 + 1,251 0" 0,009 + 0,002 ' &

(hoHe MHTHMOMPOBAHNUS AKTUBHOCTH XH-
Ma3bl ¥ TOHUHA (cM. Tabi. 1 u 2), oue-
BHJIHO, CBsI3aHa C IPOSIBICHUEM aKTHB-
HOCTH JPYTHX SH3UMOB. 1I3BECTHO, 4TO
KpOME TOHHHA (KPBICMHOT'O KaJJIMKPEHHA
1K) B TKansx KpbIc Haxoaures u K [10],
KOTOpBbIN B 0oOpazoBanuu All mourtu B
100 pa3 menee aktuBeH, yem rK.,. Onru-
myM pH s K, cocrasnser 6,2, a s 1K, — 6,85, Be-
POSITHO, Ha ()OHE CHHIKEHHMS aKTHBHOCTH XMMAa3bl
toHuHa rpu KT B nopnepxanuu Ba30JuHAMU4ECKON
(Gynxuun Moxer ydactBosarh rK,.

Hamu Oputa BbIsSIBIeHA oOpaTHAs KOppensuus B
M3MEHEHHUSAX aKTUBHOCTH XMMa3bl M KaJbIIAMHOB IPU
KIII': moBblIeHHE aKTHBHOCTH KaJIbIIAMHOB HanOoJIee
BBIPAYKEHO B TKaHIX Mo3keuka (B 40 pa3) u nedeHu
(8 50 pa3) Ha hoHE 3HAYNTETBHOTO CHUKEHHS aKTHB-
HOCTHU XMMa3bl (cM. Ta0uI. 1, 3). [loBbIIeHIEe aKTHBHOC-
TH KaJIbIIanHOB YKa3bIBa€T Ha aKTUBALMIO allONTOIeH-
HBIX IIPOLIECCOB U YBETNYEHHE KOJMUECTBA pa3pyILcH-
HBIX KJETOK, IPU 3TOM B MOBPEXKAECHHBIX KIETKAX
XUMa3a MPOSBISET MPOTEOIUTUYECKYIO aKTUBHOCTD
cpasy ke mocie ocBobokaeHus u3 rpanyn [38]. Ee
HU3Kas akKTUBHOCTh OOYCIIOBIICHA, BEpPOSITHEE BCETO,
ryouHo# (TT 32°C) u AMUTeNnbHOCTHIO THTIOTEPMUN
(60 = 10) muH.

HabnronaeMoe moBwIIeHUE aKTUBHOCTH KaJIbITan-
Ho ripu KII" (32°C) Bo Bcex uccieayemMbix oopasnax
(Kpome CBIBOPOTKH KPOBH ) COITIACYETCS C MOy YEeHHbI-
MU paHee JaHHBIMHU, KACAIOLUIMMUCS YBEIMUCHHS 00-
el NpoTEeONUTHUYECKON akTUBHOCTH [6]. IIpu sTom

236

MpumeyaHue: " 2 3 — paznuuusi 3Ha4MMbl MO CpaBHEHUIO C KOHTpornem p < 0,01,
p < 0,05, p< 0,1 COOTBETCTBEHHO; # & — pas3nNUuns 3HAYMMbl MO CPABHEHUIO C
nevicteneM Hapkosa p < 0,1, p < 0,05 cooTBeTCTBEHHO.

Note: ' 2 3 — differences are statistically significant if compared with the control

p <0.01, p<0.05, p<0.1, respectively; #- & — differences are statistically significant
if compared with anesthesia effect p < 0.1, p < 0.05, respectively.

content increases under chronic hypotension [41].
Tissue kallikreins are acidic glycoproteins, which are
also involved into adaptation and protection processes.
AtpH 8.0-9.0, the kinin generating kininogenases are
active, and at pH 3.5-4.5 do the tissue kallikreins. Thus,
CCH accompanied by hypotension, can contribute to
the switching of enzyme kinin-angiotensin system to
vasodepressor function.

Interestingly that significant activation of non-
trypsin-like proteinases (by several times) [20], occur-
ring during CCH (32°C), is observed on the background
of inhibition of chymase and tonin (Tables 1, 2) and is
obviously associated with a manifested activity of other
enzymes. It is known that except tonin (rat kallikrein
rK,), rat tissues contain rK; [26], which is almost in
100 times less active than 1K, in AIl formation. The
optimal pH for rK, is 6.2, and for rK it is 6.85, there-
fore rK, may likely participate in the maintenance of
vasodynamic function at the decreased chymase and
tonin activity under CCH.

We had found an inverse correlation in the changes
of chymase and calpains activity under CCH: increased
calpains activity is most pronounced in the tissues of
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OTMEUEHHBI HaMH 0oJiee BBIPAKCHHBIN
XapakTep M3MEHEHWH aKTUBHOCTH Kallb-
MMauHOB B MO3XKe4Ke (CM. Ta0JI. 3) MOXKET
OBITH CBSI3aH C MX YYacTHEM B Pealn3aluu
HOPMaJIbHOW M aHOMaJbHOM (QyHKUIUN
Mosra [15, 23]. KanpnauHsl y4acTBYIOT
B penapanyy HUTOCKENIEeTa U KIETOUHBIX
MeMOpaH, pa3pyLIeHUH PELEeNTOPHBIX TPO-
TEUHOB ¥ NX OOHOBJIEHNH, aKTUBALIUH JPY-
TUX DH3UMOB M TPOIECcCaXx MUTO3a. AKTH-
BaIWsl KAJIBIIAWHOB SIBIIAETCS CIEICTBHEM
JUTATENLHOTO MOBbIIeHHs ypoBHs Ca’’
B 1TO301€. X NIeficTBre MpaKkTHYECKH He-
o0paTtnMo, MPUBOANT K HEPETYINPYEMOH
Jerpaaliii BHYTPUKIETOYHBIX CTPYKTYP
1 YCUJIEHUIO KaJIbIIaWH-3aBUCUMBIX ITyTel
aronTo3a, B pe3ysbTaTe Yero pa3BuBaeTCs
JiereHepanys TKaHeil, B TOM YUCIIe B [IEHT-

Tabnuua 3. AKTMBHOCTb KanbnavHOB (Mr/1n 4) B TKaHSIX KpbIC
npu kpaHvouepebpansHon runotepmun 32°C (M + m)
Table 3. Calpains actyvity (mg/l per hour) in rat tissues under
craniocerebral hypothermia of 32°C (M + m)

O6pasubl TKaHemn KoHTponb Hapkos Kur
Tissue samples Control Anesthesia CCH
Kopa moara 0,127 + 0,034 2,432 + 0,599 2 2,781 + 0,548 2
Cortex
[vnoTtanamyc

0,166 + 0,060 7,360 + 2,522 3,763 + 0,844

Hypothalamus

Mo3euok

Cerebellum 0,050 + 0,011

3,176 £ 0,216 2,253 + 0,680 2

CtBon mosra

Brain stem 0.091 + 0,020

1,653 + 0,4102 2,936 + 0,687 2

CbiBOpOTKa
KpOBM
Blood serum

0,422 + 0,100 0,733 £ 0,219 0,728 + 0,280

INerkue

= o 0,278 + 0,133 1,720 + 0,435 ° 3,142 + 0,712 %
panbHOI HepBHOU cucteMe [20]. Lungs
Creryer OTMETUTh, YTO HEHPOHBI HE CIIO-
Ay ’ P Cepaue 0,252 + 0,073 4,373 + 1,4482 6,766 + 1,888 2
COOHBI K MUTO3Y U OCOOCHHO YyBCTBHUTEITb- Heart
HbI K HaKOIUICHUIO HEJCTPaJnPOBAHHBIX Neuens
. 79 + 2 46 = 1 2 4 4 + 10472
MIPOAYKTOB IIPOTEMHOBOTO 0OMEHa, KOTOpPBIE Liver 0.079 = 0028 3,346 = 1,380 498 £ 1.0
JIOJDKHBI A((PEKTUBHO Pa3pyIIaThCs BHYT- o
PHKJIETOYHBIMHU [IPOTEMHA3aMH. B HOpMeE Kidneys 0,124 + 0,048 2886 + 0,548 2,633 + 0,623*

bonee 25% CHHTE3MPOBAHHBIX de novo
KJIETOYHBIX TPOTEHUHOB JIe(DeKTHBI U TIO/I-
BepraroTcst ObICTpOMY paciuerieHuto. Jle-
(hexTHBIE MPOTEHHBI HEPYHKIIMOHAIb-
HBI, YY4aCTBYIOT B a0€ppaHTHBIX B3aMMO-
JEUCTBUAX, 00pa3yrT HEpaCcCTBOPUMEIE
IIPOTEUHOBBIE arperarsl U 00JIa/1al0T 1HU-
TOTOKCHUYHOCTEIO. [Ipenmonaratot, 4To KaJlblIamHbl
MOTYT OBITh HAYaJIbHBIM 3BEHOM, 3aITyCKAFOIINM JajTh-
Helee yOMKBUTHHHPOBAaHUE IPOTEUHOB [ 7], crioco0-
CTBYIOIIEE UX AErpajaliy ¢ MOMOIIbIO MPOTEUHA3.
Paznmugaror - v m-KaablIanHbl, KOTOPHIE aKTHBHPYIOT-
Csl TIPU MUKPO- U MUJTUMOJISIPHBIX KOHIICHTPALMSIX
Ca?', coorBercTBeHHO. DU3HOIOTHUECKOE COOTHO-
IIEHUE [1- U M-KaIbIIanHOB B pa3HbIX oTaenax [[HC
OIlIeHMBaeTCs Kak 1:9, a comeprkanus KajablacTaTiHa
(MHrMOUTOpPA KaThIIAMHOB) JOCTATOYHO /IS TIOJTHOTO
MOJIaBJICHUS AKTUBHOCTH BCETO MyJia KaJbIauHoB [25].
Kpome Toro, mpu AIMTENBHON aKTHBAIIMK KaJlbIlau-
HOB KaJIbIIACTATHH MOBEPTacTCs KaJblIaH-3aBUCH-
MO JIeTpajaliuu, TPUBOASIICH K O0Jee 3HAYNTEIILHON
SH3UMHOMW aKTHBAIIUY ITyTEM ITOJI0KHUTEILHON 00paT-
HOH CBSI3H.

KanpmanHbl BOBJIEYEHBI B MPOIECCHI CUHTE3a U
YIAaKOBKH HEHPOMEINATOPOB B CHHANTUYCCKUE ITy-
3BIPHKH, PETYISMIHNI0 BE3UKYISIPHOTO TPAHCIIOPTA,
MOJYJIALMIO UX PEIEeNTOPOB, a TaKKe B MPOIIECCHI
cTaOMIM3aIK/ IecTa0MIN3aluu [TUTOCKeNeTa Heil-
poHoB. KanpnanHbl MOTYT BKJIIOYATHCS B IIPOIIEC-
CHI aJanTaliy KJIETOYHOTO MeTabosin3Ma K h3Me-
HAIOIIMMCS YCIIOBUSAM OKpy’Karolel cpenst [3, 8],
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MpumeyaHue: "2 34— pasznuunsa 3Ha4Mbl NO CpaBHEHMIO C kKOHTporem p < 0,001,
p <0,01, p< 0,05, p< 0,1 COOTBETCTBEHHO.

Note: "2 34— differences are statistically significant if compared with the control
p <0,001, p<0,01, p< 0,05, p<0,1, respectively.

cerebellum (in 40 times) and liver (in 50 times) on the
background of significant decrease of chymase activity
(Tables 1, 3). The increase of calpains activity indicates
an activation of apoptogenic processes and the rise in
number of disrupted cells, while in the damaged cells
the chymase exhibits proteolytic activity immediate-
ly after release from granules [38]. Its low activity is
most likely due to hypothermia depth (BT 32°C) and
duration ((60 £ 10) minutes).

The observed rise in calpains activity under CCH
(32°C) in all the studied samples (except blood serum)
is in agreement with the data obtained earlier sho-
wing an increase in total proteolytic activity [20]. In this
case, the more pronounced character of changes in
calpains activity of cerebellum (Table 3) can be as-
sociated with its participation in implementation of
normal and abnormal brain functions [7, 35]. Cal-
pains participate in reparation of cytoskeleton and cell
membranes, destruction of receptor proteins and their
renewal, activation of other enzymes, as well as in mi-
tosis. Activation of calpains is caused by prolonged in-
crease of Ca”" level in cytosol. Their action is virtually
irreversible and leads to unregulated degradation of
intracellular structures and activation of calpain-depen-
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B TOM 4yHcIie ¥ Tpu rudepHar [25]. [Ipu sToM cTpyK-
TYPBI CPETHETO U TPOMEKYTOYHOTO MO3Ta PEarupyroT
Ha TUIIOTEPMUIO 00Jiee BEIPasKeHO, YeM KOpa OOJIbIINX
nonywapuii. Hakorenne THK-akTHBHBIX TPOTyKTOB
[IpY THUIIOTEPMHUHN B HEOKOPTEKCE BBIIIE, YEM B CTBO-
JIOBBIX CTPYKTypax [16].

N3BecTHO, 4TO B yCIOBHAX TMIOTEPMHUH pa3py-
maeTcst 4eTBepTuuHas cTpykrypa ATdassl, cuHTe3
AT® pesko HapymIaeTcs, M KIeTKa NCIIBITBIBAET HEJI0-
ctatok sHepruu. [Ipu nedunnre sHEprum co3naercs
M30BITOK HOHOB KaJIbINs BHYTPHU KIIETKH, YTO BIHSET
Ha akTUBHOCTH Ca’’-3aBHCHMBIX MporieccoB. Hako-
IJICHUE NOHM3UPOBAHHOTO KANBIHA B IIUTO30JIE CTa-
HOBUTCS OCHOBHBIM (PaKTOPOM, HAPYIIAIOIIUM Me-
Taboau3M U QyHkuuu Kietku [28]. CinemyeT Takxke
OTMETHUTH, 4TO (PochopunupoBaHue OIOKUPYET -
KaJIbIIauH U SIBISETCS €lle OJHUM Ba)KHBIM MeXa-
HU3MOM PEryJsliMy aKTUBHOCTHU KaJlblIauHOB [34,
36]. biokupoBaHHe UX aKTUBHOCTH MOYET CHUKATh
pPEaKII0 aCTPOLUMTOB U MUKPOIJINH, CBA3AHHYIO C
MMaTOJIOTHYECKUMU TIposiBIIeHUsIMHE 8, 15, 31, 32].

Panee HamMyn ObLTO MOKA3aHO, YTO B TKAHSIX KPBIC
MIPU Pa3HBIX PEKHUMAaX OXJAKICHHS TPOSBISIOTCS
OTIpeleNIeHHbIE U3MEHEHHs KaK OOIIeil mpoTeon-
TUYECKON aKTUBHOCTH, TaK M aKTHUBHOCTHU OTJEIIbHBIX
crnenuduyeckux nporenHas. [locie puTMu4eckux xo-
JI0JIOBBIX BO3ZICHCTBUH (B Te4eHue 65 muH mpu 4...5°C
TT ne nzmensiercst) HaOmMroAaETCs 3HAYUTEIbHAS aK-
TUBALMA PEaKIMi OrPaHUYEHHOr0 MPOTeonn3a (ak-
TUBHOCTb HETPUIICHHOTIOZOOHBIX MPOTENHA3, 001Ias
MIPOTEOIUTHYECKAs! aKTUBHOCTB) [ 5], KaK 1 B YCIIOBHSX
KLI" 32°C [6], a Takxke snacra3 [14], a akTUBHOCTh
KaJIbIIauHOB, HAIPOTUB, cHIkaetcs [11]. [locae xo-
J10/10BOM dKcno3uiuy (B Tedenue 3 u mpu 4°C TT ne
WM3MEHSETCS) aKTUBHOCTh XUMa3bl M TOHMHA I10/1aB-
nsetcs [13]. B TkaHsIX XOMSKOB Ipu THOepHanuu (B
teyenne 3-3,5 cytok npu 4°C TT — 8°C) u kpsIc pu
HCKYCCTBEHHOM THIIOMETa00IM3Me (TUITOKCHYECKH-
TUIepKaHnYecKas Mojens) (B reuenue 3 1 npu 4°C
u TT —17°C) ak THBHOCTb XMMa3bl, TOHHHA U KaJIbIT1au-
HOB MMeJla Pa3HOHANpaBJICHHBIH U TKaHecneuuu-
yeckuid xapakrep [1, 12, 13]. IIpu KUI' (B Teuenue
(60 £ 10) mun ipu 0°C nokanero u TT — 32°C), kak
[IOKa3aHo B JaHHOH paboTe, Ha (POHE MOIaBICHUS aK-
TUBHOCTHU XMMa3bl U TOHUHA IPOUCXOAUT MTOBBILIEHHE
AKTHBHOCTH KaJb[IAWHOB, HanbOoJee BBIPAKEHHOE B
TKaHSIX MO3XKeUKa U medeHu (cm. 1abm. 1, 3). Cre-
JIOBATEIbHO, aKTUBHOCTH MIPOTEMHA3 3aBUCUT OT MH-
TEHCUBHOCTH U JJTUTEIEHOCTH XOJIOJIOBOTO BO3/ICHCT-
BHSI, TNIyOUHBI TUIIOTEPMUH, YTO, BEPOSTHO, 00YIIOB-
JIEHO HEOOXOIMMOCTBIO MOMAJEPKAHUS aIeKBATHOTO
YPOBHSI MeTaboIn3Ma.

Taxum o6pazom, ymepennsiii pexxum KL (32°C)
BBI3bIBACT PAa3HOHANPABJICHHbIC U3MEHEHHS aKTHB-
HocTH cneurguueckux nporennas B Tkausax HHC u
BHYTPEHHHUX OpraHoB. I [poncxonuT pe3koe CHUKEHUE
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dent pathways of apoptosis, resulting in the development
of tissue degeneration, e.g. in central nervous system
[4].

It should be noted that neurons are not capable of
mitosis and are more sensitive to the accumulation of
undegraded protein exchange products, which must
be effectively destroyed by intracellular proteinases.
Normally, more than 25% of de novo synthesized
cellular proteins are defective and exposed to rapid
cleavage. Defective proteins are non-functional, take
part in aberrant interactions, form insoluble protein
aggregates, and are cytotoxic. It is suggested that
calpains can be the initial link that triggers further
ubiquitination of proteins [21], which contributes to
their degradation by proteinases. One distinguishes
m- and m-calpains, activated at micro- and millimolar
concentrations of Ca*', respectively. The physiological
ratio of p- and m-calpains in different sections of the
CNS s 1:9, and calpastatin content (a calpain inhibitor)
is sufficient to completely suppress the activity of the
whole calpains pool [10]. In addition, during long-term
activation of calpains, calpastatin is exposed to calpain-
dependent degradation leading to more significant
enzyme activation by positive feed-back linkage.

Calpains are involved into the synthesis and pa-
ckaging of neurotransmitters in synaptic vesicles,
regulation of vesicular transport, modulation of their
receptors, as well as into neuronal cytoskeleton sta-
bilization/destabilization [15, 22]. Calpains may be
involved into the adaptation of cellular metabolism
to variable environmental conditions [15, 22], in-
cluding hibernation [9]. Herewith the mid- and inter-
brain structures react more actively to hypothermia
than the brain cortex, and the accumulation of TBA-
active products under hypothermia in neocortex is
higher than in the stem structures [8].

It is known that under hypothermia the quaternary
structure of ATPase is damaged, the ATP synthesis is
strongly impaired, and therefore the cell lacks energy.
Energy deficiency leads to an excess of intracellular
calcium content, that affects to the activity of Ca?*-
dependent processes. Accumulation of calcium ions
in cytosol becomes the main factor that disbalan-
ces the metabolism and functions of the cell [13].
It should also be noted that phosphorylation blocks
m-calpain that is another important mechanism for
regulating the calpains activity [34, 36]. Blocking their
activity can reduce the response of astrocytes and
microglia, associated with pathological manifesta-
tions [22-24, 35].

We have previously shown that under different
cooling regimes the rat tissues were characterized by
certain changes both in total proteolytic and indivi-
dual specific proteinase activity. After rhythmic cold
exposures (during 65 min at 4...5°C, and unchanges
BT), there was a significant activation of the reactions

npo6nemMbl KpUoGMoNorum 1N KpUomMeaULUMHbI
problems of cryobiology and cryomedicine

Tom/volume 27, Ne/issue 3, 2017



AKTUBHOCTH XMMa3bl 1 TOHWHA, KOTOPOE MOXKET OBITh
CBS3aHO C peain3alueii Ba30OKOHCTPUKTOPHBIX peak-
uuii. Ilpu sToM HaOmomaeMasi 3HaUMTENbHAS AKTHU-
BalUs KaJbIIAUHOB MOKET IPUBOJUTH K PA3BUTHUIO
aroNTOreHHBIX POLIECCOB B OpraHu3Me U o0ecreyn-
BaTbCs JJIMTEIbHBIM IOBBIIIEHUEM KOHILICHTPALUU
KaJIbLIUS, YTO, B CBOIO OUEPE/lb, SABISETCS PE3YIBTATOM
MIPOSIBJICHUS] DHEPT03aBUCUMBIX IIPOLIECCOB IIPU T'UII0-
TepPMHH. AKTHBAIIMIO aIllONITO3a C yYaCTHEM KaJIbIlau-
HOB MOKHO PacCMaTpyBaTh KaK IIyCKOBON MEXaHHU3M
BBICBOOOKICHUS U TIPOSIBJICHHUS aKTUBHOCTH XHMa3bl
1 TOHUHA ex tempore, uto B ycaosusax KT npusoaut
K UCTOILIEHHUIO X PECYPCOB. BhIsABIIEHHBIE H3MEHEHUS,
BEPOSITHO, OTPAXKAIOT BbI3BAHHBIC TUIIOTEPMUEN MACILI-
TaOHBIE IEPECTPONKY B OPraHU3Me, HaIIPaBJICHHBIC HA
noj/iep>KaHue HeOOXOJUMOTO YPOBHsI TOMEOCTas3a H
peanu3anuio KOMIEHCATOPHO-IIPUCIIOCOOUTEIbHBIX
PpeaKIHii.

WN3yueHne akTHBHOCTH APYrHMX HETPHUIICHHOIO-
JNOOHBIX MPOTEHHA3 HEOOXOIUMO UIS ONpeeseHHs
HX POJU B KOHTPOJE U peIM3alMUd Ba30AUHAMU-
YECKMX peakuu pu cHukeHnu TT B ycnoBusx npo-
Beaenus: KLIT.

BoiBoabI

B pesynbrare npoBeneHns ceanca yMepeHHOro pe-
xuma KUI (camxenue TT no 32°C) pesko (Ha 3—5 mo-
PSIKOB) TIOJABIISIETCS AKTUBHOCTh XMMa3bl M TOHHHA
(?H3UMOB TKaHEBOTO OOpPa30BaHMs BA30KOHCTPHUK-
TOpHOTO TenTua anrnorensuna 1) va gone cymect-
BeHHoro (B 10-50 pa3) nobiieHns aktnBHocTH Ca?'-3a-
BHUCHUMBIX MPOTEUHA3 KaJIbIIAUHOB B CHIBOPOTKE KPOBH,
transx L{HC (kopa Mo3ra, runoTanamyc, MO3KeUOK, CTBOI
MO03ra) ¥ BHyTPEHHHUX OpraHoB (Cep/lie, eYeHb, JIeT-
KHE ¥ TIOYKH ), KPOME CEIBOPOTKHU KPOBH TS KaJTbITIan-
HOB (HE M3MEHUIach).
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of limited proteolysis reactions (non-trypsin-like protei-
nase and, total proteolytic activity) [19], like the one
observed during CCH 32°C [20], as well as did the
activity of elastases [31], and vice versa the activity
of calpains, was decreased [28]. After a cold expo-
sure (for 3 hours at 4°C and unchanged BT) chymase
and tonin activity was suppressed [30]. In tissues of
hibernating hamsters (for 3-3.5 days at 4°C, BT was
8°C) and rats under artificial hypometabolism (hypo-
xic-hypercapnic model) (for 3 hours at 4°C, BT was
17°C) activity of chymase, tonin and calpains was
changed multi-ditectrionally and tissue-specifically [ 1,
29, 30]. As shown in this paper, the CCH (during (60 +
+ 10) min at 0°C locally, BT was 32°C), results in a
rise of calpains activity, on the background of inhibi-
ted chymase and tonin, mostly pronounced in the tis-
sues of cerebellum and liver (Tables 1, 3). Therefore,
the activity of proteinases depends on the intensity and
duration of cold exposure, the depth of hypothermia,
and that is probably due to the necessity to maintain
an adequate level of metabolism.

Thus, the moderate CCH regimen (32°C) causes
a multi-directional changes in specific proteinases
activity 1in the tissues of central nervous system
and internal organs. There is a sharp decrease in the
activity of chymase and tonin that may be associated
with the implementation of vasoconstrictor reactions.
Herewith the observed significant activation of calpains
leading to the development of apoptogenic processes
in an organism, can be caused by a long-term increase
in calcium concentration that, in turn, is the outcome
of energy-dependent processes occurring under hypo-
thermia. Activation of apoptosis involving calpains
can be considered as a triggering mechanism for the
release and manifestation of chymase and tonin activity
ex tempore, resulting in depletion of their resources
under CCH conditions. The revealed changes pro-
bably reflect the massive rearrangements in the body
caused by hypothermia, which maintain the relevant
level of homeostasis and implementation of compen-
satory-adaptive reactions.

The study of the activity of other non-trypsin-like
proteinases will help to clarify their role in the control
and implementation of vasodynamic reactions following
BT decreasing during the CCH.

Conclusions

The activity of chymase and tonin (enzymes of
tissue formation of vasoconstrictive peptide angio-
tensin II ) was sharply suppressed (by 3—5 orders) un-
der moderate CCH, and accompanied by a significant
(by 10-50 times) increase in the activity of Ca**-depen-
dent proteinases of calpains in the blood serum, tissues
of CNS (cerebral cortex, hypothalamus, cerebellum, brain
stem) and internal organs (heart, liver, lungs and kid-
neys), except blood serum for calpains (unchanged).
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