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Effect of Natural and Various Artificial Hypometabolism
on Activity of Protease — Protease Inhibitor System
in Hamsters and Rats

BuBuanu 0co61MBOCTI BIUIMBY NPUPOIHOTO Y XOM SIKIB 1 pi3HHX BUAIB IITYYHOTO (TiITOKCHYHO-TINEPKAIHIYHOTO | aMiHa3MHOBOT'0)
rinomeraboniamy (I'M) y mypiB Ha akTUBHICTh CUCTEMH IpOTeiHa3a — iHribiTop mpoteina3. ¥ cupoBarii KpoBi Ta 6e3’saepHUX
¢dpakuisx 10%-x roMoreHariB TKaHHH KOPH MO3KY, JIET€Hb, CepLis, NEYiHKH Ta HUPOK BU3HAYAJIM 3arajibHy aKTUBHICTh MPOTEIHA3
(3AIl), nerpuncunononionux nporeinas (HTIIIT) ta ix inriGiTopis (O-1-iHriditopy nporeinas (a-1-1I1) i a-2-makpornoOymniny (0-2-
MI)) BucokouymBumu (10°—107°r) pepmenTaruBHIMH MeTOaMu. BIUTHBH Pi3HUX BHIB IITYYHOTO i IPHUPOAHOro I'M BHKIIMKAIOTh
cx0xi 3MiHH: Ha (hoHi He3MiHHOT akTHBHOCTI O - 1-ITT minButyersest 3AIL. Ha BinMmiHy Bix mpupoJHOTO, TPY BUBYEHHX BUAAX LITYYHOTO
I'M 3HmXKyeThCsl akTUBHICTH O-2-MI' (mpu npupoIHOMY HE 3MiHIOETHCSI). BHsiBIeHO HalOIIbLI pi3HOCIPSIMOBaHI PO30iIXKHOCTI B
nunamini akrueHocti HTIIIT: sikio npu npupogsomy I'M He 3MiHIOETBCS (OKPIM HHUPOK), TO IIPY TiHOKCHYHO-TinepkanHivnoMy I'M —
3HHU)KY€EThCS, @ IPU aMiHAa3UHOBOMY, HaBIAKH, 3pOCTA€ (KPiM MEUiHKH, JIEreHiB Ta Kopu Mo3Ky). OTpuMaHi JaHi yKJIaJaroThCs B
KOHIIEIIIIIO, [0 PO3BUTOK TilIOMeTabo01i3My, 30KpeMa IPUPOIHOTO, MOJIArae B epedyaoBi NEBHUX MOJIEKY/SIPHUX MEXaHI3MiB, HIX y
HAasIBHOCTI CIIeLiali30BaHUX I'eHiB, TOOTO BiZ0YBa€ThCs epenporpaMyBaHHs iCHYI0UMX 010XIMIYHHX ITPOLIECiB (HAIPUKIIAI, aKTHBHOCTI
CHCTEMHU MpoTeiHa3a — iHriOiTop mpoTeinas).

Kniouosi cnosa: rinomerabosi3M, akTHBHICTh IPOTETHA3, XOM’SIKH, LIypH.

W3yuanu 0cOOEHHOCTH BIMSIHHS €CTECTBEHHOTO Y XOMSIKOB H PA3JIMYHBIX BHIIOB UCKYCCTBEHHOTO (TMIIOKCHYECKO-THIIEPKAITHIYECKOTO
¥ aMHHa3MHOBOTI0) runoMeTadonu3ma (I'M) y KpbIC Ha aKTUBHOCTb CHCTEMBbI IIPOTEHHA3a — HHTUOUTOP NIpoTerHa3. B chIBOpoTKE KpoBU
1 Oe3bsiepHbIX Gpakiusax 10%-X roMoreHaToB TKaHEeH KOPbl MO3ra, JIETKUX, CEPALA, TEYSHH U [OYSK ONPEIeIIsUTH OOy 0 aKTHBHOCTD
nporenna3 (OAIl), nerpuncunonono6usix nporernas (HTIII) u ux uaru6utopos (O-1-uaruduropa nporennas (o-1-UI) n a-2-
Makporo0ynuna (0-2-MT')) BeicokouyBeTBUTENBHBIMU (10°—1071° ) hepMeHTaTMBHBIMU MeTOAAMH. ECTECTBEHHBINM U Pa3InyYHbIE
BUJIBI HCKYCCTBEHHOTO ['M BBI3BIBAIOT CXOJHBIC H3MEHEHHMs: Ha (hoHe Hen3MeHHO# akTiuBHOCTH O - 1-UIT nmoeimaercst OAIL B otnnuue
OT €CTECTBEHHOT 0, IIPU U3YUYEHHBIX BUIAaX UCKYCCTBEHHOT0 I'M IIpOUCXOIUT CHUXKEHHUE aKTUBHOCTHU O-2-MI (IIpu ecTecTBEHHOM He
u3MeHseTcs1). BousiBnensl Hanboee pa3HOHANpaBiIeHHbIe H3MeHeHus B ntuHamuke aktuBHoctr HTIIIT: mpu ecrectBenHom I'M He
U3MEeHseTCs (KpoMe I10Y€EK), IPH TUIIOKCHYECKO-THIIepKanHuYeckoM I'M — cHuxkaeTcsl, a Ipyu aMMHAa3UHOBOM, HA000POT, pacTeT (Kpome
HEUCHU, JISTKUX 1 KOpbI Mo3ra). [ToyueHHbIe JaHHbIe YKIIaAbIBAIOTCS B KOHIICIILIHIO O TOM, YTO Pa3BUTHE TMIIOMETa00JIM3Ma, B YaCTHOCTH
€CTECTBEHHOT0, 00y CIIaBIMBACTCS IEPECTPOHKON ONPEIeICHHBIX MOJICKYJISIPHBIX MEXaHU3MOB, a HE HAJIMYHEM CIIELHAIN3UPOBAHHBIX
IE€HOB, T. €. IPOMCXOAUT MEePEeNPOrpaMMHUPOBAHUE CYIIECTBYIONIMX OMOXMMHUYECKHX MPOLECCOB (HalpUMep, aKTHBHOCTH CHCTEMBI
pOTEerHAa3a — HHTUOUTOP MPOTEHHA3).

Knrouessie cnosa: runomerabonm3m, akTHBHOCTh IIPOTEHUHA3, XOMSKH, KPBICHI.

There were studied the peculiarities of the effect of natural in hamsters and different types of artificial (hypoxic-hypercapnic and
aminasin induced) hypometabolism (HM) in rats on activity of protease — protease inhibitor system. In blood serum and nuclear-free
fractions of 10% homogenates of the tissues of brain cortex, lungs, heart, liver and kidneys there was measured protease total activity
(PTA), non-trypsin-like proteases (NTLP) and their inhibitors (0-1-protease inhibitor (a-1-PI)) and a-2-macroglobulin (a-2-MG)
using highly sensitive (10°-107'°g) enzyme methods. Effects of various types of artificial and natural HM cause similar changes: the
PTA increases on the background of unchanged activity of a-1-PI. In contrast to natural HM during artificial one the activity of a-2-
MG increase (during natural HM it does not change). The most versatile differences in the dynamics of NTLP activity have been
revealed: during natural HM it does not change (except kidneys), at hypoxic-hypercapnic HM it reduces and during aminasin induced
one it vice versa rises (except liver, lungs and brain cortex). The findings are in the accordance with the concept that hypometabolism
development, in particular natural one, is rather stipulated with the re-arrangements of certain molecular mechanisms, but not with the
presence of specialized genes, i. e. re-programming of existing biochemical processes (for example, activity of protease — protease
inhibitor system) takes place.

Key words: hypometabolism, activity of proteases, hamsters, rats.
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lNnomera6omizm (I'M) — ocobnuBuUil PyHKITIOHATE-
HUU CTaH 3HWKEHOI JKUTTE3IATHOCTI OPTraHi3My i3 cTa-
Oii30BaHUM TeTI000MiHHUM romeoctazoMm. [Ipu I'M
0araToKpaTHO 3HMKYIOTHCSI KUCHEBI Ta €HEpreTUYHI
noTpedH OpraHizMy, 3MEHLITYEThCS HABAHTAKCHHS Ha
OpraHy, NPy LLOMY 3aTPUMYETHCS 1 PO3BUTOK 3aXBO-
PIOBaHHSI, 3aBISKH YOMY Y MEAMKIB 3’ SIBISETHCS HEOO-
X1THUI pe3epB vacy sK Ui IEpBUHHOT 10TIOMOTH, TaK
1 paIMKaILHOTO BTpy4YaHHs. TOMy BUBUCHHS PUPOJI-
HOTO 1 po3poOKa crocoOiB AOCITHEHHS MITYYHOTO
I'M — akTyaibHi HaPSIMKU QyHIaMEHTAITBHOT 010J10T1T
Ta MEJTUIIHHH.

Bingomo, 1o ccasii 31aTHI BIIaaaTy B pi3Hi 3a IIH-
OMHO¥O 1 TPUBAJIICTIO TIMIOMETA00IIYHI CTaHH: BiJI ITO-
BEpPXHEBOT0 IMpKagHoro I'M y roMoioTepMHUX TBa-
puH (coH), konu Temneparypa tina (TT) sHmKyeTbCs
Ha 0,5-2,0°C, a meTabomizM — Ha 20%, 10 TIHO0KOro
TpuBanoro I'M i rinotepmii y npecTaBHUKIB 3-X miJ-
KJIaciB reTepOTePMHUX CCaBIiB, Koiu TT 3HIKY€eThCS
10 4°C, a 0OMiH pedoBHH — 110 2—3% BiT HOpMU (3UMO-
BUIH COH, JICHHHI TOPIIOp, €CTHBAILIS 1 TibepHaltis) [5,
14,16, 19, 20,22, 23, 28]. [Ipupoaamii | M — reHeTHIHO
JIeTepMiHOBaHa 3JaTHICTh 3BOPOTHO 3HIDKYBATH Di-
BeHb 00MiHy peuoBuH i TT, sika HaOyTa B XOJ1i €BOJIOLIIT
JUTSL TIEPEKUBAHHS €KCTPEMallbHUX YMOB (XOJIOZ,
CcreKa, rocyxa, BiICyTHICTb ixki). [Ipu ribepHarii, sk
Haii0inpm BupaxkeHomy ['M, TBapuHH CTiHiKi 10
(aranbHUX 103 OTPYHHUX PEYOBUH Ta 10HI3yIOUOTO
ONIPOMiHEeHHS; 1H(EKLiHI 3aXBOPIOBAHHS HE PO3BU-
BalOTHCS HABITh NIPH LITYYHOMY 3apakeHHi [5, 12].

Taxe mupoke posnoscromkenHs ['M B mpuponi
JaJIo MiACTaBy TPyl JOCHiAHUKIB JUIs IPUITYIICHHS,
110 TeHH, SIKi 3aTy4€Hi 10 PO3BUTKY MOAIOHUX CTaHiB, —
3aranpHi Ui Beix ccapmiB [31]. Le pobuts nepcenex-
TUBHOIO MOIIMBICTH iHIyKyBaTH [ M y romoiioTepM-
HUX CCaBIiB (Hacamriepel, y JIOJIMHH), SKHM Taka
3/IaTHICTH HE MMPUTAMaHHa.

TomotioTepmHmii oprani3zm 3anyputd B ' M ckiajHO
1 MOJKJIMBO JIMIIIE HA OOMEXEHHI yac. Y TBapuH-Heri-
Oepnartopis I'M MoAenIoOTh 3a TOIOMOTOI0 BIUIUBY
cipkoBonHIO [15], KoMOiHaIii MINOKCUYHUX 1 TilepKar-
HIYHHX ra30BUX cepefoBuil, 3HmwkeHHs TT, romomy [3,
7, 10, 12], a Takox OUIIXOM BBEICHHS (papMaKoIo-
riyHux pedoBuH. Cepel] OCTaHHIX — aMiHA3KH, SIKHH BXO-
JTh JI0 CKJIAJly JTITHYHUX CYMIIIEH, 1110 3aCTOCOBYIOTh-
cs s pocarHenss mrygnoro I'M (LII'M) [10, 11].
BiH HaIeKUTH JI0 KJIaCy TPaHKBLII3aTOPIB 1 BIUIMBAE HA
JISUTbHICTH HEPBOBOT cUCTEMH (Ma€ aHTUIICUXOTUYHU
1 BUpa3HUH celaTUBHUN e(EeKT 3 OTHOYACHUM 3MEH-
LICHHSIM PYXOBO1 aKTHBHOCTI 1 TOHYCY CKEJIETHUX M’ SI3iB;
MPUTHIYYE HEHTP TePMOPETYJISAILII1T, BHACTIIOK YOTO 3HH-
xkyetbest TT), mpurHidye akTHBHICTH CEPILIEBO-CY/IMH-
HO1 CUCTEMH (3HMXKY€EThCS apTepialbHUMI TUCK, TOJIOB-
HUM YHHOM 32 PaXyHOK HPUTHIYEHHS rinoTaJaMidYHuX
LEHTPIB, KOMIICHCATOPHUX CYIMHHO-3BYXXYIOUHX ped-
JIEKCIB, CHJIM CEPIIEBUX CKOPOUYEHbB, alib(a-aJpeHo-
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Hypometabolism (HM) is a special functional state
of a reduced viability of an organism with stabilized
heat exchange homeostasis. During HM the oxidative
and energetic needs of an organism decrease many
times, the loadings to the organs are reduced, herewith
the disease development impedes as well, due to this
health professionals receive the necessary time reserve
for first aid and medical intervention. Therefore the
study of natural HM and development of the methods
to reach artificial HM are actual trends of fundamen-
tal biology and medicine.

It is known that mammals are able of falling into
hypometabolic states differing on depth and duration:
from shallow circadian HM in homoiothermal animals
(sleep) when body temperature (BT) reduces by 0.5—
2°C and metabolism by 20%, to deep long HM and
hypothermia in representatives of 3 subclasses of
heterothermal mammals, when BT decreases down to
4°C, and metabolism down to 2—3% of the norm (win-
ter sleep, daily torpor, aestivation and hibernation) [5,
14,16, 19, 20, 22, 23, 28]. Natural HM is a genetically
determined ability of reversible decrease of metabo-
lism rate and BT, acquired during evolution to survive
extreme conditions (cold, heat, drought, food absence).
During hibernation as the most manifested HM the
animals are resistant to fatal doses of poisoning sub-
stances and ionizing radiation, infection diseases do not
develop even during artificial contamination [5, 12].

Such a frequent occurrence of HM in nature allo-
wed the group of researchers to speculate that the genes
involved into the development of such states are com-
mon for all the mammals [31]. This makes possible the
inducing of HM in homoiothermal mammals (first of
all, humans) for those this ability is not inherent.

It is difficult to induce HM in homoiothermal or-
ganism and this is possible only for a limited time pe-
riod. In non-hibernating animals HM is induced by the
effect of hydrogen sulphide [15], combination of hy-
poxic and hypercapnic gas composition, reduction of
BT, hunger [3, 7, 10, 12] as well as by means of ad-
ministration of pharmacological substances. Among the
latter is aminasin, as a component of lytic mixtures used
to induce an artificial HM (AHM) [10, 11]. It belongs
to the class of tranquilizers and affects the activity of
nervous system (is of anti-psychotic and manifested
sedative effect with simultaneous reduction in motor
activity and tonus of skeletal muscles; suppresses the
thermoregulation center that results in BT reduction),
suppresses the activity of cardiovascular system (ar-
terial pressure decreases mainly due to the inhibiting
of hypothalamic centers, compensatory vasoexcitatory
reflexes, heart force, alpha-adrenoblocking and spas-
molytic effect), suppresses the muscle contraction [13,
29]. There is a notion that combination of physical and
chemical compounds could induce even high-tempera-
ture HM [10, 11].
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0JI0Ky04O1 1 CIa3MONITHYHOT [1iT), MPUTHIYY€E CKOPOT-
TuBIiCTh M’s131B [ 13, 29]. BBaxkaroTh, 1110 3a IOTIOMOT'OF0
koMOiHamii Qi3MYHMX Ta XIMIYHUX CIIOIYK MOXHa
BUKJIMKATH HaBiTh BUCOKOTeMmeparypauii [M [10, 11].

ATne He3aNeXXHO Bif crmoco0iB mocsraeHHs ['M B
OCHOBI iHIIiaIii IOTO CTaHy JICKUTh 3HIKCHHS METa-
00Ji9HOT aKTHBHOCTI — MeTaboiuHa Jenpecis, sKa
JOCSITAETHCS 38 PAXyHOK KOOPJIWHOBAHOTO NPUTHI-
YeHHS] eHePTeTUYHO 3aTPATHUX KIITUHHUX (PYHKIIIMH,
30Kpema, MiATPUMKH TpaHCMEMOPaHHOTO TpajJieHTa
10HIB Ta cuHTEe3 Oinka [32].

Came cuHTe3 IPOTETHIB aKTUBHO TaTbMY€EThCS IPH
po3sutky npupoanoro I'M (III'M) [32]. [Ipu usomy
JUIl YHUKHEHHS HEKOHTPOJIbOBAHOTO PO3LICTIICHHS
OLIKIB BiIMIOBIJTHUM YHHOM YTIOBLIEHIOFOTHCS 1 TIPOIIECH
po3many O1TKOBHUX MOJIEKYI, ie 0COOIMBY POJIb Bifli-
rparoTh MPOTETHA3M, SIKI HE TUTHKH OepyTh ydacTh B
Jerpajartii OiIKiB, ae i yTBOPIOIOTH X aKTUBHI (OopMHU
[18]. Bimomo, 1o mpoTeiHa3u akKTUBHO 3aTisTHI B PETY-
TA1i1 6araTh0X HAMBaXIIMBIIIIMX TPOIIECIB B OPraHi3Mi
Ta 3a0e3MevyoTh Horo MBUAKY (iziomoriuyHy Biamo-
BiJIb Ha BIUIUB €HJIO- 1 €K30TeHHUX (akTopis [1, 2, 18].
CepiHoBI TpoTeiHa3M HAWOLIBII PO3MOBCIOMKEH] Ta
BUSIBJICHI IIPAKTHYHO Y BCIX CyOKIITHHHUX (QpaKiisx
pi3HuX THIB KIiTHH [ 1, 2]. JliMiToBaHM# IpOTE0Ti3 31~
MOT€HIB Ta IHIIHMX OLTKOBHX CyOCTpaTiB BUCOKOCTIEIIia-
JTi30BaHUMH CEPiHOBUMH NMpPOTEiHA3AMH IO03BOJISIE
JOCSTTH IIBUKOT TeHEepaTi30BaHOI BiIMOBIIi OpraHi3-
MY, B pe3yJIbTaTi YaCTKOBOI MPOTEOTITUIHOI JeTpaartii
YTBOPIOETKCSI PSIT TOPMOHIB 1 HEHPOTISTITH/IIB 3 PI3HUMH
(hizionmoriuaumu QyHKIISIMY [2]. OCOOTMBOTO 3HAYCHHS
HaOyBaroTh HeTpHUIcHHOoni0HI mpoteinasu (HTIIIT)
(30kpeMa, xiMasa i TOHiH), K1 OEpyTh Y4acTh B YTBO-
peHHi Ba30KOHCTpUKTOpHOTO nentuay All B TkaHuHax
[24]. BasxiuBy ponib y perysLii mpoTeosizy BilirparoTs
1HT101TOpPH MPOTEOMITUYHUX PEPMEHTIB (CEpIiHM), iX
y4acTh B KOHTPOJI peaKLiii TiMiTOBAHOTO IPOTEOIi3y
PO3MISAAAIOTH SIK OCHOBHUI MeXaHi3M (PyHKI[IOHYBaHHS
3aXMCHUX CUCTEeM opraHizmy [1, 18].

Mera poOOTH — BU3HAYUTH OCOOJHMBOCTI BIUTHBY
TIPUPOTHOTO 1 PI3HUX BUIIB MTYYHOTO (TIITOKCHYIHO-
TIMIEPKAITHIYHOTO 1 aMiHa3MHOBOTO ) TITOMETa00Ii3MYy
Ha aKTUBHICTh CHCTEMH MPOTEiHa3a — iHT10iTOp IMpoTei-
Ha3 y TKAHWHAX XOM SIKiB 1 Iy PiB.

Martepiaan i mertoam

PoGoTy npoBenieHo Ha caMLsIX 6—7-MiCIYHUX IIypPiB
Ta 6—10-MiCSYHHX 30JI0TaBUX XOM SIKiB (Mesocricetus
auratus) macoro 200-250 i 85-95 r BinnoBinHO y 3u-
MOBUH TIepioj] 3TiAHO 3 ‘“3aralbHUMU MPUHIUIIAMU
eKCIIepUMEHTIB Ha TBapuHax”’, cxBasiennmu 111 Hamio-
HaJTbHUM KOHTpecoM 3 6ioetuku (Kuis, 2007) 1 y3ro-
JUKCHUMH 3 TIOJIOKEHHSIMH ““€Bpomneiichkoi KoHBeHIi1
IIPO 3aXUCT XPeOSTHUX TBAPHH, 1[0 BUKOPHUCTOBYIOTHCS
JUTISL eKCTICPUMEHTATBHIX Ta 1HIMNX HAyKOBUX ITiICH”
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However, independently on the ways of reaching
HM the basis of this state is the reduced metabolic
activity, i. e. metabolic depression, achieved due to co-
ordinated suppression of cell energy-loss functions, in
particular, maintainance of a transmembrane gradient
of ions and protein synthesis [32].

Namely synthesis of proteins is actively inhibited
during the development of natural HM (NHM) [32].
Herewith to avoid a non-controlled proteolysis, the
decay processes of protein molecules slowed down in
a correspondent way, where a special role is played by
proteases, which participate in degradation of proteins
and generate their active forms as well [ 18]. It is known
that proteases are actively involved into regulation of
many the most important processes in an organism and
provide its rapid physiological response to the effect of
endo- and exogenous factors [1, 2, 18]. Serine protea-
ses are the most wide-spread and revealed almost in
all the subcellular fractions of different cell types [1,
2]. Limited proteolysis of zymogenes and other protein
substrates with highly specialized serine proteases ena-
bles the reaching of rapid generalized response of an
organism, and partial proteolytic degradation results in
a formation of several hormones and neuropeptides
with various physiological functions [2]. Non-trypsin-
like proteases (NTLP) (in particular, chymase and
tonin), participating in the formation of peptide All in
tissues, are of a special value [24]. An important role
in proteolysis regulation is played by inhibitors of pro-
teolytic enzymes (serpins), their participation in the con-
trolling of the reaction of limited proteolysis is consid-
ered as main mechanism of an organism protective
system function [1, 18].

The research aim was to examine the peculiarities
of the effect of natural and various types of artificial
(hypoxic-hypercapnic and aminasin induced) hypome-
tabolism on the activity of the protease — protease in-
hibitor system in the tissues of hamsters and rats.

Materials and methods

The research was carried-out in 6—7-month-old rats
and 6—10-month-old golden hamsters (Mesocricetus
auratus) of 200-250 and 85-95 g, correspondingly in
winter period according to General Principles of Ex-
periments in Animals approved by the 3™ National
Congress in Bioethics (Kyiv, 2007) and coordinated
with the statements of European Convention for the
Protection of Vertebrate Animals Used for Experimen-
tal and Other Scientific Purposes (Strasbourg, 1986).
The animals were kept in vivarium on the standard
diet with adding wheat grains and sun flower seeds.

The following experimental groups were used in
the study: hamsters — control and animals in NHM state;
rats — control, the animals in hypoxic-hypercapnic and
aminasin induced AHM.
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(Crpacotypr, 1986). TBapuH yTpumyBaiu B BiBapii Ha
CTaHAAPTHOMY PaLiOHi 3 JOAaBaHHIM 3€PEH IMIICHHII
1 HACIHHS COHSIITHUKA.

[IpexncraBieHo Taki eKCIEPUMEHTANbHI TPYIIH:
XOM’SIKH — KOHTPOJIb Ta TBapuHU B ctaHi [1I'™; nrypu —
KOHTPOJIb, TBAPUHHU B CTaHI T1ITOKCUYHO-TiNepKaIHi4-
Horo Ta aminazuHosoro 1ITI'M.

[Mpupomuuii 'M po3BuBaBcsi B yMoBax repeOyBaH-
HS B HEOCBiTJIeHiH kamepi npu 4—7°C 3 HOpMaJIbHUM
CKJIaJIOM TTOBITPSI, Ie XOM KU T10EpHYBaIH, 3HAXO/IS-
YHUCh y TOPIITHOMY cTaHi 3-3,5 100H, mepiouvHO
poOYIKYIOUHCh i 3HOBY BIAJa04uH y CIUITUKY. Marte-
pian s gociipkeHb 3a0upanu Ha 2—4-my OayTi
(emizomi) CILITYKH.

INnokcnano-rinepkanxiuauii LLIT'M y 1irypiB BUKIH-
KaJ| 3a MeTojioM AHmKyca-baxmer’ea-Jxaits [3, 7]:
TBapHH y TEPMETHYHO 3aKpUTii mocyauHi (3 am?) mo-
Millay Ha 3 TOIUHH y TEMHY X051010BY Kamepy (3—5°C).

AwminazunoBuii IIII'M mocsranu misxoM BHYT-
PIITHBOYEPEBHOTO BBeAEHHS 2,5%-r0 aMiHa3uHy 10
0,2 mn 1 pa3y 3 noOu mpotsirom 2 TrkHiB. Temnepary-
PY Tija peecTpyBajH 3a IOIIOMOTOI0 MiJJb-KOHCTAaHTa-
HOBOI TEpPMOTIApH, IPUETHAHOI 10 BosT™MeTpa B7-21A
(3UII, CPCP). KonrponpsHa rpyma nmpeacTaBieHa iH-
TaKTHUMU TBapUHAMHU.

TBapuH 3 eKCIepUMEHTY BUBOAWIIM LIUIIXOM JIeKa-
miTamii. Y cupoBartii KpoBi Ta 06e3’siiepHuX Qpakiiisx
10%-x roMOTeHaTIB TKAHUH KOPH MO3KY, JIET€Hb, Cep-
1151, IEYIHKK Ta HUPOK BU3HAYAJIN 3arajibHy aKTUBHICTb
npoteina3 (3AIl), HTIIII Ta ix inribiTopiB (O-1-
iHri01TOpY Mpoteinas (a-1-11T) i a-2-mMakporioOyiny
(a-2-MTI")) BucokouytiuBumu (10°—1071°r) hepmen-
TaTUBHUMH METOAAMH [9], IpUHIUN SKUX TOJIATAE Y
BUKOPHUCTaHHI B SIKOCTi cyOCTpaTy MpOTEOIITHYHOT
peaxiii iMM0OO1TI30BaHOTO HA IOBEPXHI MONTICTUPOITY
MapKepHOTOo (epMeHTY (TIePOKCHIa3H XPOHY), SIKUH
OyB Hamepes KOH I0roBaHMH 13 cyOcTpaTom O1IKOBOT
npupoau. Jlns BU3HAaYCHHS aKTUBHOCTI MpoOTeiHa3,
HTTIII, a-1-1IT cy6erparom OyB anmb0yMiH CHPOBaTKH
Ouka, 0-2-MI" — nporamincynbdar. [Ticas npoBeneH-
HS1 peakLlii yTBOPEHHs KOMILIEKCY NpoTeiHaza —iHrioi-
TOp MPOTEiHA3 10 peakuiiHoi cymimn nogasanu 1:1 3a
00’emoM coepuit inTi6iTOp TpUticuny (CIT) y koHIIeHT-
pauii 150 mxr/mi ta inkyOyBanu 5 xB npu 37°C anst
3B’A3yBaHHS BUIbHMX NpoteiHa3. PiBens 0-2-MI y
JOCIIKEHHUX 3pa3kax PO3paxoByBaJIH 110 3aJIHILIKOBIH
AKTUBHOCTI OB’ I3aHOTO 3 HUM TPHUIICHHY.

Hns Buznauenns HTTIIT okpemo npoBoaniiu peax-
IO MPUTHIYEHHS TAKUX (EPMEHTIB, SIK TPUIICHH, I1J1a3-
MiH, CHPOBaTKOBHH KaJliKpeiH, TOHIH (Ma€ TPUIICHH- 1
XIMOTPHUIICHHITOJIIOHY aKTUBHICTB) foAaHHsM 1:1 3a
06’emoM CIT y kontentparii 0,01 Mxr/mi Ta iHKyOy-
Bayu 5 xB nipu 37°C. [ani npoBoauiIN peaxuito pos-
HICTICHHS IMMOO1Ti30BaHOTO KOMIUIEKCY MapKEPHOTO
(depmenTy 1 anpOyMiHy CHpOBaTKH OWKa.

[Toka3HMKY OLIIHIOBAJIY 3@ 3MIHOKO aKTHBHOCTI Map-
KEpHOTo (EpMEHTY 1 BUpaXXajd B MI/J TPHUIICUHY, a
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Natural HM developed under the conditions of stay-
ing in dark chamber at 4-7°C with normal air compo-
sition, where the hamsters hibernated being in torpid
state during 3—3.5 days with periodic arousal and again
entering the hibernation. The research material was
collected in 2—4 hibernation bouts (episodes).

Hypoxic-hypercapnic AHM in rats was initiated by
Bakhmet’ev-Anjus-Giaja method [3, 7]: the animals in
hermetically closed tank (3 dm?) were placed for 3 hrs
into dark cold chamber (3—5°C).

Aminasin AHM was achieved by intraperitoneal
introduction of 2.5% aminasin by 0.2 ml once in 3 days
for 2 weeks. Body temperature was recorded by means
of copper-constantan thermocouple, adjusted to B7-
21A voltmeter (Russia). Control group represented the
intact animals.

The animals were sacrified by decapitation. In blood
serum and nuclear-free fractions of 10% tissue homo-
genates of brain cortex, lungs, heart, liver and kidneys
there was measured a protease total activity (PTA),
NTLP and their inhibitors (0-1-protease inhibitor (O-
1P])) and a-2-macroglobulin (0-2-MG) using highly
sensitive (10°-107'° g) enzymatic methods [9]. The
principle of these methods consists in the use as the
substrate of proteolytic reaction of polystyrol-surface-
immobilized marker enzyme (horse radish peroxidase),
which was pre-conjugated with the substrate of pro-
tein origin. To examine the activity of proteases, NTLP
and a-1-PI, bovine serum albumin served as a substrate
and protamine sulfate was the substrate for a-2-MG.
After the reaction of protease — protease inhibitor com-
plex formation the reaction mixture was supplemented
1:1 (v/v) with soybean trypsin inhibitor (STI) in con-
centration of 150 pg/ml and incubated for 5 min at 37°C
to bind free proteases. The level of a-2-MG in the
studied samples was calculated on the residual activity
of the bound trypsin.

To examine NTLP the inhibition reaction of such
enzymes as trypsin, plasmin, serum kallikrein, tonin
(possessing both trypsin and chymotrypsin-like activi-
ties) was performed by adding 1:1 (v/v) STI in con-
centration of 0.01 pg/ml and incubation for 5 min at
37°C. Later there was performed the reaction on dis-
sociation of immobilized complex of marker enzyme
and bovine serum albumin.

The indices were assessed by the change in the
activity of marker enzyme and expressed in mg/l of
trypsin and then re-calculated in microequivalents (LEq)
of involved chemical bonds per minute, because the
substrate is a polymer and enzyme “attacks” more than
one chemical bond (1 pEq corresponds to the activity
of 1 mg/l trypsin).

In the study there were used horse radish peroxida-
se, bovine serum albumin, protamine sulfate, trypsin
(Spofa, Czech Republic), STI (Reanal, Hungary), poly-
styrol plates (Linbro, UK), reagents of ukrainian produc-
tion, as well as universal photometer (StatFax, USA).
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MOTIM MepepaxoByBal B MikpoekBiBaieHTax (MKEKB)
3aJIiTHUX XIMIYHHX 3B’ S3KIB 32 XBHJIMHY TOMY, IO CyO-
CTpaToM € Oiomorimep i pepMeHT “aTakye” OUTBII HiXK
OJIMH XIMIYHHH 3B’5130K (1 MKEKB BiZIITOBi/1a€ aKTHB-
HOCTI | MI/J TpUTICHHY).

VY nocnigKeHHAX BUKOPHCTOBY BN MIEPOKCUAAZY
XpOHY, a1b0YMiH CHPOBaTKH OHMKa, POTaMiHCYIb(]aT,
tpuricuH (“Spofa”, Uexis), CIT (“Reanal”, Yropmuna),
peareHTy BITYM3HIHOTO BUPOOHUIITBA, & TAKOXK ITOJTi-
ctuponosi manky (“Linbro”, Benukoopuranist), Goto-
MeTp 3arainpHoro npusHadeHHs (“StatFax”, CLLA).

CratucTuyHy 0OpOOKY MPOBOJIMIIN 33 METOJOM
Creronenra-dimepa 3 BAKOPUCTAHHSM ITPOTPAMHOTO
3abe3neveHns Excel Ta HemapamMeTpudHOi CTATHCTUKH
Kpyckana-Yommica.

Pe3yAbTath Ta 00OrosopeHHs

OOuaBa BUKOPHCTaHi HAMU CIIOCOOH TOCSITHEHHS
II'™ xapakTepu3yBaiucs HACTYTHUMH (i3ionoria-
HUMH 3MiHAMH B OpraHi3Mi €KCIIepUMEHTaJIbHUX
TBapUH.

[Mpu rinokcuuno-rinepkanaiyaomy LLIT'M y mrypis
CToCTepiraincs HepyXJIMBICTh, TAKTHIIBHA 1 60JIbOBA
HEYyTJIMBICTh, ICTOTHE 3MEHIIIEHHS YaCTOTH CEPIIEBUX
ckopoueHs (UCC) (3360 mo 80 yn/xB) Ta TT (1m0 16,5 £
0,5°C), 6ioenektpuyna aktuBHicTh (BEA) Mo3Ky He
peecTpyBanach (aHi He HaBOJSATHCS).

VY mypiB 3 aminazunosuM LLIIT'™M TT 3HmxyBanacs
Ha 3,5 + 1,5°C, Ha eHuedanorpami peecTpyBaiucs
3MiHM (TaHiI HE HABOIATHCS), XapaKTEpHi I CTaHy
IOOKOTO MPUPOIHOTO CHY. Ha moBeniHkoBOMY piBHI
BBE/ICHHS aMiHa3MHY IPUBOAMIIO 10 3HAYHOTO IOCa0-
JIEHHSI PyXOBOi aKTHBHOCTI, MOTPeOH B TXKi Ta BO,
BiZICYTHOCTI TPyMIiHTY, TAKTUIILHOI 1 YACTKOBO OOTBOBOT
peaxilii Ta posBiB amarii, 3arajbMOBaHOCTI, MJIIBOCTI.

Jlesiki HaBe ieHi BuIlle (hi3i0I0TiuHI 3MIHH 30iraroTh-
Cs1 3 TAKUMH, IIO CIIOCTEPIrar0ThCs IPU MPUPOTHOMY
I'M. Tak, y xom’sikiB ipu [1I'M Big3Hawamu HepyXJiu-
BiCTh, HEUYTJIMBICTH 70 OOJILOBOT'O 1 TAKTHUIILHOTO TIO/I-
PasHEHHS, XapaKTepHY 03y (CKpy4yBaJIHCh Y “KiIy0o-
4oK”), pizke 3HmkeHHS YCC (3 360 1o 7-8 yn/xB), TT
(339 no 8-10°C), BEA mo3ky He peecTpyBaacs (qaHi
HE HABOAATHLCHA).

[I{omo 3MiH aKTHBHOCTI CUCTEMH MPOTETHA3a-1HT'i-
Oitop mpoteinas, To npu I1I'M BinOyBaeThCs 1minBU-
meHHs 3AIl y BCiX BHBUCHHX 3pa3Kax, aKTHBHOCTI
HTTII - Tinbky B HUPKaX, a B iHIIMX TKAHMHAX — BOHA
He 3MiHIoBanachk (Tabn. 1). AKTUBHICTH iHTIOITOpIB
0-1-IIT i a-2-MI" 3anumanace He3MIHHOIO Yy BCiX
JOCTIPKEHUX TKaHuHaX (Tabum. 2).

Ha 3anypenHs y rinokcuyHo-rinepkanHiuauii 'M
cUcTeMa IpoTeiHa3a-iHridiTop mpoTeinas pearye Hac-
TYITHUM YMHOM: y BCiX BUBYCHHUX 3pa3Kax TKaHWH MiJl-
BumtyeTbes 3AIL, 0coOMMBO B cepili | HUPKaX, a aKTHB-
Hicth HTTIII, HaBmakw, 3HUKYETHCS, OKPIM CHPOBATKA
KpOBI, /e BOHA HE 3MIHIOEThCS (Ta0I. 3); aKTUBHICTh
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Statistical processing was done by Student-Fisher’s
method using Excel software and one-way analysis
Kruskal-Wallis’ test.

Results and discussion

Both ways of reaching AHM we used were char-
acterized with following physiological changes in an
organism of experimental animals.

During hypoxic-hypercapnic AHM the rats were
immobile, tactile and pain non-sensitive, as well as a
significant decrease of heart rate (HR) (from 360 to
80 beats/min) and BT (down to 16.5 £ 0.5°C) was
found, bioelectrical activity (BEA) of brain was not
recorded (data are not shown).

In rats with aminasin induced AHM the BT reduced
by 3.5 £ 1.5°C, the encephalogram had changes (data
are not shown), characteristic for the state of a deep
natural sleep. At behavioral level the administration of
aminasin resulted in a significant weakening of move-
ment activity, need in food and water, absence of
grooming, tactile and, partially, pain reaction, as well
as manifestated apathy, retarding, atonia.

Some above mentioned physiological changes cor-
respond to those observed at natural HM. For exam-
ple, hamsters during NHM represented immobility, non-
sensitivity to pain and tactile irritation, characteristic
posture (curling into a ball) a sharp reduction of HR
(from 360 down to 7-8 beats/min), and BT from 39
down to 8—10°C, BEA of brain was not recorded (data
are not shown).

Regarding the changes in the activity of protease —
protease inhibitor system, in should be noted that NHM
is accompanied with a rise in PTA in all the studied
samples, activity of NTLP was elevated only in kid-
neys, and in other tissues it was not changed (Table 1).
The activity of inhibitors of a-1-PI and a-2-MG re-
mained unchanged in all the studied tissues (Table 2).

Entering the hypoxic-hypercapnic HM was respon-
ded by the protease — protease inhibitor system as fol-
lows: in al the studied tissue samples PTA increased,
especially in heart and kidneys, and NTLP activity vice
versa reduced except blood serum, wherein it does
not change (Table 3); the activity of one of main inhibi-
tors of proteolytic enzymes, 0-1PI, does not change,
meanwhile 0-2-MG decreases, except blood serum and
lungs (no changes) (Table 4).

In response to the effect of aminasin, TPA rises in
all the studied tissue samples of rats, the activity of
NTLP also increases (especially in kidneys and blood
serum), except brain cortex (see Table 3). There was
also revealed a strong reduction in the activity of a-2-
MG in all the investigated samples, except blood se-
rum (rise), likely pointing to its removal from tissues
(Table 4). The mentioned changes take place on the
background of the absence of changes in a-1-PI ac-
tivity.
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Taduuus 1. AKTUBHICTB IPOTETHA3 B TKAHUHAX XOM ‘SIKIB
P IPUPOAHOMY rinmoMetadosizmi (MKEkB % 103 /xB)

Table 1. Protease activity in hamster tissues during natural
hypometabolism (LEq x 10*/min)

3 . AKTHUBHICTEH
araAbHa IIPOTEOAITUYHA .
. . o : HeTpI/IHCI/IHOHOAlﬁHI/IX
Bioaoriunumt AKTUBHICTE o nporeinas
3Pasox General proteolytic activity Non-trypsin-like protease activity
Biologi cal
1
sample KonTpoas M KoHnTpoab M
Control NHM Control NHM
Cuposarka
KpOBi 0,254 %= 0,092 | 0,671 =0,124* | 0377 =0,09 | 0,224 = 0,035
Blood serum
Iéol?a MO3KY 0,214 = 0,07 | 0,686 = 0,279" | 0,644 = 0,137 | 0,767 = 0,374
rain cortex
]tereHi 0,134 = 0,035 | 0,706 = 0,242° | 0599 0,119 | 0,754 = 0,305
ungs
%epue 0,334 = 0,135 0,52 = 0,18 0,667 =0,172 | 0,768 = 0,396
eart
HE‘.“H“ 0,643 = 0,331 | 0,713 0,165 | 0,594 = 0,089 1,37 = 1,067
iver
Flupxu 0,367 = 0,129 | 0,736 = 0,234 | 0,393 = 0,071 0,83 = 0,293"
Kidney

IMpumiTka: * — BiAMIHHOCTI IOCTOBIpHI B IIOPIBHSHHI 3 KOHTPOJIBHOIO IPYIIOI0

(p < 0,05).

Note: * — the differences are statistically significant as compared to the control

group (p < 0.05).

OJTHOTO 3 OCHOBHUX 1HT101TOPIB MPOTEOTITHIHHX (ep-
MeHTiB O-1-II1 He 3MiHIOETBCS, TOAl SIK O-2-MI" —

3HIKY€ETHCSA, OKPIM CHPOBATKH KPOBI Ta
JIeTeHiB (He 3MIHIOEThCS) (Tabm. 4).

Y BiAIOBIIH HA JiF0 aMiHA3WHY ITi/IBU-
myetbes 3AIL y Beix mocnmimkeHux 3pas-
Kax TKaHUH 11ypiB, aktuBHicTe HTIIII
TaKoX 3pocTae (0coOMMBO B HUpPKAX Ta
CHPOBATIIi KPOBI), OKPiM KOPH MO3KY (JIUB.
Tab. 3). BUABIEHO TaKkoX iCTOTHE 3HU-
KEeHHs akTuBHOCTI 0-2-MI" B ycix moci-
TDKEHUX 3pa3Kax, OKpiM CHPOBATKH KPOBi
(TiABHILEHHS), 110 MOXXE BKA3yBaTH Ha
10T0 BUJANICHHS 3 TKaHUH (Tabum. 4). Big-
3HauYeHi mpolecH BiaOyBaloThca Ha QoH1
B1JICYTHOCTI 3MiH akTHBHOCTI O-1-IIT.

AHami3 pe3yibTaTiB MoKa3as, L0
BIUTHB SIK IITYYHOT'O, TaK 1 mpupoanoro 'M
BUKJIMKAE miasuineHHs 3AIT Ha 111 He3miH-
Ho1 akTuBHOCTI O-1-1T1. Ha Bimminy Bix
[II'M cnocTepiraeTbes 3HHKEHHS aKTHB-
Hocti d-2-MI" (mpu I1II'M He 3MiHIOETH-
cs1). Kpim Toro, BUSBISIOTECS HAWOLIBIITI
pO30IKHOCTI B JUHAMIIl aKTUBHOCTI
HTIII: sxmo npu III'M BoHa He 3Mi-
HIOEThCSA (OKPIM HUPOK), TO IPH TITOKCHY-
Ho-rinepkanHiyHomy L' 3HIKy€ThCA,
a npu aminasunoBomy LII'M, HaBnaku,
3pocTae (KpiM MEYiHKH, JIETeHIB Ta KOpU
MO3KY).
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The analysis of the results has shown
that the effect of both artificial and natu-
ral HM causes the rise in PTA on the back-
ground of unchanged activity of a-1-PIL.
In contrast to NHM there was observed
the decrease in the activity of 0-2-MG (no
changes during NHM). In addition, there
are found the biggest differences in the
dynamics of NTLP activity: during NHM
it does not change excluding kidneys, but
during hypoxic-hypercapnic AHM it re-
duces and during aminasin induced AHM
vice versa rises (except liver, lungs and
brain cortex).

During AHM the activity of NTLP
changes maximally, likely pointing to ei-
ther special role of these proteases in the
development of hypometabolic states or
specific sensitivity to the applied effects.

These changes may be caused by dif-
ferent levels of BT reduction during the
studied hypometabolic states, and during
hypoxic-hypercapnic AHM this may be
various proportions of O, and CO, in gas
composition, rising respiratory acidosis, un-
der which proteolytic activity rises [8]. It
has been established recently [7] that hy-

percapnia stipulates the changes in pH, level of PCO,
and HCO;, in tissues and namely this phenomenon has

Tabanus 2. AKTHBHICTB iHTI0ITOPIB IPOTEiHA3 B TKAHMHAX XOM ‘SIKiB
npH PUPOAHOMY rimometabouizmi (MKEkB X 10° /xB)

Table 2. Activity of protease inhibitors in hamster tissues during
natural hypometabolism (LEq % 10%/min)

3 . AKTHBHICTH
araabHa IPOTEOAITHYHA ;
. . . . HETPUIICUHOIIOAIGHUX
Bionroriuanit G laKTHB}Illch » nporeinas
3pa3oK eneral proteolytic activity Non- in-lik -
Biologi cal on-trypsin-like protease activity
1
sampie KonTpoas M KonTpoas ™M
Control NHM Control NHM
CuposBarka
KpOBi 2,727 = 1,575 2,189 = 1,925 533,01 =0,2 515,76 + 31,94
Blood serum
gopa MOSKY | 3500 £1,912 | 2529 = 1,18 | 52431 %469 | 519,51 = 14,19
rain cortex
/EereHi 2,84 = 0,998 3,021 = 2,09 532,57 = 0,45 532,65 = 0,33
ungs
%egrxf 5758 = 331 | 3613179 | 53208 =095 | 532,08 =095
Hi‘i{‘i]gfa 7,459 = 3,478 2,28 = 1,158 532,72 = 0,27 532,72 = 0,27
Hupku 5276 = 2,436 | 3,47 = 1,881 | 527,87 = 12,15 | 523,82 = 0,21
Kidney

IMpumiTka: * — BiAMiHHOCTI IOCTOBIpHI B IIOPIBHSHHI 3 KOHTPOJIBHOIO IPYIIO0

(p < 0,05).

Note: * — the differences are statistically significant as compared to the control

group (p < 0.05).
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Taéauus 3. AKTHBHICTB POTETHA3 B TKAHWHAX IIIYPIiB MPHU Pi3HAX BUAAX MITYIHOTo rimomerabomizmy (MKEKB x 10° /xB)
Table 3. Protease activity in rat tissues during different types of natural hypometabolism (UEq x 10°/min)

3ararbHa IIPOTEOAITUYHA aKTUBHICTD AKTHBHICTb HETPUIICHHONOAIGHUX HpOTeiHa3
General proteolytic activity Non-trypsin-like protease activity
Bioaoriunuit . .
o o | Fnorcmrer e W o
Biologi cal sample KoHTpoAb ™ p ™ KonTpoan '™ b ™M
Control Aminasin induced H . Control Aminasin induced .
HM ypoxic- HM Hypox;c-
hypercapnic HM hypercapnic HM
CupoBarka KpoBi 0,118 = 0,006 4,10 = 0,95 0,26 = 0,008 0,55 = 0,005 14,66 = 0,46 0,40 = 0,051"
Blood serum
gopa MO3KY 0,166 = 0,005 3,90 = 0,68° 0,30 = 0,04' 2,547 = 0,922 4,36 = 1,61 0,70 = 0,10*
rain cortex
ﬁrne;si 0,28 = 0,101 4,06 = 0,83" 038 =074 2,013 = 1,233 6,84 + 2,92 088 = 0,074
(I:—Ii%?f 0,009 = 0,002 3,55 =1,10" 0,31 = 0,062" 3,331 = 0,09 8,68 = 3,83" 0,78 =0,12"
Hf‘f;gfa 0,1 = 0,028 4,65 = 1,50° 0,40 = 0,20" 2,653 * 1,86 7,2 * 3,85 0,90 = 0,30
II;I.HPKH 0,08 = 0,009 516 = 1,68° 0,38 = 0,17* 2,0 = 0,52 21,53 % 6,62" 0,48 = 0,10°
idney

IpumiTka: * — BIAMIHHOCTI JJOCTOBIPHI B MOPIBHSAHHI 3 KOHTPOJIBHOIO Tpymoro (p < 0,05).

Note: * — the differences are statistically significant as compared to the control group (p < 0.05).

[Tpu LII'M makcuManbHO 3MiHIOETHCS aKTUBHICTD
HTTIII, mo moxe BKa3yBaTu Ha OCOOIHUBY POJIb LIUX
poTeiHa3 y pO3BUTKY rimoMeTaboIiYHUX CTaHiB 200
0COOMBY Yy TJIMBICTH 10 BAKOPHCTAHHUX BIUIUBIB.

[IpuunHOIO TaKMX 3MiH MOXKYTb OyTH pi3Hi piBHI
nafinas TT npu BUBYEHUX HAMU BHAAX TimoMeTado-
JIYHUX CTaHIB, a MPU TOKCUYHO-TIEPKATHIYHOMY
I_HFM — pi3Hi nponopuii Q2 1CO, y razoBomy cepejio-
BUILI, HAPOCTAIOUHMI PECHIPATOPHUIA all03, IPH SIKOMY
i IBUIIYETHCS IPOTEOTITHYHA aKTUBHICTH [8]. BeTa-
HOBJIEHO, IO TiMepKaIHis 00yMOBIoe 3MiHn pH, piBHS
PCO, i HCO, B TkanuHax i came ili HaJ€KHUTh Bax-
JIBA POJIb y PO3BHUTKY 1 MIATPUMLI T1OKCHYHO-TiNEep-
kanHigHOTO [IT'M [7].

OTtxe, mpu 060X criocodax mocsraenss I Bin-
OyBa€eThCs pI3HOCTIPSIMOBAaHA 3MiHa BUBYEHHX MOKAa3HH-
kiB: 3AIl minBunryBanacs, akTHBHICTH O - 1-111 BusiBu-
JIacsi CTIHKOKO JI0 BIUTMBY (Di3MUHMX (haKTOpiB ridepHartii
(rimokcii, rinepkamnHii Ta rinmoTepMii) Ta aMiHa3UHY 1 HE
3MiHIOBanacs, Toai sk aktusHicte HTIIIT 1 a-2-MIT
BHSIBWJIACS YYTIUBOIO N0 Ail mux (hakTOpiB, TOOTO
samwkeHHs akruBHocTi HTTIIT 1 a-2-MI BinOyBa€eThes
OJTHOCTIPSIMOBAHO 1 MOJKE 00YMOBITFOBATHUCS 01O
cnernudivnictio 0-2-MI" came go HTIIII (30kpema,
XiMa3" OMACHCTUX KIITHH). AKTUBAIIiS IPOTEOIITHY-
HUX MPOIIECIB BiTOYBAETHCSA B OCHOBHOMY 3a PaXyHOK
T IBUILICHHS aKTHBHOCTI TPHIICHHOTIONIOHNX (pepMEHTIB
13HIKeHHs O-2-MIy BCiX BUBUEHNX TKAHUHAX, OKPIM
CHPOBATKHU KpOBi pH aminazuHoBomy LIIT'M.

[uribiTop 0-2-MI" BU3Ha4Ya€ MPOTEONITHYHY aKTHB-
HIiCTh (pepMEeHTIB Kackay 3ropTaHHs KpoBi, GiopuHO-
JITUYHOI 1 KiHiHOBOT cucteM [ 1, 2]. Po3putok I'M cy-
MIPOBOKYETHCS 3HIKEHHSM KPOB'STHOTO THUCKY [28],
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an important role in the development and maintenance
of hypoxic-hypercapnic AHM.

So, both ways of reaching AHM resulted in a multi-
directional changes in the studied indices: PTA in-
creased, the activity of a-1-PI occurred to be resis-
tant to the effect of hibernation factors (hypoxia, hy-
percapnia and hypothermia) and aminasin, and did not
alter, whilst the activity of NTLP and a-2-MG occurred
to be sensitive to the effect of these factors, i. e. the
reduction in the activity of NTLP and a-2-MG takes
place monodirectionally and might be stipulated by
higher specificity of a-2-MG namely to NTLP (in par-
ticular, chymase of mast cells). The activation of pro-
teolytic processes occurs mainly due the rise in the
activity of trypsin-like enzymes and reduction of a-2-
MG in all the studied tissues, excluding blood serum
during aminasin induced AHM.

Inhibitor of a-2-MG determines proteolytic activity
of'blood coagulation cascade enzymes, fibrinolytic and
kinin systems [1, 2]. Development of HM is accompa-
nied with the reduction in blood pressure [28], there-
fore the changes in the activity of a-2-MG (when it
does not decrease during natural and hypoxic-hyper-
capnic HM and significantly increases during aminasin
induced HM) may be considered as adaptive ones. The
changes in the activity of NTLP in kidneys could be
characterized in a similar way, because NTLP com-
prises chimase which is one of main proteolytic en-
zymes of mast cells and participates in local formation
of vasoconstrictor peptide All in kidneys [24].

It should be noted that activation of kidney renin-
angiotensin system is an important link of hypertension
pathogenesis development and damages in kidneys, at
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Tadumust 4. AKTUBHICTB IHT0ITOPIB MPOTEiHA3 B TKAHMHAX LIYPIB ITPY PI3HUX BUIIAX

mty4gHoro rinomerabosnizmy (MKEKB x 10° /xB)

Table 4. Activity of protease inhibitors in rat tissues during different types
of artificial hypometabolism (LEq x 10°/min)

3araabHa IIPOTEOAITUYHA aKTUBHICTH AKTHBHICTb HETPUIICUHOMOAIGHUX HpOTEiHa3
General proteolytic activity Non-trypsin-like protease activity
Bioaoriunui X X
o oiagmon | oK iagmoni | oo
Biological sample KoHTpoab ™ P ™ KonTpoan ™ P ™M
Control Aminasin induced H . Control Aminasin induced .
ypoxic- Hypoxic-
hypercapnic HM hypercapnic HM
CupoBaTka KpoBi 3,156 = 0,655 20,01 * 6,50° 3,27 = 0,303 530,0 = 2,5 52598 = 3,83 518,0 = 15,0
Blood serum
gopa MOSKY 7,507 = 2,76 2,23 = 1,05 2,1 = 0,8 515,0 = 10,05 518,81 = 3,31 5201 = 8,3
Tain cortex
]ii;eg;{sl 5,507 = 1,902 0,92 = 0,41 2,63 = 1,85 531,7 = 1,1 530,65 = 1,77 531,31 = 11,7
%‘Z‘;ﬁf 4,92 = 1,508 2,96 = 1,38 1,96 = 0,74" 5251 = 4,3 530,90 = 0,48 529,87 = 1,97
Hff;gr“a 11,24 = 4,238 0,58 = 0,11° 2,4 %05 531,2 = 3,7 531,30 % 0,98 5298 =22
f{ll‘fﬁg 19,53 = 8,84 063 = 0,11 4,96 = 2,36 5263 = 3,7 523,75 = 4,91 529,77 = 1,67

[pumirka: * — BIAMIHHOCTI JJOCTOBIpPHI B MMOPIBHSAHHI 3 KOHTPOJIBHOIO Tpymoro (p < 0,05).
Note: * — the differences are statistically significant as compared to the control group (p < 0.05).

TOMY 3MIHHM aKTUBHOCTI O-2-MI, Koy BOHA HE 3HH-
KYETHCS IPH MPUPOTHOMY 1 TIHOKCHYHO-TIiTIepKaIHiy-
Homy I'M ta 3HauHO 3pocTae npu aminazuHoBomy I'M,
MOKHA PO3TIIAJATH K agantuBHi. [logiOHUM YnHOM
MOYKHa oxXapakTepu3yBatH i 3Minu aktusHocti HTIIII,
10 BUABIAIOTHCA Y HUpKax, ToMmy 1o HTTIII Bxitro-
YaroTh JJO CBOTO CKJIAAy XiMa3y, sKa € OTHUM 3 OCHOB-
HUX IPOTEONIITHIHNX (PEPMEHTIB OACUCTUX KITITHH Ta
Oepe yJacTb y JIOKaJlbHOMY YTBOPEHH1 BA30KOHCTPHK-
topHoro nentuxy All B Hupkax [24].

Crij 3a3HAYUTH, [0 aKTHUBALlis HUPKOBOI pEHiH-
AHT10TEH3WHOBOT CHUCTEMH — I1e BRXKJIMBA JIAHKA PO3BHT-
Ky TIaTOreHe3y TinepTeH3ii Ta NOIIKOKEeHHSI HUPOK, B
TOM e Yac aMiHa3uH BUBOJJUTHCS 3 OpTaHi3My HUpKa-
mu [30]. [Ipu oMy JTOKaTbHA aKTUBAIliSl YTBOPEHHS
Ba30KOHCTPUKTOPHOTO MENTUAY Ha TIi FIOTOHIYHOTO
BIUIMBY aMiHa3WHY MOX€ PO3IVISIIATHCS SIK KOMIICH-
caTopHa peaxliisi OpraHi3amy, sika CripsIMOBaHa Ha 3piB-
HOBa)KeHHSI FTeMOAMHAaMIUHO1 cuTyauii. Byio mokasano,
10 aMiHa3WH CIIPUSE 3HIKEHHIO IMYHITETY; TPU3BO-
IUTH JI0 3pOCTaHHS YAbTPadioneT-CTUMYITbOBAHOTO
aronTo3y JIMQOIUTIB Y IIYPiB 1 3HIKEHHS X MITOXOH/I-
PlaJTbHOTO MOTEHIIIATY 3aJIEKHO Bifl I03H 1 TPUBATIOCTI
nii [35]; 3naTeH HiBeNMoBaTH Ait0 ajneHoBipycy [17];
BUKJIMKa€ MOP(HOIIOTiUHI 3MiHH PAKOBUX KIIITHH [27] Ta
BILJTMBAE HA KOHIICHTPAIIi}0 TOPMOHIB [26].

[Ipu mopiBHAHHI BrTMBY pi3HUX BUAiB ['M Ha ax-
THUBHICTh BUBYCHHX (DEPMEHTIB Ta iX iHTi0iTOpIB OYyII10
BHSIBIICHO SIK TTOJIIOHICTbH, TaK 1 BIIMIHHICTh B peaKxilii
CHCTeMH NpoTeiHa3a-iHirdirop npoteinas. OgHocnpsi-
MOBAaHICTh Big3HaueHa B 3MiHax 3AIl i akTUBHOCTI
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the same time aminasin is excreted by kidneys [30].
Herewith local activation of the formation of vasocon-
strictor peptide on the background of hypotonic effect
of aminasin may be considered as compensatory re-
action of an organism, directed to equilibration of hemo-
dynamic state. It has been shown that aminasin con-
tributes to immunity decrease; leads to the rise in UV-
stimulated apoptosis of lymphocytes in rats and reduc-
tion of their mitochondrial potential depending on the
dose and duration of the effect [35]; is capable of elimi-
nation of adenovirus action [17]; causes the morpho-
logical changes of cancer cells [27] and affects the
hormone concentration [26].

Comparing the effect of various type HM on the
activity of the studied enzymes and their inhibitors re-
vealed some similarity, as well as the distinctions in the
reaction of protease — protease inhibitor system. Mono-
directional were the changes of PTA and activity of
0-1-Pl in response to the development of both studied
artificial HM and they coincide with that during natu-
ral HM, and exactly PTA rise and absence of changes
in 0-1-PI activity. This may testify to the activation of
proteolysis due to both the rise in the activity of
proteases and suppression of a-2-MG.

It should be noted that the changes in the activity of
NTLP and 0-2-MG during AHM are the most multidi-
rectional and significantly differ from the level of ac-
tivity during NHM. For example, during hypoxic-hy-
percapnic and natural HM the changes in the activity
of 0-2-MG coincide with their direction in blood se-
rum and lungs, as well as the activity of NTLP in lungs.
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0-1-IIT y BignoBigs Ha GopMyBaHHS 000X BUBYEHUX
mry4HuX ['M 1 BOHH 30irafoThCs 3 TAKUM IIPU TPUPO/I-
Homy I'M, a came: 3poctanns 3AIl Ta BincyTHICTBH
3MmiH aktuBHocTi O-1-II1. Ile Moxe cBimuuTH Tpo
aKTHBALIIO MPOTEOJI3y 5K 38 PaXyHOK MiABHILECHHS
aKTHUBHOCTI IPOTETHA3, TaK i MpUrHiYeHHs O-2-MI.

Cuipx 3a3Ha4nTy, o 3Midu aktusHocti HTIII ta
0-2-MI" npu LLIT'M € HaitGinb11 pi3sHOCTIPIMOBAHUMU
Ta CYTTEBO BIAPI3HAIOTHCS Bi PiBHSI aKTHBHOCTI IPH
[II'M. Taxk, p¥ TiMOKCHYHO-TiNepKaTHIYHOMY Ta IIPH-
ponHomy I'M 3MiHu akTHBHOCTI O-2-MI 30iraroThes
3a HAIPSIMKOM Y CHPOBATIII KPOBI Ta JIETCHAX, 4 aKTUB-
nHocti HTIIII — y nerensix. Y Toi ke 9ac mpupoHUN
I'M Mmae pmesky cxoxicTh 3 amiHazuHOBUM ['M 3a
nokazHukamu aktuBHOCTI HTIIIT (kpiM migBuImeHHs
aKkTUBHOCTI B HUpKax npu [II'M) ta a-2-MI" — He 3mi-
HIOIOTBCS B JiereHsix. [ Ipu mopiBHAHHI INTYYHUX CIIOCO-
0iB gocsaraenHs ['M BCTaHOBJIEHO, 1110 3MiHU aKTHUBHOC-
i HTTIII pisHOCHpsiMOBaHi: IPH IHOKCUYHO-TiNepKar-
HiuHoMy I'M BOHa 3HWKYETBCS, a IPH aMiHa3UHOBOMY
3pocTae; aKTUBHICTH O-2-MI, HaBIakH, 3MIHIOETHCS
OJTHOCTIPSIMOBAHO — B 000X BUITAJKaX 3HHKYETHCSI, OK-
PIM CHPOBATKH KPOBI, JIe HOr0 aKTHBHICTH MPH TITOKCHY-
Ho-TinepkanHigHOMy ['M He 3MiHIOEThCS, @ TPH aMiHa-
3uHOBOMY I'M — 3Ha4HO 3pocTae.

Bimzomo, mo 0-2-MI" Takox 31aTeH TPaHCIIOPTYy Ba-
TH IHTEpJICHKiHY, iHTep(EepOoHH, PaKTOp HEKPOIY My XIIU-
HU, CTUMYJTiHH, iHT10iTOpH 1 hakropu pocty [1, 2, 21,
25] 1 TaKiM YMHOM PEry/II0BaTH iIMyHOJIOT14HI peaKIii,
AKTUBHICTB ITUTOKIHIB, pOCT 1 Ar(epeHIIiallifo TKaHHH.
Ockinbku 0-2-MI" npuraivye nporeiHaso3aiexHi peax-
wii, 3aJi5H1 B IMyHOJIOTIYHHX [IpoLiecax, HOro MoxKHa
PO3IIISAATH SIK BYKIUBHIA KOMIIOHEHT IMyHHOI CHCTEMH
opranizmy [4]. BucnoBiioeTsca NpUMYIIEHHA, 110
xapakrepHa Jyist npupoaoro ['M meraboiuHa nernpe-
Cisl CKJIaJIa€ OCHOBY 1 TinoMeTaboImi3My, sIKHH CIIocTepi-
ra€eTbes B pe3y/IbTaTi HeHPOoOioJOriYHHX 1 BEreTaTHB-
HUX 3MiH Y JIFOJIMHY [PH JISTPECHBHO NMOIOHKX CTaHAaX,
SIK1 pO3BUBAIOTHCS Ha TJII aKTHUBAIil, y TOMY YHCI i
iMmyHHOi cuctemu [33, 34]. [lo Toro x nokaszaHo, o y
LIyPiB 3 EKCIEPUMEHTAILHOI0 MOACIUIIO JIeTpecii 3Had-
HO IiIBUIIYETHCS PiBEHb aKTUBHOCTI O-2-MI" [6].

TakuM 4nHOM, OTpUMaHi JaHI YKJIagalOThCs B
KoHLemIio [31], 10 po3BUTOK rinoMeTalbomi3my, 30Kpe-
Ma IPUPOTHOTO, TIOJISITa€ B HepeOyn0Bi HEBHUX MOJIe-
KYJSIPHUX MEXaHi3MiB, Hi)K Y HasBHOCTI CIIEI[iaIi3o-
BaHHMX I'eHIB, TOOTO BiZIOYBA€THCS TIEpENPOrpaMyBaHH:I
ICHYIOUMX 010XIMIYHUX MPOIECIB (HAPUKIIA, AKTHB-
HOCTI CUCTEMH MPOTEiHa3a — IHrI0ITOP NpoTETHA3).

BucHosku

BrumBy pizHUX BUAIB IWITY4HOTO 1 mpupoanoro I'M
BUKJIMKAIOTH MOAI0HI 3MIHH B aKTUBHOCTI CUCTEMU
poTeiHas3a — iHrioiTop nporeinas: Ha (JoHI HE3MIHHOT
aktuBHOCTI O-1-1IT migBumyetsest 3AIL. Ha Binminy
BiJl IpUPOHOTO, ITpH mTydHUX ['M crocrepiraerbes
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At the same time, natural HM is similar to aminasin
induced HM in terms of NTLP activity indices (ex-
cluding the rised activity in kidneys during NHM) and
0-2-MG, which are not changed in lungs. Comparing
the ways to achieve artificial HM revealed that the
changes in NTLP activity are multidirectional: during
hypoxic-hypercapnic HM it reduces and during ami-
nasin induced one it increases; and vice versa the ac-
tivity of a-2-MG@G alters monodirectionally: in both cases
it decreases except blood serum, where its activity
during hypoxic-hypercapnic HM does not change and
during aminasin induced HM it increases significantly.

The a-2-MG is also known to transport interleuki-
nes, interferons, tumor necrosis factor, stimulins, in-
hibitors and growth factors [1, 2, 21, 25] and thereby
to regulate immunological reactions, activity of cyto-
kines, growth and differentiation of tissues. Since O-2-
MG inhibits proteinase-dependent reactions, involved
into immunological processes, it can be considered as
an important component of an organism immune sys-
tem [4]. There is a supposition, that metabolic depres-
sion, being inherent for natural HM, underlie the hy-
pometabolism as well, which is observed as a result of
neurobiological and vegetative changes in humans dur-
ing depression-like states, developing on the background
of activation of immune system i.a. [33, 34]. As well it
has been demonstrated that in rats with experimental
model of depression the level of 0-2-MG activity in-
creases [6].

Thus the findings meet the concept [31] that the
development of hypometabolism, in particular natural
one, consists rather in the re-arrangement of certain
molecular mechanisms, than in the presence of spe-
cialized genes, i. e. re-programming of existing bio-
chemical processes takes place (e. g. activity of pro-
tease — protease inhibitor system).

Conclusions

The effects of various types of artificial and natu-
ral HM cause similar changes in the activity of pro-
tease — protease inhibitor system: on the background
of unchanged activity of a-2-PI the PTA rises. Unlike
the natural HM during artificial HMs the reduced ac-
tivity of d-2-MG is found (no changes during natural
HM). In addition, the most multidirectional differences
in the dynamics of NTLP activity are revealed: during
NHM it does not change (except kidneys), but during
hypoxic-hypercapnic AHM it reduces, and during
aminasin induced one it vice versa increases (exclud-
ing liver, lungs and brain cortex).
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