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Influence of Hypotermia on Intensity of Oxidative Modification of
Ground Squirrels’ Blood Plasma Proteins

VccnenoBany BIUsIHEE UCKYCCTBEHHOM THIIOTEPMUH Pa3HOi ITyONHBI HA HHTEHCHBHOCTh OKUCIUTENBHON MOTU(UKAIIMK OEIKOB
IUIa3MBbI 1 aKTUBHOCTb AaHTHOKUCIIUTEIBHON CHCTEMbI KPOBH CYCIIMKOB B aKTUBHBIH JieTHUi nepuo. [lokazano, uto runorepmus mnpu 20
1 10°C no-pa3HoMy BIIUSIET HA MHTEHCUBHOCTD OKHUCIIUTEIbHON MOAN(HKAIMK OCIIKOB M1a3Mbl. [Ipy rHIIOTEpMUH, HE3aBUCUMO OT €€
[1yOUHBIL, BBISIBIICHO MOBBIIICHUE YCTOHYMBOCTH OEJIKOB IIa3Mbl KPOBH K OKCHAAHTaM. [Ipy HU3KUX TeMIeparypax Tejia 00HapyKeHO
CYLIECTBEHHOE MOBBIILICHUE aKTUBHOCTH T'HAPOPHUIBHBIX aHTHOKCH/IAHTOB B IIJIa3Me KPOBH, YTO MOXKET UIPaTh BAYKHYIO POJIb B 3AIL[UTE
OCJIKOB OT OKHCJIUTEILHOTO MOBPEKICHNSI.

Kniouesuvie cnosa: 6enxu niaa3Mbl KpOBU, OKUCIUTENbHAS MO (HKALIMS, aHTHOKUCIUTENbHAS aKTUBHOCTh, KPOBb, CYCIIUKH.

JocnimpKyBany BIUIMB IITYYHOI TimoTepMii pi3HOT IIMOWHM Ha iHTEHCHBHICTh OKHCIIOBaJIbHOI Moaudikauii OUIKIiB Ia3mMu Ta
aKTHBHICTh aHTHOKHCIIOBAJIBHOI CHCTEMH KPOBi XOBpAIIKiB B aKTHBHUIL JiTHIN nepiof. [Toka3ano, mo rimorepmis npu 20 i 10°C no-
pi3HOMY BIUIMBAE HA IHTEHCHBHICTh OKHCITIOBAIbHOT MoAMdiKaii 6ikiB ma3mu. [Ipu rinotepmii, He3asaexHo Bij ii NTMOHHU, BUSIBICHO
HiIBUILEHHS CTIHKOCTI O1NIKIB II1a3MH KPOBi 10 oKcHAaHTiB. [Ipy HU3BKKUX TeMIepaTypax BUSBICHO iCTOTHE MiBUILICHHS aKTUBHOCTI
riIpo¢iNbHUX aHTHOKCHIAHTIB B IIa3Mi KPOBi, 0 MOJXE BiJirpaBaTh Ba)JIUBY POJb Y 3aXHUCTi OIJKiB BiJl OKHCIIOBAIBHOTO
HOIIKOKCHHSI.

Kniouosi cnosa: 6inxu niaa3Mu KpoBi, OKUCITIOBaIbHA MO (iKaLisl, AHTHOKHCIIIOBAIbHA aKTUBHICTh, KPOB, XOBPALIKH.

The effect of artificial hypothermia of various depths on intensity of oxidative modification of plasma proteins and activity of
antioxidant system of ground squirrel blood during active summer time were studied. It has been shown that hypothermia at 20 and
10°C differently affects the intensity of oxidative modification of plasma proteins. Under hypothermia independently of its depth the
increase of protein resistance of blood plasma to oxidants has been revealed. At low temperatures of body the significant increase of
hydrophil antioxidants’ activity in blood plasma is found that may play an important role in protection of proteins from oxidative

damage.

Key-words: proteins of blood plasma, oxidative modification, antioxidative activity, blood, ground squirrels.

CrpeccopHbIe 1 3KCTPEMaTbHBIE COCTOSIHHSA Y MITe-
KOTIMTAIOIINX CTUMYJIMPYIOT 00pa30BaHUE aKTUBHBIX
¢dhopm xucnopona (ADK) B TkaHIX, 9TO TPUBOAUT K
OKHCIUTEFHOMY TIOBPEXXICHHIO KIETOK, TIEPEKUCHO-
MY OKHCJICHUIO JIMTTH]I0B, OKUCIUTEIbHON Mo qr(rKa-
Uuu OENKOB M APYTUX Makpomoiekyn [6]. benkw,
BCJIEACTBHE 0COOEHHOCTEH UX CTPYKTYPbI 1 pa3HO00-
pas3us aMHHOKHUCIIOTHBIX PAAUKAIOB, 0COOCHHO YyBCT-
BHUTEJBHBI K NOBpexaatoemy aeictauo ADK [4].

3uMHSS crisTuKa (THOepHaLus ) — 3TO 3aKpeTyIeHHAs!
B XOJI€ 9BOJIIOLIMH YHUKAIBHAs! CIOCOOHOCTh K MUHUMH-
3aIH KU3HEHHBIX (DYHKIINI OpraHu3Ma, TI03BOJISIOIIA
pPANYy BHUIOB MIJIEKOTIMTAIOIINX B TE€YEHHE MHOTHX
MeCAILIEeB MEPEKUBATH X001, 06 CKOPMUILY, COKpaIIe-
HUE CBETJIOTO Meproaa cyTok [7]. BaxkHbIM acieKTOM
CIISTYKH MEJIKUX TPBI3YHOB SIBIISIETCS €€ MPEPBIBUC-
TOCTh. CHsiYKa MENKHX TPBI3yHOB, HAIIPHUMED CyC-
JIMKOB, COCTOHUT U3 0ayTOB (TOPIHIHOE COCTOSHHE),
KOTOPBIE MOTYT JJIUTHCS OT HECKOJIBKHX JHEH 110 IBYX
Henens [13]. [lonaraiot, 4TO B CBSI3U C PE3KUM U3MeE-
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Stress and extreme states in mammals stimulate
the formation of reactive oxygen species (ROS) in tis-
sues which result in oxidative damage of cells, lipid
peroxidation, oxidative modification of proteins and
other macromolecules [6]. Proteins due to peculiarities
of their structure and variety of aminoacid radicals, are
especially sensitive to damaging action of ROS [4].

Hibernation is a fixed during evolution unique ability
to minimize living functions of an organism, enabling
variety of mammalian species to survive against cold,
lack of fodder and reduction of day light time during
many months [7]. The important aspect of small
rodents’ hibernation is its discontinuity. Hibernation of
small rodents, for example ground squirrel, consists of
bauts (torpid state), which may last from several days
up to two weeks. There is a suggestion that due to a
sharp change of perfusion rate the hibernators’ tissues
are exposed to arisk of ischemic damage and oxidative
stress during entering and leaving the torpid state [15].
During entering into a torpid state the heart rate and

Dagestan State University, Makhachkala, Russia

* To whom correspondence should be addressed: 43a, Gadgiyev
str., Makhachkala, Republic of Dagestan, Russian Federation,
367027; tel.: +7 88722 67 5915; e-mail: klich-khan@mail.ru

PROBLEMS
OF CRYOBIOLOGY
Vol. 19, 2009, N23



HEHHUEM CKOpPOCTH nepdy3un TKaHU THOEPHATOPOB
MOABEPTralOTCS PUCKY UIIEMUYECKOTO MOBPEKACHUS
¥ OKUCJIMTEIIEHOTO CTPECcca MPU BXOJAE U BBIXOJE U3
TopnuaHoro coctostau [ 15]. [Ipu BXxozne B ToprnnaHoe
COCTOSIHME YacCTOTa CEPACUHBIX COKpaIleHUil u cep-
JICYHBIA BBEIOPOC MAgaroT 10 TOTO, KaK 3HAYHTEIHHO
CHU3UTCS TEMITepaTypa Teiia. IT0 IPUBOIUT K CHIKE-
HUO nepdy3uH TKaHEH B TeX 00JacTsIX, I CKOPOCTH
OMOXMMUYECKHUX MTPOIECCOB OCTAOTCS HAa 3y TEPMHOM
ypoBHe. CIOCOOHOCTH TEPEHOCUTH PE3KHUE TIEpeTabl
SHEPTeTUYECKOTO 0OMEHA 1 HHTCHCHBHOCTH CBOOO/I-
HOpaguKanbHBIX TporieccoB (CPII) B tuHamuke 31M-
HEW CIISTYKU SABIISAETCS OJHHUM U3 INIABHBIX 3JIEMEHTORB
3UMHEN CcIsukM Kak agantauuu [14]. Bmecte ¢ Tem
HEW3BECTHO, aJalITHPOBAHEI JIK THOECPHATOPHI K MU3Me-
HEHHWIO WHTCHCHUBHOCTH METa0OoJM3Ma BHE IEPHOJa
3UMHEH CIISTYKH.

Lenb paboThI — UCCITeA0BATH COAEPIKAHUE OKHUCITH-
TEIBHO-MOIU(PHUIIMPOBAHHBIX OCJIIKOB U aKTHBHOCTH
AHTUOKUCITUTEIIFHOW CUCTEMBI KPOBH CYCIIMKOB TIPH
WCKYCCTBEHHOU TUTIOTEPMUY PA3IIMYHOM ITyOUHEI B ITe-
pHOI UX JIeTHETO OOPCTBOBAHHS.

Matepmnanbl 1 meToAbI

HccnenoBanus mpoBOAMIN HA MajbIX CyCIHUKax
Spermophilus pygmaeus Pall. ¢ maccoit tena 250—
300 r. /1o OTIBITOB KHBOTHBIE HAXOIUIHCH B YCIIOBHAX
BHBapUsA HA CTaHJIAPTHOM IHUIIEBOM pannoHe. s
W3YUYEHUS BIASHUS THITOTEPMUH CYCITUKOB MTOABEPTaIn
OXJIXKICHUIO B CIICIIMANILHBIX XOJIOOBBIX KaMepax, B
pyOamkax KOTOPBIX HUPKYIMPOBAIa XOJOTHAS BOAA
(3—4°C). Temnieparypy Telia CyCIMKOB CHUXKAJIU PaB-
HOMEpPHO, TaK 4To 3a 55—60 MuH oHa nocturana 20°C,
a3a 90—100 mun — 10°C. Kontposnem ciyxunu 6oap-
CTBYIOII[ME JIETOM KHBOTHBIE.

CreneHb OKUCIMTEIBHOW MOAM(UKAIIMN OCIKOB
(OMB) nua3Mbl KpOBH ONPEAEISUIA MO KOJTUYECTBY
KapOOHIIBHBIX TPYII, PEArupyIOMIHX C 2,4- THHUTPO-
(enmnruapazunoM [19]. [lpu 3ToM onpeaemnsmi ucxoa-
HBI YPOBEHb KapOOHHJIBHBIX TPYIII, a TaKXKe HX
HaKOIUICHUE B MOJICJIbHOM cUCTEME B TeueHue 15 MuH
npu 37°C B npucyrcrBun 10° M Fe?’, 10° M D/ITA u
3x10* M H,0,. Coaep:xanne KapOOHHIBHBIX TPYTITI,
M3MEPEHHOE IIPH JUTHHE BOJIHEI 370 HM, paCCUNTHIBAITN
C MCIOJTb30BaHKEM K03(h(huIeHTa MOJISPHOM SKCTHHK-
uu (22000 nBAdm! moast anudaTudeckux THHUAT-
POGESHUITHIPA3UHOB) M BRIPAXKaIH B HMOJISAX Ha 1 Mr
oenka [19]. KonmuecTBeHHOE cojepkanme Oelka B
IJa3Me KPOBHU ONpPENesiIn OMYypPETOBBIM METOIOM
[11]. AktuBHOCTH cynepokcuamucmyTtazsl (COJ) u
KaTanasbl ompenensiu B remonn3atax. OO0 aKTHB-
noctr CO/] cyauim o ee ciocOOHOCTH HHTHOMPOBATh
MIPOLIECC BOCCTAHOBJIEHUS TETPA30IUEBOTO HUTPOCH-
Hero 1 peHa3nHMEeTOCYNb(hara B YCIOBUSIX TeHEPalun
CYNEPOKCHIHOTO aHMOH-paaukana [3]. AKTHBHOCTB
KaTaja3bl OMPEIEIISIIN 10 CKOPOCTH YOBIITH IEPEKUCH
BOJIOPO/IA B CPEJIe MHKYOAITUH, KOHIIEHTPAIIHIO TIEPEKH-
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cardiac output go down before the body temperature
is significantly reduced. This results in decrease of
tissue perfusion in those areas, where the rates of
biochemical processes remain at eutermic level. Ability
to undergo sharp differences of energy exchange and
intensity of free radical processes (FRP) in hibernation
dynamics is one of its main adaptation elements [14].
At the same time it is unknown if the hibernators are
adapted to metabolism intensity change beyond hiber-
nation period.

The research aim was to study the content of oxida-
tive-modified proteins and activity of antioxidative sys-
tem of ground squirrel blood under artificial hypothermia
of various depths during their summer active period.

Materials and methods

The researches were carried out in small ground
squirrels Spermophilus pygmaeus Pall.of 250-300 g.
Prior to experiments the animals were under vivarium
conditions on a standard diet. For studying the effect
of hypothermia the ground squirrels were exposed to
cooling in special cold chambers, in the jackets of which
cold water circulated (3—4°C). Temperature of ground
squirrel’s body was decreased evenly with reaching
20°C for 55-60 min, and 10°C for 90—100 min. Summer
active animals considered as the control.

Rate of protein oxidative modification (POM) of
blood plasma was determined by the content of carbo-
nyl groups, reacting with dinitrophenyl hydrazine [19].
Herewith the initial level of carbonyl groups and their
accumulation in model system for 15 min at 37°C at
the presence of 107 M Fe?*, 10° M EDTA and 3x10*M
H,O, were determined. The content of carbonyl groups
was measured at 370 nm wave length using coefficient
of molar extinction (22.000 IV [dm™' for aliphatic di-
nitrophenyl hydrazine) and expressed in nM per 1 mg
of protein [19]. Quantitative content of protein in blood
plasma was determined by biuret method [11]. Activity
of superoxide dismutase (SOD) and catalase was de-
termined in hemolysates. SOD activity was estimated
by its ability to inhibit the reduction process of tetrazo-
lium nitroblue and phenazine methosulfate under
conditions of superoxide anion radical generation [3].
Catalase activity was determined by the rate of decrea-
se of hydrogen peroxide content in incubation medium,
concentration of hydrogen peroxide was assayed in
the reaction with ammonium molybdate [8]. The
content of hemoglobin was determined by ammonium
method [9]. Antioxidative activity of hydrophilic
components was estimated by oxidation kinetics of
reduced form of 2,6-dichlorphenol indophenol by
oxygen [10]. Sta-tistical processing of the results were
carried out with Statistica software program.

Results and discussion
As Table 1 shows under hypothermia only the
insignificant decrease of protein content in blood plasma
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CH BOJIOPO/Ia — 110 PEAKIINH C MOJINOIaTOM aMMOHUS
[8]. Conmeprkanne reMoTI001MHA OTIPE eI aMMHUaY-
HBIM MeTogoM [9]. OO aHTHOKHCIMTEIbHONH aKTHB-
HOCTH TUAPOPHUIBHBIX KOMIIOHEHTOB CYIUIIU 110 KUHE-
THUKE OKHCIICHHS BOCCTaHOBJIEHHOH (opMmbI 2,6-1u-
xnopdeHonmuHaopeHona kucnopoaom [ 10]. Cratuctu-
YeCcKyr0 00pa0dOTKy pe3yJIbTaToB POBOIAMIH C HCIIONb-
30BaHHEM IporpaMmsl Statistica.

Pe3yAbTaTbl M 00CYyXaeHHne

Kaxk Bunno u3 Tabxa. 1, mpu runorepmun HabI0-
JaeTcsl UMb TEHACHIUS K CHIDKEHUIO CONEP)KaHUs
6enkoB B r1a3Me KpoBH. CHIDKEHHE YPOBHS TUTa3MEH-
HBIX O€JIKOB MOXKET OBITH CBSI3aHO C BBIXOJOM YacTH
MEJKOJHMCIIEPCHBIX OENKOB M3 COCYANUCTOro pycia u/
WM C MHTEHCU(HUKALUEH MPOLIECCOB OKUCIUTENbHOM
MOIM(UKALNHU TUIA3MEHHBIX OCJTKOB M X 3aXBaTOM
KJIETKaMHU PETUKYJIO3HIOTEINAIBHON CUCTEMBI.

Amnanus ogHoro u3 mapkepos OMB [15]: cogepixa-
HUS KapOOHMJIBHBIX IPYII — OKa3aJl, YTO NP THIIOTep-
mun 20°C 3TOT mokaszaTellb B IUIa3MEHHBIX OelKax
cHmxkaeTcs Ha 17% 1o oTHOIIEHUIO K KOHTpoIto. O1-
HaKO MPH JaJbHENUIIeM CHIYKEHUH TEMIIEPaTyPhI Tela
(10°C) obHapy»eHO MOBBILICHHE CoIepKaHMsI KapOo-
HWIBHBIX TPy B Oesikax Ha 26,8%. UeMm ke 00ycioB-
neHa naTeHcuuKanys npouecco OMBb npu nrybokoit
TUITOTEPMUH?

MO’KHO MPENIONIOKHUTh, YTO HOBBIIIEHHE COLEP-
KaHUS OKHCIUTENFHO-MOIU(HUINPOBAHHBIX OEJIKOB B
IJ1a3Me oTpakaeT nosbliieHne ypoBHs ADPK B kpoBH.
A®K MoryT noctymnars B Ij1a3My U3 TKaHEH, MUTOXOH/I-
pUH PHIOTENUANBHBIX KIETOK, a TaK)XXe B Ipoliecce
¢ynxumonnposanusi CO/l sputpouuToB u miasmsl [17].
HenaBHO Ha apTepusiX XBOCTa MBILLIEH YCTAHOBIICHO,
9TO yMEpPEHHOE X0J0/0Boe Bo3zaciicTue (28°C), B
otan4ue ot ycnoBuii 37°C, IpuBOANT K YBEITHUECHUIO
obpazoBannst ADK B MUTOXOHAPHUSAX TIIaAKOMBIIICY-
HBIX KieTok [12]. O6pasyromuecs npu stom ADK
CIIOCOOCTBYIOT Ba30KOHCTPUKIUHU cocynoB. [Ipu rimy-
OOKOH TMIIOTEPMHH BPSIA JIU CIIEAy€eT OXKHUIATh yBEIIH-
yeHust oopazoBanuss ADK MHTOXOHAPUAMU TIIaJIKO-
MBIIIEYHBIX KJIETOK, MOCKOJIBKY IPH 3TOM, C OZHON
CTOPOHBI, PE3KO CHUIKACTCSI TOTpeOIICHIE KUCIOpOoa,
C Ipyro¥ — MPOMCXOAUT CIBUT KPUBOM TUCCOLMALIUN
OKCHT'eMOTJIOOMHA BJIEBO [26], UTO 3aTPYAHSET OTAA4Y
KHCIIOPO/ia TKAHSM.

Bo3moxHO, pu TiIyOOKOW THIOTEPMUN OKHCIIH-
TEIbHO-MOIUPUIIMPOBAHHbIE OCTKH MOCTYNAIOT B
1a3My KpPOBH U3 TKaHEeH. DTO MPearonoKeHue moaT-
BEPIKIAIOT Pe3yJbTaThl HCCIEIOBAHNUSA OKACISIEMOCTH
IJIa3MEHHBIX OCJIKOB B YCJIOBHAX N Vitro TIpH TeHe-
pauuu ADK cpenoit denrona. Kak okazanocsh, npu
TUIOTEPMUH Pa3HOH TyOMHBI HHAYKLHS IPOLIECCOB
OMbDb BHecenueM B cpely HHKYOAIi HOHOB JKeJie3a
1 IEPOKCHA BOAOPO1a IPUBOJUT K CHUYKEHUIO COAEP-
YKaHUsI B HUX KapOOHWIBHBIX TPy B cpeaHeM Ha 17%
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is observed. Decrease of plasma protein level may be
associated with partial release of low-molecular-weight
proteins from bloodstream and/or with intensification
of oxidative modification processes of plasma proteins
and their capture by the cells of reticuloendothelial sys-
tem.

Analysis of one of POM markers, the carbonyl
groups’ content, showed that under hypothermia of
20°C this index measured in plasma proteins decreased
down to 17% comparing to the control [15]. However
during further decrease of body temperature (10°C)
the increase of carbonyl group content in proteins up
t0 26.8% is observed. What the intensification of POM
processes under deep hypothermia is stipulated with?

One may suggest that increase of oxidative-modi-
fied proteins in plasma shows the increase of ROS
level in blood. ROS may enter into plasma from tissues,
mitochondria of endothelial cells and during SOD
functioning in erythrocytes and plasma [17]. Recently
it was established that in the mice caudal arteries the
moderate cold effect (28°C) in contrast to normal
temperature of 37°C leads to the increase of ROS
formation in mitochondria of smooth muscle cells [12].
ROS forming thereby contributes to vasoconstriction
of vessels. Under deep hypothermia the intesification
of ROS formation in mitochondria of smooth muscle
cell is hardly expected, because on the one hand the
oxygen consumption sharply reduces, and on another
there is a left shift of oxyhemoglobin dissociation curve
[26], reflecting the decrease in oxygen output to tissues.

Perhaps, under deep hypothermia the oxidative-
modified proteins enter into blood plasma from tissues.
The results of in vitro investigation of plasma proteins
oxidation during ROS generation with Fenton’s medium
confirm this suggestion. Under different hypothermia
depth the POM processes induction with introduction
ofiron ion and hydrogen peroxide ion into incubation
medium was shown to result in decreasing of carbonyl
groups’ content by 17% comparing to the control
(Table 1). These results testify to an increase of protein
resistance of ground squirrels’ blood plasma to oxidants
under decrease of body temperature.

It should be noted that low inducibility of POM
processes of blood plasma has been observed by us in
ground squirrels both under deep hibernation and during
induced arousal of animals [5]. Thus, independently of
season the decrease of ground squirrel body tempera-
ture is accompanied by an increase of blood plasma
protein resistance to oxidants.

It has been established that metal-catalyzed oxida-
tion of proteins is a site-specific process, involving
H,O, and Fe** in the area of metal-binding surface of
protein [23]. Iron ions are linked to metal-binding
surface of protein. Fe* - protein complex reacts with
H,O, and generates in situ OH’ radical, inducing
oxidative modification of aminoacid residue in the area
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OTHOCHUTENFHO KOHTpOJs (Tabm. 1). DT pe3ynbraTsl
CBUETEIHCTBYIOT O IOBBIIIIEHUH YCTOWYHBOCTH Oell-
KOB IJIa3Mbl KPOBU CYCIMKOB K OKCHAAHTaM IMpHU
CHIDKEHUHU TEMIIEpaTyphl Tena.

Crenyer OTMETHTH, YTO HU3Kasi HHAYLHOETbHOCTD
nponeccos OMB mna3msl kpoBr 0OHapykKeHa HAMH Y
CYCJIMKOB U NPH ITyOOKOH 3UMHEH CIISIUKE, U B XOAE
WHIYIUPOBAHHOTO IPOOYKIeHHUS KUBOTHBIX [S]. Ta-
KHM 00pa3oM, BHE 3aBUCHMOCTH OT CE30HA rojia Ipu
CHIDKEHUH TEMIIEPATYPHI TeJa CYCINKOB IPOUCXOIUT
MOBBIIIIEHNE YCTOWYHUBOCTH OEJIKOB IUTa3Mbl KPOBH K
OKCHJAHTAM.

YcTaHOBIIEHO, YTO METAII-KaTAIH3UPYEMOE OKHC-
nieHne OeIKOB — 3TO CalT-crienu(pUIeCcKuii mpouecc, B
KoTophIit BoBnekaorcs H O, u Fe*” B obnactu me-
TaJUICBS3bIBaIONIEH MoBepxHOCTH Oenka [23]. Monsl
xene3a QUKCUPYIOTCS Ha METaJICBA3bIBAIOIIEH
noBepxHocTu Oenka. Komruteke Fe*'-6enok pearupyer
¢ H,O, u renepupyert in situ paaukan OH’, xotopslii
BBI3BIBAET OKHCIIUTEIbHYO0 MOAU(UKALINIO aMUHOKHC-
JIOTHOT'O OCTaTKa B 00JAaCTH METaJICBA3bIBAIOIIETO
ydacTka 0enka. ITO MPUBOJIUT K Je3aMUHUPOBAHHUIO
OTIENbHBIX AMHHOKHCIIOTHBIX OCTaTKOB, MpeBpalie-
HUIO UX B KapOOHMIIIIPOM3BOAHBIE, MTOTEpe OEITKOM
(hyHKIIMOHATBHOM aKTUBHOCTH U YBEITUYEHHUIO YyBCT-
BUTEJILHOCTH K IPOTEOJIUTUUECKOM ierpaaanuu. Kap-
OOHMJIBHBIE POU3BOIHBIE 00PA3yIOTCS B pe3ysbTare
MeTaJI-KaTAIU3UPYyEMOTr0 OKHCIEHUS TPOJINHOBBIX,
ApPTUHUHOBBIX, TU3NHOBBIX, THCTUANHOBBIX OCTaTKOB
aMUHOKHCIOT [19]. ApomaTHueckre aMUHOKHUCIIOTHI
peXe BXOAAT B COCTAB METAJIICBSI3BIBAIOIIEH TOBEPX-
HOCTHU OEJIKOB, TI03TOMY OHHM MEHbILIE TI0ABEPratoTCs
BO3JICHCTBUIO METAJUI-KaTaIU3UPyEMOIO0 OKUCIICHUS
[24]. Orciona ciemyeT, 9TO B XO/I€ CHUKCHHUS TEM-
mepaTyphl Teja CyCIMKOB MEHSETCS Ju0Oo CHeKTp,
00 CTPYKTypa NPUCYTCTBYIONIUX B ITa3Me OCIKOB,

of metal-binding site of protein. This results in deami-
nation of several aminoacid residues, their transforma-
tion in carbonyl derivatives, loss of protein functional
activity and increase of sensitivity to proteolytic degra-
dation. Carbonyl derivatives are formed in reaction of
metal-catalyzed oxidation of proline, arginine, lysine
and hystidine residues of aminoacids [19]. Aromatic
aminoacids are seldom included as a compound of me-
tal-binding surface of proteins, therefore they are less
affected by metal-catalyzed oxidation [24]. Therefore
during decrease of ground squirrel body temperature
either spectrum, or structure of plasma proteins are
changed, that results in loss of binding sites for Fe*"
and EDTA-Fe** complex, used for ROS generation.

FRP intensity is known to depend both on rate of
ROS generation, and on activity of antioxidative system,
involved of enzymatic and non-enzymatic components
[25].

The results of study of various links of blood antioxi-
dant protection were shown in Table 2. It was shown
that independing on hypothermia depth the antioxidative
activity of plasma, provided by hydrophilic antioxidants
increased up to 131% comparing to the control. During
hibernation in ground squirrel tissues the content of
low-molecular antioxidants is also increased [16,21].
Herewith in ground squirrel blood plasma the content
of ascorbic acid is significantly increased (in 2—4 times),
that on authors’ opinion provides protection for cells
of endothelium, surrounding tissues and blood from
oxidants (O,", OH’), formed in endothelial cells during
arousal and further sleep of animal [16]. Probably,
under hypothermia an antioxidative protection is also
connected with increasing of ascorbate content in blood
plasma.

Among high-molecular-weight antioxidants the
leading place in preserving of antioxidant status of

Taonuua 1. Conepskanne 6enka 1 KapOOHIIBHBIX TPYIII B O€JIKaX I1a3Mbl KPOBH
CyCIMKOB Ipu runotrepmun (M £ m, n =4-5)
Table 1. Content of protein and carbonyl groups in proteins of ground squirrels’ blood plasma
under hypothermia (M + m, n =4-5)

McxopHBIN ypOBEeHBb KapOOHUABHBIX TTpupocT KapGOHUABHBIX IPYIII BOEAKAX 3a
CocrostHUEe JKUBOTHOTO Benoxk, r/a rpyni B 6eAKaxX, HMOAL/MT GeAKa 15 mun BpucyTcrsuu Fe **-H,0,
Animal state Protein, g/1 Initial level of carbonyl group in Formation of carbonyl groups in proteins for
proteins, nmol/mg of protein 15 min at the presence of Fe **-H,0,
KonTpoar 97,5 = 3,0 2,76 = 0,19 488 =15
Control
40,4 = 2,0
T'unorepmust 20°C ' '
20°C hypothermia 937 £33 2,29+ 0,12 p<0,02
T'unorepmus 10°C 024+ 97 3,50 = 0,22 40,8 = 3,0
10°C hypothermia R p<0,05 p<0,02

IIpumeuyanue: p — pa3inuus JOCTOBEPHHI 10 OTHOIIEHUIO K KOHTPOJIIO.

Notes: p — differences are significant in respect to the control.
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B pe3yJbTare 4ero yMEHbIIAETCs
KOJIMYECTBO MECT CBA3BIBAHUS IS
Fe?* u xommuekca DJ[TA-Fe*', uc-
MOJIB3YEMBIX JJISi TEHEPUPOBAHUS
ADK.

Tabéauna 2. AKTHBHOCTH KOMIIOHEHTOB aHTHOKCUIAHTHOM 3aI[ATEI
SPUTPOLUTOB U IUTa3MBI KPOBH CYCIUKOB ITPH UCKYCCTBCHHOM

runotepMud (M = m, n=6)

Table 2. Activity of components of antioxidant protection
of erythrocytes and ground squirrels’ blood plasma under artificial

hypothermia (M + m, n=6)

Kak m3BeCTHO, NHTEHCUBHOCTD
CPII 3aBHCHUT HE TOIBKO OT CKO-
poctu renepanuu ADK, Ho 1 akTUB-

HOCTH aHTHOKHUCIUTEIIHLHON CHUCTE-
MBI, TIPEACTaBICHHON (epMeHTa-
TUBHBIM U He()EPMEHTATHBHBIM

3BEHbAMHU [25].
Pesynbrarel uccnenoBanus pas-
JINYHBIX 3BEHBEB aHTUOKCUIAHTHOM

3aIUTHI KPOBH MPUBE/ICHBI B TA0I. 2.

- AOA rupApOpUABHBIX Karanasza, MKMOAB
iz}c;o?g:)?g KOMIIOHEHTOB, % - Sp?ﬁ'r Hb H,O,/mr Hb/Mun
. AOA of hydrophil Jen. Catalase, pmol H,O,/
Animal state o SOD, u/mg Hb L2
components, % mg Hb/min
Konrpoas 13,00 % 0,70 2,58 = 0,064 37,34 = 0,24
Control
T'mnorepmus 20°C 30,03 = 0,80 3,08 = 0,042 34,94 = 0,47
20°C hypothermia p<0,01 p<0,05 p<0,05
Tunorepmus 10°C 30,06 = 2,96 2,12+0,055 30,18 = 0,75
10°C hypothermia p<0,01 p<0,05 p<0,05

BI/I,Z[HO, YTO HE3aBHUCHUMO OT FJ'Iy'6I/I-
HbI TUIIOTEPMHUU aHTUOKHUCIIUTECIIb-

Hasl aKTUBHOCTH IIJIa3MbI, o0ecIie-
YeHHas TUAPO(UITEHBIMI @aHTHOKCH-
nmaHTamu, Bo3pacraer Ha 131% or-
HOCHUTEJBHO KOHTpouis. IIpu 3umHein
CISTYKE B TKAHSIX CYCIIMKOB TaKkKe
YBEIUYUBAETCS CO/IEp)KAHNE HU3KOMOJIEKYIISIPHBIX
aHTHOKcHAaHTOB [ 16, 21]. IIpu 3TOM B 11a3Me KpoBU
CYCIIMKOB CyIIEeCTBEeHHO (B 2—4 pa3a) MOBBIIACTCS
coJiepKaHue acKOPOMHOBOM KHUCIOTHI [16], 4TO, Kak
CUHMTAIOT aBTOPHI, 00ECHEYNBAET 3aIIUTY SHIAOTE-
JIMANBHBIX KJIETOK, KJIETOK OKPYXaloIIMX TKaHEH H
kpoBH oT okcugantos (O,”, OH"), o6pasyromuxcs B
SHIOTETHATBHBIX KJIETKaX, B IIpoIecce MpoOy K AeHUs
Y TIOCJIEYIONIEro 3achinanus XKuBoTHOTO [16]. Bo3-
MOXXHO, YTO M IPH TUIIOTEPMHH aHTHOKCHIAHTHAs
3aIIuTa TaKkKe CBsI3aHa C TOBBIIICHUEM COIEP)KaHUS
ackopOara B IJia3Me KPOBH.

Cpenu BBICOKOMOJEKYISPHBIX aHTHOKCHUAAHTOB
BEIYILYIO POJb B NOJAECPKAHUM aHTHOKCHIAHTHOTO
cTaTyca 3pUTPOLUTOB U IJIa3Mbl KPOBU NPUHAATIEKUAT
CO/l, xoTopast OCyIIECTBJISIET aHTUPAIAUKAIBbHYIO
3alUTY, a TAKXKe KaTajla3e, pacIlensone IpoayKT
JUCMYTallMM CYNEPOKCUAHOTO aHMOH-pajHuKana —
H,0, [17]. Uccnenosanue CO/l 3puTponnToB noxa-
3aJ10, YTO €€ aKTHMBHOCTH 3aBHCHT OT TeMIIEpaTyphl
Tea UBOTHOTO (Tabu. 2). CHIKEHNE TeMIIepaTyphl
tena cycnuka 1o 20°C noBkIaeT akTHBHOCTE (ep-
MeHTa Ha 19,4% oTHOCHTENBEHO KOHTpOIIA. [IryOokas
xe runorepmus (10°C) IpUBOAUT K CHIPKEHUIO aKTHB-
voctu CO/l Ha 17,8%. B otmuume ot CO/l akTHBHOCTH
KaTajia3bl CHIDKAETCs IO Mepe MaJeHusl TEMIIEpaTyphl
Tena xuBoTHOrO. [Ipu Temneparype Tena 20°C ee ax-
TUBHOCTbH majaet Ha 6,4%, a pu 10°C — Ha 19,2%
OTHOCHTEIHHO KOHTPOJIS.

AKTUBHOCTh @HTHOKCHIAHTHBIX ()EPMEHTOB CBSI-
3aHa ¢ nHTeHcuBHOCTHIO CPII. Iloka3zaHo, 4TO aKkTH-
BaIlUsl aHTHOKUCITUTEIBHBIX (PEPMEHTOB 3PUTPOLIUTOB
SBJISIETCSI IEPBOM PEAKIMEN OPraHW3Ma HA yBEJIMUEHUE

activity.
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IIpumeuyanue: p — pa3In4Ius TOCTOBEPHHI IO OTHOWICHHIO K KOHTposo; AOA —
AQHTUOKCHUJIAaHTHAsl aKTUBHOCTb.

Notes: p — differences are significant in respect to the control; AOA — antioxidant

erythrocytes and blood plasma belongs to SOD, imple-
menting antiradical protection, as well as to catalase,
deconjugating dismutation product of superoxide anion-
radical, H,O, [17]. Study of erythrocyte SOD has shown
that its activity depends on animal body temperature
(Table 2). Reduction of ground squirrel’s body tempe-
rature down to 20°C increases the enzyme activity to
19.4% in respect to the control. But deep hypothermia
(10°C) results in SOD activity decrease down to
17.8%. In contrast to SOD, the catalase activity is
reduced with the decrease of animal body temperature.
At body temperature of 20°C its activity decreases
down to 6.4%, and at 10°C —down to 19.2% in respect
to control.

Activity of antioxidant enzymes is associated with
FRP intensity. It has been shown, that activation of
antioxidant enzymes of erythrocytes is the first respon-
se of organism to an increase of intensity of ROS for-
mation [1]. SOD is unique antiradical enzyme. There-
fore, one may suggest that increase of'its activity under
20°C hypothermia reflects intensification, and a de-
crease does an inhibition of ROS formation processes.
Data about glutathione, cysteine and other SH-contai-
ning substances significantly increase the activation
of SOD are of interest [18].

Moreover, it is known that accumulation of ROS
and toxic peroxidation products (peroxides of fatty
acids, aldehydes, ketones and other products) leads to
an inactivation of SOD and catalase [20]. Exposure
of erythrocytes in the medium with H,O, inhibits SOD
activity in concentration dependent mode [22]. Adding
the reduced glutathione and unitiol to homogenates of
hypothermal (20°C) rat brain significantly increased
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nHTeHCcHBHOCTH oOpazoBanus ADK [1]. COJ] sBms-
€TCsl €IMHCTBEHHBIM aHTHPAAUKAITEHBIM (PEpPMEHTOM.
[ToaTOMy MOXHO MPENIONI0KHUTE, YTO MOBBILIEHHE €€
akTUBHOCTH Iipu runotepmun 20°C oTpaxkaeT HHTEH-
cuukanmio, a MOHWKEHHE — HHTHOMPOBaHHE MPOLIEC-
coB oOpazoBanus ADK. IIpencrapnsior naTepec naH-
HBIE O TOM, YTO DIIyTaTHOH, IHCTeUH U npyrue SH-
CoJepIKaIllie COSANHEHNUS 3HAYUTEIBHO MOBBILIAIOT
aktusHOCTE COJ] [18].

Bwmecte ¢ TeM n3BecTHO, uTo Hakomieane ADK u
TOKCHYECKHX MEePEKUCHBIX MPOAYKTOB (IepeKncen
KUPHBIX KHCJIOT, aJbJETHIOB, KETOHOB U MPOYHX
MIPOAYKTOB) BBI3BIBAET MmosaBieHne akTuBHOCTH CO/J
u KaTtaassl [20]. DKCIO3UIINAS SPUTPOILIUTOB B Cperie
¢ H,O, KOHIIEHTPalMOHHO3aBUCUMO WHAKTUBUPYET
CO/l [22]. loGaBneHre BOCCTAHOBICHHOIO TIIyTa-
THOHA M YHUTHOJA K TOMOT€HaTaM MoO3Ta THIoTep-
MupoBaHHbIX (20°C) KpbIC CyLIECTBEHHO MOBBIIIANIO
aktuBHOoCTh CO/I [2]. CBs3aHO U CHUXKEHUE AKTHUB-
Hoct CO/l 1 karana3pl SPUTPOLMUTOB MPU TITYOOKOH
THITOTEPMUH C X OKUCIUTENbHON MO (pUKAITen Win
3TO €CTh Pe3y BTaT MOHMKAIOIIEH Perysaun hepMeH-
TOB TTOKA CKa3aTh CII0KHO.

BbiBOADI

[TomyueHHbple HaMU JaHHBIE CBUIETEIHCTBYIOT O
TOM, UTO y aKTHUBHBIX B JIETHUI MEPHOA CYCIHKOB B
XOlle CHIDKEHHS TeMIlepaTyphl Teja OelKH IUIa3MBbl
KpPOBH NPOSIBISIIOT YCTOWYMBOCTD K OKUCIUTEIbHON
Monudukanmy. B ux 3amure npu runotepmun 20°C
BaXXHYIO POJIb UTPAIOT KaK TUAPOGUIbHbIC aHTHOKCHU-
JAHTHI MJ1a3Mbl, TAK 1 aHTHOKCHUAAHTHBIE ()ePMEHTEI
3pUTpOLUTOB, Ipu runorepMun 10°C — B OCHOBHOM
rUApopUIEHBIE aHTHOKCHIAHTHI TIA3MBI.
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SOD activity [2]. Until now it has been difficult to say
if decrease of erythrocyte SOD and catalase activity
under deep hypothermia is associated with their oxida-
tive modification or whethe it is a result of down-regu-
lation of enzymes.

Conclusions

Thus, our finding suggest, that in ground squirrels
in active summer time the blood plasma proteins
manifest the resistance to oxidative modification during
a decrease in body temperature. An important role in
their protection under 20°C hypothermia is played by
both hydrophylic antioxidants of plasma, and antioxida-
tive enzymes of erythrocytes, and under 10°C hypo-
thermia these are mainly plasma antioxidants.
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