VIIK 577.156.5:616.379-008.9-056.7:591.2(076.5)
A.M. CamoxiHA', B.B. Aomako?, O.B. LlUnro**

Xima3a, TOHIH Ta KaAbmaiHM 3a YMOB IWITYYHOTO
rinomMeTaboAiYHOrO CTaHy Yy XOM’siKiB

UDC 577.156.5:616.379-008.9-056.7:591.2(076.5)
L.M. SAMOKHINA!, V.V. LoMAKO?, A.V. SHILO?*

Chymase, Tonin and Calpains under Artificial
Hypometabolic State in Hamsters

VY xoMm’skiB mpu mTy4dHOMY rinometaboniuaomy crani (ILII'MC) (meton Anmkyca-baxmerbeBa-J[xaiis) y cupoBaTiii KpoBi,
0e3’sIepHIX (paKIlisIX TOMOTe€HATIB TKaHHH TilloTalaMyca, KOpH i CToBOypa MO3KY, MO304Ka, JIETeHb, CEPLIsL, IIEYiHKH 1 HUPOK BH3HAYAIH
aKTHBHICTh (PepPMEHTIB aTbTEPHATHBHIX [IUISXiB YTBOPEHHS aHTioTeH3uHY 11 (XiMa3u, TOHIHY) 1 KabIiH3aIeKHIX MPOTEiHAa3 (KaIblIaiHiB)
¢depmenrtaruBamum (10-°—1071° r) metogom. TTokasamo, 1o opranamu-mimiensmu npu po3Butky LIIT'MC i Ha eTarii caMoBigirpiBanHsi €
JIETEeHi, ceplie, MeYiHKa i HUPKH, a TaKOXK CTPYKTYPH MO3KY, BIIIOBINalbHI 32 peryisnito GpyHKIii xuTTe3ade3nedeHas. Po3BuTok
HITMC Moe IPU3BOAUTH J10 Ba30KOHCTPUKTOPHUX 3MiH 32 PaXyHOK aKTHBALIii XiMa3y Ta BUTPa4CHHs TOHIHY. AKTHBALlis KaJblaiHiB
MOXXE CTUMYJIIOBATH PO3BUTOK KIITHHHOTO Ta TKAHUHHOT'O YLIKOKCHHS, 10 00YMOBIIIOE JIOKAJIbHE 3HMIKCHHS aKTHBHOCTI TOHIHY.
3a3Ha4ycHi 3MiHU HOPMaITi3yIOThCS NIEPEBAKHO Yepe3 24 TOAMHU IicTIs BILUIHBY.

Knrwuoei crosa: ximaza, TOHIH, KaJbIIalH|, TIIIOMETA00IIYHHIA CTaH, XOM SIKH.

Y XOMSKOB IIpH UCKYCCTBEHHOM TuniomeTabomnmaeckoM cocrostann (MI'MC) (meton AHmxyca-baxmerbeBa-/kalisi) B CBIBOPOTKE
KpOBH, 0€3bSIEePHBIX (paKIHIX TOMOT€HATOB TKaHEH rUIoTasaMyca, KOpsl U CTBOJIA MO3Ta, MO3KeUKa, JIETKUX, Cepla, ICUeHN U
MIOYEK ONpEeJeNIsUIN aKTUBHOCTH (PEpPMEHTOB aIbTepPHATUBHBIX MyTel oOpa3oBaHus aHTHoTeH3HWHa 1] (XMMa3bl, TOHMHA) U KaJIbIHHA-
3aBUCHMBIX poTenHas (kanbnanHoB) pepmentatuBabiM (10°—107'° 1) metogom. [Tokaszano, 4ro opranamu-mutieHsmMu npu UTMC u
Ha 9Tare caMOOTOTPeBa SIBILIIOTCS JIETKHE, CEpAle, MeYeHb U MOYKH, a TAKKe CTPYKTYpPHI MO3ra, OTBETCTBEHHBIC 3a PETYIISIUIO
¢bynkuit xn3zneobecnedenns. Passurue MI'MC MokeT IpUBOAUTE K BA30OKOHCTPUKTOPHBIM U3MEHEHHSM 32 CIET aKTHBAIINH XUMa3bl
1 pacxoja TOHUHA. AKTHBAIS KaJIbIIAHHOB MOXKET CTUMY/INPOBATh PA3BUTHE KJIETOYHOTO U TKAHEBOTO MOBPEKICHHS, YTO 00YCIOBIMBACT
JIOKaJIbHOE CHIDKEHHE aKTHBHOCTH TOHHHA. OTMEUCHHBIE I3MEHEHHUSI HOPMAIN3YIOTCS IIPEUMYIIIECTBEHHO Yepe3 24 4 1ociie BO3ACHCTBHSL.

Knrouesvie cnosa: xumasa, TOHHH, KaIbIanHbI, THIIOMETA00IMYECKOE COCTOSTHHE, XOMSIKH.

The activity of enzymes of alternative ways of angiotensin II formation (chymase, tonin) and calcium-dependent proteinases
(calpains) in hamsters serum, nuclear-free fractions of tissue gomogenates of cerebral cortex, brain stem, hypothalamus, cerebellum, lung,
heart, liver and kidneys under artificial hypometabolic state (AHMS) (Andjus-Bakhmetev-Giaja method) with enzymatic (10°-1071° g)
method have been studied. It has been shown that lung, heart, liver, kidneys and brain structures, which are critical for vital function were
the most susceptible to AHMS development and at the self-rewarming stage. Increased chymase activity in liver and kidneys on the
background of decreased tonin activity and elevated calpains activity may indicate vasoconstriction development and stimulation of cell

and tissue damage, correspondingly. All the changes found were mainly normalized after 24 h.
Key-words: chymase, tonin, calpains, hypometabolic state, hamsters.

Y mpuposi mHUpOKo pO3MOBCIOIKEH] TimoMeTado-
nigai ctaam (I'MC), sKi XapakTepu3ylThCs 3BOPOT-
HUM 3HIDKEHHSIM OOMiHHMX mporeciB. [lo Tpurepis
po3Butky npupoaHux I'MC BigHOCSTH 3HHUKCHHS
TeMIlepaTypH, 3MiHy I'a30BOTO CKJIa/ly HAaBKOJIMIIHBOTO
cepenouila (TIMOKCis, TiMepKaIHis), 3aTeMHEHHS Ta
iHmI. [2]. BuBueHHs 0coOMMBOCTEH Oi0XiMIiYHHX
npoueciB ipu 'MC, a Takox Ha eTari BiJIHOBICHHS €
OJIHIEIO 3 aKTyaJbHUX MpobsieM KpioGiosorii 1 Mae
MPAaKTUYHE 3HAYCHHSI JJIsl MEIMIIUHH Ta BETEPUHAPIi.

Binomo, 1o ajganTarjis 10 €KOJIOIIYHO HHM3bKHX
TEeMIlepaTyp 1HAYyKYy€ 3MIHHA B MPOAYKIi eHeprii i
KOHIIEHTpaii peakTuBHUX (popM kucHro [ 13]. Octanni
CHPUSIOTh PO3BUTKY OKCHUAATUBHOIO CTpECy i Moul-
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In nature hypometabolic states (HMSs), charac-
terizing reversible reduction of metabolic processes,
are quite widely spread. Temperature reduction, change
of environmental gas composition (hypoxia, hyper-
capnia), darkness etc. are referred [2] to the triggers
of the development of natural HMSs. The studying of
peculiarities of biochemical processes at HMSs as well
as at the recovery stage is one of actual tasks of
cryobiology and is of practical value for medicine and
veterinary.

It is known that adaptation to ecologically low
temperatures induces the changes in energy production
and concentration of reactive oxygen forms [13]. The
latter contributes to the development of oxidative stress
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KOIDKEHHIO KJIIITHHHOTO TOMEOCTasy, 1 LS peakiis €
TKaHUHOCIenn(piuHO0. PO3BUTOK OKCHAATHBHOTO
CTpeCy CYIPOBOKYEThCSA aKTHUBAIi€l0 (EPMEHTIB
ANBTEpHATUBHUX IIUISIXIB YTBOPEHHS Ba30KOHCTPHK-
TopHOro nentury anriotrensuny Il (All): ximasu, ToHiHy
[6]. OnuH 3 HallCUIBHIIIMX Ba30KOHCTPUKTOPIB All
YTBOPIOETHCS K 3 aHTioTeH3uHY | (Al) 32 mormomororo
AHT10TeH3UH-TIEPETBOPIOIOYOTO (PEpMEHTY, TaK 1 ajIhb-
TEepHATUBHUMHU IUIsIXamMu 3 Al 3a yyacTio XiMoTpuI-
CHHIIOIIOHOT MpoTeiHa3n — XiMa3u, TKAHUHHOTO aKTH-
Batopa ma3minoreHy (TAII), karencuny G, ToHiHY
a60 3 aHrioTeH3nHOTEHY 3a ydacTio TAIl, katencuny
G, Toniny [4]. AKTuBalisl aJbTEPHATUBHUX IIJISAXiB
yrBopeHHs All mae micue y cepui, HUpKax 1 MOxe
MPU3BOAUTH 0 PECTPYKTypHU3alii HUX OpraHiB-
MillleHeH 3 HACTYITHOIO OpraHHo0 nuchyHKITiero [28].

Businenenns ¢pepmenTiB yrBopeHHst All i3 kinituH
MIpU OKCHJIATUBHOMY CTpPECi OOYMOBIIIOIOTH €0
BUJIBHUX KHCHEBHUX PAIUKAIIB 1 OB’ A3YIOTh 3 OKHCHOIO
Monudikaiicro OUIKIB, Jabimi3amiero MeMOpaHHUX
cucteM kiituH [16]. 3poctanHs koHueHTparii All
MOXe€ y CBOIO Uepr'y CTUMYJIIOBAaTH BUBLILHEHHS peakK-
THBHOT'O KHUCHIO 1 TEHETUYHY €KCIPECiio Pi3HUX CYO-
onuuuIk 011KiB NAD(P)H-oxcunasu [24].

[IposiB akTUBHOCTI XiMa3u BUAocHeUU(IYHUNA: Y
JIOOWHHM, IPUMATiB, co0aK Ta XOM’sIKiB XiMaza yTBO-
proe All 3 AL, y urypiB i MuIiei BoHa JacTimie po3Ien-
moe All [16, 25], yuacTts xima3u B yrBopeHHi All y
mypiB i MUIIeH Bil3HAYAIOTh JUIIEC IPU BHCOKHUX
koHIeHTpamisax Al [19].

ToHiH BiAPIZHAETHCS BiJ XIMa3H TUM, 1110 31aTHAN
yrBopioBatu All He Tinbku 3 Al, ane ¥ 3 aHTiIOTeH-
3uHOTeHy. TOHIH — KaiKpeiHonioHa cepiHoBa mpo-
TeiHa3a, sSIka NPUCYTHs B TaKUX OpraHax, sIK MO3OK,
HupkH, in. [14]. Foro GpyHKIiOHyBaHHS IPU3BOIUT
JI0 3pOCTaHHsI TUCKY KPOBI 3 0IHOYACHUM 3POCTaHHSIM
cepueBoi aktuBHOCTI [11] 1 He € Bumocnenudivaum.

HocnimpkenHs, MpoBeAeHI Ha LIypax, J03BOJIMIN
BUSIBUTH, [0 PO3BUTOK OKCUJIATUBHOT'O CTPECY CIIPUSIE
AKTUBAIlIT KaJbI[I3aIe)KHUX MPOTEIHA3 — KaJIbIATHIB
[3, 12]. AKTHBHI METa0OITH KUCHIO OITOCEPEIKOBAHO
aKTHBYIOTb KaJIbIIaiHU, SIKi 3a7y94at0ThCs A0 IPOLECiB
Jerpaalii IUTOCKEIETY, MOIIKOIKEHHS KIIITHH, THTYK-
uii armonro3y. KpiM Toro, mokasano, o npu TillOKcii
KaJIbIIa{HU 3aTy9ar0ThCs J0 peati3allii MexaHi3My KJli-
TUHHOI CMEPTi 32 HEKPOTHYHUM IIUISIXOM, a iHTi0yBaHHS
KaJIbIIaTHIB epeKITIouac oro Ha almoNTHYHUH IITSX.

XapakTep HposiBy akKTUBHOCTI XiMa3u, TOHIHY Ta
KasbnainiB 3a ymoB ' MC He 3’sicoBaHO.

Meta poOOTH — BU3HAYUTH aKTHBHICTH ()EPMEHTIB
aJbTepHATUBHUX NUIAXiB yTBOopeHHs All (ximasm,
TOHIHY) Ta KajbnaiHiB 3a ymoB mryyHoro 'MC
(IT'MC) y xoM’sIKiB.

Martepiaan i metoam
M tyyanit MC BUKIHKaTH y TOPOCIUX XOM SIKiB-
CaMIIiB Y3UMKY 3a METOJOM [5, 9] TakuM 4MHOM:
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and damage of cell homeostasis and this reaction is
tissue-specific. The development of oxidative stress is
accompanied with activation of such enzymes of
alternative formation pathways of vasoconstrictor
peptide angiotensine II (All) as chimase and tonin
[6]. One of the strongest vasoconstrictors All is formed
both from angiotensin I (AI) by means of angiotensin-
transforming enzyme and by alternative ways with Al
due to participation of chemotrypsin-like proteinase,
chymase, tissue activator of plasmogen (TAP),
catepsine G, tonin or angiotensinogenesis with TAP
participation, catepsine G, tonine [4]. Activation of
alternative ways of All formation takes place in heart,
kidneys and may lead to the restructuring of these
target organs with following organ dysfunction [28].

Release of enzymes of AIl formation out of cells
at oxidative stress is stipulated by the action of oxygen
free radicals and associated with oxidative modification
of proteins, labialization of cell membrane systems
[16]. Increased concentration of AIl may, in its turn,
stimulate a release of reactive oxygen and genetic
expression of different subunits of proteins NAD(P)H-
oxidase [24].

The manifestation of chymase activity is species-
specific: in humans, primates, dogs and hamsters
chymase forms AIl with Al in rats and mice it
frequently cleaves AII[16, 25], chymase participation
in formation of All in rats and mice is found only under
high Al concentrations [19].

Tonin differs from chimase by the ability to form
All not only from Al, but also from angiotensinogen.
Tonin is kallikrein-like serine proteinase, present in such
organs as brain, kidneys etc [14]. Its functioning results
in an increased blood pressure with simultaneous rise
in cardiac activity [11] and is not species-specific.

Researches carried out in rats enables the revealing
of the contribution of developing oxidative stress to
activation of calcium-dependent proteinases — calpains
[3, 12]. Oxygen active metabolites indirectly activate
calpains, involved in the processes of cytoskeleton
degradation, cell impairments, apoptosis induction.

In addition, under hypoxia calpains are shown as
taking part in realization of the cell death mechanism
on anecrotic pathway, and inhibition of calpains switch
it to apoptotic path.

The manifestation character of the activities
chymase, tonin and calpains under HMS is not revealed.

The research aim was to examine the activity of
enzyme alternative pathways of AIl formation
(chymase, tonin) and calpains under artificial HMS
(AHMS) in hamsters.

Materials and methods

Atrtificial HMS (AHMS) was induced in adult male
hamsters in winter by the method [5, 9] in such a way:
the animals were kept for 3 hrs in insulated closed
tank (2 dm? volume), placed into a dark cold chamber

PROBLEMS
OF CRYOBIOLOGY
Vol. 17, 2007, N24



TBapUH TPUMAaJIM HPOTATOM 3 TOOUH Y T€PMETUYHO
3aKpuTiil cyauHi (06’eMoM 2 aM?), Ky TOMIIIaad B
TEeMHY X0JIOfOBY Kamepy mipu Temneparypi 3—5°C. Ilix
BIUIMBOM TillepKarHii, Timokcii # B yMOBax HHU3bKOI
TEMIIepaTypH CEpeIOBHUINA y TBAPUH PO3BUBAETHCS
HII'MC, noniGHwmii 32 (Hi310IOTITYHIUMH TOKA3HUKAMH
(HEepyXJIUBICTh, HEUYYTIUBICTh JO TAKTHJILHUX 1
OO0IOYNX CTUMYITIB, 3HW)KEHHS TEMITIEPATypH Tina, piz-
K€ YIOBIIBHEHHS YaCTOTH CEPIIEBUX CKOPOUECHb, TIPHT-
HidYeHHS 010€JIEeKTPUYIHOI aKTHBHOCTI MO3KY) IO
npuponHoi ridepHarii. [ToTim TBapuH Brtydanu i3 cyau-
HU 1 IEpEeBOIWIN B YMOBU 3 HOPMAJILHUM Ta30BHM
CKJIaJJOM MOBITps 1 TeMnepaTypoto 22—-24°C.

HocnimxeHo 4 rpynu TBapuH: KOHTPOJb (n==8),
LII'MC, uepes 2 ta 24 roaunn micist LIT'MC (panHnii
1Ti3Hi# eTary BiJHOBIICHHS ) (B IOCITITHUX TPyTax n=>).

HocmimxeHas Oyaud MPOBEICHI BIAMOBIAHO IO
3arajibHUX MPHUHIHUITIB €KCIIEPUMEHTIB Ha TBApUHAX,
cxBanenux I HamioHaibHUM KOHTpecoM 3 010ETHKH
(M. KuiB, 2007) 1 y3roJkKeHHX 3 TIOJI0KESHHSIMHA €BpO-
MefchKOi KOHBEHIIT TIPO 3aXHCT XPeOETHUX TBAPHH, 1110
BUKOPHCTOBYFOTBCS JIJISI eKCTICPUMEHTAIIBHUX Ta THIIHX
HaykoBux 1ineit (CrpacOypr, 1985 p.).

TBapun nexamiTyBasu. Y cupoBaTui KpOBi,
0e3’saaepHuX (paKLisix TOMOT€HATIB TKAaHUH TiloTa-
namycy, kopu Mo3Ky (KM), ctoBOypy mo3ky (CM),
MO30YKY, JIETeHb, CepIIs, IIEYiHKH 1 HUPOK BU3HAYAIIH
aKTHBHICTh XiMa3H, TOHIHY, KaJblaiHiB BUCOKOUYT-
auBuM (107°—107"° r akTuBHOTO epMeHTy) pepmeH-
TaTUBHUM MeToaoM [9]. IlpuHiun MeToay 3acHOBaHO
Ha BUKOPHUCTaHHI K CyOCTpary MpOTEONITHYHOT peaKiii
IMMOO1JTI30BaHOTO Ha TTOBEPXHI MOJIICTUPOIY MapKep-
Horo (epmeHTy (TIepokcuIa3a XpoHy), sIKHid Hanepe
KOH I0TOBaHUH 13 CyOCTpaTHUM OilkoM.

AKTHBHICTb XiMa31 BU3HAYAJIU ITOTIEPEJHHO PHUTHi-
YyIOUH TaKi TPUIICHHOMNOAIOH] ()epMEHTH, K TPUIICHH,
CHPOBATKOBUH KaJiKpeiH, MIa3MiH, 4YaCTKOBO TOHIH
(Mae TpUICHH- 1 XIMOTPUIICUHIOAIOHY aKTHUBHICTb)
noxaHHaM 1:1 3a 06°eMoM coeBoro iHri0iTOpY TpUIICH-
Hy (CIT) y xonuenTpariii 0,01 mxr/mi, iHKyOyBamm 5 XB
mipu 37°C. i1 BU3HAYCHHS aKTUBHOCTI TOHIHY Mepes
MIPOTEOTITHYHOIO PEAKIII€I0 MTPUTHIYYBaIH aKTUBHICTD
KaJIiKpeiHnoII0HIX ()ePMEHTIB B TOCIITHUX 3pa3Kax
nonmaxHsaM 1:1 3a 06°emom anpoTuHiny (20 MKr/Mi) 1
iHKYOyBasu 5 xB ipu 37°C.

Sk cyOcTpar A5 BU3HaYE€HHS aKTHBHOCTI XiMa3H
BUKOpHcTOBYBanu ¢pparment 4-8 All, Toniny — mpo-
TaMiHCYyJbdar.

AxrtuBHicTh Ca?’-3ae)KHUX HEUTPaTbHUX MPO-
TeiHa3 BHU3HAYaJW SK PI3HUIIO MK aKTHUBHICTIO
nporeinas 3 noxasannam CaCl, i nucreiny 1o orpu-
MaHHsI KiHII€BOi KOHIIEHTpaii 5 MM Ta MiXX aKTHB-
HICTIO TIPOTEiHA3 3 JOJaBaHHSIM CTHJICH [IaMIHTETpa-
anrerary (E/ITA) mo oTpuMaHHS KiHITEBOi KOHIIEHTpAITil
10 MM.
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at 3—5°C. Under the effect of hypercapnia, hypoxia
and under low temperature of the environment AHMS
developed in the animals, it was similar on physiological
indices (immobility, insensitivity to tactile and pain
stimuli, reduced body temperature, sharp slowing-down
of cardiac contractions, suppressed bioelectrical acti-
vity of brain) to natural hibernation. Afterwards the
animals were removed from the vessel and transferred
to the conditions with normal gas composition of air
and temperature of 22-24°C.

There were examined 4 groups of animals: control
(n=8), AHMS, in 2 and 24 hrs after AHMS (early and
late recovery stages) (in examination groups n=5).

Investigations were performed in accordance with
general principles of experiments in animals adopted
by the 37 National Congress of Bioethics (Kyiv, 2007)
and approved with the statements of European Con-
vention on the protection of vertebrate animals used
for experimental and other scientific purposes (Stras-
bourg, 1985).

The animals were decapitated. In blood serum,
nucleus-free fractions of tissue homogenates of
hypothalamus, brain cortex (BC), brain stem (BS),
cerebellum, lungs, heart, liver and kidneys the activities
of chymase, tonin, calpains were examined with highly
sensitive (10°—107'g of active enzyme) enzyme me-
thod [9]. The method principle is based on use as a
substrate of proteolytic fraction, immobilized on the
marker enzyme polystyrol surface (horse radish peroxi-
dase) conjugated with substrate protein.

Chymase activity was determined by preliminary
suppression of such trypsin-like enzymes as trypsin,
serum kallikrein, plasmin, partially tonin (has both
trypsin- and chemotrypsin-like activities) by adding 1:1
(v/v) soy trypsin inhibitor (STI) in concentration of 0.01
mg/ml, incubated for 5 min at 37°C.

For revealing the activity of tonin prior to proteolytic
reaction the activity of kallikrein-like enzymes was
suppressed in experimental samples by adding of 1:1
(v/v) aprotinin (20 g/ml) and incubated for 5 min at
37°C. As a substrate for examining the activity of
chymase the tonin fragment 4-8 All, protamin sulphate
was used.

Activity of Ca?*-dependent neutral proteinases was
found as the difference between the one of proteinases
with adding CaCl2 and cystein up to reaching the final
concentrations of 5 mM and that with adding final
concentration of 10 mM.

The activity of calpains was revealed on proteolytic
reaction: the studied samples were introduced into
wells of polystyrol strip plates with immobilized
complex of horse radish peroxidase with bovine serum
albumin (BSA) in parallels, then to one CaCl, and
cystein were added with approaching final concen-
trations of 5 mM, to another EDTA with approaching
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J1s1 BU3HAYCHHS aKTHBHOCTI KaJIbITAiHIB TIPOBOIMIIH
MIPOTEOJIITHYHY PEAKIIi0: JOCIIKYBaHI 3pa3Ky BHOCH-
JIM B JYHKU TOJICTUPOJIOBOI IUIAIIKK 3 iMMOO1ITi30-
BaHMM KOMILIEKCOM TEPOKCUIA3H XPOHY 3 alNbOyMiHOM
cupoBarku 6uka (BCA) B mapanensx, moTim 10 ogHiel
noJaBanu CaCL2 1 IUCTETH 3 OTPUMAaHHSIM KiHIIEBHX
KOHIIeHTpauiit 5 MM, 1o npyroi— EJITA 3 oTpuManHsIM
KiHIeBO1 KoHIIeHTparlii 10 MM. AKTUBHICTb KaJIbIaiHIB
BH3HAYaIX 32 PI3HUIEIO MTOKa3HUKIB. [|J11 KOHTPOITIO
BUKO-PHCTOBYBAJIH PO3YMHH TPUTICHHY. [HKyOyBau pu
37°C npotsiroM 15 XB 1 micyis BUJANEHHAS MPOJYKTIB
peaxuii BU3HaYaIu ONTHYHY INIJIBHICTH MapKEPHOTO
dhepmenTy 3a gomomororo dhoToMeTpa-aHaizaTopa
imyHogepmentHoro Humanreader, (“Human”, Himeu-
YUHA).

OuiHKy aKTUBHOCTI AOCTIIPKEHUX MPOTETHA3 IPOBO-
OUIH 32 3aJULIKOBOI0 aKTHBHICTIO MapKEpPHOTO
(epMeHTy 110 BiTHOLICHHIO /10 OpTO(EeHITIeHIaMiHy B
MPUCYTHOCT] MEPEKUCY BOIHIO, MPH LLOMY IEBHIH
KOHIICHTpAIIil JOCIiPKeHUX NpoTeiHa3 BiImoBigana
MeBHA KITBKICTh MapKEpHOTO (pepMeHTy, 110 3aju-
ITUBCS Ha MOJIICTUPOII IICIIS pO3IIETHICHHS CyOCcTpaT-
HHUX KOMIUTEKCIB. AKTHBHICTE XiMa3H, TOHIHY po3pa-
xoByBasu B E (MKM cy6Octpaty 3a 1 XxB). AKTHBHICTD
KaJIbIIaiHIB BUPAYKAIX B MIKPOEKBIBAJICHTAX 33 1sTHIX
XiMIYHHX 3B‘a3KiB 3a XBWinHY (1 MKEKB Bignmosimae
aKTUBHOCTI 1 Mr/xn Tpurcuny 3a 1 xB) [1].

B ekcnepumenrax BukopuctroByBanu CIT BupoO-
Hunrea “Reanal” (YropmmHa), nmepokcuaasy XpoHy,
¢parment 4-8 All, anporunin ¢pipmu “ICN” (CLHA),
TpuricuH (“Spofa” (Uexist), XIOpUIT KaJbIIif0, IUCTETH,
BCA, nporamincynsdat, EATA, nmonictuposnaosi
roamky crpinosi (Pocis).

Cratuctiuny 00poOKy OTpUMaHUX JaHUX MTPOBO-
nvn 3a MetonnoM CterofenTa-dimepa 3 BUKOPUCTAH-
HSM IIporpaMHoro 3abesneuenHs Excel.

Pe3yAabTatn Ta 0OrosopeHHs

3a ymoB LLII'MC y xoM‘sIKiB BUABIEHO BipOTiIHE
3pOCTaHHsI TOPIBHSIHO 3 KOHTPOJIEM aKTUBHOCTI XiMa3H
B IIEYiHLI TA HUPKAX, sIKa JOCSTAE IOYaTKOBOTO PiBHA
micis 2-X ronuH nepeOyBaHHs TBAPUH B HOPMAIbHUX
TEMIEPaTypHUX YMOBaXx, MPH HOPMAIbHOMY KHUC-
HEBOMY IOcTadyaHHi ¥ ocBiTiieHHi (puc. 1). ono
aKTHUBHOCTI TOHIHY BiI3Ha4€HO ii 3HWKEHHS 32 YMOB
LIT'™MC — BipoTiHO B HUPKaX, Yepe3 2 TOAUHHU MicIs
LIMC -y CM, uepe3 24 roarHu — B MIEUiHII 1 HIPKax
(puc. 2). ITokazaHo TaKoX, 110 aKTUBHICTH TOHIHY TIPH
HII'MC B 6iabIIOCTI DOCHIIKEHHUX 3pa3KiB Mae€
TEHJICHIIi0 10 3HMKeHHs (okpiM KM, mo3ouky, CM),
JI0 TOTO K B TIOTalIaMyCi Ta CHPOBATIIi KPOBi 3HAXO-
JUTHCS HA HYJIHOBOMY piBHI. Ha paHHBOMY eTarti Biji-
HOBJICHHSI Y MO30YKY aKTHBHICTb TOHIHY Ma€ TEH-
JCHIIII0 70 3pOCTaHHA. AKTUBHICTb KaJIbIIaiHiB 3pOCTa€e
3a ymoB LI'MC y CM, 4uepe3 2 roauHu micas
I'MC —y CM i neressix, yepe3 24 roguHu JINIIAETh-
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to final concentration of 10mM was done. The activity
of calpains was examined on the differences of indices.
As the control trypsin solutes were used. The incuba-
tion was performed at 37°C for 15 min and after remo-
val of the reaction products an optical density of marker
enzyme was found by means of analyzing immune
enzyme photometer Humanreader (Human, Germa-
ny).

The activity of studied proteases was evaluated on
surplus activity of marker enzyme on the ratio of
orthophenylenediamine in hydrogen peroxide presence,
thereat to certain concentration of studied proteases
corresponded the certain amount of marker enzyme,
remained on polystyrol after cleavage of substrate
complexes. The activities of chymase, tonin was
counted in equivalents (im of substrate per min). The
activity of calpains was expressed in microequivalents
of'the involved chemical bonds per minute (1 mEquiva-
lent corresponds to the activity of 1 mg/I trypsin per
min) [1].

In the experiments there were used CIT (“Reanal”,
Hungary), horse radish peroxidase, fragment 408 All,
aprotinin (ICN, USA), trypsin (Spofa, Czech Republic),
calcium chloride, cystein, BSA, protamin sulfate,
EDTA, polystyrol strip plates (Russia).

The obtained data were statistically processed by
Student-Fisher’s method using Excel software.

Results and discussion

Under AHMS in hamsters there was found a
statistically significant increase if compared with the
control of chimase activity in liver and kidneys,
approaching to initial level after 2 hrs’ staying of
animals under normal temperatures with normal oxygen
supply and light (Fig. 1). As for tonin activity its
reduction is noticed under AHMS, statistically
significant was found in kidneys, in 2hrs after AHMS
in BS, in 24 hrs in liver and kidneys (Fig. 2). It has
been also shown that tonin activity at AHMS in the
majority of studied samples has a tendency to reduction
(excluding BC, BS and cerebellum), in addition in
hypothalamus and blood serum its level is zero. At early
stage of recovery in cerebellum the tonin activity has
a tendency to an increase. The activity of calpains
enhances at AHMS in BS, in 2 hrs after AHMS in BS
and in lungs in 24 hrs it remains increased in lungs
(Fig. 3). It should be noted that activity of calpains at
recovery stage increases in heart if compared with
AHMS.

Thus, target organs during the formation of AHMS
and warming of animals are lungs, heart, liver, kidneys,
as well as brain structures, wherein the controlling links
of vitally important functions of an organism are
located.

Chymase increased activity in liver points to its pos-
sible synthesis or release. It may stipulate an increase
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Puc. 1. AxrusHicts ximasu ipu LHLI'MC y xoM’sikiB: 1 —kopa MO3Ky; 2 — rinorajiamyc, 3 — M03040K;4 — CTOBOYp MO3KY; 5 —
CHpOBaTKa KpoOBi; 6 — jereHi; 7 — cepue; 8 — nevinka; 9 — HUpKH; * — CTYIiHb BipOT1THOCTI BiIMIHHOCTEH MOPIBHIHO 3
KoHTpoJeMm, <0,05.

Fig. 1. Activity of chymase at AHMS in hamsters: 1 —brain cortex; 2 — hypothalamus; 3 — cerebellum; 4 — brain stem; 5 —
blood serum; 6 — lungs; 7 —heart; 8 —liver; 9 — kidneys; * —the probability of differences in respect of the control, < 0.05.

Csl I IBUIIIEHOO B JiereHsix (puc. 3). Ciix 3a3Ha4nTH,
110 aKTUBHICTH KaJIbIAIHIB HA eTalll BlIHOBJIECHHS
3pocTtae B cepiti mopisasiHO 3 HIT'MC.

Takum unHOM, OpraHaMHU-MiIIEHSIMH y Tpoueci
¢dopmysanns LHI'MC Ta BinirpiBaHHs TBapHH € JIEreHi,
ceple, MediHka, HUPKH, a TAKOXK CTPYKTYPH MO3KY, B
AKUX PO3TAIIOBaHI JIAHKW yNpPaBIiHHS KUTTEBO
BOKIMBUMH (DYHKIIISIMU OPTaHi3My.

3pocTaHHs aKTUBHOCTI XiMa3H B IEUiHII BKa3y€e Ha
MOKIIHBICTh 11 cUHTE3y a00 BUBLIbHEHHs. Lle Moxe
00yMOBITIOBATH ITiIBUIIICHHS 11 aKTUBHOCTI B IHIITHUX
opraHax, a caMe B HUPKax, [ie XiMa3a XoM ’sIKiB 31aTHa
npuiiMaty yyacts B yrBopenHi All 3 Al i npuzBonuTH
JI0 PO3BUTKY Ba30KOHCTPUKTOPHUX edekTiB [16, 25].
BimHOCHE 3pOCTaHHS CEpETHBOTO aPTEPIATLHOTO THCKY
(AT) cnocrtepiranu y XoM’AKiB IPH XOJOIOBii
aKTiManii MOpiBHAHO 3 TOCTPUM OXOJIOMKECHHSM, SKE
BUKJIMKaI0 cyTreBe 3MeHmenHs AT [15]. Xapakrep
3min mpu HII'MC nicng nepeGyBaHHS B TepMETHIHIN
KaMepi Ha X010l 3 ToAMHU BKa3ye Ha MOXJIMBY I10-
TEHLIHHY OMU3BKICTh MeXaHi3MiB po3BUTKY LLITMC
Ta XOJIOAOBOI akjiMamii CTOCOBHO Ba30KOHCTPHUK-
TOPHHX €(EKTiB.

3pocTaHHs aKTUBHOCTI XiMa3H, sIKE CIPHUSE PO3-
BUTKY Ba30KOHCTPHUKLIi, Bi1OyBaeThCs Ha (OHI 3MEH-
[ICHHS Y4acTi TOHIHY Y (hOpMyBaHHI BKa3aHOTO e(eK-
Ty 1 MOXe OyTH 00YMOBJIEHO BUTPauEHHSM TOHIHY 0€3
BKJIFOUEHHSI CHHTETHYHUX TPOIECiB abo crerudiu-
HICTIO MPOSIBY aKTUBHOCTI ONAcCUCTHX KIITHH, SIKi
MICTATH XiMazy. MoXHa TaKoXX IPUITYCTHTH, IO TPU
III'MC BinOyBaeThcsl aKTHBAIliS alBTEPHATUBHOTO
uuisixy yrBoperns All He 3 anrioteH3nHoOreHY, a 3 Al,
Jie caMe Ximasza MPOsIBIISE CBOIO AKTUBHICTb.

VY ribepHaTOpiB 3HHIKEHHS aKTHBHOCTI ()epPMEHTIB,
o oOyMOBIIeHE BIJIMBOM HHU3BKOT TeMIIEpaTypH,
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of'its activity in other organs, namely in kidneys, where
chymase of hamsters is capable of taking part in the
formation of AIl from Al and resulting, in the
development of vasoconstrictor effects [ 16, 25]. Rela-
tive increase in average arterial pressure (AP) was
observed during cold acclimation of hamsters if
compared with an acute cooling leading to significant
decrease of AP [15]. Character of changes at AHMS,
caused by maintenance in insulated chamber on cold
for 3 hrs, points to possible potential closeness of deve-
lopmental mechanisms of AHMS and cold acclimation
in respect of vasoconstrictor effects.

Increase of chymase activity, contributing to the
development of vasoconstriction takes place on the
background of reduced involvement of tonin in the
formation of the mentioned effect, that may be
stipulated by the loss of tonin without triggering of
synthetic processes or specific manifestation of the
activity of mass cells, containing chymase. It could be
also supposed that at AHMS there is the activation of
alternative pathway of All formation not due to
angiotensinogen, but Al, where the chymase manifests
its activity.

In hibernators the reduced activity of enzymes,
resulted from the effect of low temperatures, is
associated to the decrease in intensity of protein
synthesis, proteolysis suppression [2]. Taking into
account, that reduced activity of tonin at AHMS found
by us in blood serum and inner organs of hamsters
being a facultative hibernators has no manifested
tissue-specific effect in contrast to chimase activity,
the mentioned changes of tonin activity may be referred
to the very effect of temperature in hibernators.

The found tendency to the increase of tonin activity
in cerebellum at early stage of recovery coincides with
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Fig. 2. Activity of tonin at AHMS in hamsters: 1 —brain cortex; 2 —hypothalamus; 3 — cerebellum; 4 — brain stem; 5 —blood
serum; 6 — lungs; 7 — heart; 8 — liver; 9 — kidneys; *, # — the probability of differences in respect of the control. <0.05,

<0.001, correspondingly.

OB’ SI3yIOTh 31 3MEHIIEHHSIM IHTEHCUBHOCTI CHHTE3Y
OinKa, mpUrHIYeHHM IpoTeodisy [2]. BpaxoByiouu, o
3HWKEHHA akTHBHOCTI ToHIHY 1ipu LLII'MC, Bin3Hauene
HaMH y CHUPOBATII KPOBi 1 BHYTPIIIHIX OpTraHax
XOM’SIKiB, 5IKi € ()aKyJIbTaTUBHUMH riOepHATOpaMH, HE
Ma€ BUPAa3HOIO TKAHWHOCHEIHU(PIUHOTO eeKTy, Ha
BiJIMiHY BiJl aKTHBHOCTI XimMa3u. BkazaHi 3MiHU aKTHB-
HOCTI TOHIHY MOYHa ITOB’sI3aTH caMe 3 €()EeKTOM 3HHU-
KEHHs TeMIIepaTypH y ribepHaTopiB.

BusBiena TeHIEHINS 0 3pOCTaHHS aKTUBHOCTI
TOHIHY B MO304YKYy Ha paHHboMYy etari micist [HT'MC
CITIBIIa/Ia€ 3 BiAHOBIICHHSAM PyXOMOIi i IMTOBEIIHKOBOT
AKTUBHOCTI, 1110 MOXe OyTH MOB‘S3aHO 3 BIAHOCHOIO
Hopmaumizariero AT [15].

ITigBuIIEeHHS aKTHMBHOCTI KaJIbIIaiHIB, MOJKIIMBO,
00yMOBJIEHE PO3BHTKOM TiIOKCI1 1 KIIITHHHOTO YIIKO-
JOKeHHs [26]. Bimomo, mo npoTeoni3 KanbnaiHamu i
KaTeNCUHaMH, SIK 1 MITOXOHIpianbHa AUCQYHKIIS,
30iblIeHa TeHepallisi peakTHBHUX (pOpM KUCHIO, BUC-
Ha)KEHHS Mylly aJeHo3uHTpudocdary, paHHe TOpY-
LICHHS TUIa3MaTUYHOT MEMOpaHU € O3HaKaMH KOHT-
POIBLOBAHUX ITPOIIECIB, AKI XapaKTEPU3YIOTh PO3BUTOK
Hekpoay [18]. Kanpnaiau pyitHyoTh CTpyKTYpy Na'/
Ca?"-00MiHHHKA, 110 PU3BOAUTH 10 MOPYIICHHS T0-
MeocCTa3y Kallbllilo, 3aTPUMKHU Ta MEPEBAHTAXKCHHSI
KaJbLieM 1 ToTiM 10 cMmepTi KiniTuH [ 10]. Takum anaOM,
3pOCTaHHA aKTHBHOCTI KajbmnaiHiB 3a ymos [LII'MC
MO>ke OyTH OB’ s13aHE HE TUIHKH 3 HIYKLI€I0 aroITosy,
0 00yMOBJIEHO PO3BUTKOM OKCHIIATHBHOTO CTPECY
[3, 13], ane i1 3 yuacTro KaJbIaiHiB y PO3BUTKY HEKPO3Y
[18].

3pocTraHHs akTUBHOCTI KanpmaiHiB y CM mpu
HII'MC Moxe BITMBATH HA CTPYKTYpH (TIeicMeKepH )
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that of motory and behavioral activities, probably
related to relative AP rise [15].

Rise in activity of calpains may be related to the
development of hypoxia and cell damage [26]. It is
known that proteolysis with calpains and cathepsines
as well as mitochondrial dysfunction, increased
generation of reactive oxygen forms, exhaustion of
adenosinetriphosphate pool, early impairment of plasma
membrane are the signs of controlled process, charac-
terizing necrosis development [18]. Calpains destroy
the structure of Na*/Ca?-exchanger, that leads to
disorder in calcium homeostasis, delay and overloading
with calcium and afterwards to cell death [10]. Thus,
rise in activity of calpains at AHMS may be related
not only to induction of apoptosis, resulted from the
development of oxidative stress, but also to participation
of calpains in necrosis development [18].

Rise in activity of calpains in BS at AHMS may
affect the structures (pacemakers) of respiratory,
cardiovascular centers, ascending activating system,
responsible for organization of consciousness, the majo-
rity of sensor pathways, all motion paths, transmitting
the signals from regulators of brain cortex. The
mentioned changes in BS may affect the functions of
sympathetic and parasympathetic efferent fibers of
neurons of non-specific nervous centers, which code
the functions of all systems of an organism. The level
of activity of calpains in BS at late recovery stage in
comparison with the control may point to the fact that
24hrs’ staying of animals under normal temperatures
and oxygen supply are sufficient for normalization of
regulatory processes of functioning of organs (lungs,
heart) associated to the participation of calpains in the
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3 koHTpOoIeM, <0,05, <0,01,<0,001 BimnoBimHO.

Fig. 3. Activity of calpains at AHMS in hamsters: 1 —brain cortex; 2 — hypothalamus; 3 — cerebellum; 4 — brain stem; 5 —
blood serum; 6 — lungs; 7 — heart; 8 — liver; 9 — kidneys; *, #, + — the probability of differences in respect of the control.

<0.05,<0.01,0.001, correspondingly.

JUXATBHOTO, CEPIIEBO-CYIMHHOTO IIEHTPIB, Ha BUCX1THY
AKTHUBYIOUY CHCTEMY, BiIMTOBIAATBHY 32 OpTraHi3aliio
CBIIOMOCTI, OUTBIIICTH CEHCOPHUX IUISIXIB, yCI PYXOBi
UISAXH, 10 TepeaaloTh CUTHAIW yIPaBIiHHSA Bif
PETYAATOPIB MiBKYJIb TOJIOBHOTO MO3KY. BkazaHi 3Minu
y CM MOXyTb BIUTUBAaTH HA aKTUBHICTb CUMITATHYHUX
1 mapacUMIIaTUYHUX ePEepPeHTHUX BOJIOKOH HEHPOHiB
Hecreuu(piYHUX HEPBOBUX LIEHTPIB, SIKi KOAYIOTh (PyHK-
w1ii ycix cucteM opradizmy. PiBeHb akTHBHOCTI KaJib-
nainiB y CM Ha Mi3HbOMY eTarli BiZJHOBJICHHsI IOPiBHSHO
3 KOHTPOJIEM MOX€ BKa3yBaTH Ha Te, M0 24 TOIUHU
niepeOyBaHHS TBAPHH B HOPMaIIbHUX YMOBAX TEMITEpa-
TYpH 1 KHCHEBOTO ITOCTaYyaHHs TOCTAaTHI I HOpMaJTi-
3allii peryJasITOpHUX MPOIeciB QyHKIIIOHYBaHHS BHYT-
PpilIHIX OpraHiB (JIET€Hb, CEPIIS), TIOB’ I3aHNUX 3 yYaCTIO
KaJIbIAiHIB Y pPO3BUTKY allONTOT€HHUX Ta/ab0 HEKpo-
TUYHUX 3MiH, sKi BuHUKaoTs npu LHIT'MC.

3pocTaHHs aKTUBHOCTI KJIBIATHIB y JIETeHSIX MiCIIs
LII'MC Ha paHHBOMY Ta Mi3HHOMY €Tamax BiJHOB-
JIEHHsI 0OYMOBJICHE, CKOPIIIIe 32 BCE, TUM, IO TiIOKCis
MOKe IIPU3BOJIUTH IO HATIPYKEHOCTI B iadparmi. Sk
HACJIII0K, MOK€E 3MIHIOBATHCSI CHJIA IUXAIbLHUX M SI31B,
PO3BHUBATHCS BTOMa IpH 301IbIIeHIH iX akTuBarii [20].
Crnig BiA3HAYWUTH, MO 3 MOPYMICHHAMHU (YHKIIH
KaJIbIIaTHIB TIOB A3y IOTh HAABHICTh MYCKYJIBHUX JTUCT-
poiii [27], a 3 aKTHUBALIIEFO KaJIbITATHIB — MTOIIKOHKECHHS
M’SI30BUX TKaHUH, CIPHUYMHEHE OKCUIATUBHUM
ctpecoMm [7, 22].

3pocTaHHs aKTUBHOCTI KaJIbIaiHiB y ceplli Ha paH-
HBOMY Ta II3HbOMY €Tarax BiHOBJIECHHSI, IOPIBHSIHO 3
LII'MC, moxe OyTu 0OyMOBJIEHO Y4acTIO KaJlblaiHa
1, sikuit HeOOXiAHMI JUTst Herpaarii 6ararbox OiNIKiIB i
3a]y4yaeTbes 10 MPOTEOCOMHOI Aerpaganii miokap-
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development of apoptogenic and/or necrotic changes
appearing at AHMS.

Increased activity of calpains in lungs after AHMS
at early and late stages of recovery is stipulated rather
the fact that hypoxia may lead to the tension in dia-
phragm. As a result the strength of respiratory muscles
may alter, fatigue develops at their activation [20]. It
should be emphasized that the presence of muscular
dystrophies is associated with damaged functions of
calpains [27], and impaired tissue of muscles is due to
oxidative stress with calpain activation [7, 22].

Enhanced activity of calpains in heart at early and
late stages of recovery in comparison with AHMS may
be stipulated by the participation of calpain 1 being
necessary for degradation of numerous proteins and
is involved into proteosome degradation of myocardial
proteins [17]. Their abnormal accumulation result in
the creation of autophagosomes and degeneration of
cardio-myocytes with functional decompensation,
resulting in the development of cardiovascular dysfunc-
tion [23].

Conclusions

Development of AHMS in hamsters results in
multidirectional changes of activity of enzymes with
alternative pathways of AIl formation, chymase, tonin.
Chymase activity increases in liver and kidneys on the
background of reducing tonin activity, moreover the
alterations of tonin activity have no manifested tissue-
specific effect. These changes are partially normalized
after 2hrs’ staying of animals under normal tempe-
rature, oxygen supply and light. The activity of cal-
cium-dependent proteinases (calpains) increases due
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nianbHuX 6inkis [17]. Ix anomanbHa akyMymsmis mpu-
BOJIUTH JI0 YTBOPEHHS ayToarocoM i JereHeparii kap-
JIOMIOIUTIB 3 (PYHKIIOHATBHOIO JCKOMIICHCAIII€10, B
pe3ylnbTaTi 4oro po3BUBAETHCS CEPIIEBO-CYAUHHA
mucyHkiis [23].

BucHosku

Pozeutok LII'MC y XoM‘sIKiB IPU3BOIKTE JI0 Pi3HO-
CIPSIMOBAaHMX 3MiH aKTHBHOCTI (pepMEHTIB anmpTep-
HaTUBHUX IUIAXiB yTBopeHHS All — Ximasu, ToHIHY.
AKTHBHICTH XiMa3H 3pOCTa€ B TICUiHITI 1 HUpPKax Ha QoHi
3HIKEHHS aKTUBHOCTI TOHIHY, 0 TOTO K 3MiHU aKTHB-
HOCTI TOHIHY HE MalOTh BUPAa3HOT'O TKAHUHO-CIEIH-
(biuHoTO XapakTepy. Lli 3MiHM 9acTKOBO HOpMai3y-
I0OTbCA Tichs 2 TOAUH mepeOyBaHHS TBapHH B
HOPMAJIBHHUX TEMIIEpaTypHUX yMOBaX, IPH JOCTATHBO-
My KHCHEBOMY NOCTa4aHHi i OCBITJIEHOCTi. AKTUB-
HICTh KJTbIIH3aIeKHIX NPOTeiHa3 (KaIbIIaiHiB) 3pOC-
tae 3a ymoB LI'MC y CM i HopMmauti3yeTbes uepes
24 TOOWHU; aKTHBHICTH KaJIbMAiHIB 3aJIMIIAETHCA
TTiIBUIIICHOIO B JIETEHSIX Yepe3 2 TOIMHM 1 B CEpITi uepe3
24 roauHU BITHOBIIEHHS.
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to AHMS in BS normalizes in 24 hrs; activity of
calpains remains increased in lungs in 2 hrs and in
heart in 24 hrs of recovery.
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