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Elastases Under Natural Hibernation in Hamsters

IIpuponHa ridbepHaiis y JOPOCIUX XOM ‘SIKiB-CaMI[iB IPUBOAUTH 10 3POCTaHHS aKTHBHOCTI ejacTa3 Ta enacTa3oiHri0iTopHOT
axtuBHocTi (EIA) a-1-inriditopy npoteinas (o.-1-1IT) y 6inbmiocti TkanuH. PanHiii nepion BigHOBIEHHs (depe3 2 rof micis ribepHarii)
XapaKTepU3yEThCs MiABUIICHHSIM PiBHS enacTa3 Ta 3HKkeHHsIM EIA B Mo30ouky Ta cToBOYypi Mo3Ky. I1i3Hiii eTamn BiiHOBIEHHS (depe3
24 ron) € BimoOpakeHHsIM [IparHeHHs OpraHi3My JI0 piBHOBAru B cucTeMi enacrasa-o.-1-111.

Knrwowuoei cnosa: enacrasa, eHnoTeniagbHa enactasa, MeTaoeaactasa, o- 1 -iHrioiTop mpoTeinas, 3MMoBa CILUITYKA.

[pupoanas rubepHaIys y B3pOCIIbIX XOMSIKOB-CAMIIOB IIPUBOJIMT K IOBBIIICHUIO aKTHBHOCTH 3J1aCTa3 U 31aCTa30MHIHOMTOPHOM
aktuBHocTH (DUA) O-1-unrnduropa nporeunnas (oi-1-UIT) B GonpiumHcTBe TKaHEH. PanHuMii nepron BocctanosieHus (depes 2 4 rocie
ru0epaHINK) XapaKTepU3yeTcsl MOBBIIICHHUEM YPOBHS 3j1acTa3 M cHHxkeHHeM DMA B Mo3xeuke u crBose Mo3ra. Ilo3anuil sran
BOCCTaHOBJICHHUS (depe3 24 1) ABiseTcs: 0TOOpakeHUEM CTPEMJICHUS OpraHU3Ma K PaBHOBECHIO B CHCTeMe tacTasza-o-1-UI1.

Knioueswvie cnoga: >nacrasa, s3H10TeIMAIbHAS 2J1aCTa3a, METAJUIOAIIACTA3a, (- | -MHTHOMTOP NPOTEUHA3, SUMHSIS CIIAUKA.

Natural hibernation in mature male hamsters results in an increased elastase activity and elastase-inhibitory activity (EIA) of O(-
1-inhibitor of proteinases (a-1-IP) in the most samples of the studied tissues. An early period of organism recovery (2 hrs after
hibernation) is characterised by an increased elastase level and EIA decrease in cerebellum and brain stem, within a later one (24 hrs after
hibernation) a balance in the elastase a-1-IP system is established.

Key words: elastase, endothelial elastase, metalloelastase, a-1-proteinase inhibitor, torpor.

[Iporec amanrarii opranizmy 10 (pakTopiB 30BHIII-
HBOT'O CEPEIOBHUIIA, SIKi 3MIHIOIOTHCS, TICHO TIOB’sI3a-
HUH 3 TepeOya0BOI0 IEBHUX MOKa3HUKIB TOMEOCTasy
(piBHIB QYHKIIIOHYBaHHS CHCTEM 1 OPTaHiB).

s Garathox ccaBIliB HU3bKA TemIeparypa Ta
nedinnT MKeper XapuyBaHHs Ha TTOYaTKY 3UMH € CHT-
HaJaMM /10 3aHypEeHHs Yy cTaH ribepHauii (3uMoBa
CrunTdKa) [24], skuii 3a0e3neuye BIKUBAHICTh IEBHUX
BU/IiB TBAPHH 1 yHUKAHHS BIUIMBY HEraTUBHUX (PaKTOPiB
HABKOJMIUHBOTO cepenoBuiia. OQHUM 3 NPUKIAAIB
aJlanTUBHUX Peakiii opranizmMy ribepHaTopiB € CyTTEBE
3HW)KEHHSI aKTUBHOCTI MeTa0oiuHuX mporecis [13, 19,
24]. IIpu 1bOMY 3MEHIIY€THCS MTOTpeda B KUCHI, YIIO-
BUIBHIOETHCS cepueBuid put™ [13]. Tparckpumiis,
TPaAHCIIALIS, MiTO3, MITOXOHApiadbHE AUXAHHS I[IJTKOM
MIPUTHIYYIOTHCS M1 yac Topriopy [24], 3HWKy€eThCs 1H-
TEHCHBHICTH IIPOIIECIB CHHTE3Y 1 po3mamy OinkiB [18].
AKTHBHICTh TTPOTEOIITHYHUX TIPOIECIB BiA3HATAIOTH
Ha BXiAHIN (a3i Topnopy, Koiu OUIKOBI MOPYIICHHS
KOMIICHCYIOThCS CUHTE30M HpPOTEiHiB, SKi MaroOTh
MEHII KJIACTEpU30BaHy oprasizauito [22]. Binomo, mo
perioHaNbHUIA PO3MO/Ii KPOBOTOKA, TPAHCIIOPTYBAHHS
Ta yTHIi3amii CyOCTpaTiB € TKaHMHOCTICIIU(PIYHUMHA
npouecamiu [25].

OpHi€ero 3 0c06IMBOCTEN MEXaHI3MIB afanTarii 10
HU3bKUX TEMIIEpATyp € 3ay4CeHHS PEaKTUBHUX (OpM
KHCHIO, SIKI MOKYTh BUKJIMKATH PO3BUTOK OKCHJIA-
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The process of organism adaptation to changing
environmental factors are tightly related to the re-
arrangements of certain indices of homeostasis (levels
of system and organ functioning).

For many mammals a low temperature and
deficiency in nutrient sources at early winter are the
signals to go into hibernation state (winter hibernation)
[24], providing the survival for certain mammalian
species and protection against negative environmental
factors. One of the examples of adaptive responses
of hibernators’ organism is a significant decrease in
metabolic process activity [13, 19, 24]. Herewith there
are a decrease in oxygen need and the deceleration of
a cardiac rhythm [13]. Transcription, translation,
mitosis, mitochondrial respiration are completely sup-
pressed during torpor [24], the intensity of synthesis
and protein decay processes reduces [18]. The activity
of proteolytic processes is determined in a pre-torpor
phase, when the protein disorders are compensated
with protein synthesis, having less clustered structure
[22]. Regional distribution of blood flow, substrate
transport and utilisation are known to be the tissue-
specific processes [25].

One of the peculiarities of adaptive mechanisms to
low temperatures is the involvement of oxygen reactive
forms, capable to cause the development of oxidative
stress and cell damaging [13]. The activation of
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THUBHOTO CTpecy Ta MOIKo/pKkeHHs kiituH [13]. Ilpn
OKCHJIAaTHBHOMY CTPECi BiI0YBA€THCS aKTUBAITIST HEHT-
poiniB, sIKi 3AaTHI BUBUIBHSTH BUTbHI paIMKAIIN Pa30M
3 CEpiHOBOIO e1acTa30k0 Ta iHmumu Gpepmentamu [ 10].
AxtuBanis enactasu (En) moxxe mpuszBoauTu 10
JeCTPYKTUBHUX 3MiH TKaHuH. Lleit pepmenT rimpomnizye
€IIACTHH, IPOTEONNTiKaH!, OLIKH (TeMOTTI00iH, (hidpuHO-
T'eH, HeCHipalbHi JAHIIOTH KOJareHy), pO3IICILTIOE
MIOTIEPEYHI 3B’ SI3KH MiK HUMH Ta iH1I. OHAK BiIOMO,
10 piBeHb OKCHUIATHBHOTO CTpPeCy MiHIMaJbHHH 3a
YMOB HOPMaJIbHOI 3UMOBOI crisiuku [14]. ABTopu
BKa3yIOTh Ha MOXJIMBICTH MiTpariii Ta 4acTKOBE MOIII-
KOJDKEHHS HEHTPO(1ITiB, BHACITOK TOTO 3MEHIITY €THCS
X KibKicTh [ 16]. KpiM TOr0, MiHIMaNbHIN PiBEHb OKCH-
JIaTUBHOTO cTpecy Moxe OyTu 3a0e3neueHni 3a paxy-
HOK 3pOCTaHHS aKTHBHOCTI Meranoenacrazu (MEm)
a0 MaTpuyHOi MeTanonporeasu 12, sika BUBLIb-
HAETBCS Makpodaramu [14]. BBaxaroTs, 110 akTHUBa-
uist MEdn, sika oB’s13aHa 3 IPOAYKIi€l0 MakpogaraMmu
KHCHEBHX PAIMKAIIIB, € IPOSBOM IIPHPOHKEHOTO IMyHi-
tety [11].

Bimomo, 1110 Es1 BUBUTBEHSIOTH HE TITBKH HEUTPOdiH,
Makpodaru, ane i KIIITHHU TIAAKUX M’ 5131B (CepiHOBa
En), eanoremionutu (Tionosa Em) [2]. Pons pizHuX 32
MTOXO/KEHHSM eJacTa3 y (opMyBaHHI aJaTHBHOI Bif-
MOBiJIl OpraHi3My 3a YMOB 3MMOBOi CIUISYKH HE
JIOCIIIKEHA.

Perymnsiist ak THBHOCTI eytactas B opraHizmi BiiOy-
Ba€ThCA 3a y4acTio O-1-iHribitopy mpoteinas (ot-1-
IIT), ponp sikOrO B KOHTPOJI aKTUBHOCTI €llacTa3 B
yMOBaXx 3UMOBOI CIUISTYKM HE BU3HAYCHA, aJIe BiIOMO,
10 CE30HHI KOJIMBAHHS HOTO KOHIICHTpAIlii B IIa3Mi
KpoBi OypuX BeaMeJiB MOB’s3aHi 3 HE3HAYHUM
BKJIAJIOM y TIpoTH3anaibHui edekr [21].

Merta pobOTH — TOCHTIIUTH aKTUBHICTH €J1acTa3 Ta
o-1-111 3a ymoB nipupoaHoi ridepHaii.

Martepiaan i mertoam

ExcriepuMeHTH MPOBOAMIIN Ha CTaTeBO3PLIHX (6-
10 MicAIiB) caMIIsIX 30JI0OTaBHX XOM SKiB Mesocre-
chetus auratus, sixi € pakyIbTaTUBHUMH riOepHaTOpa-
Mu. TBapuH yTpHUMyBaJId B YMOBaX BiBapito Ha CTaH-
JAPTHOMY pAIlioHi 3 10TaBAaHHSIM IIIISHHMIII Ta HACIHHS
COHSIIHMKY. 3a yMOB nepeOyBanus mnpu 4-7°C y
HEOCBITJIEHIN KaMepi 3 HOpPMaJIbHUM IOCTaYaHHIM
KHCHIO XOM’SIK{ BT JIaJT B 3UMOBY CILISIYKY, 3HAXO/IH-
JIUCh y TOPIIAHOMY CTaHi npoTsarom 3—3,5 1i0, motiM
MPOOYIKYBaJIUCh 1 3HOBY BIIaAaiu B CIuissuky. Ha 2—
4-My 06ayTi (emi30/] CIUISTYKH) TBAPHH JICKAITITyBaJIH.
ExcniepumMeHT BUKOHYBaJIM Ha 4-X Tpymax TBapuH: 1 —
CTaH 3MMOBOI CIUISIYKHY; 2 — paHHil (depe3 2 ron) Ta
3 — mi3Hii (uepe3 24 o) eTanu BiIHOBJICHHS Opra-
HI3MY ITiCIIsl BUXOAY 31 CIUISIYKH; 4 — KOHTPOJIb.

JlocikeHHS POBOAMITH BIATIOBIIHO 10 “3araiib-
HHUX €THYHHX [IPUHLHIIB €KCIIEPUMEHTIB Ha TBApUHAX”,
cxBaernx II HamioHansHUM KOHTpECOM 3 010€THKH
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neutrophils, capable for free radical release together
with serine elastase and other enzymes, occurs under
oxidative stress [10]. The elastase (El) activation may
result in destructive changes in tissues. This enzyme
hydrolyses elastin, proteoglycans, proteins (hemoglobin,
fibrinogen, non-spiral collagen chains), splits the cross
bonds between them efc. However, the oxidative stress
level is known to be the minimum under normal winter
hibernation [14]. The migration and a partial damage
of neutrophils are possible, resulting in their number
reduction [16]. In addition, the minimum level of
oxidative stress may be stipulated by an increase in
activity of metalloelastase (MEI) or matrix metallo-
protease 12, released by macrophages [14]. The MEI
activation, relating to oxygen radical production by
macrophages, is considered to be the manifestation of
congenital immunity [11].

The El is known to release not only by neutrophils,
macrophages, but smooth muscle cells (serine El),
endotheliocytes (thiol El) as well [2]. The role of
differently originated elastases in an organism’s adap-
tive response formation during winter hibernation has
not been investigated.

The regulation of elastase activity in an organism
occurs with the participation of a-1-inhibitor of
proteinases (o-1-1P), the role of which in controlling
the elastase activity under winter hibernation has not
been determined yet, but seasonal fluctuations of its
concentration in brown bear’s blood plasm are known
to be associated with a slight contribution into an anti-
inflammatory effect [21].

The research aim is to investigate the elastase and
o-1-IP activities under natural hibernation.

Materials and methods

Experiments were performed in mature (6-10
months) males of golden hamsters Mesocrechetus
auratus, being the optional hibernators. Animals were
maintained under vivarium conditions, received the
standard diet with adding wheat and sunflower seeds.
When staying at 4-7°C in an unlighted chamber with
normal oxygen supply the hamsters went into winter
hibernation, being in a torpid state within 3-3.5 days,
then aroused and went again into hibernation. To the
244t hout (hibernation episode) animals were deca-
pitated. The experiment was carried-out in 4 animal
groups: 1 —winter hibernation state; 2 —early (in 2 hrs)
and 3 — late (in 24 hrs) stages of organism recovery
after arousal; 4 — control.

The research was performed according to the
“General ethical principles of experiments in animals”,
approved by the 2™ National Congress on Bioethics
(Kiev, 2004) and agreed with the statements of the
“European Convention for the Protection of Vertebrate
Animals Used for Experimental and Other Scientific
Purposes” (Strasbourg, 1985).
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(Kwui, 2004) Ta y3ropkeHHX 3 MOJIOKEHHAMHU «EBPO-
nielicbkoi KoHBeHLIT Tpo 3aXKCT XpeOETHNX TBAPHH, SIKI
BUKOPHCTOBYIOTBCS sl eKCIEPUMEHTAIBHUX Ta 1HIINX
HayKoBHX 1ijei» (CtpacOypr, 1985).

VY 6e3’simepHux (hpakilisiX TOMOTEHATIB TKAaHUH KOPH
mo3ky (KM), rimotanamyca, M0o304Ka, CTOBOypa MO3-
Ky (CM), nerens, cepiis, Me4iHKH | HUPOK BU3HAYAIIN
akTUBHICTH En (3arayibHy akTHBHICTB), aKTHBHICTh
engotemiansHoi En (EEm), MEn ta enacra3oinri-
6itropry aktuBHicTh (EIA) 0-1-1T1 BuCOKOUYTIMBUM
(101102 on/mr 6inka) pepMEHTATUBHUM METOIOM
[9]. PiBenb akTuBHOCTI enacta3 Ta EIA o-1-111 Bupa-
*auu B of/Mr Oinka. KoHnieHTpartito Oinka B 0e3’siiep-
HUX (pakUisX OMOTEHATiB TKaHWH BH3HAuYalIH 3a
metonoMm bpendopna.

AKTHUBHICTb €1acTa3 AOCIiIKyBaJli IIPH TEMIIepa-
Typi 37°C, 1110 3HAYHO MTEPEBHUIITYE TAKY 32 YMOB 3UMO-
BOI CIUJISTYKH, TOMY MOBA ¥/1€ Tpo akTUBHICTH Ex (5K 1
MEn, EEn, EIA) B TkanuHax ribepHyrOuUX TBapHH,
AKi OTpUMaHi mpu Temmeparypi tina 5-9°C.

VY nocniKeHHSX BUKOPHCTOBY BAIH IIEPOKCUIA3Y
XpOHY, (PeHIIMETHICYIb(POHIIPIF00pHA, MOHOKHOAIIE-
tat (“ICN”, CIHA), Ala-Ala (“Fluka”, Himeduuna),
enacrtasy, EJATA, ansOyMiH cupoBarku Ouka, Modi-
cTuposoBi miamku crpinmosi (Pocis) ta ¢poromerp-
anaiizarop imyHopepmenTHuit Humanreader Ne2106-
1709 (“Human”, HimeyunHa).

CratucTuuHy 00poOKY OTPUMaHUX IaHUX IIPOBO-
nunu 3a metonoMm CteronenTta-dimepa 3 BUKOpHUC-
TaHHSAM TporpamHoro 3abesneueHdss MS Excel.

Pe3yAabTatn Ta 0OrosopeHHs

AHaJi3 pe3ynaprariB eKCIepPUMEHTIB T0Ka3aB, 110
y XOM’SIKiB B mepion 3umoBoi cruistuku (1 rpyna)
CIIOCTEpIiraeThCsl 3pocTanHsl akTuBHOCTI En B Oifb-
IIOCTI JOCIIKSHUX TKAHUH, KPIM ceplis (3MiHU Bij-
CYTHI) Ta HUPOK (3HMKEHHS TOKAa3HUKA), TOPIBHSIHO 3
KOHTpoJeM (puc. 1). HaiibinbIry akTHBHICTD BUSIBIICHO
y TkauuHi CM.

3pocTaHHs akTUBHOCTI Enm MoknmuBe 3a ydacTio
HEUTPOPiiB, SKI BUBUILHIIOTH CEPIHOBY ellacTasy
pa3oM 3 IHIIUMH MPOTEOTITHIHUMHU (pepMEHTaMH Ta
peaKkTUBHUMHU (OpMaMH KHCHIO, KATIOHHIMH MENTH-
nmamiu, eiikosanoigamu [10]. Le#t daxT, sk Bin3Hava-
Jocsl paHilie, € XapaKTePUCTHKO OKCHUIATHBHOTO
CTpecy, PiBeHb SKOT0 MiHIMaJIbHUH 32 YMOB HOPMaJIb-
HOi 3uMoOBOi crurstuku [14]. Bimomo [10], mo npu
OKCHJIATUBHOMY CTPECi aKTHBHICTh HEHTPOQiTiB 00y-
MOBJICHA Ji€I0 Pi3HUX UTOKIHIB 1 XeMOATPaKTaHTIB:
¢dakTopy Hekposy nmyxiaut — o (DHII-o), inTepaueiiki-
ny-8 (IJI-8) Ta inm1. BigcyTHicTb 3MiH y cepli, fie came
nutokiau (OHII-o, UJI-1, 1JI-6) iHimifot0Th BiAIOBI AL
MioKapja Ha eKoJoTigHui THCK [20], MOXKe CBITIUTH
PO HASBHICTH 1HIIIOTO MEXaHi3My aKTuBaIii E.

B ymoBax 3uMoBoi cIiisiy-Ku BUBUIbHEHHS Et B TKa-
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In non-nucleated fractions of tissue homogenates
of cerebral cortex (CC), hypothalamus, cerebellum,
brain stem (BS), lung, heart, liver and kidneys there
were determined the activities of El (total activity),
endothelial El (EEl), MEI and elastase-inhibitor activity
(EIA) of o-1-IP using the high-sensitive (10-1°-102
Units/mg of protein) enzyme method [9]. The level of
elastase and EIA «-1-IP activities was expressed in
Units/mg of protein. Protein concentration in non-
nucleated fractions of tissue homogenates as deter-
mined using the Bradford method.

The elastase activity was studied at 37°C, that
significantly exceeds it under winter hibernation,
therefore the matter in the El activity (as well as ME],
EEl and EIA) in hibernating animals’ tissues, obtained
at 5-9°C body temperature.

In the experiments we used the horseradish pero-
xidase, phenylmethylsulfonyl fluoride, monoiodoacetate
(ICN, USA), Ala-Ala (Fluka, Germany), elastase,
EDTA, bovine serum albumin, polystyrene strip plates
(Russia) and immune-enzyme photometer-analyser
Humanreader N2106-1709 (Human, Germany).

The results were statistically processed with the
Student-Fisher test using Excel software.

Results and discussion

Analysis of experimental results demonstrated, that
in hamsters during winter hibernation (1* group) there
was observed an increase in El activity in the most
studied tissues, excepting heart (no changes) and
kidneys (reduced index), compared to the control
(Fig. 1). The highest activity was revealed in BS tissue.

An increase in El activity is possible with the parti-
cipation of neutrophils, releasing a serine elastase
together with other proteolytic enzymes and reactive
oxygen forms, cation peptides, eicosanoids [10]. As it
was mentioned previously, this fact was a feature of
oxidative stress, the level of which was the minimum
under normal winter hibernation [4]. Under oxidative
stress the neutrophil activity is known [10]as stipulated
by the effect of different cytokines and chemoattrac-
tants: tumour necrosis factor-o. (TNF-av), interleukine-
8 (IL-8) efc. No changes in heart, where namely
cytokines (TNF-o, IL-1, IL-6) initiate the myocardium
response to ecological pressure [20], may testify to
the presence of other mechanism of El activation.

Under winter hibernation the El release in animal
tissues, especially in brain, is possible because of
migration and a partial damage of neutrophils, due to
that their number reduces [16]. The authors [16]
indicate to the absence of pathological changes, coin-
ciding to the results of our research. It is likely stipulated
by the fact, that an enzyme activity is usually measured
at 37°C and during winter hibernation the presence of
elastase active forms does not result in pathological
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HUHAX TBapWH, 30KpeMa B
MO3KY, MOXIIMBE 3a paxy-
HOK Mirpatii Ta 4aCTKOBOTO
TMOILIKOKEHHSI HEUTpO(disiB,
BHACJIiJOK 4YOTO 3MEH-
IIYETHCS 1X KUIBKICTH [16].
ABtopu [16] Bka3yroTh Ha
BIJICYTHICTh MAaTOJIOTIYHUX
3MiH, IO CITiBITaa€ 3 pe-
3yJIbTaTaMu IIHOTO JOCIHi-
JOKEeHHST. MOXKITHBO, 11€ 00Y-
MOBJIEHO THM, 1110 (pepMeH-

AxTuBHicTb En, Op/mr Ginka
El activity, Units/mg of protein

TaTUBHY aKTUBHICTH MPHii- KoHTpons
HATHO BHMIPIOBATH INpPH ﬁofﬁ’;

temnepatypi 37°C, i ipu 3u-
MOBI# CIUIsIYLl HasABHICTH
aKTHBHUX (popM enacras He
MIPUBOAUTD A0 PO3BUTKY Ia-
TOJIOT1YHHUX MpOLECiB. Ane
BiJ;3HaueHe B I[ii poOOTi
CYTT€BE 3pPOCTaHHS AKTHB-
HocTi EJ B TKaHMHAX MO3KY
HE € BUIMAKOBUM, TOMY IO
3MiHY KiJIBKOCTI KJIITHH
(3okpema HeWTpodimiB)
BBQKAIOTh MOTCHLIMHIM HEHPOIPOTEKTUBHUM a/1aIITO-
reHoM. 3HauHa akTUBHICTH En1 'y CM Moxke cBiquuTH
po ii BIJIMB Ha MEXaHi3MU perynsuii QyHKuii ycix
cucteM opraizmy. [Ipu 1ipoMy 3HauHa aKTUBHICTH B
3 Tkaanan CM 32 yMOB HH3BKO1 TEMITepaTypHu opra-
HI3My MOke OyTH 00yMoOBiIeHa cIaOKuM i1 ehekToM,
HaBITh IIPY BUCOKIii KOHIICHTpAITii.

Uepes 2 rox micis BUXOAY TBapuH i3 ridepHamii (2
rpyna) BiI3HaYeHO 3pOCTaHHs akTUBHOCTI En y Bcix
JNOCIHIIPKEHUX TKaHWHAX MOPIBHAHO 3 KOHTPOJIEM,
BipOTriHE 3pOCTaHHS NOPIBHIHO 3 IPUPOAHOIO Tibep-
nauieto (I1I") BusiBneHo B 3pa3kax, OTpPUMaHHX 3 TKAHUH
KM, rinoranamycy (MakcuMajibHa aKTUBHICTB), CEPLI
Ta HUPOK. 3POCTAaHHS L[OTO MOKA3HUKA € HACIIIIKOM
IiABUILIEHHS TEMIIEpaTypH OpraHizmy, uei ¢akr ysro-
JUKY€ETBCS 3 JAHUMHU 1HIIIAX aBTOPIB, AKi BiA3HAYAIOTH
IIBUAIKE BIAHOBJIEHHS HAa BUXO/I 31 CIUITYKH KUTBKOCTI
HeHTpodiNiB, SK 1 IHIINX JTeHKOIHUTIB [ 16].

Crin 3a3HauuTH, 10 Yy 3pa3kax TkaHuH CM criocre-
piraeTbcs TCHACHINIS O 3HMWKEHHS aKTUBHOCTI El,
MOJKJITBO BOHO € JJAHKOIO KOMIIEHCAaTOPHOT'O MEXaHi3-
MYy, SIKHH 3aIlyCKa€ThCs B Pe3yJIbTaTi 3HAYHOT aKTHBALIT
Exn mpu I1T.

Hapnmipue 3poctanns aktuBHOCTI En B 3paskax 3
TKaHWH MO3KY uepe3 2 roj BigHOBIeHHs micis [0
(puc. 1), MOXIIMBO, TIOBS32HO 3 aKTUBAIIIEIO PETyIIsi-
TOPHUX MEXaHi3MiB KOHTPOJIIO eHEPIeTUUHOT0 OanaH-
Cy, MiHEpaJIbHOTO, O1JIKOBOTO, BYTJICBOIHOTO, JTIITiTHOTO
00MiHY, CTUMYJTIOBAaHHSIM CEPIICBOI JiSTTHHOCTI TICIISI
3MMOBO] CIUISTYKH, @ TAKOYK IPU3BOJIUTH JI0 JIOKAJILHOTO
MOpyIIEHHS KIIITHHHOTO ToMeocTasy. He BUKiIroueHo,
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Upes 24 ropg,

MpupogHa Yepes 2 rog

ribepHauis nicnga MNr nicnga M-
Natural In 2 hrs after NH  In 24 hrs after NH

hibernation (n=5) (n=4)

(n = 11)

Puc. 1. AkrusHictb eacrtasu 3a ymoB [1I" y xom'sikis: [ll— kopa Mo3ky; [[]— rinoranamyc;
[0 - mo30u0k; [T] — cToBOYp MO3KY; P4 — erewi; [# — cepie; [ — neuinka; H — uupkuy; a,
b, ¢ — CTyTIiHB BipOTiTHOCTI BIIMIHHOCTE! IOPIBHSIHO 3 KOHTponeM 1a d, e, f—3 11T, p < 0,05,
<0,01,<0,001, BigmosigHo.

Fig. 1. Elastase activity under NH in hamsters: [ll — cerebral cortex; [ —hypothalamus;
[ — cerebellum; [T] — brain stem; ] — lungs; [ — heart; E§ — liver; § — kidneys;
a, b, c are the rate of statistical significance of differences compared to the control and d,
e, f—tothe NH, p<0.05;<0.01;<0.001, correspondingly.

process development. However a considerable increa-
se we noted in El activity in brain tissue was not
occasional, because a change in cell number (especially
neutrophils) was considered as a potential neuropro-
tective adaptogen. Significant El activity in BS may
testify to its effect on mechanisms of function regula-
tion in all the organism systems. At the same time a
considerable El activity of BS tissue under organism’s
low temperature may be stipulated by its slight effect,
even under high concentration.

In 2 hrs after animal arousal (group 2) there was
noted a rise in El activity in all the studied animals
compared to the control, a statistically significant in-
crease, compared to the natural hibernation (NH) was
found-out in the samples, procured from CC, hypotha-
lamus (maximum activity), heart and kidneys. This
index augmentation is a result of organism’s tempe-
rature rise, correlating with the data of other authors,
mentioning a rapid recovery of neutrophil num-ber and
other leukocytes under arousal [16].

Of note is the fact, that in BS tissue samples there
is observed the tendency to El activity decrease, pos-
sibly being a compensatory mechanism link, triggered
as a result of significant El activation under NH.

An excessive increase in El activity in the samples
from brain tissues in 2 hrs of recovery after NH (Fig. 1)
is possibly associated to the activation of regulatory
mechanisms of the control for energetic balance,
mineral, protein, carbohydrate, lipid metabolisms,
stimulation of heart activity after winter hibernation,
as well as may result in a local disorder of cell

PROBLEMS
OF CRYOBIOLOGY
Vol. 19, 2009, N24



110 301IBIIEHHS aKTUBHOCTI EJI Takox mimcuiroe il
YTPUMaHHS B KIIITHHAX TIAJKUX M‘S3iB, e CIPUSE
PO3BUTKY 200 IPOrpeCcyBaHHIO CYJUHHUX I1IIEPTEH3HB-
HUX 3MiH, 3By’KeHHIO cyauH [25]. Taki 3MiHM MOXKHA
PO3MISAATH SIK 3BOPOTHIN MPOLEC MiCIs 3MEHIIECHHS
CYIMHHOTO HaBaHTAXKCHHSI, YIIOBITbHEHHS KDOBOTOKA
CTaHi 3UMOBOI CIUITYKH. MOXIUBICTH PO3BUTKY
MaTOJIOTIYHUX 3MiH BKa3y€e Ha HEOOX1HICTh MPUTHIYEH-
HS IIPOTEOJTITUIHOT aKTUBHOCTI B TKAHWHAX T10€PHYIO-
YHX TBApHUH.

Uepes 24 rox aktuBHICTS En 3HWKY€ETHCS 1 HAOH-
YKAETHCA 10 KOHTPOJIBHOTO PiBHA Y OLTBIIIOCTI 3pa3KiB
TKaHWH, okpiM CM Ta mediHKH, B SKUX BOHA 3aJld-
IIA€THCA MABUIEHO0. TeHIEHIIs 10 3HMKEHHS aK-
tuBHOCTI Ex Ha mi3HpOMY erarti BijHoBIeHHs micis [0
Moxe OyTu oOymoBieHa ii BnactuBoctamu. Lleit dep-
MEHT CIIPUSIE aKTHBAL] peakLiil TiMiTOBAaHOTO IPOTEO-
Ji3a, MiABHIIYE KaTaJiTHYHY CIPOMOXHICTH 1HIIHMX
MPOTEONITHYHUX PepMeHTiB [23]. 3MeHIIeHHs aKTUB-
HocTi En y OunbiocTi 3paskiB TKaHMH HA BUXO1 TBAPUH
31 CIUISTYKU Yepe3 24 Toja CBIAYHUTH MPO HASIBHICTH
JIOKAJIBHOTO MPUTHIYeHHA MPOTEOTITHYHHX MTPOLIECIB
ITiCIs 1X 3HAYHOIT aKTHUBAIlil HA pAHHROMY €Tarli BiJHOB-
neHHs. B 3pa3kax 3 Tkanua CM Ta iediHKH aKTHBHICTh
En 3amumaerbest miABUIIIEHOO, IO CBIMYUTE PO 11
OB BIUTMB Ha ()YHKIIIOHAIBHI ITPOIIECH.

AxrtusHicts MEn npu riGepHarii Takox 3pocrana
MOPIBHSHO 3 KOHTPOJEM y 3pa3kax OinbmiocTi moc-
JKEHUX TKAHUH, OKPIM JIET€Hb, CepLs Ta MEeYiHKH
(puc. 2). 3pocranns aktuBHOCcTi MEN, sik BKazaHO
paHiie, OB’ sI3aHO 3 aKTUBALi€10 Makpodaris i Moxe
3a0e3neuyBaTu MiHiMaJIb-

HUN piBE€Hb OKCHUAATHB-

homeostasis. It is entirely possible, that the El activity
increase strengthens its retention in soft muscle cells,
contributing to either development or progress of
vascular hypertensive changes, vessel constriction [25].
These changes may be envisaged as a reverse process
after vascular charge decrease, blood flow decele-
ration under winter hibernation state. Possible develop-
ment of pathological changes indicates to the need in
proteolytic activity suppression in hibernating animals’
tissues.

In 24 hrs the El activity reduces and approaches to
the control level in the most tissue samples, excepting
BS and liver, where it remains increased. The tendency
to El activity decrease at late stage of recovery after
NH may be stipulated by its properties. This enzyme
contributes to the activation of limited proteolysis
responses, increases a catalytic capability of other
proteolytic enzymes [23]. The El activity decrease in
the most tissue samples under arousal after 24 hrs
testifies to the presence of a local suppression of
proteolytic processes after their significant activation
at an early recovery stage. In the samples from BS
and liver the El activity remains increased, testifying
to its following effect on functional processes.

The MEI activity under hibernation increased as
well, compared to the control in the samples of the
most studied tissues, excepting lung, heart and liver
(Fig. 2). An increase in MEI activity, as mentioned
previously, is associated to macrophage activation and
may provide the minimum oxidative stress [14]. At
the same time the absence of oxidative stress-induced

Horo crpecy [14]. Tlpu o £ 0,012
IIbOMY BIJICYTHICTB iHIY- S ©

© 5 001
KOBAHOTO OKCHJIATHBHUM &
CTPECOM MOMIKOIDKCHHA & & 55
TKaHHH MO3KY MOXKE OyTH - 3
0OymoBieHa 301IbIIEH- & S (006 -
HSIM KUIBKOCTI CTpec-Ol1- 2 5
KkiB. Kpim Toro, aktuBamis 2 = 0,004
MEn moxe OyTu nos’ si3a- g ®
Ha 3 IPOSIBOM NPHUPOIKE- I g 0,002 1
HoTO imMyHiTeTy [11]. Ak-

tuBanito MEn B Hupkax 0 -
KoHTponb

MOKHa BBaXKaTH HACIi- Control
KOM MeTa0O0IIuHOT Ierpe- (n =10)

cii.

BincyTHicTs 3pocTan-
Hs akTuBHOCTI MEnN B
3pa3kax 3 TKaHWH JICTeHb,
cepus, neuinku mpu [0
MOKe OOYMOBITIOBATH CTiii-
KiCTh BKa3aHUX OpPraHiB
J10 JIOKJILHOTO CYJINHHOTO
peMoJientoBaHHs, el
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Yepes 24 rog

MpupoaHa

Yepes 2 rog,
ribepHauis nicna Nr nicna MNr
Natural In 2 hrs after NH  In 24 hrs after NH
hibernation (n=15) (n=4)
(n=9)

Puc. 2. AkrtuBHicTh MeTanoenactasu 3a ymoB I1I" y xom'skis: [ll — xopa mo3ky; [0 —
rinoranamyc; [[] — MO3040K; - CTOB6yp MO3KY; 4 — nereHi; [£] — cepue; EJ — meuinka;
H - nupku; a, b, ¢ — cTymiHb BIpOriHOCTI BIAMIHHOCTEH IOPIBHSHO 3 KOHTPOIEM Ta d, e,
f—3III, p<0, 05 <0,01,<0,001, BiamoBigHO.

Fig. 2. Metalloelastase activity under NH in hamsters: [ll — cerebral cortex; [0 —
hypothalamus; [] — cerebellum; [I] — brain stem;
H —kidneys; a, b, c are the rate of statistical significance of differences compared to the
control and d, e, f—to the NH, p <0.05; <0.01; <0.001, correspondingly.

— lungs; [#] — heart; [ — liver;
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(bakT BCTAHOBJIECHO MPU TPUBAIOMY KOMOIHOBAaHOMY
BIUTUBI rinepKanHii Ta rinokcii [ 1 7]. Y nanomy Bunaaxy
FIOKCiI0 PO3MIAAAIOT K KOHCTPYKTUBHHIN (hakTop,
Jisl SIKOTO Ha KIITHHU crpusie GOpMyBaHHIO JOBIO-
TpuBaiuoi amanraiii 10 aedinuty kucHio [1]. [lepion
TIIMOKCIii-OKCHUTEHAIii IPU3BOIUTH J0 IHAYKIIIT AKTUBHIX
(hopM KHCHIO, 5IKI HE TUTBKH YPaXXyIOTh KIIITHHH, aje i
3aIyCKaloTh KacKaJl BHYTPIIIHbOKIITHHHUX repely-
J0B. AKTHBHI (DOPMU KHUCHIO BiJIITPAOTh POJIb BTOPHH-
HUX MECEHJDKEPIB, CTUMYITIOIOTH ()aKTOPH TPAHCKPHTI-
11ii Ta BiAMIOBIHI T€HU, IO ITiJICUITFOE CUHTE3 MPOTEK-
TOPHHUX O1NIKiB, IepeayciM (pepMeHTIB aHTHpaIuKaIIb-
Horo 3axucTy. KpiM Toro, BiICyTHICTb 3MiH aKTHBHOCTI
MEn B 3pa3kax 3 TkaHuH cepus 3a ymoB I1I" Bkasye
Ha 3a0e3neueHHs 30epeKeHHs KUTTE3JaTHOCTI Mio-
KapAa y BiANOBigb HA MOTIPIICHHS KOPOHApP-HOTO
KpoBoTocTadauHs; [3].

Uepes 2 rof micis BUXOAY TBapHH 3 ribepHartii ak-
TUBHICTHF MEN y 3pazkax TKaHUH 3pOocTalia HOPiBHSIHO
3 KOHTpoJeMm, Haitbinbeine —y KM ta CM. IlopiBHSIHO
3i ctanom I1I" BusiBeHO 3pOCTaHHS I[HOTO TTOKa3HUKA
MIPaKTUYHO Y BCIX 3pa3Kax, OKpiM Mo304Ky. Yepes 24
rox micist [N BinzHavueHo 3pocranns aktuBHocTi MEn
y 3pa3Kax rimorajamyca Ta MO304Ka, 3HIKCHHS — B
3paskax KM, cepus, a B IHIIMX TKaHWHAX CYTTEBUX
3MiH He BusBieHo. CIiJ 3a3HaYMTH, UI0 aKTUBHICTb
MEn uepe3 24 roa BiAHOBJICHHS 3HAYHO MEPEBUIILYE
KOHTPOJILHUH PiBEHB Ta piBEHb MTPHU ridepHaLii.

3nayHa aktuBaiis MEn B 3pa3kax TKaHWH MO3KY
Ha eTarti BigHoBIeHHs micyst [ o’ si3ana, HaliMOBIp-
HiIIIe, 31 3pOCTaHHAM IHTEHCHBHOCTI MO3KOBOTO KPOBO-
toka. [lpu mocnmimkenai CM Ha paHHBOMY €TalTi
BiJTHOBJIEHHSI BUSBJICHI CYTT€BI 3MiHHM akTUBHOCTI MEN
ta En, aKi MOXyTh OyTH OB’ sI3aHi 31 CTUMYJIIOBaHHSIM
MPOIIECiB, 0 BIUIMBAIOTH Ha QYHKIIi CHMIATUYHUX 1
napacuMNaTHYHUX e(EePEeHTHUX BOJIOKOH HEHPOHIB
Hecrenu(piYHUX HEPBOBUX LIEHTPIB, SIKi KOAYIOTb (PyHK-
wLii ycix CHCTEM OpraHi3my.

Axrtusaniro MEi Ha erani BIHOBJIIEHHS MOYHa
pO3TIAAATH K 3aXMCHUN MEXaHi3M Bill OPYIICHHS
CEPIIEBOT MISUTEHOCTI, MOXKITUBOTO 301IHIIICHHSI YaCTOTH
CepIIEBUX CKOPOUYCHb 32 YMOB aKTHBAIlil MisUTBHOCTI
CHCTEM 1 opraHiB. MOKJIMBE 3HIKCHHS CEPIICBOI JisUTh-
HOCTi OOYMOBJICHE TTOPYIICHHSIM (yHKITIOHYBaHHS
HUPOK [4].

CyrreBe 3poctanHs aktuBHocTi MEN Ha Buxozi 3
ribepHanii yepe3 24 rog Moske OyTH MOB ‘S3aHO 3 aKTHU-
Balli€r0 PeaKIliid JIMITOBAHOTO MPOTEOIi3Y, i ABHUIICH-
HSIM KaTaJiTHYHOI CIIPOMOKHOCTI MPOTEOTITHUHUX
(hepMeHTiB, 1110 00YMOBJICHO (PYHKI[IOHAIbHOK) aKTHB-
HICTIO MO3KY, [TOIIYKOM TKi, aKTUBALIIEI0 PETyIISITOPHUX
MEXaHi3MiB KOHTPOITIO EHEPTeTUIHOTO OaTaHCy, OOMiH-
HUX TIPOIIECIB, CTUMY/TIOBAHHSM CEPIIEBOT AiSUTEHOCTI,
yCiX CHCTEM OPTaHi3MYy ITiCJISI 3MMOBOI CTUISTYKH.

VY BciX IOCHIIKEHUX 3pa3kax 3 TKaHUH ridep-
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brain tissue damage may be stipulated by an increase
in stress-protein number. In addition, the MEI activation
may be assosiared to the manifestation of congenital
immunity [11]. The MEl activation in kidneys may be
considered as the metabolic depression consequence.

No increase in MEl activity in the samples of lung,
heart and liver tissues under NH may stipulate the
resistance of the mentioned organs to local vascular
remodelling. This fact was determined under a long-
term combined effect of hypercapnia and hypoxia [17].
In this case hypoxia is considered as a constructive
factor, the effect of which on cells contributes to
formation of a long-term adaptation to oxygen defi-
ciency [1]. The hypoxia-oxygenation period results in
the induction of active oxygen forms, which not only
damage the cells, but trigger the cascade of intracellular
rearrangements as well. Active oxygen forms play the
role of secondary messengers, stimulate the transcrip-
tion factors and responsible genes, strengthening the
synthesis of proteins, primarily enzymes of anti-radical
protection. In addition, no changes in MEI activity in
the samples from animal heart tissue under NH con-
ditions testify to the myocardium viability preservation
in response to coronary blood supply aggravation [3].

In 2 hrs after animal arousal the MEI activity was
the most increased in CC and BS tissues, compared to
the control. If comparing to the state under NH, this
index increased practically in the all samples, excepting
cerebellum. In 24 hrs after NH there were noted an
increase in MEI activity in hypothalamus and cere-
bellum samples and a decrease in CC, heart ones, in
those of other tissues no significant changes were
found-out. Of note is the fact, that the MEI activity in
24 hrs after recovery significantly exceeds the control
level and the one under hibernation.

Significant MEI activation in brain tissue samples
at the recovery stage after NH is the most probably
associated to the augmentation of brain blood flow
intensity. When investigating the brain stem at an early
stage of recovery there were revealed the significant
changes in MEI and El activities, which might be
associated to the stimulation of processes, affecting
the sympathetic and parasympathetic efferent neuron
fibres of non-specific nervous centers, coding the
functions of all the organism’s systems.

The MEI activation at a recovery stage may be
envisaged as a protective mechanism against disorders
in cardiac activity, a possible cardiac rate increase
when activating the systems and organs’ activity.
Possible decrease in cardiac activity is stipulated by
disorders in kidney functioning [4].

Significant augmentation of MEI activity after
arousal in 24 hrs may be related to the activation of
responses of limited proteolysis, increase in catalytic
capability of proteolytic enzymes, stipulated by brain
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HYIOYUX XOM’ SIKiB BHUSAB- 0.1
JICHO 3POCTaHHS aKTHB-
Hocti EEx (puc. 3). Uepes
2 TOJ BIJTHOBJIEHHS ITiCJIS
[I" ii piBeHb qyKeE CTPiM-
KO MIiJBUIIYBaBCS Y BCIX
TKaHWHAX, KPiM CepIIs.
AxtuBaniro EEn 3a
yMoOB ribepHamii Ta Ha
BUXOIl 3 He1 MOXKHA PO3-
[VISIIaTH SIK CKJTaI0BY 3MiH
nepebiry eHnmoreninia- 0

0,08

0,06 -

0,04

0,02

AkTuBHicTb EER, Oa/mr Ginka
EEI activity, Units/mg of protein

ad

JIE)KHUX TIPOLIECIB (TOHYC, KoHTponb
MIPOHUKHICTh CYIHH Ta %norltrgo)l

inmr.) [7]. Exporemniii cy-
IHWH BiJirpae BaxXJIUBY
POJIb y PerymALii JIOKallb-
HUX IIPOLECIB TEMOCTa3y,
npoxidepanii, mirpamii
KIIITUH KPOBi B CYAMHHY
CTiHKY. BaxxmBo1o xapak-
TEPUCTHUKOIO CY/IVH € 3/1aT-
HICTh JI0 3MiH 00’ €My T[T
BIIMBOM KOJIMBaHHSI THC-
Ky [5]. 3pocTaHHs aKTHB-
Hocti EEN Moe npu3BOANTH 10 CTPYKTYPHHUX 3MiH
CYIIUH, 3MEHILIEHHS €JIACTUYHOCTI BOJIOKOH, 31aTHOCTI
CyIUH 10 onopy Aedopmarii, miIBUIIEHHS iX KOPCT-
KOCTI.

Crig 3a3HaYNTH BIAMIHHICTD XapaKTepy BKa3aHUX
3MiH akTuBHOCTI EEN mopiBHAHO 3 TaHUMU, OTPIMaHH-
MU TP AOCTPKEHH] BIUTUBY IITYYHOTO TiITOMeTa0o0-
nigaoro crany (IHI'MC) y mypiB 3a MeToa0M
Anmxyca-baxmerbeBa-J[xaiis, npu sikomy Ha (oHI
TKaHUHOCTIEUM(IYHOTO 3pOocTaHHs akTUBHOCTI En Ta
MEn BinOyBanocs 3HmxkeHHs piBas EEn [9]. V
XOM‘SIKiB, Ha BiIMiHY BifJ m1ypiB, po3sutok HII'MC
MPU3BOJMTE A0 CYTTEBOTO 3pOCTAHHS aKTHBHOCTI HE
tinbku Ei (B rinoranamyci, ierensix), MEn (B rimora-
namyci, CM, cepi), ane i EEn (B Mo30uky) [8]. Bax-
JUBO, IO 3MIHM aKTUBHOCTI €JacTa3 B pe3ynbTari
po3Butky LLII'MC y xoM’4KiB MaroTh OLIBII BUpaxe-
HUH TKaHUHOCTICIM(DITHUHI XapakTep, HiX Y ITypiB Ta y
XOM’sIKiB 32 yMOB rioepHariii. Kpim Toro, BifcyTHiCTh
BHJIOBOI CIIEITU(IYHOCTI €71acTas MOKe CBIIUUTH TIPO
BiIMIHHICTB ITposIBY akTuBHOCTI EEnN y ribepHaropis,
ocobnuBo B ymoBax [1I.

3pocrtanns aktuBHOCTI EEn B 3paskax TkaHUH
MO3KY Ha BXOA1 y cTaH ribepHarii MokHa pO3IJIsIaTH
SIK HAaCJIiJJOK 3aIlyCKy MEXaHi3MiB aKTUBaLlii HEPBOBHX
LIEHTPIB, K1 Bi/IIOBI1al0Th 32 IPUTHIYCHHS METa00i3-
My [15]. Lle oOymoBIIeHO TUM, 110 BUBLIbHEHHS EEN
MOYKE ITPU3BOJIUTH 10 3MiH [TUTOCKENIETa CHI0TEeNiab-
HUX KJIITHH MIKPOCYIMH MO3KY, TUCYHKIIIT 6ap’epa
,»KPOB-MO30K”, IKi BHHHKAIOTh B PE3YJbTaTI PO3BUTKY
rinokcii. IIpu rimokcii MoXke 3HMKyBaTHCA €HA0TEi-
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Yepes 24 ron

MpupoaHa Yepes 2 rog

ribepHauis nicnga M- nicnga Mr
Natural In 2 hrs after NH  In 24 hrs after NH

hibernation (n=5) (n=4)
(n=9)

Puc. 3. AxtuBHICTH eHAOTENIaNbHOI estacTazn 3a yMoB [1I' y xom'sikis: [l — kopa Mo3Ky;
[0 - rinotanamyc; [[] — mo304ok; [T] — cToBOYp MO3Ky; P4 — serewi; [E — cepue; H —
mevinka; ] — HUpky; @, b, ¢, d, e, f— CTymIiHb BipOTiTHOCTI BIIMIHHOCTEH MOPIBHIHO 3
xouTpoeM ta [T, p<0,05, <0,01,<0,001 BixnoBigHO.

Fig. 3. Endothelial elastase activity under NH in hamsters: [ll — cerebral cortex; [0 —
hypothalamus; [[] — cerebellum; [T] — brain stem; £ — lungs; [ — heart; [ — liver;
H —kidneys; a, b, ¢,d, e, [ are the rate of statistical significance of differences compared
to the control and NH, p <0.05;<0.01; <0.001, correspondingly.

functional activity, search for food, activation of
regulatory mechanisms of the control for energetic
balance, metabolic processes, stimulation of cardiac
activity, all the organism’s systems after hibernation.

In all the studied samples from hibernating hamsters’
tissues there was revealed the augmentation of EEI
activity (Fig. 3). In 2 hrs of recovery after NH its level
increased very rapidly in all the tissues, excepting heart.

The EEI activation under hibernation and arousal
may be envisaged as a component of changes in endo-
thelium dependent process proceeding (tonus, vascular
permeability etc.) [7]. Vascular endothelium plays an
important role in regulating the local processes of
hemostasis, proliferation, blood cell migration into
vascular wall. An important vascular feature is the
capability to change the volume under the effect of
pressure oscillations [5]. The EEl activity rise may result
in structural changes in vessels, reduction of fibre
elasticity, vessel capability to resist deformations,
rigidity.

Of note is the difference in the mentioned changes
in EEI activity, compared to the data, obtained when
studying the effect of artificial hypometabolic state
(AHMS) in rats using the Andjus-Bakhmetiev-Jaiva’s
method, where at the background of tissue-specific
increase in El and MEI activities a decrease in EEIl
level occurred [9]. In hamsters, in contrast to rats, the
AHMS development results in a significant increase
of activity not only of El (in hypothalamus, lungs), MEIl
(in hypothalamus, BS, heart), but EEI (in cerebellum)
as well [8]. Of importance is the fact, that the changes
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3aJIe)KHa Ba30periakcarlis, BHACTIJIOK SKOT TOPYITy€ETh-
CS MO3KOBHH KPOBOOOIT, PO3BUBAETHCA XPOHIYHA
HEIOCTATHICTh KPOBOIOCTAYaHHS TOJIOBHOTO MO3KY,
Bi0yBarOThbCA TINEPTEH3UBHI Ta aTepoCKICPOTHYHI
3MiHH [6]. 3HIKEHHS €HI0TeNiH3a1e:)KHOT Ba30opeiak-
cauii B iHIIMX TKaHWHAX 32 YMOB ri0epHaii Moxke OyTH
0e3nocepeIHbO OB SI3aHO 31 3MEHIIEHHSIM aKTHBHOCTI
MeTa00IIYHUX POLECIB.

Hanmipue 3pocranns aktuBHoCcTi EET Ha BUXOMI
TBapyH 3 ribepHarii uepes 2 rox 00yMOBIEHO, HAHIMO-
BipHIiIlle, aKTUBAIII €10 PETYIATOPHUX MEXaHI3MiB KOHT-
POJIIO EHePreTHYHOTO Oaancy, OOMIHHUX MPOIIECIB, a
TaKOK CTUMYJTIOBaHHSIM CEPIIEBOI NiSIIBHOCTI. 32 YMOB
IHTEHCHBHOTO BiJTHOBJICHHS KPOBOOOIra Ha IIbOMY €Tarti
aktuBalis EEn moxe 3abe3nedyBaTH CTPYKTYpHI
3MiHH CY/IHH, IO TTOB’s13aHi 31 3SMEHIIIEHHSM 1X )KOPCT-
KOCTI, 1 TAKUM YMHOM CIIPUSATH aKTUBAIlii OOMIHHHX
MPOLIECIB B OpraHi3mi 6€3 pO3BUTKY MAaTOIOTTYHUX 3MiH.

CyrreBi 3minu aktuBHOCTI EEN B 3paskax nevyinku
MOXYTb OyTH IOB’I3aHi 3 TUM, 110 NI€4iHKA € OJJHUM 3
OCHOBHHUX ‘‘CIIO)KMBadiB” KUCHIO Ta JKEPEJIOM iHTi-
61TOpPIB MPOTEOTITHYHNUX (DEPMEHTIB, SIKi 3aXHUIIAIOTh
11 Bi] HAIJTUIIIKOBOT aKTUBAITi1 TPOTEIHA3.

3poctannsa aktuBHOCTI EEnM B 3pa3kax 3 TkaHWH
HUPOK MOKe OyTH 00YMOBIIEHO TIOPYIIEHHSIM KPOBO-
[TOCTaYaHHs HUPOK IPH Ti0epHarlii. 3HIKEHHS KPOBO-
MOCTa4aHHsl MPU3BOJUTDH 10 ICTOTHOTO 3MEHILCHHS
reMOJMHAMIYHOTO HaBaHTaKEHHS Ha T1111 HUPKOBUX
apTepii i BHACHIIOK — 0 arpodii LUPKYIAPHOT MyCKYy-
JaTypH 1 CTOHIIEHHS cTiHKU cyauH [12]. Lli 3miam
MAalOTh PEaKTUBHO-IIPUCTOCOBHUHN XapakTep 1 cupusi-
10Th OaaHCy MK PO3BUTKOM Ta pPiBHEM (YHKLIOHY-
BaHHS LUPKYJIAPHOT MYCKyJNaTypHu. 3MEHILCHHS
KPOBOIIOCTAYaHHSI KPOBI JI0 HUPOK 3arpOXKy€ pPO3J1aJI0M
KIy0ouKoBoi ¢inerpanii. [Ipu amanramii 10 HOBOTO
reMOJINHAMIYHOTO CTaHy B THpJiaXx OIYHUX T1IOK
pEeHATBPHUX apTepiil MiABUIIYETHCS aKTUBHICTH
M’si30BoeIacTHUHUX chinkTepiB. OQHOYACHO B pe-
HaJbHOMY apTepiadbHOMY PYCIi 301IbITY€ETHCS KiTb-
KiCTh Cy/IMH, III0 MAFOTh Y BHYTPIIITHIH 00OJIOHIII ITyYKH
KpPHUBO- 1 MOJJOBKHBOOPIEHTOBAHUX IVIaJIKOM SI30BUX
KIIITHH, SKi MIOTPAILIAIOTh 3 MeJil yepe3 “BikHA” B
enactuuHii MeMOpaHi. [logiOHa Mirparis € pe3yib-
TaTOM YHiBEpCaJIbHOI peaKilii CyTMHHOI CTIHKH Ha JIit0
Oy/Ib-SIKUX, Y TOMY YHUCIIi TeMOIWHAMIYHHX, YIIKOJI-
KYIOUMX, YNHHUKIB. AkTuBanis EEx moxe cnpusaru
PO3BUTKY TaKoi peaxiiii.

Ha Buxogi 3 ribepHnaiii yepe3 24 roj akTUBHICTb
EEn 3umxyBanace, ane i piBeHb IepeBUIIIYBaB KOHT-
POJIBHMI MPAaKTHYHO y BCIX 3pa3kax TKaHUH, KPIM
MO30YKY, III0 CBITYUTH MPO HEMOCTATHINA TEPMIH IS
BiJTHOBJICHHS OPTaHi3MYy.

Jlesiki ocobymBocTi 3MiH akTHBHOCTI En (3arambpHa
AKTHUBHICTH), siki BinminHI Bijf EEn Ta MEn, Bka3ytoTh Ha
CYTTEBMH BIUIMB CEpiHOBOI ejlacTa3u Ha 3arajbHy
AKTHUBHICTD.
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in elastase activity as a result of AHMS development
in hamsters have more manifested tissue-specific
character than in rats and hamster under hibernation.
In addition, the absence of species-specificity in
elastases may testify to the difference in EEI activity
manifestation in hibernators, especially under NH
conditions.

An increase in EEl activity in brain tissue samples
in pre-hibernation stage may be envisaged as a
consequence of triggering the activation mechanisms
of nervous centers, being responsible for metabolism
suppression [15]. This is stipulated by the EEl release,
which may result in changes of cytoskeletal endothelial
cells of brain microvessels, blood brain barrier dys-
function, occurring as a result of hypoxia development.
At hypoxia a decrease in the endothelium-dependent
vasorelaxation is possible, as a result of which the brain
blood circulation is disordered, a chronic insufficiency
in brain blood supply develops, hypertensive and
atherosclerotic changes occur [6]. The reduction of
endothelium-dependent vasorelaxation in other tissues
under hibernation may be directly related to a de-
creased activity of metabolic processes.

An excessive augmentation of EE] activity at animal
arousal in 2 hrs is the most probably stipulated by the
activation of regulatory mechanisms of the control for
energetic balance, metabolic processes, as well as car-
diac activity stimulation. Under intensive blood cir-
culation recovery at this stage the EEI activation may
provide the structural changes in vessels, associated
to a decrease in their rigidity and thereby contributing
to the activation of metabolic processes in organism
with no pathologic change development.

Significant changes in EEl activity in liver samples
may be associated to the fact, that the liver is one of
the principal oxygen “consumers” and the source of
inhibitors of proteolytic enzymes, protecting it against
an excessive activation of proteinases.

The augmentation of EEl activation in kidney tissue
samples may be stipulated by a disorder in kidney blood
supply under hibernation. Blood supply decrease results
in a significant reduction of hemodynamic charge in
branch of renal arteries and finally in the atrophy of
circulatory musculature and vascular wall thinning [12].
These changes are of a reactive-adaptive character
and contribute to the balance between the development
and functioning level of circulatory musculature. A
decrease in kidney blood supply threatens with a
disorder in glomerular filtration. Under the adaptation
to a new hemodynamic state in entrances of lateral
branches of renal arteries there is an increase in the
activity of muscular-elastic sphincters. Simultaneously,
in the renal arterial bed there is an increase in a number
of vessels, which have in internal membrane the
fascicles of bent- and longitudinal-oriented smooth
muscle cells, getting from the medium through the
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< W o2 . , After 24 hrs the reco-
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(n =14) .Nature?l In 2 hrs_after NH In 24 hrs_after NH tissue samples excepting
hibernation (n=5) (n=4) ’

(n = 11)

Puc. 4. Enacra3oinridiTopHa akTHBHICTH O.- 1 -1HT10iTOpY IIpoTeinas 3a ymoB [ y xoM'sIkiB:
[l — xopa Mo3Kky; [ — rimoranamyc; []— M03040k; [T] — cToBOYp M0O3KY; P4 — nereni; []—
cepre; B — mewinka; B — Hupky; a, b, ¢, d, e, f — cTymiHb BipoTiqHOCTI BimMiHHOCTEH
mopiBHsHO 3 KoHTpoieM Ta [T, p<0,05,<0,01, <0,001, BiamoBigHO.

Fig. 4. Elastase-inhibitory activity of o-1-inhibitor of proteinases under NH in hamsters:
[l — cerebral cortex; [0 — hypothalamus; [] — cerebellum; [[] — brain stem; i —
lungs; [# — heart; [ — liver; B —kidneys; a, b, ¢,d, e, f are the rate of statistical signifi-
cance of differences compared to the controland NH, p < 0.05; < 0.01; < 0.001,

correspondingly.

EnacrazoinridiTopaa aktuBHicTs o-1-1I1 3a ymoB
ribepHarlii BiporiIHO 3pocTaia y BCiX JOCHIKEHHX
3pa3kax TKaHWH, KpiM JiereHs (puc. 4). Ha Buxoni 3
[I" wepes 2 rox BoHa 3poctana B KM, 3HmKyBanach
B M0304Ky Ta CM, B IHIIMX TKaHWHAX JHUIIAiIach 0e3
3miH. 3poctanug EIA 3a ymos III, Ha BHXOAi 31
CIUISTYKH Yepe3 2 roJ1 BKa3ye Ha 3aXHIIEHICTh TKaHUH
1 oprasiB BiJ HAaJJWIIKOBOi aKTHBHOCTI ejacTas.
Bincytricts 3min EIA B nerensix 3a ymoB ribepHartii
Kopeitoe 3 akTuBHicTIO Enr Ta MEn, yepes 2 rox
BiJTHOBJICHHS — 3 aKTHBHICTIO EI1. 3pocTaHHs y neviHiii
EIA o-1-1I1 3a ymo0B ribepHauii Ta BiACy THICTb 11 3MiH
Ha Buxofi 3 I1I" uepes 2 rox BKazye Ha HOTO YaCTKOBY
y4acTb y HPUTHIYEHHI aKTUBHOCTI €J1acTa3, 30KpemMa
EEn, 1 MOKe BUSIBIIATHCS B aKTUBAL]T €HI0TEIIH3aIeK-
HUX MPOIIECIB.

Uepes 24 rop BipoTiiHI 3MiHU, TOPIBHSAHO 3 2 TOJ
BimHOBNeHHs Ticys [T, y 6ik 3umkenns EIA 1 nocsr-
HEHHS KOHTPOJIBHOTO PiBHS CBIT4aTh PO BUYCPITAHHSI
pesepBiB O-1-1I1. OTpumMani JaHi KOPETIOIOTH 3 pe-
3yJAbTaTaMU 1HIIUX JOCIIIKEHb MIOM0 3aTy9YeHHS
o-1-1T1 1o mpurHiYeHHs HaJJIMIIKOBOI aKTUBHOCTI
ejacta3 B OKpeMHX TKaHMHax 3a ymoB LIII'MC y
utypis [8, 9].

BucHosku

[TpuponHa ribepHaitist y JOpOCIUX XOM ‘SKiB-CaMIIiB
MIPHU3BOJIUTS JIO 3pOCTaHHS aKTUBHOCTI enactas: Ei —
y OUIBIIOCTI JOCHIKEHUX 3pasKiB, KpiM cepIs Ta
HUPOK (Haii0Olnpma akTuBHICTH — B CM); MEN — kpim
JiereHb, cepils Ta neuinku; EEm — B ycix qociimkeHnx
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cerebellum, testifying to an
insufficient term for orga-
nism recovery.

Some peculiarities of El
activity changes (general
activity), differing from EEl
and MEI indicate to a
significant effect of serine
elastase on general activity.

The elastase-inhibitor
activity of a-1-IP under hibernation statistically and
significantly increased in all the studied tissue samples,
excepting lungs (Fig. 4). At arousal out NH in 2 hrs it
augmented in CC, reduced in cerebellum and BS and
remained unchanged in other tissues. The EIA rise
under NH conditions, as well as at arousal 2 hrs later
points to the protection of organs and tissues against
an excessive elastase activity. No changes in EIA in
lungs under hibernation correlate to the El and MEI
activities, and in 2 hrs of recovery to the El one. The
EIA o-1-IP increase in liver under hibernation and no
its changes at arousal after NH in 2 hrs indicate to its
partial participation in elastase activity suppression,
especially EEL and may be revealed in the endothelium-
dependent process activation.

In 24 hrs the statistically significant changes, compa-
red to the 2 hrs’ recovery after NH, towards EIA dec-
rease and achieving the control level testify to the
exhausting of a-1-IP reserves. Our findings correlate
to the results of other researches about o-1-1P
involving into the suppression of excessive elastase
activity in some tissues under AHMS in rats [8, 9].

Conclusions

Natural hibernation in mature male hamsters results
in an increased activity of elastases: El — in the most
studied samples, excepting heart and kidneys (the
highest activity in BS); MEI — excluding lungs, heart
and liver; EEI — in all the studied tissues. At the same
time the elastase activation is balanced by the EIA o-
1-IP rise in all the tissue samples, excepting lungs.
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TkaHuHax. [Ipu poMy akTuBawis enactas 30anaH-
cosaHa 3poctanusaM EIA o-1-II1 y Bcix 3pa3kax Tka-
HUH, KPiM JIeTeHb.

Panniii mepio/ BiTHOBICHHS OpraHi3My XapakTepu-
3Y€ThCS MM IBUIICHO0 aKTUBHICTIO entactas: Ei — mo-
piBH:HO 3 Ti0epHariero B TkannHax KM, rinoranamycy
(MakcuMmalnbHa aKTUBHICTB), cepIls Ta HUpok; MEm —
Haif0inpma B TkaHnHax KM ta CM, mopiBHSHO 3
ribepHariiero, Kpim Mo30uKy; EEn —y Bcix TKaHWHAX,
Kpim cepiyd (Haitmenmmii pises). EIA a-1-113pocra-
na Hagani B KM, ane 3HmkyBanacsi B M0304Kky Ta CM.

[Ti3niit etan BigHOBNIEHHS micys [1I € BimoOpaxeH-
HSIM BCTaHOBJICHHS! PIBHOBaru B CHCTEMi enacTrasza —
o-1-1IT. AkruBHicTs En 3HMKYBanach 1 Habnmxkanach
710 KOHTPOJILHOTO PiBHS y OLMBIIOCTI TKaHUH, KpiM CM
Ta nevinky; pisens MEn 3HmwxkyBascs y KM, cepi,
ajie 3pocTaB y rinoTajlaMyci Ta MO304KY, IPU LLOMY
MIEPEBUIIYBaB PiBEHb KOHTPOJIIO TA PIBEHB 33 YMOB T'i-
6epnanii. AktuBHicTE EEN 3HMKYBanach, aje nepeBu-
IIyBajia KOHTPOJIbHI TOKa3HUKH y BCIX TKAHWHAX, KPIM
M0304Ky. EIA 3HIKyBanace MOpiBHSHO 3 2 TOJ BiTHOB-
JIEHHS 1 JocATana KOHTPOJIIEHOTO PiBHS.

Asmop 8ucn06110€ 80AUHICb CRIBPOOIMHUKAM BIOOITY
Kpiogisionoeii Incmumymy npobrem kpiobionozii i
kpiomeouyunu HAH Yxpainu cm.n.c., k.0.n. B.B. Jlomaxo
ma cm.n.c., K.6.1. O.B.Iuno.

Nitepatypa

1. ToHyap O.0., MaHbkoscbka |.M. ApanTauis rnyTaTioHOBOI
cUCcTeMU cepus LLypiB 4O Ail rocTporo cTpecy nig BNIMBOM
Pi3HUX pEeXUMIB FiMOKCUYHUX TpeHyBaHb // Ykp. Gioxim.
xypHan.— 2007.— T. 79, Ne3.— C. 79-85.

2. [oceHko B.E. OnpepgeneHvie pasnunyHbix popm anacrtasbl B
aopTe Mpu aKcnepvMeHTanbHOM apTtepuocknepose // J1ab.
auarHoctuka.— 1998.— Ne1.— C. 24.

3. Kusk FO.I", YHepsaH IB. TbepHauia miokapaa y pasi roctporo
iHapKkTy Miokapga: KniHiko-dyHKUiOHanbHi NposaBu Ta
ynbTpacTpyKTypHi 3miHu // KpoBoobir Ta remocTtas.— 2007.—
Ne3.— C. 33-38.

4. KymsbipuHa U.M., Pydenko T.E., LLiseyos M.FO., KywHup B.B.
Ponb pemogenupoBaHusa KpynHbIX COCYAOB B Pa3BUTUM
rmnepTpodumn nNeBoro xenyaoyka Ha OAMANU3HON cTaavm
XPOHMYECKON NOoYeyHOW HepgocTaTodHocTw // TepaneBsT.
apxuB.— 2008.— Ne6.— C. 37-41.

5. MapmsbiHos A.W., Ocmpoymosa O.[., CuHuusiH B.E. u dp.
PacTsxumocTb aopTbl Npu apTepuanbHON runeptoHun //
Kapanonorus.— 2001.— Ne2.— C. 59-65.

6. MapmsbiHos A.U., Umbipos B.U., Ocmpoymosa O.. u dp.
OcobeHHOCTU nopaxeHusi 6enoro BellecTBa rofIOBHOIO
Mo3ra y NoXurbix 60MbHbIX C apTepuarnbHON rMnepToHuen //
KnuHnyeckas megmumHa.— 2000.— Ne6.— C. 11-15.

7. MeHwymuHa M.A. CpaBHUTeNbHas OLEHKa PeakTUBHOCTU
cocyaoB, Kak popMbl ANCHYHKLUKM dHAOTENUS, Y BOMbHBIX
aTepoCcKknepo3oM U XpoHMYeckon GomnesHbl noyek //
Hedponoruna.— 2004.— T. 8, Ne3.— C. 56-61.

8. CawmoxiHa J1.M. EnacTtasu 3a ymMOB LUTY4HOro rinometaboniy-
Horo ctaHy // JocarHeHHst Gionorii Ta meguumHu.— 2009.—
Ne1.— C. 32-36.

NMPOBJIEMbI
KPMOBMOJIOIUM
T. 19, 2009, N4

447

An early period of organism recovery is characteri-
sed with an increased activity of elastases: El —
compared to the hibernation in CC tissues, hypothala-
mus (maximum activity), heart and kidneys; MEI —
the highest in CC and BS tissues, compared to the
hibernation, excepting cerebellum; EEl — in all the
tissues, excepting heart (the lowest level). The EIA
o-1-IP augmented in CC, but reduced in cerebellum
and BS.

Late stage of recovery after NH is the reflection
of balance establishment in the elastase — - 1-IP sys-
tem. The El activity reduced and approached the control
level in the most tissues, excepting BS and liver; the
MEI level reduced in BS, heart, but augmented in
hypothalamus and cerebellum. Herewith the EEI
activity decreased, but exceeded the control indices in
all the tissues, excluding cerebellum. The EIA decrea-
sed, compared to 2 hrs of recovery and achieved the
control level.
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