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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 (0-1-1IT) y 6inbmiocti TkanuH. PanHiii nepion BigHOBIeHHS (depe3 2 rof micis ribepHarii)
XapaKTepU3yETHCs MiIBUIIEHHSIM PiBHS enacTa3 Ta 3HKkeHHsIM EIA B Mo3ouky Ta cToBOYypi Mo3Ky. I1i3Hiii eTan BiiHOBIEHHS (depe3
24 ropn) € BimoOpakeHHsIM [TparHeHHs OpraHi3My JI0 piBHOBaru B cucTeMi enacrasa-a-1-111.

Knwowuoei cnosa: enacrasa, eHnoTerniaabHa enactasa, MeTaoeaacrasa, -1-iHrioiTop mpoTeinas, 3MMOBa CIUITYKA.

[pupoanas rubepHaIys y B3pOCIIbIX XOMSIKOB-CAMIIOB IIPUBOJIMT K ITOBBIMICHUIO aKTHBHOCTH 3J1aCTa3 U 31aCTa30MHIHOUTOPHOM
aktuBHoctH (DMA) O-1-unruburopa nporeunas (0-1-UIT) B GonpinHcTBe TKaHEH. PanHuMit nepron BocctanosieHus (depes 2 4 nocie
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 ccTeMe tacTaza-o-1-UI1.

Kniouesnie cnosa: >nactasa, sH10TeIUAIbHAS 371aCTa3a, METAJLI03/1acTa3a, O-1-MHIHOUTOP MPOTENHA3, 3UMHSS CIIAUKA.

Natural hibernation in mature male hamsters results in an increased elastase activity and elastase-inhibitory activity (EIA) of O-
1-inhibitor of proteinases (0-1-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], sskuii 3a0e31euye BIKUBAHICTh IEBHUX
BU/IiB TBAPHH 1 yHUKAHHS BIUIMBY HEraTUBHUX (PaKTOPiB
HABKOJMIUHBOTO cepenoBuiia. OQHUM 3 NPUKIAAIB
aJlanTUBHUX PeakLiii opranizmMy ribepHaTopiB € CyTTEBE
3HW)KEHHSI aKTUBHOCTI MeTa0oiuHuX mporecis [13, 19,
24]. IIpu 1bOMY 3MEHIIY€THCS MOTpeda B KUCHI, YIIO-
BUIBHIOETHCS cepueBuid put™ [13]. Tparckpumis,
TPaAHCIIALIS, MiTO3, MITOXOH/IpiadbHE AUXAHHS I[IITKOM
MIPUTHIYYIOTHCS 11 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-
t . Ipn
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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 defi-
ciency 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 hiber-
nators’ organism is a significant decrease in metabolic
process activity [13, 19, 24]. Herewith there are a de-
crease in oxygen need and the deceleration of a cardiac
rhythm [13]. Transcription, translation, mitosis, mito-
chondrial respiration are completely suppressed during
torpor [24], the intensity of synthesis and protein decay
processes reduces [ 18]. The activity of proteolytic pro-
cesses is determined in a pretorpor phase, when the
protein disorders are compensated with protein synthe-
sis, having less clustered structure [22]. Regional distri-
bution 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 neu-
trophils, capable for free radical release together with
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OKCHJIATUBHOMY CTPECi BiIOYBAETHCS aKTHBALlisl HEUT-
podiniB, siKi 31aTHI BUBLIFHATH BUIbHI paJUKaiu pa3oM
3 CEpIHOBOIO €71aCTa3010 Ta iHmUMH dhepmentamu [10].
AxtuBamis emactaszu (Ex) Moxe MpU3BOIUTH 0
JEeCTPYKTHBHHX 3MiH TKaHuH. Llelt GpepMeHT rinpomizye
eJIaCTHH, IPOTEeOrTiKaH!, OUTKH (reMoro0iH, (pidbpuHo-
TeH, HEeCHipaJIbHI JAHIIOTH KOJAreHy), PO3IICIUTIOE
TIOTIEPEYHI 3B’ I3KH MiK HUMH Ta iH1I. OHAK BiAOMO,
10 PiBEeHb OKCHIATHBHOTO CTpECYy MiHIMalbHHUN 3a
YMOB HOPMaJIbHOI 3UMOBOI cIIsiuku [14]. ABTopu
BKa3yIOTh Ha MOYJIMBICTb MiTpariii Ta 4acTKOBE IOIII-
KOJDKEHHS HEHTPO(1ITiB, BHACIITOK TOTO 3MEHIITY €THCS
ix kinpKicTs [ 16]. KpiM Toro, MiHiMansHui piBeHb OKCH-
JIaTUBHOTO CTpecy Moxe OyTu 3a0e3neueHni 3a paxy-
HOK 3pOCTaHHA aKTHUBHOCTI Metanoenactasu (MEm)
ab0 MaTpuuHOi MeTasonpoTeasu 12, sika BUBLIbHAETb-
cs Makpodaramu [14]. BpaxaroTh, 10 aKTHBaIlis
MEmn, sika oB’si3aHa 3 NPOAYKIi€I0 MakpodaraMu KHc-
HEBHX PaJIUKAaJIB, € IPOSBOM IIPHPOKEHOTO IMYHITETY
[11].

Binomo, 110 Eit BUBIIBHSFOTE HE TITEKU HEUTPOQLIH,
Makpodaru, ajie i KIIITHHU TIaAKUX M’ s3iB (CepiHOBa
En), eanoremionutu (Tionosa Eim) [2]. Pons pizHuX 32
MTOXO/KEHHSIM eJlacTas y (opMyBaHHI aJarTHBHOI Bif-
MOBiZi OpraHi3My 3a yMOB 3MMOBOi CIUJIIUYKH HE
JIOCIIIKEHA.

Perynsitis akTHBHOCTI e1acTa3 B OpraHi3mi Big0y-
Ba€ThCA 3a ydacTio O-1-iHri6iTOpy mpoteinas (O-1-
IIT), ponp siKOTO B KOHTPOJI aKTUBHOCTI €llacTa3 B
yMOBaXx 3UMOBOI CIUISIYKM HE BU3HAYCHA, aJIe BIIOMO,
10 CE30HHI KOJIMBAHHS HOTO KOHIICHTpAIIil B TIa3Mi
KpOBi OypuX BeAMEIiB MOB’si3aHiI 3 HE3HAYHUM
BKJIAJIOM y IIpoTU3anaibHui edekt [21].

Meta poOOTH — AOCHIIUTH aKTUBHICTH €J1acTa3 Ta
o-1-IIT 3a ymoB nipupoaHoi ridepHaii.

Martepiaan i metoam

ExcniepuMeHTH IpOBOAMIIM Ha CTaTEBO3PLIHX (6-
10 MicsIiB) caMIiX 30JI0TaBUX XOM’sIKiB Mesocre-
chetus auratus, sxi € paKkyIbTaTUBHUMU TiOepHATOPA-
Mu. TBapuH yTpUMyBaJId B YMOBax BiBapito Ha CTaH-
JAPTHOMY pAIliOHi 3 T0IJaBAaHHSIM ITIIISHHMIII Ta HACIHHS
COHSIIHMKY. 32 yMOB mnepeOyBanus mnpu 4-7°C y
HEOCBITIIEHIH KaMepi 3 HOPMaJBHUM IOCTaYaHHIM
KHCHIO XOM SIKM BIIaJaJIi B 3MMOBY CIUISTUKY, 3HAXOIH-
JIUCh y TOPIIAHOMY CTaHi IpoTsarom 3—3,5 ni0, motiM
MpoOy/IKyBaJICh 1 3HOBY BIIaJaliv B CIUIsTUKy. Ha 2—
4-My 06ayTi (emi30/] CIUISTYKH) TBAPHUH JICKAITITYBaJIH.
ExcriepuMeHT BUKOHYBaNU Ha 4-X Tpynax TBapuH: 1 —
CTaH 3UMOBOI CIUISYKY; 2 — paHHIN (depe3 2 ron) Ta
3 — mi3Hiit (uepes 24 ron) eTanu BiTHOBIEHHS Opra-
Hi3My TICIISl BUXOJY 31 CIUISTYKH; 4 — KOHTPOJIb.

Jloci ke HHS POBOAMITH BIATIOBIIHO 10 “3araiib-
HHUX €THYHHX IIPUHLHIIB €KCIIEPUMEHTIB Ha TBApUHAX
cxBaennx 11 HamioHansHUM KOHTpECOM 3 010€THKH
(Kwuis, 2004) Ta y3roykeHuX 3 MOJIOKEHHAMHU «EBpO-
nieiicbkoi KoHBeHTIiT po 3aXucT XpeOeTHUX TBapHH, K1

NMPOBJIEMbI
KPMOBMOJIOIUM
T. 19, 2009, N4

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 oxi-
dative stress may be stipulated by an increase in activity
of' metalloelastase (MEI) or matrix metalloprotease 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 diffe-
rently originated elastases in an organism’s adaptive
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 protei-
nases (0-1-IP), the role of which in controlling the
elastase activity under winter hibernation has not been
determined yet, but seasonal fluctuations of'its concent-
ration in brown bear’s blood plasm are known to be
associated with a slight contribution into an anti-inflam-
matory effect [21].

The research aim is to investigate the elastase and
0-1-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
24t 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 “Ge-
neral 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).

In non-nucleated fractions of tissue homogenates
of cerebral cortex (CC), hypothalamus, cerebellum,
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BUKOPHCTOBYIOTBCS ISl eKCIIEPUMEHTAIBHUX Ta 1HIINX
HayKoBHX 1ijei» (CtpacOypr, 1985).

VY 0e3’siaepHuX GpakLisix TOMOTeHATIB TKAHIH KOPH
Mo3ky (KM), rinoranamyca, Mo304Ka, CTOBOypa MO3-
Ky (CM), nerens, cepiis, Me4iHKy | HUPOK BU3HAYAIIN
akTUBHICTH Ex (3arayibHy akTHBHICTB), aKTHBHICTh
engotemiansHoi En (EEm), MEn ta enacras3oinri-
6itropry axktuBHICcTh (EIA) O-1-1T1 BuCOKOUYTIMBUM
(101°-10"'"2 o/mr Ginka) pepMeHTATHBHUM METOI0M
[9]. PiBens akTuBHOCTI enacta3 Ta EIA o-1-1I1 Bupa-
*auu B of/Mr Oinka. KoHnieHTpartito Oinka B 0e3’siiep-
HUX (pakUisX TOMOTEHATiB TKaHWH BH3HAuYald 3a
metonoMm bpendopra.

AKTHUBHICTb €1acTa3 AOCIiIKyBaJli IIPH TeMIIepa-
Typi 37°C, 1110 3HaYHO MEPEBUILYE TAKY 32 YMOB 3UMO-
BOT CIUISTYKH, TOMY MOBa #J1e mpo akTUBHICTh Eit (5K i
MEn, EEn, EIA) B TkanuHax riGepHyIOYUX TBapHH,
SIK1 OTpHMaHi pu Temriepatypi tina 5-9°C.

VY nocnipKeHHSX BUKOPHCTOBY BAIH ITEPOKCUIA3Y
XpOHY, (PeHIIMETHICYIb()OHIIPII00pHA, MOHOKHOAIIE-
tat (“ICN”, CIHA), Ala-Ala (“Fluka”, Himeduuna),
enacrasy, E/ITA, anpbymin cupoBaTku OWKa, IMOIi-
cTuposoBi miamku crpinosi (Pocig) ta ¢poromerp-
ananizarop imyHopepmenTHuit Humanreader Ne2106-
1709 (“Human”, HimeuunHa).

CratuctuuHy 00poOKY OTPUMaHUX JaHUX IIPOBO-
mwn 3a MetonoMm CteioneHTta-®imepa 3 BUKOpHUC-
TaHHAM IporpaMHoro 3adesnedeHdss MS Excel.

Pe3yAabTatn Ta 0OrosopeHHs

AHaJi3 pe3ynapTariB eKCIePUMEHTIB T0Ka3aB, 110
y XOM’SKiB B Tepioj 3uMoBOi cruissuku (1 rpyma)
CIIOCTEPITaeThCs 3pOCTaHHS aKTUBHOCTI En B Oiib-
IIOCTI JOCIIKSHUX TKAHUH, KpIM ceplis (3MiHU Bij-
CYTHI) Ta HUPOK (3HMKEHHS TOKAa3HUKA), TOPIBHSIHO 3
KoHTpoJeM (puc. 1). HaiibinbIry akTHBHICTD BUSIBIICHO
y TkauuHi CM.

3pocranHs akTuBHOCTI En mMoxnuBe 3a ydactio
HEHUTpOQiNiB, SKI BUBIIBHIIOTH CEPIHOBY elacTasy
pa3oM 3 IHIIUMHU MPOTEOTITHIHUMHU (pepMEHTaMH Ta
peaKkTUBHUMHU (OpMaMH KHCHIO, KaTIOHHIMH MENTH-
nmamiu, eiikozanoigamu [10]. Le#t daxT, sk Bin3Hava-
Jocs paHilie, € XapaKTePUCTHKO OKCHUIATHBHOTO
CTpECY, PIBEHB SIKOTO MiHIMAJIHHIH 32 YMOB HOpMaJIh-
HOi 3uMoOBOi crisuku [14]. Bimomo [10], mo mpu
OKCHJIATUBHOMY CTPECi aKTHBHICTh HEHTPO(iTiB 00y-
MOBJICHA JIi€I0 Pi3HUX UTOKIHIB 1 XeMOATPaKTaHTIB:
¢dakTopy Hekposy nmyxiaut — 0 (OHII-0), intepneiiki-
Hy-8 (IJI-8) Ta inm1. BigcyTHicTb 3MiH y cepi, e came
nutokiau (OHII-a, 1JI-1, 1J1-6) iHiif0l0Th BiAIOBIAL
MioKap/ia Ha eKoJoriyHuid TUCK [20], MOXe CBiTUUTH
PO HASBHICTH 1HIIIOTO MEXaHi3My aKTUBaIii Ei.

B ymoBax 3uMOBOI CIUISTYKY BUBLIbHEHHS Bl B TKa-
HUHAX TBAPUH, 30KpeMa B MO3KY, MOKJIUBE 32 PAXyHOK
Mirpartii Ta 9aCTKOBOTO TIOIIIKODKEHHS HEHTPOPiTiB,
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brain stem (BS), lung, heart, liver and kidneys there
were determined the activities of El (total activity),
endothelial El (EEI), MEI and elastase-inhibitor activity
(EIA) of a-1-IP using the high-sensitive (10-'°-10"?
Units/mg of protein) enzyme method [9]. The level of
elastase and EIA a-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-a (TNF-), interleukine-
8 (IL-8) efc. No changes in heart, where namely
cytokines (TNF-a, 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
process development. However a considerable increa-
se we noted in El activity in brain tissue was not
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BHACJIIJOK 4Y0I0 3MEH-
ITy€EThCS X KUTBKICTD [16].
ABtopu [16] BKa3yroTh Ha
BIJICYTHICTh MaTOJIOTIYHUX
3MiH, IO CITiBMIaJAa€e 3 pe-
3yJNbTaTaM¥ [BOTO JIOCITi-
JoKeHHST. MOXKITHBO, 11e 00Y-
MOBJICHO THM, 110 (pepMeH-
TATUBHY aKTUBHICTh MPHUHi-
HSTHO BUMIPIOBAaTH TpH
temnepatypi 37°C, i ipu 3u-
MOBIH CcIas4Il HAsgBHICTH

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

aKTUBHUX (popM ernacras He KoHnTpors
NPUBOIUTE 10 PO3BUTKY T1a- ﬁofﬁ’;

TOJIOT1YHUX MpOLECiB. Ane
BiJ3HaueHe B I[ii poOOTi
CYTTEBE 3POCTaHHS aKTHB-
HocTi Ex B TKaHMHAX MO3KY
HE € BUMAJKOBUM, TOMY 110
3MiHY KUIBKOCTI KIIITHH (30-
Kpema HeWTpodiniB) BBa-
JKArOTh MOTEHIIIMHUM HEH-
PONPOTEKTUBHUM aJarTo-
reHOM. 3Ha4YHa aKTHBHICTb
En y CM moxe CBITYUTH
mpo ii BIJIMB Ha MEXaHi3MU perymsuii QyHKuii ycix
cucreM opratismy. [Ipu ibomy 3HauHa akTUBHICTH En
3 TkanuHU CM 32 yMOB HU3BKOI TEMIIEpaTypH opra-
HI3My MOke OyTH 00yMOBIIeHa cIa0KuM i1 ehekToM,
HaBITh IIPY BUCOKIii KOHIICHTpAITii.

Uepe3 2 rox micis BUXOAY TBapuH i3 ridepHamii (2
rpyna) BiI3HaYeHO 3pOCTaHHs akTUBHOCTI En y Bcix
JMOCIIDKCHUX TKAaHWHAX TMOPIBHSIHO 3 KOHTPOJIEM,
BipoOTiHE 3pOCTaHHs MOPIBHAHO 3 TPUPOIHOIO Ti0ep-
nauieto (I1I") BusiBneHo B 3pa3kax, OTpPUMaHHX 3 TKAHUH
KM, rinoranamycy (MakcuMajibHa aKTUBHICTB), CEPL
Ta HUPOK. 3POCTAaHHS L[OTO MOKA3HUKA € HACIIIKOM
IiABUILIEHHS TEMIIEpaTypH OpraHizmy, uei ¢akr ysro-
JOKYETHCS 3 IAHUMU 1HIIUX aBTOPIB, K1 BiJ[3HAYAIOTh
IIBUJIKE BIJHOBJIEHHS HA BUXOI 31 CIUITYKU KUUIBKOCTI
HeHTpodiNiB, SK 1 IHIINX JeHKOIUTIB [ 16].

Crin 3a3HauuTH, 10 Yy 3pa3kax TkaHuH CM criocre-
piraeTbcs TSHACHINIS 0 3HMWKEHHS aKTUBHOCTI El,
MOXITUBO BOHO € JIAHKOIO KOMIIEHCATOPHOTO MEXaHi3-
MY, IKAH 3aITyCKa€eThCS B Pe3yJIbTaTi 3HaUHOI aKTHBAL |
En pu IT.

Hapnmipue 3poctanns aktuBHOCTI En B 3paskax 3
TKaHWH MO3KY uepe3 2 roj BigHoBIeHHs micius [0
(puc. 1), MOXIHBO, OB S13aHO 3 AKTUBALIIEIO PETyJIsi-
TOPHUX MEXaHi3MiB KOHTPOJIIO eHEPIreTUUHOT0 OanaH-
CY, MiHEpaJILHOT0, OLJTKOBOTO, By IJIEBOIHOT'O, JIiITiTHOTO
00MiHY, CTUMYJIIOBAaHHSIM CEPLEBOI AiSTIBHOCTI MiCs
3MMOBOI CIUISTYKH, @ TAKOXK IIPH3BOJIUTH J10 JIOKAJTBHOTO
MOpyIIEHHS KIIITHHHOTO ToMeocTasy. He BuKiIroueHo,
1o 301IBIIIEHHS aKTUBHOCTI Bl TakoX Imiacuirroe Ii
YTPUMaHHS B KIIITHHAX TIAJKUX M‘S3iB, e CIPUSE
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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 — serewi; [# — cepie; [H — neuinka; H — uupku; 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; []] — 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.

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 number 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, stimu-
lation of heart activity after winter hibernation, as well
as may result in a local disorder of cell homeostasis. It
is entirely possible, that the El activity increase streng-
thens its retention in soft muscle cells, contributing to
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PO3BUTKY 200 MPOrpeCyBaHHIO CYJMHHHX T1IIePTEH3HB-
HUX 3MiH, 3By’KeHHIO cyauH [25]. Taki 3MiHA MOKHA
PO3MISAATH SIK 3BOPOTHIN MPOLEC MiCs 3MEHIIECHHS
CYIMHHOTO HaBaHTAXCHHS, YIIOBITbHEHHS KDOBOTOKA
CTaHi 3MMOBO{ CIUITYKH. MOXITUBICTH PO3BUTKY MATO-
JIOTIYHHX 3MiH BKa3y€ Ha HEOOX1THICTh IPUTHIYCHHS
MIPOTEOJTITHYHOT aKTUBHOCTI B TKAHWHAX T'OSPHYFOUYIX
TBapHH.

Uepes 24 rox aktuBHICT En 3HMWKY€ETHCS 1 HAOH-
YKAETHCA IO KOHTPOJIBHOTO PiBHA Y OLTBIIIOCTI 3pa3KiB
TKaHWH, okpiM CM Ta mediHKH, B SKAX BOHA 3aJld-
IIA€THCA MiABUIEHO0. TEHIEHIIs 10 3HIKEHHS aK-
tuBHOCTI Ex Ha mi3HbOMY ertarti BigHoBneHHS micis [T
Moxke Oyt oO0ymoBieHa ii BractuBocTsmu. Lleit dep-
MEHT CIIPUSIE aKTUBALi] peakLiil TiMiTOBAaHOTO IPOTEO-
Ji3a, MiABUIIYE KaTaJiTHYHY CIIPOMOXHICTH 1HIIHMX
MPOTEOMITHYHUX (PepMEHTIB [23]. 3MEeHIIICHHS aKTHB-
HocTi En y OunbiocTi 3pa3kiB TKaHUH HA BUXO1 TBAPUH
31 CruITYKy 4yepe3 24 roj CBIJYUTH NMPO HASIBHICTD
JIOKaJIbHOT'O IPUTHIYEHHS IPOTEOJIITHYHUX ITPOLECIB
ITiCIs X 3HAYHOIT aKTUBAIlll HA pAHHEOMY €Tarli BiJHOB-
neHHs. B 3pa3kax 3 Tkanud CM Ta iediHKH aKTHUBHICTh
En 3amumaerbest miABUINIEHOO, IO CBIMYUTE PO 11
OGN BIUTMB HA ()YHKIIIOHATBHI ITPOIIECH.

AxtuBHicTh MEn mpu riGepramii Takox 3pocraina
MOPIBHSHO 3 KOHTPOJIEM Y 3pa3Kax OibIIOCTI JOC-
JKEHUX TKAHUH, OKPIM JIET€Hb, CEepLs Ta IMEeYiHKH
(puc. 2). 3pocranns aktuBHOCcTi MEN, sik BKazaHO
pasiie, MoB’s;3aHO 3 aKTUBALIi€I0 Makpodaris i Moxe
3a0e3neuyBaTi MiHIMAIbHUHN PiBEHb OKCHAATHBHOTO
ctpecy [14]. [Ipu npoMy BiACYTHICTh 1HIYKOBaHOTO
OKCUIATHBHUM CTPECOM
MOIIKOJKEHHSI TKaHUH

either development or progress of vascular hyper-
tensive changes, vessel constriction [25]. These chan-
ges may be envisaged as a reverse process after vascu-
lar charge decrease, blood flow deceleration 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 pro-
teolytic 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
brain tissue damage may be stipulated by an increase
in stress-protein number. In addition, the MEIl activation
may be assosiared to the manifestation of congenital

MO3Ky MOxe Oytnm oby- ¢ £ 0012
MOBICHA 30INBIICHHSIM 5 © 001 4
KiIBKOCTI cTpec-OinKiB. g ..;_l ’
Kpim Toro, aktupaiis 8-( 2 0,008 1
MEn moxe Gyt nos’siza- = g
Ha 3 IPOABOM IPUPOIKE- & S 006 -
HOro iMyHitery [11]. Ak- o 5
tuBauito MEn B HUpKax -2 = 0,004
MOJKHA BBaKaTH HACIHiJ- g §
KOM MeTalouniuHol fenpe- < 4 0,002 A
cii.
BincyTHicTh 3pocTaH- 0 - KOHTJ‘II:
HS akTuBHOCTI MEXN B Control
3pa3Kax 3 TKaHWH JICTeHb, (n =10)

ceps, nedinku mpu [1I7
MOYKE 00OYMOBJTIOBATH CTili-
KiCTh BKa3aHUX OpPraHiB
10 JIOKJIBHOTO CyANHHOTO
peMojaenoBaHHs, LeH
(aKT BCTAHOBJICHO NIPH
TPpUBAJIOMY KOMOiHOBa-
HOMY BIUIHBI TilepKamnHii
Ta rinokcii [17]. Y maHo-

NMPOBJIEMbI 442

KPMOBMOJIOIUM
T. 19, 2009, N24

'@

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. AxtuBHICTh MeTanoenactasu 3a ymoB I1I" y xom'sikis: [ll — xopa mosKy; [ —
rinoranamyc; [] — M0O3090K; M- CTOB6yp MO3KY; [
H —nupku; g, b, ¢ — cTyniHb BIpOriHOCTI BIIMIHHOCTEI IIOPIBHSHO 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; [ —
hypothalamus; [] — cerebellum; [J] — brain stem; fZ] — lungs; [z] — heart; [ — liver;
H — kidneys; a, b, ¢ 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.

— nereHi; fz] — ceprie; B — mevinka,
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MY BUITJIKY T1ITOKCIIO0 PO3TIISAAAIOTh SIK KOHCTPYKTHB-
HUH QaKTop, JTist IKOTO Ha KITITHHH CIipusie (GOpMyBaHHIO
JIOBTO-TPUBAJIOT aianTaiii 10 nedinuty kucHio [1].
[epiox rimokcii-okcureHarii pU3BOAUTH A0 IHAYKI
AKTUBHUX (POPM KUCHIO, SIKi HE TIIbKU YPasKyIOThb KIIITH-
HHU, aJie i 3aIyCKaloTh KacKaj BHY TPilIHbOKIII THHHUX
nepeOynoB. AKTUBHI (YOpPMH KUCHIO BiTirparoTh pojb
BTOPMHHHUX MECEHJUKEPIB, CTUMYIIOIOTH (HaKTOPH
TPAHCKPHITITIT Ta BiIIOBIHI TSHH, IIIO ITiJICFITIOE CHHTE3
MIPOTEKTOPHUX O1NIKIB, IepexyciM (pepMEeHTIB aHTHPa-
JTUKaTb-HOTO 3axucTy. KpiM TOro, BiACYTHICTH 3MiH
aktuBHOCTI MEN B 3pa3zkax 3 TKaHWH CEpIlsI 32 YMOB
[1I" Bka3ye Ha 3a0e3neueHHs 30epeKeHHs KUTTE3AT-
HOCTI MiOKap/ia y BiITTOBi/Tb Ha MTOTipIIICHHS KOPOHAP-
HOTO KpoBomocTayaHHs [3].

Yepes 2 roa miciast BAXOAY TBapHUH 3 ribepHanii ak-
tuBHICTE MEn y 3pa3kax TKaHUH 3pocTana MopiBHIHO
3 KOHTpoJeM, Haibinbe —y KM ta CM. IlopiBHAHO
31 cranoM [1I" BUsIBIIEHO 3pOCTaHHS IIbOTO MOKA3HHUKA
MIPAKTUYHO Y BCiX 3pa3Kax, oKpiM Mo30uKy. Yepes 24
roxa micis [ Big3HaueHo 3pocTadHs akTUBHOCTI MEN
y 3pa3Kax rirmorajamyca Ta MO304Ka, 3HIKEHHS — B
3pazkax KM, cepiid, a B iHIINX TKAaHWHAX CYTTEBHUX
3MiH He BusBieHO. CiJ] 3a3HAYUTH, 1[0 aKTUBHICTh
MEmn gepe3 24 ron BiZHOBICHHS 3HAYHO TIEPEBHUIILYE
KOHTPOJIBHUH PiBEHB Ta PiBeHb NpH ridepHariii.

3nauna aktuBauis MEn B 3pa3kax TKaHUH MO3KY
Ha etani BiHOBIeHHs micis [ moB’si3aHa, HailiMOBIp-
Hillle, 31 3pOCTaHHSAM IHTEHCUBHOCTI MO3KOBOT'O KPOBO-
toka. Ilpu mocnimxenni CM Ha paHHbOMY erari
BiJTHOBJICHHSI BUSIBJICHI CYTT€BI 3MiHHM akTUBHOCTI MEnN
ta En, aKi MOXyTb OyTH OB’ sI3aHi 31 CTUMYJIIOBAHHSIM
IIPOLIECiB, IO BILTUBAIOTh HA (DYHKIIIT CHMITATHYHHUX 1
rapacUMNaTnyHuX e(epeHTHUX BOJIOKOH HEHpPOHIB
HecTenM(iYHIX HEPBOBUX IIEHTPIB, SIKi KOAYIOTh (PyHK-
1ii ycix cucTeM OpraHi3my.

Axtusariirto MEnN Ha eTari BiTHOBIICHHS MOKHA PO3-
IJISIIATH SIK 3aXMCHAN MEXaHI3M BiJl IIOPYIICHHS cepIie-
BOI TISUTHHOCTI, MOKJTMBOTO 301IBIIICHHS YaCTOTH Cep-
LIEBUX CKOPOYEHBb 32 YMOB aKTUBAIlil MisIbHOCTI
cHcTeM i oprasiB. MOXIIMBE 3HIKSHHS CEPIIEBOI isiiTb-
HOCTi O0OyYMOBJIEHE MOPYIICHHSAM (YHKI[IOHYBaHHS
HUPOK [4].

CyrreBe 3poctanHs aktuBHocTi MEXN Ha Buxozi 3
ribepHarii uepes 24 rog Moxe OyTH OB SI3aHO 3 aK-
TUBAIIEI0 PEaKIii JIIMITOBAHOTO MPOTEOJIi3Y, MiABH-
LICHHSIM KaTaTITHYHOI CIIPOMOXHOCTI MTPOTEOJITHY-
HUX (hepMeHTIB, 0 OOYMOBJICHO (PYHKIIOHAIBEHOO
AKTHUB-HICTIO MO3KY, IMOIIYKOM i1i, aKTHBaIli€l0
PETYISITOPHUX MEXaH13MiB KOHTPOITIO €HEPTETUIHOTO
Oanancy, 0OOMIHHUX IIPOLIECIB, CTUMYITIOBAaHHIM Cep-
LIEBOI TisUTPHOCTI, YCIX CUCTEM OpPTraHi3My MiCIIsl 3UMO-
BOI CIUISTUKH.

VY BcixX AOCHIAKEHUX 3pa3Kax 3 TKaHHH Tribep-
HYIOYMX XOM’SIKiB BUSIBIICHO 3POCTaHHSI aKTHBHOCTI
EEn (puc. 3). Uepes 2 ron BimHoBieHHs micis [T 1i
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immunity [11]. The MEI activation in kidneys may be
considered as the metabolic depression consequence.

No increase in ME] 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. Pos-
sible decrease in cardiac activity is stipulated by disor-
ders 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
functional activity, search for food, activation of regu-
latory mechanisms of the control for energetic balance,
metabolic processes, stimulation of cardiac activity, all
the organism’s systems after hibernation.
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piBEHB Ty’Ke CTPIMKO ijI- 0.1
BHUIIIYBaBCsI Y BCIX TKaHU-
HaX, KpiM cepus.
AxtuBaniro EEn 3a
yMOB ri0epHarii Ta Ha BU-
X0l 3 Hei MOXHa Po3-
IJISIIATH SIK CKJIQIOBY 3MiH
nepebiry eHuporemiisa-
JIe)KHUX TPOIIeciB (TOHYC,
MPOHUKHICTh CyIWH Ta
iamL.) [7]. Enporemniii cy-
IWH BiJirpae BaXXJIUBY 0

0,08

0,06 -

0,04

0,02

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

ad

POJIb Y PETYIAIi JIOKaIb- KoHtpons
HHX TPOIIECIB reMOCTa3sy, %noztg’)'

npomideparii, Mirparii k-
THH KPOBi B CyAWHHY CTiH-
Ky. BaxxnuBoro xapaxre-
PHUCTHKOIO CyAMH € 37ar-
HICTB JI0 3MiH 00’ €My Tif
BIIMBOM KOJIMBAaHHSI THC-
Ky [5]. 3pocTaHHs aKTHB-
Hocti EEN Moxe mpu3Bo-
JUTUA JI0 CTPYKTYPHHX
3MiH CYAWH, 3MCHIIICHHS
eJIaCTUYHOCTI BOJIOKOH,
30aTHOCTI CyHH J10 o1nopy Aedopmartii, migBUILECHHS
X KOPCTKOCTI.

Caiz 3a3HaYUTH BIAMIHHICTB XapaKTepy BKa3aHUX
3MiH akTuBHOCTI EEN mopiBHAHO 3 TaHUMU, OTPIMaHH-
MU TP AOCTIIKEHH] BIUTUBY IITYYHOTO TiITOMeTa0o0-
aigroro crany (III'MC) y mrypiB 3a metogom AH-
mkyca-baxmerneBa-Jxaiis, mpu sskomy Ha (OHI TKa-
HuUHOCTenM(pigHOTO 3pocTanHs akTuBHOCTI Ent Ta MEn
BinOyBasnocs 3umwkeHHs piBHA EEn [9]. ¥V xom‘skiB,
Ha BiAMiHY Bix mypiB, po3surok LLII'MC npu3BoanTsb
JI0 CYTTEBOTO 3pOCTaHHS aKTUBHOCTI HE TibKu En (B
rinoraiamyci, siereHsx), MEn (B rinotanamyci, CM,
cepii), ane it EEn (B Mo3ouky) [8]. BaxxiuBo, 1110 3MiHK
aKTHBHOCTI ejacTta3 B pe3yabrari po3Butky LLIIT'MC
y XOM’SIKiB MalOThb OiJbII BUPaKEHUH TKaHHHO-
cnenuivyHUI XapakTep, HIX Y ITypiB Ta y XOM SKiB 3a
yMoB ridepHartii. Kpim Toro, BicyTHiCTh BUIOBOI CIie-
nuQIIHOCTI e1acTa3 MOXKe CBIAYUTH PO BIIMIHHICTH
nposiBy aktuBHOCTI EETN y Ti0epHaTopiB, 0co6a1BO B
ymoBax III.

3pocranns aktuBHOCTI EEN B 3paskax TkaHwH
MO3KY Ha BXOA1 y cTaH ribepHarii MokHa po3IJIsiaTh
SIK HAaCJIiJIOK 3aITyCKy MEXaHi3MiB aKTHUBaLlii HEPBOBHX
LIEHTPIB, 5K Bi/IIOBI1al0Th 32 IPUTHIYCHHS METa00i3-
My [15]. Lle oOymoBIIeHO TUM, 110 BUBLIbHEHHST EEN
MOYK€ ITPU3BOJIUTH A0 3MiH HUTOCKEIETa €HA0TeiaIb-
HUX KJIITHH MIKpOCYIUH MO3KY, TUC(YHKIIT Oap’epa
,»KPOB-MO30K”’, IKi BHHHKAIOTh B PE3YJbTaTi PO3BUTKY
rinokcii. IIpu rimoxkcii MoXke 3HMKyBaTHCSA €HAO0TEiH-
3aJIe)KHa Ba30periaKcallis, BHACHIJIOK SKOT TOPYITy€ETh-
CA MO3KOBHH KPOBOOOIT, PO3BUBAETHCA XPOHIYHA
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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; [[] — mo304o0k; [T] — cToBOYp MO3Ky; 4 — serewi; [#E — cepue; H —
mevinka; ] — HUpKY; @, b, ¢, d, e, f— CTyIiHb 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; P — 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.

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 efc.) [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 elas-
ticity, 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 EEI
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
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 elas-
tases may testify to the difference in EEI activity
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HEJIOCTATHICTh KPOBOIOCTAYaHHS TOJIOBHOTO MO3KY,
BiI0OyBalOTHCS TIMEPTEH3UBHI Ta arepoCKIEPOTHYHI
3MiHH [6]. 3HIKEHHS €HI0TeNiH3a1e)KHOT Ba3openak-
cauii B iHIIMX TKaHWHAX 32 yMOB ri0epHaii Moxke OyTH
Oe3nocepeIHbO OB SI3aHO 31 3MEHIIEHHSIM aKTHBHOCTI
MeTa0OoIIYHIX MTPOIIECIB.

Hanwmipae 3pocranns akruBHocTi EEn Ha BUxomi
TBapHH 3 ribepHauii yepes 2 rog 00yMoBiIeHO, HalHiMO-
BipHiIlle, aKTUBAIII €10 PETYIATOPHUX MEXaHI3MiB KOHT-
POJIIO EHePreTHYHOTO OaaHcy, OOMIHHUX MPOIIECiB, a
TaKOK CTUMYJTIOBAaHHIM CEPIIEBOI MNiSITBHOCTI. 32 YMOB
IHTEHCHBHOTO BiJTHOBJICHHS KPOBOOOIra Ha IIbOMY €Tarti
aktuBamis EEm moxxe 3a0e3meduyBaTh CTPYKTYpHI
3MIiHH CY/IHH, IO TIOB’sI3aHi 31 3MEHIIICHHSM 1X JKOPCT-
KOCTI, 1 TAKUM YMHOM CIIPUSTH aKTUBAIlii OOMIHHHX
MPOLIECIB B OpraHi3mi 6€3 pO3BUTKY MAaTONOTTYHUX 3MiH.

CyrreBi 3minu aktuBHOCTI EEN B 3paskax neuinku
MOXYTb OyTH MOB’13aHi 3 TUM, 110 TI€YiHKA € OJJHUM 3
OCHOBHHUX ‘‘CIIO’KHMBadiB” KUCHIO Ta J[KEPEJIOM iHTi-
01TOpiB MPOTEOTITUYHUX (PEPMEHTIB, SIKi 3aXHIIAIOThH
11 BiJ] HAIJTUIIIKOBOT aKTUBAITi1 TPOTEIHA3.

3poctannsa aktuBHOCTI EEnM B 3pa3kax 3 TkaHWH
HUPOK MOKe OyTH 00YMOBIIEHO TIOPYIIEHHSIM KPOBO-
[TOCTaYaHHS HUPOK MPH TibepHariii. 3HIKEHHS KPOBO-
MOCTa4YaHHs MMPU3BOJUTH JI0 ICTOTHOTO 3MEHIICHHSI
reMOAMHAMIYHOTO HaBaHTAXCHHA Ha T HIPKOBHUX
apTepiii i BHACHIOK — 10 arpodii LUPKYIIPHOT MyCKy-
JaTypH 1 CTOHIIEHHS cTiHKW cyauH [12]. Lli 3minm
MAalOTh PEaKTUBHO-IIPUCTOCOBHUHN XapakTep 1 cupusi-
10Th OaaHCy MK PO3BUTKOM Ta PiBHEM (YHKLIOHY-
BaHHS LUPKYIAPHOT MYCKyJNaTypH. 3MEHILCHHS
KPOBOIOCTa4aHHs KPOBi 10 HUPOK 3arPOKY€ PO3JIa0M
kiryooukoBoi inerparnii. [Ipu amanTarii 70 HOBOro
reMOJIMHAMIYHOTO CTaHy B THpJiax OIYHUX T1IOK
pEeHATBHUX apTepiil MiIBUIITYETHCS AKTUBHICTH M’ 5I130-
BOeNacTUYHUX c(PiHKTEpiB. OHOUACHO B PpEHATHHOMY
apTepiaabHOMY PYCIi 30UTBITY€THCA KITBKICTh CYIUH,
10 MAIOTh Y BHYTPIIIHIA 00O0JIOHII ITyYKH KPUBO- 1
MTOJTOBKHBLOOPIEHTOBAHUX TIIAJIKOM ’SI30BHX KITITHH, SIK1
MOTPAILISIOTh 3 MeJii yepe3 “BikHA” B eJIacTHYHIN
MeMOpaHi. [logiOHa Mmirparttist € pe3ynpTaToM yHiBep-
CaJIBHOI peakilii CyIMHHOI CTIHKY Ha Jif0 OyIb-IKHX, Y
TOMY YHMCJIi TeMOAMHAMIYHHX, YIIKO/PKYIOUHX, YHHHH-
kiB. AkruBanis EEn Moxe cripuaTv po3BHTKY Takoi
peaxiiii.

Ha Buxogi 3 ribepuaiii yepe3 24 roq aKkTUBHICTb
EEn 3umxyBanace, ane ii piBeHb IIepeBUIILYBaB KOHT-
POJIBHMI MPAaKTHYHO y BCIX 3pa3kax TKaHUH, KPIM
MO30YKY, III0 CBITYUTH MPO HEMOCTATHINA TEPMIH IS
BIJTHOBJIEHHS OpPraHi3my.

Jeski ocobmuBocTi 3MiH akTiBHOCTI En (3aranmpha
AKTHUBHICTH), siki BinminHI Bijf EEn Ta MEn, Bka3ytoTh Ha
CYTTEBMH BIUIMB CEPiHOBOI eylacTa3u Ha 3arajbHy
AKTUBHICTD.

EnacrazoinriditropHa aktuBHicTh O-1-111 32 ymoB
ribepHarlii BiporiIHO 3pocTaia y BCiX JOCHIKEHUX
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manifestation in hibernators, especially under NH
conditions.

An increase in EE] 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 athe-
rosclerotic changes occur [6]. The reduction of endo-
thelium-dependent vasorelaxation in other tissues under
hibernation may be directly related to a decreased acti-
vity 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
“windows” in elastic membrane. The similar migration
is a result of vascular wall universal response to the
effect of any, including hemodynamic, damaging
factors. The EEI activation may contribute to this
response development.
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16 After 24 hrs the reco-
g5 44 very EEl activity reduced,
5 ‘g but its level exceeded the
s ] control practically in all the
S[ 2 1 tissue samples, excepting
@ cerebellum, testifying to an
u g 081 insufficient term for orga-
2 5 08 nism recovery.

E % 04 'Sc?me peculiarities of E1
= c activity changes (general
< W o2 . _ activity), differing from EEI
0 | / and MEI indicate to a
KoHTponb MpupoaHa Yepes 2 ron Uepes 24 rof significant effect of serine
Control ribepHaLlis nicnsa M- nicnsa MC elastase on general activity.

(n =14) Natural In 2 hrs after NH  In 24 hrs after NH RIT
hibernation (n = 5) (n=4) The elastase-inhibitor

(n = 11)

Puc. 4. Enacra3oinribiTopHa akTHBHICTB O-1-iHTi0iTOpY IpoTeinas 3a ymoB [Ty XoM'sKiB:
[l — xopa Mo3Kky; [0 — rimoranamyc; []— M0o3040k; [T] — cToBOYp M0O3Ky; P4 — nerewi; []—
cepre; B — meuwinka; 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 a-1-inhibitor of proteinases under NH in hamsters:
[l — cerebral cortex; [0 — hypothalamus; [] — cerebellum; [[] — brain stem; g —
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.

3pa3kax TKaHWH, KpiM JiereHs (puc. 4). Ha Buxoni 3
[I" uepes 2 rog BoHa 3poctana B KM, 3HmKyBanachk
B M0304Ky Ta CM, B iHIIMX TKaHWHAX JIMIIajach 0e3
3miH. 3poctanug EIA 3a ymos III, Ha BHXOAi 31
CIUITYKH Yepe3 2 roJ1 BKa3ye Ha 3aXHIIEHICTh TKaHUH
1 opraniB BiJ HAJJWIIKOBOi aKTHBHOCTI ejacTas.
Bincytricts 3min EIA B nerensx 3a ymoB ribepHariii
kopentoe 3 akTuBHicTIO Enm Ta MEn, wepes 2 ron
BiTHOBJIEHHS — 3 aKTHBHICTIO Ei1. 3pocTanns y nmedinii
EIA a-1-II1 3a ymoB ribepHauii Ta BiACy THICTb 11 3MiH
Ha Buxofi 3 I1I" uepes 2 rox Bkazye Ha HOTO YaCTKOBY
y4acTh y IPUTHIYEHHI aKTUBHOCTI €J1acTa3, 30KpemMa
EEn, 1 MOKe BUSIBIIATHCS B aKTUBALl €HI0TEIIH3aIeK-
HUX IPOLECIB.

UYepes 24 rox BiporigHi 3MiHU, MOPIBHIHO 3 2 TOJT
BimHoBNeHHs micys [T, y 6ik 3amkenHs EIA 1 nocsr-
HEHHS1 KOHTPOJIBHOTO PiBHS CBIT4aTh PO BUYCPITAHHSI
pesepBiB O-1-1I1. OTpumMani JaHi KOPENIOIOTH 3 pe-
3yJAbTaTaMU 1HITUX JOCIIIHKEHb MIOM0 3aTy9YeHHS
0-1-IIT mo mpUTHIYCHHS HAJIUIIKOBOI aKTHBHOCTI
ejacta3 B OKpeMHux TkaHuWHax 3a ymoB LIII'MC y

utypis [8, 9].

BucHosku

[TpuponHa ribepHaitist y JOpOCINX XOM ‘SKiB-CaMIIiB
MPU3BOAMTS JI0 3pOCTaHHS aKTUBHOCTI enacta3: Ei —
y OUIBIIOCTI TOCHIDKEHUX 3pa3KiB, KpiM ceplls Ta
HUPOK (HaiiO11p1a akTHBHICTS — B CM); MEn — kpim
JIeTeHb, cepirs Ta mevinku; EEm — B ycix qocmimkeHmx
TkaHuHax. [Ipyn npoMy akTHBaris enacrtas 30amaH-
cosana 3poctanHaM EIA a-1-II1 y Bcix 3pa3kax Tka-
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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 a-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 a-1-1P involv-
ing 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; EEl — in all the studied tissues. At the same
time the elastase activation is balanced by the EIA a-
1-1P rise in all the tissue samples, excepting lungs.

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
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HUH, KPiM JIeTeHb.

Panniii mepio/ BiTHOBICHHS OpraHi3My XapakTepu-
3y€ThCs MIABUIICHOIO aKTUBHICTIO enacTta3: En — mo-
piBHsHO 3 ribepHanieio B TkanuHax KM, rimoranamycy
(MakcuManbHa aKTUBHICTB), cepIls Ta Hupok; MEm —
Haif0inpma B TkaHnHax KM ta CM, mopiBHSHO 3
ribepHarriero, Kpim Mo304Ky; EEn —y Bcix TKaHWHAX,
Kpim cepiyd (Haitmenmmii pisens). EIA d-1-1113pocra-
na Hagani B KM, ane 3HmKyBanacs B Mo304ky 1a CM.

[Ti3Hiii eran BigHOBIIeHHS Ticys [1I7 e BiqoOpaxeH-
HSIM BCTaHOBJICHHS! PIBHOBAaru B CHCTEMi eacTras3a —
o-1-IIT. AkruBHicTs En 3HMKYBanach 1 Habnmxkanach
710 KOHTPOJILHOTO PiBHS y O1MbIIOCTI TKaHUH, KpiMm CM
Ta nevinku; pisens MEn 3umwxkyBascs y KM, cepi,
ajie 3poCTaB y TinoTalaMyci Ta MO304KY, IPU I[bOMY
MIEPEBUIILYBAB PiBE€Hb KOHTPOJIIO Ta PIBEHB 32 YMOB Ti-
6epnanii. AktuBHicTs EEN 3HMKYBanach, aje nepeBu-
ITyBaia KOHTPOJIbHI TOKa3HUKH y BCIX TKAHWHAX, KPIM
M0304Ky. EIA 3HmKyBanace mopiBHSHO 3 2 TOJ BiTHOB-
JIEHHS 1 JocATana KOHTPOJIIBHOTO PiBHS.

Asmop 6ucnosnioe 80auHicme cnigpodimHuUKam 8i00iny
Kpiogisionoeii Incmumymy npobrem kpiobionozii i
kpiomeouyunu HAH Yxpainu cm.n.c., k.0.n. B.B. Jlomaxo
ma cm.n.c., K.0.1. O.B.Iuno.
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hibernation, excepting cerebellum; EEl — in all the
tissues, excepting heart (the lowest level). The EIA
0-1-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 — 0-1-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.

The author is grateful to the colleagues of the
Cryophysiology Department of the Institute for Problems
of Cryobiology and Cryomedicine of the National Academy
of Sciences of Ukraine V.V. Lomako, senior research fellow,
candidate of biol. sciences and O.V. Shilo, senior research
fellow, candidate of biol. sciences.

References

1. Gonchar O.0., Man’kovskaya I.M. Adaptation of heart
glutathione system in rats to the effect of acute stress under
the influence of different regimens of hypoxic trainings // Ukr.
Biochim. Zhurnal.— 2007.— Vol. 79, N3.— P. 79-85.

2. Dosenko V.E. Determination of different forms of elastase in
aorta under experimental atherosclerosis // Lab. Diagnostika.—
1998.— N1.— P.24.

3. Kiyak Yu.G., Chigryan G.V. Myocardium hibernation in case
of acute myocardium infarction: clinical and functional
manifestations and ultrastructural changes // Blood Circulation
and Hemostasis.— 2007.- N3.- P.33-38.

4. Kutyrina I.M., Rudenko T.E., Shvetsov M.Yu., Kushnir V.V.
Role of large vessel remodelling in left ventricle hypertrophy
development at a pre-dialysis stage of chronic renal failure //
Terapevt. Arkhiv.— 2008.— N6.— P. 37—41.

5. Martynov A.l., Ostroumova O.D., Sinitsyn V.E. et al. Aorta
distensibility at arterial hypertension // Kardiologiia.— 2001.—
N2.— P. 59-65.

6. Martynov A.l., Shmyrov V.I, Ostroumova O.D. et al. Peculia-
rities of damage of cerebral white substance in adult people
with arterial hypertension // Klinicheskaia Meditsina.— 2000.—
N6.— P. 11-15.

7. Menshutina M.A. Comparative estimation of vessel reactivity
as the form of endothelium dysfunction in patients with
atherosclerosis and chronic renal disease // Nefrologiia.-
2004.— Vol. 8, N3.— P. 56-61.

8. Samokhina L.M. Elastases under conditions of artificial
hypometabolic state // Achievements in Biology and Medicine.-
2009.— N1.— P. 32-36.

9. Samokhina L.M., Lomako V.V., Shilo O.V. Elastases under
artificial hypometabolism in rats // Problems of Cryobiology.—
2008.— Vol. 18, N4.— P. 557-560.

10. Samokhina L.M., Samokhin A.A. Chymase, tonin and elastase
in rats under oxidative stress, caused by cobalt chloride
introduction // Ukr. Biochim. Zhurnal.— 2001.— Vol. 73, N5.—
P. 47-51.

11. Topchiy I.I. Oxidative stress, increase in content of asymmetric
dimethyl arginine and NO-synthase dissociation as factors

PROBLEMS
OF CRYOBIOLOGY
Vol. 19, 2009, N24



10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

CamoxuHa J1.M., CamoxuH A.A. Xvnma3a, TOHUH 1 anacTasa
Yy KPbIC MPW OKUCNUTENbHOM CTpecce, BbI3BAHHOM
BBeAeHMeM xnopuaa kobaneta // YKp. BUOXUM. XYpPH.—
2001.—T. 73, Ne5.— C. 47-51.

Tonyuu U.UN. OkncnuTenbHbIN CTpPecc, NOBbIWEHUE
coAepXXaHus acCUMMMETPUYHOTro AUMETUNapruHuHa u
pa3obuweHHocTb NO-cuHTa3 kak akTopbl pa3BUTUSA
apTepuanbHOW rMNepTeH3nn Npu XpoHUYeckon GomnesHu
noyek // Ykp. TepanesT. XypH.— 2007.— Ne3.— C. 8-14.
lWlopmaHoe U.C., llopmaHos B.C. Mopdonoruyeckune
OCHOBbl paccTporcTBa PYHKLUM MOYKN MPU HapyLleHUn
npuToKa KpoBwu K aToMy opraHy // Hedpponorua.— 2008.—T. 12,
Ne2.— C. 61-65.

Andrews M.T. Advances in molecular biology of hibernation
in mammals // Bioessays.— 2007.— Vol. 29, N5.— P. 431-440.
Carey H.V., Andrews M.T., Martin S.L. Mammalian Hibernation:
Cellular and Molecular Responses to Depressed Metabolism
and Low Temperature // Physiol. Rev.— 2003.— Vol. 83.—
P. 1153-1181.

Chen J., Yuan L., Sun M. et al. Screening of hibernation-
related genes in the brain of Rhinolophus ferrumequinum
during hibernation // Comp. Biochem. Physiol. B.— 2008.—
Vol. 149, N2.— P. 388-393.

Drew K.L., Rice M.E., Kuhn T.B., Smith M.A. Neuroprotective
adaptations in hibernation: therapeutic implications for
ishemia-reperfusion, traumatic brain injury and neurodegene-
rative diseases // Free Rad. Biol. Med.— 2001.— Vol. 31, N5.—
P. 563-573.

Kukacka J., Bibova J., Ruskoaho H., Pelouch V. Protein
remodeling of extracellular matrix in rat myocardium during
four-day hypoxia: the effect of concurrent hypercapnia //
Gen. Physiol. Biophys.— 2007.— Vol. 26, N2.— P. 133-142.
Lohuis T.D., Harlow H.J., Beck T.D. Hibernating black bears
(Ursus americanus) experience skeletal muscle protein
balance during winter anorexia // Comp. Biochem. Physiol.
Biochem. Mol. Biol.— 2007.— Vol. 147, N1.— P. 20-28.
Magarinos A.M., McEwen B.S., Saboureau M., Pevet P. Rapid
and reversible changes in intrahippocampal connectivity
during the course of hibernation in European hamsters //
Proc. Natl. Acad. Sci. USA.—2006.— Vol. 103, N49.— P. 18775—
18780.

Mann D.L. Stress-activated cytokines and the heart: from
adaptation to maladaptation // Annu. Rev. Physiol.— 2003.—
Vol. 65.— P. 81-101.

Monioki K., Morimatsu M., Karjalainen M. et al. Elevated
plasma concentrations of haptoglobin in European brown
bears during hibernation // Comp. Biochem. Physiol. A.— 2005.—
Vol. 142.— P. 472-477.

Ohe C.G., Garner C.C., Darian-Smith C., Heller H.C. Synap-
tic Protein Dynamics in Hibernation // J. Neurosci.— 2007.—
Vol. 27, N1.— P. 84-92.

Shamamian P., Pocock B. J., Schwarts J. D. et al. Neutrophil-
derived serine proteinases enhance membrane type-1 matrix
metalloproteinase-dependent tumor cell invasion // Surgery.—
2000.— Vol. 127, N2.— P. 142-147.

Utz J.C., Velickovska V., Shmereva A., Breukelen F. Temporal
and temperature effects on the maximum rate of rewarming
from hibernation // J. Therm. Biol.— 2007.— Vol. 32, N5.— P. 276—
281.

Yamada E., Hazama F., Kataoka H. et al. Elastase-like enzyme
in the aorta of spontaneously hypertensive rats // Virchows
Arch. B. Cell. Pathol. Incl. Mol. Pathol.— 1983.— Vol. 44, N2.—
P. 241-245.

Ilocmynuna 20.10.2009

NMPOBJIEMbI
KPMOBMOJIOIUM
T. 19, 2009, N4

448

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

of development of arterial hypertension under chronic renal
disease // Urk. Terapevt. Zhurnal.— 2007.— N3.— P. 8-14.
Shormanov I.S., Shormanov V.S. Morphological grounds of
renal function disorder under damaged blood supply to this
organ // Nefrologiia.— 2008.— Vol. 12, N2.— P. 61-65.
Andrews M.T. Advances in molecular biology of hibernation
in mammals // Bioessays.— 2007.— Vol. 29, N5.— P. 431-440.
Carey H.V., Andrews M.T., Martin S.L. Mammalian Hibernation:
Cellular and Molecular Responses to Depressed Metabolism
and Low Temperature // Physiol. Rev.— 2003.— Vol. 83.—
P. 1153-1181.

Chen J., Yuan L., Sun M. et al. Screening of hibernation-
related genes in the brain of Rhinolophus ferrumequinum
during hibernation // Comp. Biochem. Physiol. B.— 2008.—
Vol. 149, N2.— P. 388-393.

Drew K.L., Rice M.E., Kuhn T.B., Smith M.A. Neuroprotective
adaptations in hibernation: therapeutic implications for
ishemia-reperfusion, traumatic brain injury and neurodegene-
rative diseases // Free Rad. Biol. Med.— 2001.— Vol. 31, N5.—
P. 563-573.

Kukacka J., Bibova J., Ruskoaho H., Pelouch V. Protein
remodeling of extracellular matrix in rat myocardium during
four-day hypoxia: the effect of concurrent hypercapnia //
Gen. Physiol. Biophys.— 2007.— Vol. 26, N2.— P. 133-142.
Lohuis T.D., Harlow H.J., Beck T.D. Hibernating black bears
(Ursus americanus) experience skeletal muscle protein
balance during winter anorexia // Comp. Biochem. Physiol.
Biochem. Mol. Biol.— 2007.— Vol. 147, N1.— P. 20-28.
Magarinos A.M., McEwen B.S., Saboureau M., Pevet P. Rapid
and reversible changes in intrahippocampal connectivity
during the course of hibernation in European hamsters //
Proc. Natl. Acad. Sci. USA.—2006.— Vol. 103, N49.— P. 18775—
18780.

Mann D.L. Stress-activated cytokines and the heart: from
adaptation to maladaptation // Annu. Rev. Physiol.— 2003.—
Vol. 65.— P. 81-101.

Monioki K., Morimatsu M., Karjalainen M. et al. Elevated
plasma concentrations of haptoglobin in European brown
bears during hibernation // Comp. Biochem. Physiol. A.— 2005.—
Vol. 142.— P. 472-477.

Ohe C.G., Garner C.C., Darian-Smith C., Heller H.C. Synap-
tic Protein Dynamics in Hibernation // J. Neurosci.— 2007.—
Vol. 27, N1.— P. 84-92.

Shamamian P., Pocock B. J., Schwarts J. D. et al. Neutrophil-
derived serine proteinases enhance membrane type-1 matrix
metalloproteinase-dependent tumor cell invasion // Surgery.—
2000.— Vol. 127, N2.— P. 142-147.

Utz J.C., Velickovska V., Shmereva A., Breukelen F. Temporal
and temperature effects on the maximum rate of rewarming
from hibernation // J. Therm. Biol.— 2007.— Vol. 32, N5.— P. 276—
281.

Yamada E., Hazama F., Kataoka H. et al. Elastase-like enzyme
in the aorta of spontaneously hypertensive rats // Virchows
Arch. B. Cell. Pathol. Incl. Mol. Pathol.— 1983.— Vol. 44, N2.—
P. 241-245.

Accepted in 20.10.2009

PROBLEMS
OF CRYOBIOLOGY
Vol. 19, 2009, N24



