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Gel Chromatographic Examination of Serum of Rats
and Hamsters Under Artificial and Natural Hibernation

Pedhepar: Y xoM’skiB i LiypiB METOAOM renbhnpoHMKanbHOI xpomartorpaddii BMBYanM cknag MOrekyn y KpoBi 3a yMOB Mnpupoa-
Hoi (M) i wryyHoi (LUT) ribepHauii. Y KOHTpOnbHiA rpyni 6yno m'aTb dopakuin Monekyn y XOM'sikiB Ta cim y wwypiB. ®pakuii, Lo
36iranunca (M. m. 530, 1140 i 3300 [a), sigpisHanucs Tinbku nrowamu nig nikamu (6inbwe y wypis). 3a ymos [ 3’aBnsnuncs Ho.i
dpakuii 1350, 2350 i 6350 [la, 36inblyBanmcs nroLi KOHTponbHMX dpakuin 1140 i 1980 Aa. 3a W y wypis nrnowa dppakuii 1140 Oa
byna 6inblwoto, dpakuisa 530 Oa — meHwoto i 3HMKkana dpakuis 3 m. M. 1290 [a, 3'asnanucs Hosi — 650, 830, 950, 2350 i 5110 [da.
Yepes 2 rogmnu nicna LU dopakuii 1140 i 1520 [a 6ynu 6inbwmnmm, dpakuis 530 [Ja — meHwoto (ki npu LLUT); 650, 2350 i 5110 Ja — 3Hu-
kanw, 3'senanuncs 3Hosy 1290 Ja n Hoea 4030 [a; yepes 24 roamHn Bia3Hadvanu HoBi dopakuii 5820 i 6530 Oa. Y xom’'sikiB 3a LUl 36inb-
wysanucsa dpakuii 1140, 1600 i 3330 [a, 3’'asnanaca Hoea dpakuigd 5280 [la, Sk y WwypiB KOHTPOMbLHOI rpynn Ta 4vepes 24 roavHu
nicnga L.

KntrouoBi cnoBa: ribepHallisi, rinometaboniam, 6inku, KpoB, XOM'SIKU, LLLYPW.

Abstract: In this study, molecular composition of hamster and rat blood was studied by gel permeation chromatography under
natural (NH) and artificial hibernation (AH). The control group was represented by 5 fractions of molecules in hamsters and 7 in
rats. The areas under peaks of the fractions similar in molecular weight in hamsters and rats were larger in rats. NH was
characterized by appearance of new fractions (1,350, 2,350, and 6,350 Da) and an increase in areas under peaks of the control
fractions (1,140 and 1,980 Da). Atrtificial hibernation in rats led to an increase in areas under peaks of 1,140 Da fraction, a decrease in
that of 530 Da, and disappearance of 1290 Da, as well as the appearance of new fractions (650, 830, 950, 2350, and 5110 Da). Two hrs
of later AH, the areas under peaks of 1,140 and 1,520 Da fractions were greater and that of 530 Da was lesser; 650, 2,350 and 5,110
Da fractions disappeared, 1,290 Da reappeared and new fraction of 4,030 Da appeared. New fractions of 5,820 and 6,530 Da were
found 24 hrs later. In hamsters under AH, the areas under peaks of 1,140, 1,600, and 3,330 Da increased; as well as a new peak
in 5,280 Da appeared, both in the control rats and those in 24 hrs after AH.

Key words: hibernation, hypometabolism, proteins, blood, hamsters, rats.

Apanrarniiss 10 XOIIOAYy CYNPOBOKYETHCS 3HAU-
HUMU TIepedyoBaMi METa0OIIYHUX TPOIECIB U yT-
BOPEHHSAM O€3IIidi CIONyK, a TaKoXK IX MPOMIKHHAX
MPOIYKTIB, SKi 3 SBISIIOTBCA y KPOBi, IHTEPCTH-
iagbHINA, CTMHHOMO3KOBIH Ta 1HIIUX pigMHaX 1 CTH-
MYJTIOIOTH/IPUTHIYYIOTh aKTHBHICTh 3aJisTHUX Jia-
HOK PperyJisiiii opraHizamy. YBEChb KOMIUICKC TaKUX
PEUOBHH JIOCTOBIPHO BijioOpakae mepeOynoBu B Op-
ra”izMi Ta aKTUBHO BUBYAETHCS 34 JOIIOMOIOIO TEX-
HOJIOT1M TEHOMIKH, MPOTEOMIKH Ta METabOIOMiKU
[13, 25, 27, 40]. Mera Takoro miAXOmy MOJSTAE
B MakCHMaJIbHOMY BHU3Ha4eHHi y 0i0J0TriyHOMY 3pa3-
Ky BChOTO HaOOpy MOIIEKYJ, 30KpemMa i MOJIEKYIsp-
Hi MacHd (M. M.) SKHX HE BIIIOBIAAIOTH M. M. BH3-
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Adaptation to cold is accompanied by significant
metabolic rearrangements and formation of a large
number of compounds, as well as their intermediates,
which appear in blood, interstitial, cerebrospinal
and other fluids and stimulate/suppress the activity
of involved components of body regulation. The
whole complex of such substances significantly
reflects the rearrangements in the body and is acti-
vely studied using genomic, proteomic and meta-
bolomic technologies [8, 24, 27, 40]. This approach
aims to maximally detect in biological sample the
whole set of molecules, including the molecular
weights (MW) of those molecules, differed from
MW of the defined / known compounds involved

in certain biochemical reactions [27, 40]. Elucida-
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HUX Oloximiunux peakuisx [27, 40]. 3’scyBaHHA
¢izionoriuHoi Ta 1iarHOCTUYHO-MPOTHOCTUYHOT PO
LUX PEYOBUH € IMEPCIEeKTHBHUM (pyHIaMEHTAIIbHO-
MIPUKJIATHIM HAIMPSIMKOM KOMITJIEKCHHX JIOCITiKEHb,
OCKIJTBKM BOHU MOXYTh CIYT'YBaTH OiOJOTIYHUMHU
MapKepaMH JJIs OI[iIHKA HOPMAJBHUX 1 TIaTOJIOTT9HUX
TporieciB B opranizmi [27, 29].

Haiibinpmm BupaxkeHi i moOpe y3romkeHi Mix
coboro0 mepeOymoBr METaOOTIYHOI aKTUBHOCTI Bif-
3HAYAIOTHCSl Y TETEPOTEPMHUX TBAPUH y LUK MPH-
ponuoi ridepuamnii (I1'). 3a 70MOMOTOK TEeHOMHUX
i TPOTEOMHHMX MiNXOMiB BusiBIeHO 3MiHM MPHK
JUIS. TEHIiB, BIJAMOBIMAIbHUX 3a MPOLECH KO-
3y, TJIIOKOHEOTeHE3y, alonTo3y Ta OOMiHY JKUPIB, a
TaKOX TIOB’S3aHUX 13 TpOIecaMu KJIITHHHOTO POC-
Ty 1 nMpKagHUMU puTMaMu. KpiM TOTO, BU3HAUEHO
MOJIEKYJIH-«KaHAUIATH», SIKi XapaKTepu3ylTh Ti-
OcpHaIliiHUKA (QEHOTUIT 1 BiFIrparoTh poiib y pea-
Ji3arii iHAYKOBAaHUX TiOEpHAINEI0 3aXUCHUX peak-
il 3a excTpeManbHuX (i3i00riuHuX nepedyaoB B
OpraHi3Mi MpPOTATOM IHKIY TOPHOP—TPOOYIKEHHS
[24, 33]. Pe3yabraTi AOCIIKCHHS METabOJIOMY Ti-
OepHaTOpiB MOKa3all HASBHICTh BHPAKEHUX CE30H-
HHUX 1 3aJIe)KHUX BIX CTaAildl 3MMOBOI CIUITYKH 3MiH
aKTHBHOCTI KO(aKTOPiB MeTadoi3My, KaradolizMy
aMIHOKHUCIIOT, IIypHHOBOTO, MipUMiAMHOBOTO Ta Ji-
migHOTO MeTabomizmy [ 14, 26].

Icnye nymka, mo B aiamazoni M. M. 400-12 000 [la
3a3BUYall TPYMYIOTBCA MOJEKYIH (30Kpema, TIpo-
TEiHW, TENTHUAM Ta IXHI IMOCTTPAHCIAMINHI MO-
mudikarii): ogHa YacTWHA 3 HUX Oepe ydJacTh y
PeryIsIIii KpoB’STHOTO THCKY 1 MeTa0oIi3Mi KiCTKO-
BOT TKaHWUHH, 3aXWCTi BiJl OKCHJIATHBHOTO CTPECY
touto [13], iHmIAa — mpeacTaBiieHa TOKCHMHaMHU [9].
Jlo 1poro nmiana3oHy TaKOX BXOSATH MMOXIJTHI TIIFO-
KypPOHOBHX KHCIJIOT, TMOJIiaMiH{, KiHIHH, TPOAYKTH
nerpagauii ¢giOpuHoreny, ampOymiHy Ta iHON TO-
JINENTHIHI CIIONYKH, OKpPeMi KOMIIOHEHTU SIKUX
MalOTh IIMPOKHHA CIEKTp Oi0JOTiYHOI aKTUBHOC-
Ti, a camMe: NPUTHIYYIOTh KIITUHHUH IMYHITET, He-
cnenu]iuHy PpeaKkTUBHICTb, €PUTPOIOE3, a TaKOK
aKTUBHICTH psimy (epmentiB [1]. Kpim Toro, y Bka-
3aHOMY Jiana3oHi M. M. TMPEACTaBIEHO MOJEKYIIH,
SKI CHPUSIIOTH 3aHYPEHHIO/BUXONY 3 TiOepHaiii Ta
aKTUBAIlll TEBHMX 3aXUCHUX MEXaHI3MIB y opra-
Hi3mi [11].

ApanTamis 10 XOJOAy HPOSBISETBCS y 3MiHI
3arajJbHUX XapaKTePUCTHK T€HOMY Ta aKTHBHOCTI
TeHiB, MPOAYKTH SIKUX 3a0€311euyI0Th IPUCTOCYBAHHS
Oprasi3miB o neBHux ymoB. llepemOauaerbes, 110
y TeTepOTepMHUX TBAPUH JUIA 1HAYKIi cTaHy Tidep-
HaIlii i aKTUBAIlil 3aXUCHHUX CTpaTeriil BiOyBaeThCs
mudepeHItliagbHa eKCIpecis Takoro Habopy TeHiB,
SKUN HasIBHUU ¥ y OUIBIIOCTI TOMOWMOTEPMHHX Op-
rari3miB [35]. Cran III' moexHye moTyXHE TpUT-

tion of physiological and diagnostic-prognostic
role of these substances is a promising fundamental
and applied trend in the integrated research due to
the possibility to use them as biological markers
to estimate normal and pathological processes in
the body [27, 29].

Heterotherms in natural hibernation (NH) de-
monstrate the most pronounced and well-coordinated
rearrangements in metabolic activity. Genomic and
proteomic approaches have identified the mRNA
changes for genes responsible for glycolysis, glu-
coneogenesis, apoptosis, and fat metabolism, as well
as for those, associated with cell growth and circa-
dian rhythms. In addition, the ‘candidate’ molecu-
les, characterizing the hibernation phenotype and
playing a role in hibernation-induced protective
responses under extreme physiological rearrange-
ments in the body during torpor-arousal cycle, have
been identified [23, 33]. The findings on hiber-
nator metabolome showed the presence of pro-
nounced seasonal and hibernation stage-dependent
changes in the activity of cofactors of metabolism,
amino acid catabolism, purine, pyrimidine and
lipid metabolisms [12, 26].

It is believed that within the range of 400—12,000
Da there are usually grouped the molecules (particu-
larly, proteins, peptides and their posttranslational
modifications), a part of which is involved into
regulation of blood pressure, bone metabolism, pro-
tection against oxidative stress efc. [11], another
is the toxins [6]. This range also includes the de-
rivatives of glucuronic acids, polyamines, kinins,
fibrinogen degradation products, albumin and other
polypeptide compounds. Some components of these
substances have a wide range of biological acti-
vity, specifically they suppress cell immunity, non-
specific reactivity, erythropoiesis, and the activity
of certain enzymes as well [9]. In addition, within
this range of MW, there are the molecules pro-
moting the entry into hibernation / arousal and ac-
tivation of certain protective mechanisms in the bo-
dy [8].

The adaptation to cold is manifested in changes
in general characteristics of genome and gene
activity, the products of which ensure the adapta-
tion of organisms to certain conditions. Hetero-
therms are assumed to have differential expression
of such a set of genes, which is present in most
homeotherms, to induce hibernation and activate
protective strategies [35]. The NH state combines
a strong inhibition of metabolic rate with a selec-
tive increase in key gene expression and syn-
thesis of specific proteins to ensure the required
level of metabolic processes [3]. Today, the ques-
tion whether the factors (hunger, cold, daylight
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HiYeHHS IIBUAKOCTI OOMiHY PEYOBHH i3 CEJIEKTHB-
HUM 30UIBIICHHSIM eKcIpecii KIIOYOBUX TEHIiB Ta
CUHTE3 crherudiuHux OUTKiB s 3a0e3redeHHs
HEOOXiTHOTO PIiBHS METa0OJIYHMX TMporeciB [6].
Ha crorogni muranHs MOXIHMBOCTI (hakTopiB (TO-
JION, XOJOA, TPHBAIICTh CBITIIOBOTO IHS, Ta30BHUU
CKJIaJ] HABKOJHUIITHHOTO CEPEJOBHINA TOINO), SKi
CIPUSIOTH 3aHypeHHI0 TBapuH y I, akTuByBaru mo-
JiOHI MeTa0oMiyHi NUISIXH y HeriOepHyIo4Hnx TBa-
puH mOTpeOy€e TPYHTOBHOTO BHUBYECHHs. Mojento-
BaHHs ToniOHuX a0 IIIT cTaHiB y roMoHoTepMHHX
OpTaHi3MiB € aKTyaJbHHM JJIsI MOAAbIIOT0 BHKO-
pUCTaHHs OTPUMaHMX PE3YJIbTaTiB y MPaKTUUHIN
MEAMIIMHI Ta ISl TOCIiHKEHHS KocMocy [8].

Meta poOoTH — IOPiBHSIPHE BUBYCHHS (PPaKIIiii-
HOTO CKJIQJy TIOJNIMENTHIHUX CHONyK i3 M. M. 100—
10 000 Mla y cupoBarii KpoBi reTepo- (XOM sSKH) i
roMOMOTepMHUX (IITypH) TBAPUH 32 YMOB IPHUPOTHOT
Ta MTy4IHOI ribepHaItii.

Marepianu i MeTonu

ExcriepuMeHTH mpoBeieHO BiAMOBITHO 10 3aKo-
Hy Ykpaiau «[Ipo 3axuicT TBapuH Bill KOPCTOKOTO
noBopkeHHs» (Ne 3447-1V Big 21.02.2006 p.) 3 10T-
pUMaHHSIM BHUMOI KoMiTeTy 3 Oioetuku IHCTH-
TYTy mpobineMm kpiobGionorii i kpiomenunman HAH
VYkpainu, OrofKeHux i3 NOJIOKECHHAMH «EBpOneich-
KOI KOHBEHIIIi MpO 3aXHUCT XpeOeTHHX TBapHH, SKi
BUKOPHCTOBYIOTBCSI ISl €KCIIEPUMEHTAIbHUX Ta 1H-
muX HaykoBuX IIinei» (CtpacOypr, 1986). Poboty
BUKOHYBAJIM B OCIHHBO-3MMOBHM II€piol Ha caM-
X 30JI0TUCTHX XoM sikiB (Mesocricetus auratus)
i Oe3nopomnux Oinux 1ypiB (Rattus norvegicus)
(macoro 85-95 Ta 220-280 r Bimnosiguo). o mo-
YaTKy eKCIIEpUMEHTY TBapHH YTPUMYBAJIU B YMOBaX
BiBapil0 3a TPUPOJHOTO CBITIOBOTO PEXKUMY Ha
CTaHIapTHOMY pamioHi ad [ibitum i3 pomaBaHHSM
3€pEH MNILEHMILII Ta HACIHHS COHSILIHUKY.

XoMm’sKu Oynu po3[iieHi Ha 3 TPYIU: KOHTPOIh
(iHTaxTHI TBapuHM); 3aHypeHHs y npupoxny (1) i
mry4uny rioepHamiro (LUI). [llypu Oynu po3nineni Ha
4 rpymu: KOHTPOJH (IHTaKTHI TBapWHM); 3aHYPEHHS
y HII'; wepe3 2 i 24 rogmum micna Buxomy i3 LI
(n =3 y KoXHIi# Tpymi).

Xom’sikiB mepen 3anypeHHsm y [T poscamxy-
BaIM B IHAMBIAYyaNbHI KJIITKH, 3 PalliOHy BHKIIO-
Yamd COKOBHUTY 1Ky, 3a0e3nedyBanud THI3T0BUM
MarepiajJoM (JepeBHa TUpCa, CIHO) 1 MEepPEeHOCHIIH
B TEMHE NPHUMILICHHS 3 TEMIIEPaTypor0 MOBITPA
(5 £ 2)°C (mpomucioBa XoJoauibHa Kamepa 00’€e-
MoM 20 M’ i3 aBTOMaTH4HUM PETYIIOBAHHIM TEM-
neparypu). XOM’SIKM 3aHYPIOBAJIHCS B CIUISTUKY
yepe3 10-14 ni6. Cepemust TpuBaJicTh OayTy cTa-
voBuia (3 £ 0,5) mobu, Temneparypa Ttina (TT) 3uu-
)yBaacst o (8 £ 1)°C.
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hours, gas composition of the environment, efc.),
contributing to animal entering the NH, can acti-
vate the similar metabolic pathways in non-hiber-
nators, should be thoroughly studied. Simulating the
NH-like states in homeotherms is relevant to enrol
the obtained results into practical medicine and for
space research [5].

The purpose herein was a comparative study of
fractional composition of polypeptide compounds
with MW 100-10,000 Da in serum of hetero- (hams-
ters) and homeotherms (rats) under natural and arti-
ficial hibernation.

Materials and methods

The experiments were carried out in accordance
with the Law of Ukraine ‘On the Protection of
Animals Against Cruelty’ (Ne 3447-IV of February
21, 2006) in compliance with the requirements of
the Bioethics Committee of the Institute for Prob-
lems of Cryobiology and Cryomedicine of the Natio-
nal Academy of Sciences of Ukraine, agreed with
the provisions of the ‘European Convention for the
Protection of Vertebrate Animals Used for Expe-
rimental and Other Scientific Purposes’ (Strasbourg,
1986). The research was conducted in the autumn-
winter period in male golden hamsters (Mesoc-
ricetus auratus) and outbred white rats (Rattus norve-
gicus) (weighing 85-95 and 220-280g, respec-
tively). Prior to experiment the animals were housed
in animal facility with natural light/dark cycle and
a standard diet ad libitum, supplemented with wheat
and sunflower seeds.

Hamsters were divided into 3 groups: control
(intact animals); those entering natural (NH) and
artificial hibernation (AH). Rats were divided into
4 groups: control (intact animals); animals entering
AH; those in 2 and 24 hrs after arousal from AH,
(n =3 in each group).

Hamsters before entry into NH were placed into
individual cages, the diet was deprived of juicy food.
The animals were provided with nesting material
(sawdust, hay) and then transferred to a dark room
with air temperature (5 + 2)°C (industrial cooling
chamber of 20 m® volume with automatic tempera-
ture control). The hamsters entered hibernation after
10-14 days. The average bout duration was (3 +
+ 0.5) days, body temperature (BT) decreased down
to (8= 1)°C.

Artificial hibernation (AH) was simulated by the
‘closed vessel” method [19, 25]. Animals in a sealed
vessel (3 and 2 dm’ volume for rats and hamsters,
respectively) were placed into an industrial cooling
chamber at 2-5°C. Animals, being in the dark,
under reduced temperature and increasing hypo-
xia-hypercapnia entered gradually (within (171.9 =




Cran UII" MopnemoBamu METOAOM  «3aKPHUTOT
nocyauau» [2, 3]. TBapuH y repMeTHYHO 3aKpUTIH
nocymuni (06’em must mypiB — 3 am® i aus xo-
M’SIKiB — 2 IM®) pO3MIlIyBaii Y MPOMHUCIIOBIH X0JI0-
TTBHINA Kamepi 3a temmeparypu 2—5°C. Teapunu
B YMOBAaxX TEMpsIBY, 3HI)KEHOI TeMIIEpaTypH 1 Hapo-
CTar0v0i TIMOKCii-TinmepKamHii mocTymoBo (Iypu —
mpotsiroMm (171,9 + 9,9) xB 1 xom’sikm — (175,0 +
+ 25,1) xB) 3aHyproBanucs B nomiOuumii mo [T
CTaH, SIKUH XapaKTepu3yBaBcs 3HWKEHHIM TT, 3men-
LICHHSIM 4acToTH cepueBux ckopoueHb (UCC) i
JXaHHS.

3pa3ku KpOBi TBapHH OTPUMYBAJIM IIiCJIs JieKa-
mitawii (y paMKax MpPOBEOCHHS KOMILIEKCHOTO 3a-
Oopy marepiairy ans 610XiMiYHUX i MOP(OIOTIYHIX
JOCIIPKEHb) TIPU JOCATHEHHI TilOMETa0OIIYHOTO
crany (I1I" 1 HII") i wepe3 2 i1 24 romuHU TiciA TIe-
peMIiIlieHHs TBAPUH B YMOBH KIMHATHO1 TEMIIEpaTypH
(22°C) 1 HOpMATBHOTO TA30BOTO CKJIAay HABKOJHIII-
HBOTO CEePEIOBHUIIIA.

OmiHKy QpakmiifHOTO CKJIaay CHpPOBAaTKH KpOBI
TBapWH MPOBOIUIIA METOJIOM TeJIb-TIPOHUKHOT XpOMa-
torpadii. IlerensHum iHkexTOpoM BBOIMIK 0,2 MII
CHPOBaTKH KpPOBi B KOJOHKY AOBKHHOIO 400 MM i
BHYTpIlIHIM aiamMeTpoM 16 MM, 3alOBHEHY IOJi-
BinitoBuM reneM «TSK-Gel Toyopearl HW-40
Fine» («Toyo Soda Manufacturing Co», flmnonis),
SIKUM  JTO3BOJISIE PO3AUISATA TOJIMENTHIAHI MOJIEKY-
mu B miama3oni M. M. 100-10 000 [a. 3garHuii mo
emroartii  ¢ocdarHo-conmboBUll  OyepHUNl pO3UNH
(Na,HPO,/NaH,PO, 30 mmosns/i1, NaCl 100 Mmmons/i,
pH 7.4) monaBaBcst B KOOHKY 4epe3 MeTeNbHUH 1H-
JKEKTOp 3a JOTIOMOTOK MEePUCTATIBTHYHOIO HACOCY
(«Microperpex LKB 2132», HlIsemis). IlBuaxicts
MOTOKY craHoBWia 1,6—1,7 MiI/XB 1 OlliHIOBaNacs 3a
4acoM HAIlOBHEHHs KajiOpoBaHOI MiNeTKH 00’eMoM
5,0 M. ONTHYHY WIJIBHICTH €I0ATy PEECTpyBajH
Y®-monitopom («Uvicord SII LKB 2238y, 11IBertist)
3a NOBXHHH XBHI 254 HM. CHrHaim MOHITOpa 3amu-
CyBaBCsl y BUDISAAI XpOMAarorpam JBOKaHAJIbHUM
norentiomerpoM («Recorder LKB 2210», IlIBerist)
1 OHOYACHO MoaaBaBcst Ha iHTerpartop («Waters 746
Data Module», CIIA), skuii BH3HA4Ya€ 4Yac yTpH-
MYBaHHS, TUIOMI I TMiKaMH 1 TPOIEHTHUN BMICT
kokHOT (pakmii. [lonepenne kamiOpyBaHHS TPO-
BOJWJIMA CTaHJAPTHUMHU PO3YMHAMU IENTHIIB 13
BKazaHO M. M. J[is moOymoBu KalliOpyBaJIbHO-
ro rpadika BHUKOPUCTOBYBAaJIM 3aJEKHOCTI JIOTa-
pupma M. M. i Bemmuunu Ve/V(, ne Ve — o6’em
YTPUMYBAHHS CTAHAAPTHOT PEYOBHHHU, MIT; V | —«MEPT-
BHIl» 00’€M KONOHKH (MII), SIKHI BU3HAYAETh-
Csl 32 4acoOM YTPUMYBaHHSI OJAKHUTHOTO IEKCTPaHy
(M. M. 2 000 x/1a).

ITormyk pedoBWH i3 M. M., OJU3BKUMH 32 3Ha-
YEHHSM JO BHUSABICHUX HaMW (QpPakIid MOJEKYI,
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+ 9.9) and (175.0 £ 25.1) min for rats and ham-
sters, respectively) the NH-like state, characterized
by a decreased BT, reduced heart rate (HR) and
respiration.

Following decapitation of animals, the blood
samples were taken (as a part of integrated sampling
for biochemical and morphological studies) upon
achieving hypometabolic state (NH and AH) and
2 and 24 hrs after transferring animals under room
temperature conditions (22°C) and natural gas com-
position of the environment.

The fractional composition of animal serum
was assessed by gel permeation chromatography.
Using loop injector, 0.2 ml of serum was introdu-
ced into a column of 400 mm length and 16 mm
inner diameter, filled with polyvinyl gel ‘TSK-
Gel Toyopearl HW-40 Fine’ (Toyo Soda Manu-
facturing Co, Japan), which allowed separating
polypeptide molecules within the MW range of
100-10,000 Da. Elutable phosphate-buffered saline
(Na,HPO, / NaH, PO, 30 mmol/I, NaCl 100 mmol/l,
pH 7.4) was supplied to the column through a loop
injector using a peristaltic pump (Microperpex LKB
2132, Sweden). The flow rate was 1.6—1.7 ml/min,
which was estimated by the time of filling of 5.0 ml
calibrated pipette. The optical density of eluate
was registered with UV monitor (Uvicord SII LKB
2238, Sweden) at the 254 nm wavelength. The mo-
nitor signal was recorded as a chromatogram with
a two-channel potentiometer (Recorder LKB 2210,
Sweden) and simultaneously fed to an integrator
(Waters 746 Data Module, USA), which determined
the retention time, areas under peaks and percen-
tage of each fraction. Preliminary calibration was
performed using the standard peptide solutions with
the specified MW. To build the calibration graph
we used the dependences of MW logarithm and
Ve/V, values, where Ve was the retention volume
of the standard substance, ml; V, was the ‘dead’
column volume (ml), determined by the retention
time for blue dextran (MW 2,000 kDa).

The substances with MW close by value to the
detected by us molecular fractions were found using
the PubChem and The Human Metabolome Data-
base (HMDB).

The nonparametric Mann-Whitney test was used
for statistical data processing.

Results and discussion

Gel filtration of serum samples from the intact
animals (control group) within the range of MW
100-10,000 Da enabled detecting five molecular
fractions in hamsters (MW 530, 1,140, 1,600, 1,980,
and 3,300 Da) and seven fractions in rats (MW 530,
1,140, 1,290, 1,520, 1,880, 3,330 and 5,280 Da),
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MIPOBOJIWIIM 32 JlomoMoror 0a3 ganux «PubChem»
(CILIA) ta «The Human Metabolom Database»
(Kanana).

Jns craructiaHOoi OOpOOKM JaHUX BHKOPUCTO-
ByBaJIM HeTIapaMeTPUIHUHN KpuTepiii ManHa-YiTHi.

Pe3yabTatu Ta 00roBOpeHHst

lenb-dinpTpamis 3pa3kiB CHPOBAaTKM KpPOBI iH-
TAaKTHUX TBapuH (KOHTPOIJIbHA IpyIa) y Jiarma3oHi
M. M. 10010 000 Jla mo3BoyMiia BUSBHUTH IT SITh
¢dpakuiii Monekyn y xoM’skiB (i3 M. M. 530, 1140,
1600, 1980 ta 3300 [la) i cim ¢pakuiii y mypis (i3
M. M. 530, 1140, 1290, 1520, 1880, 3330 ta 5280 Ha),
npudomy Tpu dpakuii (i3 M. M. 525, 1140 1 3300 [a)
30irasmcst y 000X BHWJIIB TBapHH, aje BiIpi3HSINCS
TIIBKU TUIOMICIO TiJ MiKaMHu, sSka Oyna OUTBIIO y
IIypiB (TaOmUIs).

3anypenns y III' xom’sikiB (3HmkenHs TT i3
(37,5 £ 0,5 mo (8 £ 1)°C) cympoBOmKYBaIOCs
MOSIBOIO y KPOBI TPHOX HOBUX (Dpaxiiii MOJIeKyn: —
i3 M. M. 1350, 2350 i 6350 Jla, a Takox 30ijIb-
IICHHSM IUIOII, BUSBICHUX Y KOHTpOmi (pakuii i3
M. M. 11401 1980 /la, B woTupu i JBa pa3u BiAMOBITHO
(Tabnuus).

Possurok LI y mypiB (3amkenns TT i3 (38 £ 1)
mo (17 £ 1)°C) npuzBoauB 10 301UTBIISHHS TUIOIII
(paxmii 1140 [la, 3Haunoro 3meHmeHHs (paxitii 530,
3HUKHEHHA TiKy 1290 i yTBOpeHHS HOBHX (pakiiid
i3 M. M. 650, 830, 950, 2350 i 5110 Ha. Ilnoma
(dpakmii 1140 [a 30impmryBanacs y IWICTh pasiB,
a 530 Jla — 3menmryBanacs Maibke BmBidi. Yepes
2 rogmam Ticis Buxoxy 3 LI dpakmii 650, 2350 i
5110 [la He BU3HAuaMCH, aje 3HOBY 3’ sIBisIacs ppak-
uist 1290 1 yrBOproBaBcs HOBHH ik 13 M. M. 4030 [la.
[Tnomi mig mikamu 1140 i 1520 Jla 30inbinyBasucs
y 2,51 1,4 pasu BignosinHo, ¢pakiis 530 Jla 3men-
mryBasiacst BiaBivi (sik 1 3a ILI"). Yepes 24 ronunm
micist LI Takok 3°BIsUIMCS HOBI pakuii i3 M. M.
528016530 Ha.

VY xom’sakiB III" (3amkenns TT mo (16 £ 1)°C)
CIIpHSUTA TIOSIBI TUTEKHM OIHI€T HOBOT (hpakiii i3 M. M.
5280 [a # 30impmennro miomny ¢ppakmii 1140, 1600
13330 Hda. ®paxuia 5280 [la Oyma Takox i y nrypis —
y KOHTPOJIBHIN Tpymi Ta yepe3 24 roxuuu micus T
(Tabmurs).

Takum unHOM, Tpu ¢pakmii (i3 M. M. 530 1140 i
3300 [la) y 3pa3kax CHpOBAaTKU KpOBi OyJId «3arajib-
HUMH» A7 000X BH[IB TBapHH: BH3HAYAIHCS SIK
y KOHTPOJIBHIH rpyTi, Tak 3a BUBYeHUX cTaHiB. [Lle aBi
(bpaxmii Takoxx Oyiu 3HAWJICHI B KOHTPOIBHIN TpyTIi
Ta 32 YMOB Ti0epHallii, aje MaJi HeBEIHUKY Pi3HHUITIO
M. M.: 1520 1 1600 Ta 1880 i 1980 Jla y urypiB i xo-
M’gKkiB BimmoBimHo. HaiOuipIn J1a0UIEHOIO BHUSABH-
nacst ¢paxmig 1140 Jla: Bim3Hauanocs 3HaYHE 3017Tb-
mennsa 11 tromi 3a [N y xom’skiB 1 HII' y o6ox
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moreover three fractions (MW 525, 1,140 and
3,300 Da) coincided for both animal species, but
differed in area under peaks only, which was larger
in rats (Table).

When hamsters entered the NH (BT decreased
from (37.5 £ 0.5) down to (8 + 1)°C), three new
molecular fractions with MW 1,350, 2,350 and
6,350 Da appeared in blood, and the areas of frac-
tions, detected in the control with MW 1,140 and
1,980 Da increased four times and twice, respec-
tively (Table).

The development of AH in rats (BT decrease
from (38 = 1) down to (17 = 1)°C) resulted in an
increase in 1,140 Da fraction area, a significant
decrease in fraction 530, disappearance of peak
1,290 and formation of new fractions with MW 650,
830, 950, 2,350 and 5,110 Da. The area of 1,140 Da
fraction augmented six times, but that of 530 Da
was almost twice decreased. Two hours after arousal
from AH, no fractions of 650, 2,350 and 5,110 Da
were revealed, but the fraction 1,290 reappeared and
a new peak with MW 4,030 Da was formed. The
areas under peaks of 1,140 and 1,520 Da increased
by 2.5 and 1.4 times, respectively, the fraction of
530 Da decreased twice (as under AH). In 24 hrs
after AH, the new fractions of MW 5,280 and
6,530 Da appeared as well.

In hamsters, the AH (BT decrease down to
(16 £ 1)°C) promoted the appearance of only one
new fraction with MW 5,280 Da and an increase
in the areas of 1,140, 1,600 and 3,330 Da fractions.
The 5,280 Da fraction was also detected in rats,
namely in the control group and 24 hrs after AH
(Table).

Thus, three fractions (with MW 530, 1,140 and
3,300 Da) in serum samples were ‘common’ for
both animal species, i. e. they were revealed both
in control group and under studied conditions. Two
fractions were also found out in the control group
and in animals during hibernation, but they had a
small difference in MW: 1,520 and 1,600 in rats, and
1,880 and 1,980 Da in hamsters. The fraction of 1,140
Da occurred to be the most labile, 7. e. a significant
increase in its area during NH in hamsters and under
AH in both animal species, as well as 2 hrs after AH in
rats, was observed. Among the compounds detected
during NH in hamsters (with MW 1,350, 2,350 and
6,530 Da), 1,350 Da fraction only was specific, a
small number of molecules with MW 2,350 Da was
detected in rats during AH, and the 6,530 DA fraction
appeared in rat blood in 24 hrs only after AH.

The endogenous substances, inducing hiberna-
tion development (‘hibernation triggers’) and like-
ly mediating the activation of hibernation-specific
neuroprotective mechanisms were first reported




BmicT dopakuin noninenTnaHmux mMmonekyn 3 monekynsipHoto macoto 100—10 000 [a y cupoBaTLi KpoBi XOM'SIKIB i LLypiB
3a yMOB MPUPOAHOI Ta LUTY4HOI ribepHauii

Content of fractions of polypeptide molecules within MW range of 100—10,000 Da in serum from hamsters and rats
under natural and artificial hibernation

Buawn tBapuH
Animal species
. . Xo’'mMAaKn LLypwn
B'ﬂo'\r"/'lvfonj?:ym’ Ddpakuii Hamsters Rats

Known noninenTtuais, fa
compounds Poly_peptide

g/mol fractions, Da ExcnepumeHTanbHi rpynu

Experimental groups
KoHTponb Lr nr KoHTponb Lr LUI 2 rognumn | LUT 24 roguHn
Control AH NH Control AH AH 2 hrs AH 24 hrs

- 6530 - - 8+6 - - - 2,8 £0,2

- 5280 - 31+ 11 - 4,8 + 2 - - 3+04

- 5110 - - - - 13,3 £ 3,5 - -

- 4030 - - - - 2,2 £ 1 -

VIP (3300) 3300 3+0,5 27 + 8,9* 5+05 10,2 + 4 14,8 = 2,75 17,6 = 6,1 59 + 1,2*

- 2350 - - 856 + 25 - 1,6 £ 0,5 - -

- 1980 14 £ 7 13,6 + 3,7 59,5 + 12,6* - - - -

- 1880 - - - 20 + 8 16+4,5 27,7+ 6,7 16 = 2,4

Oaneesn 1600 35+ 11 | 582+12 | 31,75« 12,8 - - - -

- 1520 - - - 56,6 + 15 41,1 £ 9,8 80,5 + 11,6 86,7 £+ 12,5
Substonee P 1350 - - 26+ 9 - - - -
Angioemn! 1290 - - - 169 + 30 - 157,9 + 25 | 142,9 + 22
Neuromedin B
(11(5382-)£7G)RP 1140 50 + 10 | 173,7 + 25,8* 114 + 32* 100,4 + 24 | 615 = 100* | 263,9 + 50* 71,6 £ 17

(1120.29)
Angiotensin A
Angi(;t%?éi)rll 3 950 - - - - 20+ 48 | 993 %127 -
(931)
Angiotensin
2|er)1;§3$1! 830 - - - - 11,5 £ 0,7 16 + 3,2 -
(855)
- 750 - - - - - 29,1 £ 5,6 -
Glutathione
Oxidized 650 - - - 59 +0,8 - -
(612,63)
Metenkephalin 530 45+ 11 | 34,2+ 11,1 | 435 +12 |118,3 + 26 | 657 = 125" | 63,2 + 10,8* | 93,9 = 22,6

MpumiTka: * — pi3HMLUA 3HaYyLLa NOPIBHSIHO 3 BiAMOBIAHMM KOHTporem, p < 0,05.
Note: * — difference is significant as compared to the corresponding control, p < 0.05.
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BUJIB TBapWH, a Tako yepe3 2 roaumuu micis LT
y mypiB. Cepen cnonyx, BusiBnenux 3a 11" st xom’ si-
kiB (i3 M. M. 1350, 2350 i 6530 [la), crienudiyaoro
Oyna Tinbku ¢pakmis 1350 Jla, HeBenwKa KiJbKICTh
Moneky1 i3 M. M. 2350 Jla Bu3Hawamacs 3a LI y
rypiB, a gppakitis 6530 Jla 3’ aBismacs y KpoBi mypis
TiTbkH uepe3 24 ronuau micis 1T

[lepmri moBiOMIIEHHS IPO €HIOTE€HHI PEYOBHHH,
SKi 1HJIYKYIOTb PO3BHTOK 3UMOBOI CIUISIYKH («TpH-
repu ridepHaiii») Ta, MOXIJIHUBO, OMOCEPEIKOBYIOTh
aKTHBAIll0 XapaKTepHUX JJsl TiOepHamii HeHpo-
MIPOTEKTOPHUX MEXaHi3MiB, 3’SIBHJIHCS I B cepe-
nuHi 70-X pokiB MuHYJIOTO CTONiTTA [4, 11]. BoHHM
BUSIBJICHI TiJbKM B mepudepuyHiii KpoBi XOBpaxiB
y crani [II' [18]. BcranoBieHo, MmO 1€ €HIOTCH-
Hi TepmonalinpHi omiarHi mentuau i3 M. M. 1000—
1400 JIa. Y 90-x pokax omucaHWH OIIBIIHIA 32 M. M.
merituy (88 x/la) — HIT (hibernation induction trig-
ger), SIKUH TaKoXK CIIPHsIE 3aHYPEHHIO TBapUH B €CTH-
Barlito. He3Baxxarouu Ha Te, 110 OKpEMi JOCHTITHUKA
MOCTaBWIM TiJi CyMHIB 1ed ¢eHomen [30, 37], mo-
KazaHo, 10 JedKi cyOcraHIii KpoBi ribepHaropis,
3okpema [D-Ala2, D-Leu5]-Enkephalin (DADLE) —
OIiOiIHA peUOBHHA 3 M. M. 569 [la, MarOTh 37aTHICTh
3axXHIIaTH OpPraHy 1 TKAaHUHM B Mpoueci 30epiraHus
3 METO TOoAaNbIIoil ix TpaHcmaHTamii [7]. Takoxk
OnHcaHo crienrivHi BIaCTUBOCTI 1HIIUX HU3HKOMO-
JIEKYISIPHUX CIONYK (HEHPOTEeH3WH, omiaru, OoMOe-
3WH, HEHpOMeiaTopH), sIKi IEBHOIO MipOI0 IMITYIOTh
cran [II' sx y ribepHyrOunx, Tak i HeTiOepHYIO-
qux TBapuH [11, 30]. KpiM TorO, BHUSBICHO CITeII-
nU(IYHUN KOMIUIEKC CIIOJNYK, 10 1oB’si3anuid i3 [1I
1 ckiIagaerbest 3 4oTHpbox nentuaiB (20, 25, 27 i
55 x/la), KOHIIEHTpAIlisl SKOTO B KPOBI Ta IIEHTPaJIb-
Hilt HepBoBiil cuctemi (LIHC) perymioeTbest eHaOTeH-
HUM LUpKaHyAsIpHUM putMoM [20]. OpnHak romo-
JIOT1YHUHA KOMIUIEKC 3HAHAEHO W y rOMOHOTEpMHHUX
TBapuH, ajie HOro eKcIipecis MOoB’s3aHa TUIbKHU 3 ce-
30HHUMH 3MiHamHu [32].

Bimomo, mio rimorepmisi, Sika pO3BUBAETHCA 32
YMOB 3MMOBOi CIUISIYKH, Ha BiAMIHY BiJl IITYYHOI
rimorepMmii TOMOMOTEPMHOTO OpraHizMy, € mobpe
KOHTPOJILOBAHUM (Pi310JIOTIYHUM TIPOIIECOM, PO3BH-
TOK SIKOTO BiJJOYBa€ThCsl 3a MEPBUHHUM 3HUKCHHSIM
MeTaboJIuYHOi aKTHBHOCTI. PiBeHb 3HIKEHHS MeTa-
oomismy, TT, UCC Ta iHmmx ¢GyHKLIH, a Takox
CIPOMOXKHICTh OpraHi3My HPOTHCTOSTH LUM 3Mi-
HaM MOXYTh BH3HAa4aTH BiJJMIHHOCTI y CHEKTpalib-
HOMY CKJIaJli CIIOJTYK, IK1 3’ IBJISIFOTHCS Y KPOBI 3a PU-
poaHoi Ta wty4Hoi ridepHauii. ¥ podoti N. Ohwatari
Ta CIiBaBT. [28] 3a MOPIBHIILHOTO BUBYEHHS TillO-
tepmii 1o (7,2 = 0,3) i (17,1 £ 0,4)°C y cupiiicbkux
XOM’SIKIB 1 TIypiB JiHII BicTap BiImoBigHO BHSBIIC-
HO OJHOCTPSMOBaHI 3MiHHU: 30UIBIICHHS (QpPAaKITii
mentuaiB i3 M. M. 17,5; 19, 35 1 43 x/la Ta 3MeH-
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in the mid-1970s [1, 8]. They were identified in
peripheral blood of ground squirrels during NH
only [16]. This substance was found to be an en-
dogenous thermolabile opiate peptide with MW
1000-1400 Da. In the 1990s, the peptide with higher
MW (88 kDa), being HIT (hibernation induction
trigger), promoting the entry of animals in estivation,
has been described. Although this phenomenon
has been questioned by some researchers [30, 37],
certain blood substances of hibernators, in particu-
lar [D-Ala2, D-Leu5]-Enkephalin (DADLE), being
an opioid substance with MW 569 Da, showed the
ability to protect organs and tissues during storage
for further transplantation [4]. The specific pro-
perties of other low molecular weight compounds
(neurotensin, opiates, bombesin, neurotransmitters),
which to some extent simulate the NH state in both
hibernators and non-hibernators, have been also
described [8, 30]. In addition, a specific complex
of compounds, associated with NH and consisting of
four peptides (20, 25, 27 and 55 kDa), the concent-
ration of which in blood and central nervous sys-
tem (CNS) is regulated by endogenous circannual
rhythm, has been outlined [18]. However, a homolo-
gous complex has been also revealed in homeo-
therms, but its expression is associated with seasonal
changes only [32].

A hypothermic condition, developing during
hibernation, in contrast to artificial hypothermia of
a homeotherm, is a well-controlled physiological
process, which develops after the primary decrease
in metabolic activity. The level of reduction of
metabolism, BT, heart rate and other functions, as
well as the body’s ability to resist these changes, may
determine the differences in spectral composition
of the compounds that appear in blood during natu-
ral and artificial hibernation. A comparative study
of hypothermia to (7.2 £ 0.3) and (17.1 £ 0.4)°C
in Syrian hamsters and Wistar rats, respectively,
reported by N. Ohwatari et al. [28] showed the
unidirectional changes, namely an increase in blood
of peptide fractions with MW 17.5, 19, 35 and 43
kDa and a decrease in those with MW 32 and 40 kDa.
Our findings testify to the appearance of a different
molecular pool with 100-10,000 Da range in blood
under NH in hamsters and AH in rats, when the
BT decreased down to (8 + 1) and (17.0 = 1.7)°C,
respectively. Moreover, despite the same conditions
for hypothermia achievement under AH, as well
as the level of BT reduction down to (17.0 = 1.7)
and (15.3 £ 2.8)°C in rats and hamsters, respecti-
vely, a fractional composition of molecules in their
blood was different.

Proceeding from the known features of the
processes occurring under development of natural




meHHs i3 M. M. 32 140 kla y kpoBi. OTpumani HamMu
pe3ysbTaTH BKa3ylOTh Ha IMOSBY Pi3HOTO MYy MO-
nexkyn aianazony 100-10 000 Hda 3a III' y xposi
xom’skiB i 3a LI mypis, ko TT 3HMKYBanacs 10
8£1)1 (17,0 £ 1,7)°C Biamosimuo. bimem Toro, 3a
OTHAKOBUX YMOB JTOCSTHEHHsI Timotepmii mpu LI i
pias 3amwkenHs TT mo (17,0 £ 1,7) 1 (15,3 £ 2,8)°C
y IIypiB 1 XOM’SIKiB BiATOBITHO, ()paKIliiHUNA CKIIaT
MOJIEKYJ Y TXHiif KpOBI BiJJpi3HSBCSI.

[pyHTYIOUHCh HA BIiIOMHX OCOOJMBOCTSX IIPO-
LIECiB, 10 TMPOTIKAIOTh 32 YMOB PO3BUTKY MPUPOII-
HUX 1 WITYYHUX TiNOMeTaboNiYHuX cTaHiB [3, 6, 8
20, 24, 37, 39], a Tako)K Ha 30irax M. M., BUSIBJICHHX
HaMU B XOJIi €KCIIEPUMEHTIB CIIONYK, i3 M. M. BiJlO-
MHUX MOJIEKYJ MOXKHA JIUIIE 3 IIEBHOIO YaCTKOIO HMO-
BIpHOCTI CTBEp/KYBATH, IO Ili MOJEKYIH y KPOBI
IIypiB 1 XOM’SIKiB € THMU CAaMHMH, 5IKi O€pPyTh y4acTb
y 3a0e3MedueH ] aIalTHBHOI BiIMTOBI I OPTaHi3MYy.

Tax, maitnerma ¢paxmis (530 [a), sxa mpucyTHS
B KPOBI TBAPHH yCIX EKCIIEPUMEHTAILHUX TPy (Tab-
), € omu3bpKoro 3a M. M. 10 DADLE (569,659 1/
Monb), Met-enkephalin (573,665 r/monb) ta Leu-
enkephalin (555,632 r/mons). [Tpu upomy DADLE
— OfIHA 3 OMIOiJHMX PEYOBHH, BUSBICHHX Yy KpOBI
ribepHyI0uMX TBapHH, — 3aJIeKHO BiJ crocoOy BBe-
JICHHSI TOMOWOTEPMHHUM TBapuHAM MOXKE BUKIMKATH
TIMOBEHTWIALIII0, 3HWKYBaTH apTepialbHUN THUCK
(AT), UCC [15] Ta TT (ua xomomi) [37] abo HisIK HE
BIUIMBATH Ha OpTaHi3M. 30KpeMa, BBEIACHHS JICH-CH-
ke(aiHy B JaTepanbHUI IUTYHOUOK MO3KY, Y cisterna
magna, abo BHyTpimHboBeHHO TigBuirye AT 1 HCC
[31]. Omioian TakoX CHPHUSIOTH 3a0€3MEUeHHIO Iie-
PpeOpPOBACKYIISIPHOT Ba30IATALlll, BUKIMKAHOT €0
rimokcii [38]. MoximBo, 3MEHIIEeHHsI 1101 (ppaxiii
530 [Ja 3a ymoB LUI" y mrypiB BKkazye Ha y4acTb IIi€i
CHOJYKH B 3a0€3IeUeHH] Ba30AUIATAIlll CYIUH MO3KY.

Sx mokazano B poOoti C. JI. MenpHuuyka Ta
coiBat. [3], 3a ymoB LI, kpim 3umxkenas TT,
3MeHInyeTbest pH KpoBi, po3BUBa€THCS pecHiparop-
HUHM anMao3 1 yNoOBUIBHIOETHCS MOIIMHAHHS KHCHIO
TKaHWHaMH. BKa3aHi 3MiHH MOXYTh 30iJIbITyBaTH
WMOBIpPHICTB MPOSIBIB OKCHIATHBHOTO CTPECY, OTHUM
13 KpUTEPIIB SIKOTO € 3MiHA CITIBBiTHOIICHHS BiTHOB-
JIeHo1 Ta okucieHoi popM mryTariony (i3 M. M. 307,32
ta 612,63 r/mMonb BignosigHo). [Tossa 3a 11" y kposi
mypiB ¢pakmii 3 M. M. 650 [la, sika € ONIU3BKOIO JI0
okucieHol (opMmMu IIyTaTrioHy, MOXe BKa3zyBaTH
Ha PO3BUTOK OKCHJATUBHOTO CTPECY 32 IIUX YMOB.

Bussneni 3a I y kpoBi mypiB ¢paxuii mose-
Ky i3 M. M. 830, 950 1 1290 Jla moxyTh BiamoBina-
TH CHOJYyKaM, L0 BXOAATH 10 CKJIAAY PEHiH-aHTIio-
TeH3nH-anpaocTepoHoBoi cuctemu (PAAC), sika mae
JEKUTbKO CHTHAJIBHUX IIUIAXIB 1 BHKOHYyE Oararo
¢dyuxkmid B opramizmi [17]. Tak, anrioren3un (A) I
(M. M. 1296 t/monp) — monepeaaux All (1046,18 1/
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and artificial hypometabolic states [3, 5, 12, 23, 25,
37, 39], as well as basing on the coincidences of
MW values of the compounds we found out during
experiments, with those of the known molecules,
we most likely assume these molecules in rat and
hamster blood to be the same, involved in adaptive
responses of a body.

Thus, the lightest fraction (530 Da), which is pre-
sent in blood of animals of all experimental groups
(Table), is close in MW to DADLE (569.659 g/mol),
Met-enkephalin (573.665 g/mol) and Leu-enkephalin
(555.632 g/mol). In this case, DADLE as one of opioid
substances found in blood of hibernators, depending
on the method of administration to homeothermic
animals can induce hypoventilation, reduce blood
pressure (BP), HR [13] and BT (in the cold) [37]
or cause no impact on the body. In particular, the
introduction of Leu-enkephalin into lateral ventricle
of the brain, into cisterna magna or intravenously
increases BP and HR [31]. Opioids are also involved
in providing cerebrovascular vasodilation caused
by hypoxia (hypoxic cerebrovasodilation) [38]. A
decrease in the area of 530 Da fraction under AH
in rats likely indicates the participation of this
compound in ensuring vasodilation of cerebral ves-
sels.

S.D. Melnychuk et al. [25] showed under AH,
in addition to BT decrease, the reduction of blood
pH, development of respiratory acidosis and slo-
wing down of oxygen uptake by tissues. These chan-
ges may increase the probability of signs of oxi-
dative stress, one of the criteria of which is a change
in the ratio of reduced and oxidized glutathione
forms (with MW 307.32 and 612.63 g/mol, re-
spectively). The appearance of 650 Da fraction in
rat blood under AH, which is close to the oxidized
glutathione form, may testify to the oxidative stress
development under these conditions.

Molecular fractions with MW 830, 950 and
1,290 Da revealed in rat blood under AH, may
correspond to the compounds within the renin-
angiotensin-aldosterone system (RAAS), having se-
veral signaling pathways and implementing many
functions in the body [15]. For example, angio-
tensin (A) I (MW 1296 g / mol), precursor of All
(1046.18 g/mol), has no biological activity, while
Al (931.109 g/mol) and AA (1002,54 g/mol) induce
the blood vessel vasoconstriction and BP increase
[7]. In addition, A (1-7) (899 g/mol) as a vasodilator,
of coronary arteries in particular, in contrast, re-
duces the probability of ischemia-reperfusion-in-
duced arrhythmias, and improves the myocardial
function recovery after ischemia [10]. We should
mention another compound: Alamandine (855.011 g/
mol), which simulates the regulation of peripheral
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MOJIb) — HEe Ma€ Oi0JIOTIYHOI aKTHBHOCTI, B TOH ca-
muit gac sk Alll (931,109 r/momns) i AA (1002,54 1/
MOJIb) BUKJIMKAIOTh BAa30KOHCTPHUKINIO CYIAWH 1 Mif-
BumeHast AT [10]. Kpim toro, A(1-7) (899 r/momnb)
y poJIi Ba3oqMIIATAaTOPa, 30KpeMa KOPOHAPHHUX apTe-
piii, HaBMaKH, 3MCHIIYE HMOBIPHICTh MOSIBU BHKJIH-
KaHUX 1IMeMicro-penepy3icro apuTMmii, a TaKoXK
MOKpaIly€e BifHOBIEHHS (YHKII Miokapaa micis
immemii [12]. Coix BiA3HAUUTH IE OJHY CIOIYKY —
Alamandine (855,011 r/moib), sika MOAEIIOE pery-
TS0 Tepu(EePUIHOTO i HEHTPATBHOTO KPOB’STHOTO
THUCKY, a TAaKOXK KapJi0BacKyJsipHE PEeMOCITIOBAHHS.
o cronmyky MOXKHa «OTpUMAaTH» 3 AlaMeTpajbHO
MIPOTHJICKHHUX 32 KIHIIEBOIO Mi€I0 KackaliB — AA i
A (1-7)[17].

[Mosiea dpakmiii 830 i 950 i «3HUKHEHHS» (Ppak-
mii 1290 [la, axi crocTepiranu y pi3HI TepMiHH
3a LI (Tabmuisg), MOKYTh BKa3yBaTH Ha Y4acTh
PAAC y po3BUTKY TilTOMETaOOTIYHUX CTaHIB 1 TO-
JajbIle BiAHOBIEHHS (DYHKIIIOHATHHOI aKTUBHOCTI,
30KpeMa CcepIieBO-CYIMHHOT CUCTEMH Y IIypiB.

Opaxuis 1350 [la, sKy BUSBICHO TIIBKU Y XOM s
kiB 3a II" (Tabmuis), 30iracThcs 3 TAKOIO 332 M. M.
peuoBunmn P (Substance P, 1350 r/monn). Ane ueit
HEeHpoIenTu] pOAMHU TaxiKiHIHIB IIUPOKO Npen-
crapnenndt y IIHC 1 akTuBHO 3aiydaeTbcs 10 3a-
MaJHHOTO TPOIIECY, BUBLIBHIETHCS HA TIOYaTKOBOMY
etari roctporo nomkomkenHs [[HC, Bukivkae Heii-
pPOTeHHY 3amajbHy BIAIMOBiAb, SKa BiA3HAYAETHCA
30UTBIIIEHHSAM TIPOHUKHOCTI TEeMaTOCHIIe(haTiqTHOTO
Oap’epa 1 PO3BUTKOM Ba30TE€HHOTO HaOPsKy [22],
0 € HEXapakTepHUM JUIsI HOPMAJIBHOTO Mepediry
3uMOBOT cruistdki. OJHAaK TIOKa3aHO, MI0 KOHIICHT-
pauis pedoBuHH P y KpoBi 3017bIIYETHCS 32 YMOB
PO3BHUTKY JIENIPECUBHUX CTaHiB [5], a y HOCHiIXKeH-
Hsx J. A. Tsiouris [36] BusiBIeHa MOJIOHICTH PO3-
BUTKY 3UMOBO] CIUISTYKH 1 JCTIPECUBHUX CTaHIB.

Opaxkuis 1600 Jla (cmocrepiraeTbcs TUIBKH Y
XOM’SKIB yCIX €KCIIEPUMEHTaJIbHUX T'PYyM) 30ira€Th-
cs i3 M. M. 6bombe3nny (Bombesin (1619,85 r/momns),
a M. M. dpakmii 1140 Jla (BussimeHa B 000X BHIIB
TBapUH YCiX TPyH) € OMU3BKOI0 33 M. M. 0 OOM-
0e3nH-ToIOHNX menTuaiB HelpomenuHy (Neuro-
medin B (1132 r/monb) 1 momepeqHHKa racTpHH-
BuBLIBHsIOUor0 nentuay (Gastrin Releasing Peptide
(GRP) (18-27), 1120,29 r/monb). Lli peuoBunu Oe-
PYTh y4acTh y peanizauii mpoueciB HaBYaHHS 1 ma-
M’SITi, perynsuii TPUBOXKHOCTI Ta CTpaxy, TepMope-
rymsigii, crmoXuBaHHI DKi Ta (opmyBaHHI cTpeco-
Bux Bimnosimed [23, 34]. Bimomo, mo OomOGe3nHy
B Oprasi3mi CCaBIliB HEMa€, OJHAK HOTO TOMOJIOTH
(GRP (18-27) i HelipoMeIiH) MUPOKO MPEACTaBIEH]
B TepudepUIHIiA Ta IEHTPAIbHI HEPBOBHUX CHCTE-
max. llikaBo Bim3HAYWTH, MO EKCIIpecis Hehlpome-
IUHY B Tino(i3i perymoeTsess TITIOKOKOPTHKOITaMU
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and central blood pressure, as well as cardiovascular
remodeling. This compound can be ‘obtained’ from
the cascades, diametrically opposite by final action:
AAand A (1-7) [15].

The appearance of fractions of 830 and 950 Da
and disappearance of that of 1,290 Da, observed
within different time periods under AH (Table), may
suggest the participation of RAAS in development
of hypometabolic conditions and further recovery
of functional activity, particularly cardiovascular sys-
tem in rats.

The fraction of 1,350 Da, which was found in
hamsters under AH only (Table) coincided with that
by MW of substance P (Substance P, 1,350 g/mol).
But this neuropeptide of tachykinin family, wide-
ly present in the CNS, is actively involved in in-
flammatory process. It is released at the initial
stage of acute CNS damage, induces a neurogenic
inflammatory response, characterized by an in-
creased permeability of the blood-brain barrier and
vasogenic edema development [21], that is not ty-
pical for normal course of hibernation. Hence, the
concentration of substance P in blood was shown to
rise in case of development of depressive states [2],
and J. A. Tsiouris [36] found a similarity between the
development of hibernation and depressive states.

The fraction of 1,600 Da (only observed in hams-
ters of all experimental groups) coincides with the
MW of bombesin (1619.85 g / mol), and the MW
of 1,140 Da fraction (found in both animal species
of all the groups) is close by MW to bombesin-like
peptides: neuromedin (Neuromedin B (1,132 g/mol)
and precursor of gastrin-releasing peptide (Gastrin
Releasing Peptide (GRP) (18-27), 1120.29 g/mol).
These substances are engaged in learning and me-
mory processes, regulation of anxiety and fear, ther-
moregulation, food consumption and stress response
formation [22, 34]. It is known that bombesin is
absent in mammal organism, but its homologues
(GRP (18-27) and neuromedin) are widely present
in peripheral and central nervous systems. Note-
worthy, that the neuromedin expression in pituitary
gland is regulated by glucocorticoids and corticotro-
pin-releasing hormone [17]. In addition, its expression
is well seen in adipose tissue [14], which is also ac-
tively involved in metabolism and thermoregula-
tion. It should be noted that the area under peaks
of 1,140 Da fraction changes most pronouncedly
when hypometabolic states develop in both animal
species (Table).

Vasoactive intestinal polypeptide (VIP, MW
3,300 g/mol) is produced in the intestine, pancreas,
as well as in suprachiasmatic nuclei of hypothala-
mus. It is believed that the release of VIP may
have an adaptive and compensatory response, pro-




1 KOPTUKOTPOMiH-puii3uHT TopMoHOM [19]. Kpim
TOro, HOro ekcmpecisi JoOpe MmpeAcTaBieHa B KHU-
poBili TkaHuHi [16], sKa TaKoX AaxKTUBHO 3aiy-
4aeThCs JI0 peaiizallii MeTadomi3My Ta TepMOpPETyIIsi-
mito. Crig 3a3Ha4WTH, MO TUTOMIA T/ TKaMu (pak-
mii 1140 Jla 3a3Hae HAWOUTBIT BHpaKeHWX 3MiH 3a
PO3BHUTKY TINOMETa0OJIIYHUX CTaHIB y 000X BHUIIB
TBapuH (Tabnus).

Ba3zoakTUBHUI I1HTECTUHAIBHUN IOIINEIITUL
(VIP, M. M. 3300 r/MoOIb) MPOMYKYETHCS B KHIIEY-
HUKY, MiTILTYHKOBIM 3aJ1031, a TaKOX y cynpaxias-
MaTUYHUX SiApax Tinotanamyca. BpaxaeTbcs, IO
BuBUIbHEHHS VIP Moke MaTu ajanTuBHY 1 KOMIICH-
CaTOpHY BIJMOBI/b, HIO CIpPHSE Ba3OAMIATAINI Ta
MOJIMIICHHI0 Tep(y3il B JKUTTEBO BAXKIMBHUX Op-
rafax [21]. @pakmiro 3330 Jla BHABIEHO Yy KpOBI
TBapUH yCiX eKCIIEPUMEHTAIbHUX TPYII.

BucHoBku

Taxum 9uHOM, Tenb-(QiIbTpallis CHPOBAaTKH KPOBI
rerepo- (XoM’sKH) i TOMOMOTepMHUX (IIypH) TBApUH
KOHTPOJIbHOT (1HTaKTHOI) TPynH B Aiana3oHi M. M.
100-10 000 [la mo3Bonmia BUABUTH I ST (M. M. 530,
1140, 1600, 1980 Ta 3300 Ma) i cim (530, 1140, 1290,
1520, 1880, 3330, 5280 Jla) dpaxuiii mominenTuma-
HUX CIIONYK BiJMOBiAHO. 3aHYPEHHS TBAapWH Yy TiMo-
MeTa0ONiYHI CTAaHU BUKIWKAJIO IMOSBY HOBUX (pak-
i mMomekyn i3 M. M. 1350, 2350 i 6530 Jla 3a 11"
y xoM’sikiB 1 650, 830, 950, 23501 5110 /la y mypiB,
a takok (pakmii 5280 [Jla y xom’skiB 3a ymoB IIII.
Uepe3 2 rogwam micias LI y mrypiB 3 ABIsuTuCS
cnonyku 3 M. M. 750 1 4030 Ma, a gyepe3 24 roau-
HHY BIJHOBJIIOBAJINCS IUIOLII ITiJ HMiKaMH CIMOX KOH-
TPOJBHUX (PPAKIN JIO BHUXIJHOTO PIBHS, a TaKOK
3’sBwiiacsi HoBa (pakiis 6530 Jla, ska crnocrepi-
ranacst i y xom’siki 3a I1I.
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5. Bondy B, Baghai TC, Minov C, et al. Substance P serum levels
are increased in major depression: preliminary results. Biol
Psychiatry. 2003; 53(6): 538—42.
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moting vasodilation and improving perfusion in
vital organs [20]. Fraction of 3,330 Da was detected
in blood of animals from all experimental groups.

Conclusions

Thus, the gel filtration of serum of hetero-
(hamsters) and homeotherms (rats) of the control
(intact) group within the range of 100-10,000 Da
revealed five (MW 530, 1,140, 1,600, 1,980 and
3,300 Da) and seven (530, 1,140, 1,290, 1,520,
1,880, 3,330, 5,280 Da) fractions of polypeptide
compounds, respectively. The entry of animals into
hypometabolic states induced the appearance of
new molecular fractions with MW 1,350, 2,350
and 6,530 Da under NH in hamsters, and 650, 830,
950, 2,350 and 5,110 Da in rats, as well as fractions
of 5,280 Da in hamsters under AH. In 2 hrs after
AH inrats, the compounds with MW 750 and 4,030 Da
were found, and 24 hrs later the areas under peaks
of seven control fractions achieved the initial level,
as well as a new fraction of 6,530 Da, observed
in hamsters under NH, appeared.
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