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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 renbnpoHMKanbHOi xpomartorpaddii BMBY4anM cknag MOrekyn y KpoBi 3a yMOB Mnpupoa-
Hoi (M) i wrtyyHoi (LUT) ribepHauii. Y KOHTpOnbHIA rpyni 6yno m'aTb dopakuin Monekyn y XOM'sikiB Ta cim y wypiB. ®Ppakuii, Lo
36iranunca (M. m. 530, 1140 i 3300 [a), sigpisHanucsa Tinbku nrowamu nig nikamu (6inbwe y wypis). 3a ymos [ 3’aBnsnucs Hosi
dpakuii 1350, 2350 i 6350 [1a, 36inblwyBanmcsa nroLi KOHTponbHMX dpakuin 1140 i 1980 Aa. 3a W y wypis nrnowa dppakuii 1140 Oa
byna 6inbwoto, dpakuis 530 Oa — meHwoto i 3HMKkana dpakuis 3 m. M. 1290 Oa, 3'asnanucs Hosi — 650, 830, 950, 2350 i 5110 [da.
Yepes 2 rogmnu nicna LU dopakuii 1140 i 1520 fa 6ynu 6inbwmnmu, dpakuis 530 Ja — meHwoto (ki npu LLUT); 650, 2350 i 5110 Ja — 3Hu-
kanu, 3'asnanucs 3Hosy 1290 [la n Hosa 4030 [la; yepes 24 roguHu BiasHavanu Hosi dpakuii 5820 i 6530 [a. Y xom’sakis 3a LU 36inb-
wysanucsa dpakuii 1140, 1600 i 3330 [a, 3’'aenanaca Hoea dpakuiad 5280 [la, Ak y WwypiB KOHTPOMbLHOI rpynn Ta yvepes 24 roaviHu
nicna L.

KniouoBi cnoBa: ribepHadlisi, 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 MPOIECIB U yT-
BOPEHHSM O€3Iiyi CIIONyK, a TaKoX IX MPOMIKHUAX
MPOAYKTIB, sKi 3 SBISAIOTECA y KpOBi, IHTEPCTH-
iagbHIA, CTMHHOMO3KOBIHM Ta 1HIIUX pigMHaX 1 CTH-
MYJTIOIOTE/TIPUTHIYYIOTh aKTUBHICTD 3aAisTHUX JIa-
HOK peryisiii opraHizMy. YBECh KOMIUIEKC TaKHX
PEUOBHH JOCTOBIPHO BifoOpakae mepeOymnoBU B Op-
ra”izMi Ta aKTUBHO BUBYAETHCS 34 JIOIIOMOIOIO TEX-
HOJIOTI TeHOMIKH, MPOTEOMIKM Ta MeTabOJIOMIKU
[13, 25, 27, 40]. Mera Takoro MiAXOmy MOJSTAE
B MAaKCUMAaJIbHOMY BH3HA4YCHHI y 010JIOTIYHOMY 3pas3-
Ky BCHOTO HaOOpY MOJIEKYI, 30KpeMa i MOJEeKyIsip-
Hi Macu (M. M.) SKMX HE BiJ[IOBiJIalOTh 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-MIPOTHOCTUYHOT PO
LUX PEYOBUH € NEpPCIEKTUBHUM (DyHIaMEHTaIbHO-
MIPUKJIIAHIM HaIPsIMKOM KOMIUICKCHUX JIOCTIJKEHb,
OCKIJIBKM BOHU MOXYTh CIYI'YBaTH OiOJOTIYHUMH
MapKepaMu Ul OLIHKA HOPMaJIbHUX 1 AaTOJIOTTYHUX
TIporieciB B oprauizmi [27, 29].

HaiiGinpmr BupakeHi ¥ m00pe y3ropkKeHi Mix
coboro mepeOymoBr METaOOTIYHOI aKTUBHOCTI Bif-
3HAYAIOTHCSl Y TETEPOTECPMHUX TBAPUH y IUKII TPH-
ponuoi ribepHarii (I1I'). 3a momoMoror0 reHOMHHX
I TPOTEOMHMX TMiAXOMiB BuUsBIeHO 3MiHH MPHK
JUIS. TEHIB, BIAMOBIAAJLHUX 3a MPOLECH KO-
3y, TIIIOKOHEOTEHE3y, afoITo3y Ta OOMiHY JKUpIB, a
TaKOXK TOB’SI3aHHUX 13 MpolecaMu KIITHHHOTO poc-
Ty 1 HMpKagHUMH puTMamMu. KpiM TOro, BU3HAYCHO
MOJIEKYJTU-«KaHIUIATHy, SKI XapakTepU3ylOTb Ti-
OepHauiiiuuii ¢eHoTHn 1 BiAIrpalOTb poib y pea-
mi3arii iHAYKOBaHUX TiOEpHAIE€I0 3aXUCHHUX peak-
il 3a excTpemMalbHuX (i3ioNorivHux nepedyaoB B
OpraHi3Mi MPOTSITOM IHMKIY TOPHOP—TIPOOYHKEHHS
[24, 33]. Pesynbrati gOCHiHKEHHS MeTabOIOMY Ti-
OcepHATOPIB MOKa3aIM HASBHICTH BHPAKECHUX CE30H-
HUX 1 3aJIeXHHX BiJ CTaiill 3MMOBOI CIUITYKM 3MiH
aKTUBHOCTI KO(aKTOpiB MeTaboli3My, KaTabomizMy
aAMIHOKWICIIOT, ITypUHOBOTO, MIPUMIJMHOBOTO Ta JIi-
migHOTO MeTabomizmy [ 14, 26].

Icnye mymka, o B miamazoni M. M. 400—12 000 [a
3a3BHYAl TPYMYIOTbCS MOJIEKYJIH (30Kpema, Ipo-
TETHW, MENTHAM Ta IXHI MOCTTPAaHCIALINHI MO-
nudikamii): ogHa dYacTMHAa 3 HUX Oepe ydacTb y
peryisiIii KpoB’sSTHOTO THCKY 1 METaboIi3Mi KiCTKO-
BOI TKaHWHH, 3aXUCTi BiJl OKCHJIATHBHOTO CTpPECY
tomo [13], iHma — mpeacTaBiieHa TOKCHMHaMHU [9].
Jo 1nporo niama3oHy TakoK BXOASTH MOXiTHI IITIO-
KypPOHOBHX KHCIIOT, TOJIiaMiHU, KiHIHH, TPOAYKTH
nerpanainii GiOpuHOreHy, anpOyMiHy Ta IHII ITO-
JNENTHIHI CIIOMYKH, OKpPeMi KOMIIOHEHTH SIKUX
MaroTh IIMHPOKHH CIHEKTp OIl0JOTiYHOI aKTHBHOC-
Ti, a caMme: MPHUTHIYYIOTh KIITHHHUN IMYHITET, He-
criermuiyHy PEaKTUBHICTh, EPUTPOIOE3, a TaKOXK
aKTUBHICTH pAxy ¢epmentiB [1]. Kpim toro, y Bka-
3aHOMY Jiana3oHi M. M. IMPEACTaBIEHO MOJEKYIIH,
SKI CHPUSIIOTh 3aHYPEHHIO/BUXOMY 3 TiOepHaiii Ta
aKTUBAIll TEBHUX 3aXUCHUX MEXaHI3MIB y opra-
Hi3mi [11].

Apanrtanis 10 XOJOAy IpPOSBISIETECA Yy 3MiHI
3arajJibHAX XapakTePUCTHK T'CHOMY Ta AKTHBHOCTI
TeHiB, MPOAYKTH SKUX 3a0€31euyI0Th IPUCTOCYBAHHS
oprai3miB 10 meBHUX yMOB. llependadaerbesi, 1o
y TETEepOTEpPMHMX TBapUH AJs iHAYKLIl cTany ridep-
HaIlil i aKTUBAIlil 3aXUCHHUX CTpaTeriil BiOyBaeThCsS
mudepeHIliaibHa eKCIpecis Takoro HaOopy TeHiB,
SIKUM HassBHUW 1 y OIJBIIOCTI TOMOWOTEPMHHX Op-
rarizmiB [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 etc. [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 TEeHIiB Ta
CUHTE3 crherudiuHux OUTKIB s 3a0e3redeHHs
HEOOXiTHOTO PIiBHS MeTa0OJIYHMX TmporeciB [6].
Ha croromgni muraHHsS MOXIHMBOCTI (hakTopiB (TO-
JIOA, XOJIOA, TPHUBATICTH CBITIOBOIO IHS, I'a30BUI
CKJIaJ] HaBKOJHUIITHHOTO CEPEIOBHINA TOINO), SKi
CIIpUAIOTH 3aHypeHHIo TBapuH y I1I, akTuBYyBaTH 10-
MiOHI MeTa0oJiYHI MUISIXW Yy HETiOepHyIOUHWX TBa-
puH moTpeOye TPYHTOBHOTO BHBUEHHsS. Momemro-
BaHHS monioHux mo III' craHiB y roMoioTepMHHX
OpraHi3MiB € akKTyaJbHHM JUIsS IOJAJBIIOT0 BHKO-
pUCTaHHsI OTPUMAaHHUX PE3YJIbTaTiB y MNpPaKTHUHIH
MEIMIIMHI Ta JUIsl TOCITIJHKEHHST KocMocy [8].

Merta po6oTH — MOpiBHSUIbHE BUBYCHHS (hpaKiliii-
HOTO CKJIaJy MOJIMENTHIHUX CHOMYK i3 M. M. 100—
10 000 Hda y cupoBariui KpoBi rerepo- (Xom’siku) i
roMoHoTepMHUX (IIypH) TBapHH 38 YMOB MPUPOAHOL
Ta WTy4Hoi ribepHarii.

Marepianu i MmeToau

ExcnepuMeHTH TIpOBEIEHO BiAIOBIIHO A0 3aKo-
Hy Ykpaiam «[Ipo 3axXxucT TBapwH BiIl JKOPCTOKOTO
roBoKeHH (Ne 3447-1V Bim 21.02.2006 p.) 3 not-
pUMaHHAM BHUMOT KOMITeTy 3 Oioetuku IHCTH-
TyTy Tpobiem kpiobiomorii i kpiomeauuman HAH
YkpaiHu, TOro/PKEHUX 13 MOJIOKEHHIMU «EBPOICHCH-
KOi KOHBEHIIIT MPO 3aXHCT XpeOETHHX TBAPHH, SKi
BUKOPUCTOBYIOTBCS JUIsl €KCIICPUMEHTAILHUX Ta 1H-
mux HaykoBux wiiei» (CrtpacOypr, 1986). Poboty
BUKOHYBaJIM B OCIHHbO-3UMOBHH IIE€piOj Ha caMm-
X 30J0TUCTHX XoM’sikiB (Mesocricetus auratus)
1 Oesnoponnux Oinmx miypis (Rattus norvegicus)
(macoro 85-95 ta 220-280 r BignosimHo). o mo-
YaTKy eKCIIEPUMEHTY TBapUH yTPUMYBAIU B YMOBaxX
BiBapil0 3a TPHUPOAHOTO CBITIOBOTO PEXHUMY Ha
cranmapTHoMy partioni ad libitum i3 momaBanHAM
3epeH MIIeHHIII Ta HACIHHS COHSITHUKY.

Xom’sKu Oynu po3[iieHi Ha 3 TPyIU: KOHTPOIb
(iaTakTHI TBapuHN); 3aHypeHHs y mpuponny (I1) i
mtyuny rioepuartito (LUT). [lypu Oymm po3nisieHi Ha
4 rpynu: KOHTponb (IHTAKTHI TBapHHM); 3aHYPEHHS
y LIT; yepe3 2 1 24 romunm micnst Buxoxmy i3 LT
(n =3 y KoxHiii rpymi).

Xom’sikiB mepen 3anypeHHsm y [T poscamxy-
BaJIM B IHAMBIAYyalbHi KJIITKH, 3 PaLliOHy BHKIIO-
Yanud COKOBHUTY 1Ky, 3a0e3nedyBanyd THI3T0BUM
MarepiajJoM (IepeBHa TUpCa, CIHO) 1 MEepPEeHOCHIIH
B TEMHE NPHUMILICHHS 3 TEMIIEPaTypor0 MOBITPA
(5 £ 2)°C (nmpomucioBa XoJoAWIbHA Kamepa 00’€e-
MoM 20 M’ i3 aBTOMaTW4HUM PETYIIOBAHHIM TEM-
neparypu). XOM’'SKH 3aHypPIOBAUCS B  CIUISYKY
yepe3 10-14 ni6. Cepemust TpuBalicTh OayTy cTa-
voBmia (3 + 0,5) no6wu, remmneparypa tina (TT) 3H1-
xyBamnacs 110 (8 = 1)°C.
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hours, gas composition of the environment, etc.),
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 3447-1V 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
nocyauHu» [2, 3]. TBapuH y repMeTHYHO 3aKpUTIH
nocymuni (06’em must mypiB — 3 am® i aus xo-
M’SIKiB — 2 IM®) pO3MIlIlyBasid y MPOMHUCIIOBIH X0JI0-
UTbHINA Kamepi 3a temmeparypu 2—5°C. Teapunun
B YMOBax TEMpSBH, 3HI)KEHOI TeMIieparypu i Hapo-
CTar0voi TIMOKCii-TinmepKamHii mocTymoBo (Iypu —
mpotsirom (171,9 £ 9,9) xB 1 xom’ssxku — (175,0 £
+ 25,1) xB) 3amyproBamucs B momiObumii mo III°
CTaH, SIKUH XapaKkTepu3yBaBcs 3HWKEHHAM TT, 3MeH-
HICHHSIM 4acTOTH cepueBux ckopoueHb (UCC) i
JIUXAHHSI.

3pa3ku KpOBi TBapHH OTPUMYBAJIM IIiCJIs JieKa-
mitamii (y paMKax MpPOBEICHHS KOMILIEKCHOTO 3a-
0opy marepiany /it 610XiMIYHUX 1 MOPQOIOTiYHUX
JOCII/PKEHb) TIPU JOCSTHEHHI TilOMETa0OIIuHOTO
crany (III" i ILT) i yepe3 2 1 24 roguHu micis me-
pEMIlIeHHs TBAPUH B YMOBHU KIMHATHOI TeMIIEpaTypH
(22°C) 1 HOpMaJIBHOIO T'a30BOr0 CKJIAAy HABKOJIMII-
HBOTO CEPEIOBHIIA.

Oninky (pakuiiHOTO CKJIaay CHPOBATKUA KPOBI
TBapHH IMPOBOIMIN METOJIOM T'elIb-TIPOHUKHOI XpoMa-
torpadii. IleTenbanM imkexkTopoM BBOAMIN 0,2 MIT
CHPOBAaTKH KPOBI B KOJOHKY IOBKHHOIO 400 MM i
BHYTPIIIHIM niamMeTpoM 16 MM, 3amoBHEHY IIOJIi-
BinutoBuM reneM «TSK-Gel Toyopearl HW-40
Fine» («Toyo Soda Manufacturing Co», Smonis),
SIKAM  JTO3BOJISIE PO3AUISTA TOJIMENTUHAHI MOJIEKY-
nu B miamazoni M. M. 100—10 000 [a. 3maruuii mo
emoanii ¢pocdarHo-conboBuil  OydepHuil po3unH
(Na,HPO,/NaH,PO, 30 mmosns/i1, NaCl 100 Mmmons/i,
pH 7,4) momaBaBcs B KOJOHKY 4epe3 METSIbHUNA 1H-
JKEKTOp 3a JOTIOMOTOK MEePUCTATBTHYHOIO HACOCY
(«Microperpex LKB 2132», HlIsemis). IlBuaxicts
MOTOKY craHoBwia 1,6—1,7 MII/XB 1 oOliiHIOBajiacs 3a
4acoM HAaINlOBHEHHS KallilOpOBaHOI IMIMETKH 00’ €MOM
5,0 mu. ONTHYHY WIJIBHICTH €NI0aTy PEECTPYBaIH
Y®-monitopom («Uvicord SII LKB 2238y, 11Isertist)
3a noBxHHH XBWII 254 HM. CHrHanm MOHITOpa 3aru-
CYBaBCS y BHIVISJII XPOMAaTOrpaMHU JIBOKAHAIBHUM
noreniiomerpoM («Recorder LKB 2210», IlIBerist)
1 OIHOYACHO MoJIaBaBcs Ha iHTerparop («Waters 746
Data Moduley», CIIA), sxuii BU3HA4ae 4Yac YyTpH-
MYyBaHHS, TUIOIII TMiJ TiKaMH i MPOIEHTHUH BMICT
kokHOI (pakmii. [lonmepeane kamiOpyBaHHS TIpO-
BOAWJIM CTAHIAPTHHMH pPO3YMHAMHU TIENTHIIB 13
BKazaHOIO M. M. [l moOymoBW KaiiOpyBasbHO-
ro rpadika BHKOPUCTOBYBAIHM 3aJIC)KHOCTI JIOoTa-
pudpma M. M. i Bemmuumn Ve/V, ne Ve — o6’em
YTPUMYBAHHS CTAHAAPTHOT PEYOBUHHU, MIT; V | —«MEPT-
BHIl» 00’€M KONOHKH (MII), SIKHI BU3HAYAETh-
Csl 32 YacOM YTPHUMYBaHHS OJaKHUTHOTO JEKCTpaHy
(M. M. 2 000 x/1a).

[lomryx pe4oBWH i3 M. M., OMU3BKMMH 32 3Ha-
YeHHSM JO0 BHSBICHUX HaMmu (QpPaKIiii MOJEKy,
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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).

Jnst craructiaHOoi OOpOOKHM J]AHWUX BHKOPUCTO-
ByBaJIM HeTIapaMeTPUIHUHN KpuTepiii ManHa-YiTHi.

Pe3yabTaTn Ta 00roBOpeHHs

I'enmb-inpTpariss 3pa3kiB CHpOBAaTKA KpOBi iH-
TaKTHUX TBapuH (KOHTPOJhHA Tpyma) y Iiama3oHi
M. M. 10010 000 Jla mo3BoiMiia BUSBUTH I SITh
¢bpakuiii Monekyn y xoM’skiB (i3 M. M. 530, 1140,
1600, 1980 ta 3300 [a) i cim ¢pakmiii y mrypis (i3
M. M. 530, 1140, 1290, 1520, 1880, 3330 ta 5280 [a),
npudomy Tpu ¢pakuii (i3 M. M. 525, 1140 1 3300 [a)
30iranmcs y 000X BWJIB TBapHH, ajie BiIpi3HUTHCS
TINBKH TUIOLICIO MiJ] MiKaMu, sika Oyna OiIbpIIoo Y
IypiB (TaOIUIs).

3anypenns y III' xom’sikiB (3Hmxenus TT i3
(37,5 £ 0,5 mo (8 £ 1)°C) cynpoBomKyBanocs
MOSIBOIO 'y KPOBI TPHOX HOBUX (Dpaxiliii MoJeKyn —
13 M. M. 1350, 2350 1 6350 Jla, a Takox 30i/b-
IICHHSM TUIOMI, BUSBICHUX Y KOHTPOMi (ppakmiii i3
M. M. 11401 1980 [1a, B 9oTHpH i ABa pa3u BiAOBIIHO
(Tabmurs).

Pozsurok I y mrypiB (3amkenns TT i3 (38 £ 1)
mo (17 £ 1)°C) npuszBoguB 10 301IBINCHHS TUTOITI
¢pakuii 1140 da, 3Haunoro 3MeHIeHas gpaxiii 530,
3HUMKHEHHS MKy 1290 1 yTBOpeHHsI HOBUX (pakxiiiii
i3 M. M. 650, 830, 950, 2350 i 5110 [a. Ilnoma
¢pakuii 1140 [a 30inpmryBanacs y IOICTh pasiB,
a 530 [a — 3menuryBanacs Maibke BaBiui. Uepes
2 romuuu nicis Buxoay 3 T ¢pakuii 650, 2350 i
5110 la He BU3HaUaMCA, aJie 3HOBY 3’ sBIsu1acs pak-
uist 1290 1 yrBoproBaBcs HOBHH ik 13 M. M. 4030 [la.
[Tnommi mix mikamu 1140 i 1520 Jla 30inbiryBamcs
y 2,51 1,4 pa3u BignosinHo, ¢pakimis 530 Jla 3men-
mryBanacst BaBiui (sik 1 3a LUI). Yepe3 24 roamnun
micist I takox 3’sBistcs HOBI (pakiiii i3 M. M.
528016530 Ha.

Y xom’sakiB LI (3amkenns TT mo (16 £ 1)°C)
CIIpHSUTA TIOSIBI TUTEKHM OHI€T HOBOT (hpakiii i3 M. M.
5280 [a # 36impmennro oy ¢pakmii 1140, 1600
13330 [a. ®paxmis 5280 a Oyna Takox i y nrypis —
y KOHTPOJIbHIN Ipyti Ta yepe3 24 rogunau micys [T
(Tabmurs).

Takum unHOM, Tpu ¢pakuii (i3 M. M. 530 1140 i
3300 [la) y 3pa3kax CHpOBAaTKU KPOBi OyJId «3arajib-
HUMH» A7 000X BH[IB TBApUH: BH3HAYAIHCS SIK
y KOHTPOJIBHI rpyTIi, TaK 3a BUBYeHUX cTaHiB. [Lle aBi
¢pakuii Takox Oynu 3HalAEHI B KOHTPOJIBHIN rpymi
Ta 3a yMOB Ti0epHaii, ajne Majau HEBEJIUKY Pi3HULIO
M. M.: 1520 1 1600 Ta 1880 i 1980 Jla y urypiB i xo-
M’gKiB BigmoBimHo. HalOuipn J1aOUIBHOXO BUSABH-
nacst ppaxuis 1140 Jla: BigzHavanocs 3Ha4He 3011b-
menHsa 11 mromt 3a [II" y xom’skiB 1 ' 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, i. 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 dopakuivi noninentuaHnx monekyn 3 monekynspHoto Mmacoto 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'MAKn LLlypwn
B'ﬂo'\r"/'lvfonr?:y"”’ Ddpakuii Hamsters Rats

Known noninenTtuais, fa
compounds Poly_peptide

g/mol fractions, Da ExcnepumeHTanbHi rpynu

Experimental groups
KoHTponb Lr nr KoHTponb Lr LU 2 roamun | LUT 24 roanun
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 = 4 148 £ 2,75 | 17,6 + 6,1 59 + 1,2*

- 2350 - - 856 + 25 - 1,6 + 0,5 - -

- 1980 14 £ 7 13,6 + 3,7 59,56 + 12,6* - - - -

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

aaneesn 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 - - - -
Angiorem! 1290 - - - 169 + 30 - 157,9 + 25 | 142,9 + 22
Neuromedin B
(11(;382-)27G)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),ﬁ 3 950 : - - - 20+ 48 | 993 127 -
(931)
Angiotensin
iarmanding 830 - - - - 115+07 | 1632 .
(855)
- 750 - - - - - 29,1 £ 5,6 -
Glutathione
Oxidized 650 - - - 59 +0,8 - -
(612,63)
Metemmnalin 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 KOHTporeMm, 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 cnonyk, BusiBnenux 3a 11" st xom’ si-
kiB (i3 M. M. 1350, 2350 i 6530 [la), crienudivaoro
Oyna Tinbku ¢pakmis 1350 Jla, HeBenwMKa KiJbKiCTh
Monekyn i3 M. M. 2350 Jla Bu3Hawamacs 3a LI y
ypiB, a ¢ppakmist 6530 Jla 3’ sBismacs y KpoBi mypiB
TiTBKH yepe3 24 ronuau micis 1T

[Tepmri moBigOMIICHHS TIPO €HAOTCHHI PEYOBHHH,
SKi 1HIYKYIOTh PO3BUTOK 3UMOBOI CIULSTYKH («TpH-
repu ribepHaIlii») Ta, MOXKIIUBO, OIIOCEPEAKOBYIOTh
aKTUBAIlI0 XapaKTepHUX [uId TiOepHamii HeWpo-
MIPOTEKTOPHUX MEXaHi3MiB, 3’SIBHJIHCS 1€ B cepe-
nuHi 70-X poKiB MHHYJOTO cTONITTA [4, 11]. BoHH
BUSIBIICHI TiNBKH B repuepuvHid KpoBI XOBpaxiB
y crani I[II' [18]. BcraHomiieHo, 1O 1€ €HIOTCH-
Hi TepMmonalinbHi omiarHi menTuad i3 M. M. 1000—
1400 Ha. ¥V 90-x pokax omucaHuii OITBIIKI 32 M. M.
nentun (88 xJla) — HIT (hibernation induction trig-
ger), SIKUHM TaKoXK CIIPHsIE€ 3aHYPEHHIO TBapUH B €CTH-
Barlito. He3Baxkarouu Ha Te, 110 OKpPEeMi JIOCIHiTHUKU
MMOCTaBWJIM i CyMHIB med ¢eHomen [30, 37], mo-
Ka3aHo, M0 JesKi cyOcTaHiii KpoBi ribepHaropis,
30kpema [D-Ala2, D-Leu5]-Enkephalin (DADLE) —
orioimHa peuoBrHA 3 M. M. 569 Jla, MaroTh 3MaTHICTh
3aXWIATH OPTaHHW i TKAaHWHH B TIPOIECi 30epiraHHs
3 METOI0 MomabIioi ix TpaHcmanTamii [7]. Taxox
OTIMICaHO CTIeNU(IYHI BIACTHBOCTI 1HIINX HU3HKOMO-
JIEKYISIPHUX CIONYK (HEHpOTeH3MH, omiaTH, Oombe-
3WH, HEWPOMEIaTOpH), sIKi TIEBHOKO MipOIO IMITYIOTb
cran [II' sx y ribepHylounX, Tak 1 HeriOepHYIO-
yux TBapuH [11, 30]. KpiMm Toro, BUsBIEHO crel-
U(pIYHUN KOMIUIEKC CIOJNYK, 1o HoB’si3anuid i3 [T
1 ckiamaeTscs 3 wotupbox mentumiB (20, 25, 27 i
55 k/la), KoHLIEHTpAIlisl IKOTO B KPOBI Ta LEHTPAJIb-
Hill HepBOoBiH cuctemi (LIHC) perymtoerscst eHI0TeH-
HUM LUpPKaHyJIsIpHUM puTMoM [20]. OpmnHak romo-
JIOTIYHUNA KOMILIEKC 3HAWIEHO ¥ y TOMOHOTEpPMHUX
TBapuH, ajieé HOro eKclipecis MOoB’si3aHa TUIbKHU 3 ce-
30HHUMH 3MiHamH [32].

Bigomo, mo rimorepmis, sKa pPO3BUBAETHCS 3a
YMOB 3WMOBOI CIUISTYKH, Ha BIAMIHY BiJ IITy9HOI
rimotepmii TOMOMOTEPMHOTO OpraHizMy, € mobpe
KOHTPOJILOBaHUM (Di310JOTTYHIM TIPOIIECOM, PO3BHU-
TOK SIKOTO BiJJOYBa€ThCsl 3a MEPBUHHUM 3HMKCHHSIM
MeTaboJIuYHOI aKTHBHOCTI. PiBeHb 3HIDKEHHS MeTa-
oomismy, TT, UCC Ta iHmmx ¢GyHKIIH, a Takox
CIPOMOXKHICTh OpraHi3My NPOTHCTOSTH LUM 3Mi-
HaM MOXYTb BH3HAa4aTH BiJMIHHOCTI y CHEKTpallb-
HOMY CKJIaJli CIIOJTYK, K1 3’ IBJISIFOTHCS Y KPOBI 3a PU-
poxnnoi Ta wty4Hoi ridepHanii. ¥ podoti N. Ohwatari
Ta CmiBaBT. [28] 3a MOPIBHIILHOTO BHUBYEHHS TillO-
tepmii 1o (7,2 = 0,3) i (17,1 £ 0,4)°C y cupiiicbkux
XOM’4KiB 1 1IypiB JiHii Bictap BinnmoBimHO BuUsBIIe-
HO OJIHOCTIPSMOBAHI 3MiHU: 30iTbIICHHS (Qpakitiit
menTtuaiB i3 M. M. 17,5; 19, 35 1 43 x/la Ta 3McH-
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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
pe3yNbTaTH BKa3ylOThb Ha IMOSBY Pi3HOTO MYy MO-
aekyn niamazony 100-10 000 [a 3a III' y kposi
xom’skiB 1 3a LI mypi, ko TT 3HMKYBanacs 10
(8£1)1i (17,0 £ 1,7)°C Biamosimuo. biiem Toro, 3a
OJTHAKOBUX YMOB JIOCSITHEeHHs Timotepmii mpu LI i
piBas 3HmKeHHs TT mo (17,0 £ 1,7) 1 (15,3 £ 2,8)°C
y TIypiB 1 XOM’ SKiB BIATOBIAHO, ()paKIiMHUNA CKITaT
MOJIEKYJ V IXHIM KPOBi BiIPI3HSIBCS.

[pyHTYIOUHCH Ha BIiIOMHX OCOOJMBOCTSX IIPO-
LIECiB, IO TPOTIKAIOTh 32 YMOB PO3BUTKY MPUPOI-
HUX 1 ITYYHUX TiMOMETa0OMIYHUX CTaHiB [3, 6, 8
20, 24, 37, 39], a Tako)k Ha 30irax M. M., BUSIBJICHHX
HaMU B XOJIi €KCIIEPUMEHTIB CIIOJIYK, 13 M. M. BiJIO-
MHUX MOJIEKYJ MOXKHA JIMIIE 3 IEBHOIO YaCTKOIO HMO-
BIPHOCTI CTBEp/DKYBATH, IO LI MOJEKYIH y KpOBI
LIyPiB 1 XOM’SKIB € THMU CaMUMH, SIKi OEpyTh y4acTh
y 3a0e3Me4YeHHI aJalTUBHOI BiJIIIOBi/Ii OpraHi3My.

Tak, naitnerma ¢pakuis (530 Ja), sika npucyTHs
B KPOBi TBapHH yCiX €KCIIEpUMEHTAIBHUX TrpyH (Tao-
JaIIs), € 6au3pkoro 3a M. M. 10 DADLE (569,659 1/
Mmonb), Met-enkephalin (573,665 r/monb) ta Leu-
enkephalin (555,632 r/mons). [Ipu upomy DADLE
— OIHA 3 OIOITHUX PEYOBHH, BUSABICHUX y KpOBI
TiOepHYIOUNX TBAapWH, — 3aJIE)KHO Bij crtocoOy BBe-
JICHHSI TOMOWOTEPMHHIM TBapuHAM MOXKE BUKIHMKATH
TIMOBEHTWIALIIO, 3HW)KYBaTH apTepiabHUM THCK
(AT), UCC [15] Ta TT (na xonomi) [37] abo Hisik HE
BIUIMBATH HA OpraHi3Mm. 30Kpema, BBEIICHHS JICH-CH-
KedaltiHy B JaTepaibHUI TYHOUOK MO3KY, y Cisterna
magna, abo BHyTpimHboBeHHO TinBuirye AT i YHCC
[31]. Omioinu TakoX CHPHUSIOTH 3a0€3MEUEHHIO TIe-
peOpoBacKyssipHOi Ba3oAlIATALl, BUKIUKAHOI JIE0
rimokcii [38]. MoxinBo, 3MEHIIEHHsI 110 (ppaxiii
530 [Ja 3a ymoB LUI" y urypiB BKkaszye Ha y4acTb i€l
CTIOJTYKH B 3a0e3IeueHH] Ba30AIATAIlil CyITUH MO3KY.

Sk moxkazaHo B pobori C. JI. MenpHH4yka Ta
coiBaBT. [3], 3a ymoB LI, kpim 3mmkenas TT,
3MeHmyeThest pH KpoBi, pO3BHBAETHCS pecHipaTop-
HHAW aIua03 1 YIOBUTEHIOETHCS MOTIIMHAHHS KHCHIO
TKaHWHAMH. Bka3zaHi 3MiHH MOXYTH 301TBITYBaTH
WMOBIPHICTB TIPOSBIB OKCUIATHBHOTO CTPECY, OTHUM
13 KpUTEPIIB SIKOTO € 3MiHA CITIBBiTHOIICHHS BiTHOB-
JIeHo1 Ta okucieHoi popM rryTariony (i3 M. M. 307,32
ta 612,63 r/Monb BignosigHo). [Tossa 3a 1T y kposi
mypiB ¢pakmii 3 M. M. 650 [la, sika € ONHU3BKOIO JI0
okucieHol (opmMHu IIyTaTrioHy, MOXe BKa3zyBaTH
Ha PO3BUTOK OKCHJATUBHOTO CTPECY 32 IIUX YMOB.

Bussrneni 3a I y kpoBi mypiB ¢paxuii mose-
Ky i3 M. M. 830, 950 1 1290 Jla MoxyTh BiamoBina-
TH CHOJYyKaM, 10 BXOAATH 10 CKJIAAy PEHiH-aHTio-
TeH3nH-anba0cTepoHoBoi cuctemu (PAAC), sika mae
JIEKITbKO CHUTHAIFHUX IIISXiB 1 BUKOHYE Oararo
¢yskmiit B opranismi [17]. Tak, aariorensun (A) I
(M. M. 1296 r/momnp) — nonepenank All (1046,18 1/

198

EIS
8 e

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
AIIT (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) BUKJIMKAOTh BAa30KOHCTPHUKINIO CYAWH 1 Mif-
BumieHast AT [10]. Kpim toro, A(1-7) (899 r/momnb)
y poJIi Ba3oqMIIATATOPA, 30KpeMa KOPOHAPHHUX apTe-
pi#i, HaBMaKy, 3MEHIITYE WMOBIPHICTH ITOSIBH BUKJIH-
KaHUX imemiero-penepdysiero apuTMmiid, a TaKoK
TIOKpaInye BiTHOBIEHHS QYHKIII Miokapaa ITicis
imemii [12]. Crmix Bi3HAYUTH IIe OAHY CIOIYKY —
Alamandine (855,011 r/Momnp), sKa MOJENIOE pery-
TS0 Tepu(EepUIHOTO 1 EHTPATBHOTO KPOB’STHOTO
THUCKY, a TAaKOXK KapJi0BacKyJsIpHE PEMOJICITIOBAHHSI.
o cromyky MOKHA «OTpUMATH» 3 JlaMeTpajbHO
MPOTHJICKHHUX 33 KIHIIEBOIO JI€I0 KackaliB — AA i
A (1-7) [17].

[MosiBa dpakuiit 830 1 950 1 «3HUKHEHH» (pak-
uii 1290 [la, sixi cmoctepiranu y pi3Hi TepMiHH
3a III" (Tabnuis), MOXYTh BKa3yBaTH Ha Y4acTb
PAAC y po3BuTKy rimoMeTa®oiiuHUX CTaHIB 1 MO-
JANbIIe BiJHOBJICHHS (DYHKI[IOHATBHOI aKTUBHOCTI,
30KpeMa CepIieBO-CYIMHHOI CUCTEMH Yy IIyPiB.

Opaxkmisg 1350 [a, aKy BUSBICHO TUIBKH Y XOM S
kiB 3a LII" (Tabmurrst), 30ira€ThCs 3 TAKOIO 32 M. M.
peuoBuHH P (Substance P, 1350 r/momns). Ane e
HEUPOTIETITHT POIWHU TaxiKiHIHIB MIHPOKO TIpeI-
craBinennii y IIHC 1 akTwBHO 3amydaeTncs O 3a-
MAJBHOTO TPOIIECY, BUBLILHIETHCS HA MMOYATKOBOMY
etarmi roctporo nomkomkeHHs [IHC, Buxnmkae Heit-
POTeHHY 3amajbHy BIJIIOBi/Ib, sSKa BIA3HAYAETHCS
301IBLICHHSIM TPOHUKHOCTI TreMaToeHnedatiyHoro
Oap’epa 1 PO3BUTKOM Ba30T€HHOIO HAOpsKy [22],
IO € HEXapaKTePHUM Ul HOPMAJIBLHOTO IMepediry
3uMOBO1 cruistukd. OJHAaK TOKa3aHO, MI0 KOHIEHT-
pauis pedoBuHH P y KpoBi 3017bIIYETHCS 32 YMOB
PO3BUTKY JIENPECUBHUX CTaHIB [5], a y mociimxkeH-
Hsx J. A. Tsiouris [36] BusiBIeHa TOIIOHICTH PO3-
BHUTKY 3UMOBO] CIUISYKH 1 IETIPECUBHUX CTaHIB.

Opakmis 1600 [la (cmoctepiraerbcsi TUTBKHA Yy
XOM KIB yCiX €KCIIEPUMEHTaJIbHUX TPYyM) 30iracTh-
¢ 13 M. M. 6omOe3nHy (Bombesin (1619,85 r/monb),
a M. M. dpakmii 1140 Jla (BussmeHa B 000X BHIIB
TBApHH YCiX TPyI) € OMM3BKOIO 32 M. M. 0 OOM-
0e3nH-TIoi0OHNX menTuaiB HelpomenuHy (Neuro-
medin B (1132 r/monp) 1 momepeqHHKa racTpHH-
BuBLIBHsI0Uor0 nentuay (Gastrin Releasing Peptide
(GRP) (18-27), 1120,29 r/monb). Lli peuoBurn Oe-
PYTh y4acTh y peanizamii mpoueciB HaBYaHHS 1 ma-
M’SITI, PEryysiiii TPUBOXKHOCTI Ta CTpaxy, TepMoOpe-
rynsinii, crmoXuBaHHI DKi Ta (opmyBaHHI cTpeco-
BuXx Bimnosimed [23, 34]. Bimomo, mo OomOe3nHy
B Oprasi3mi CCaBIliB HEMa€, OJHAK HOTr0 TOMOJIOTH
(GRP (18-27) i HelipoMenH) MUPOKO MPECTaBICH]
B nepudepuuHiii Ta NEHTpaIbHI HEPBOBUX CHUCTE-
Max. llikaBo Big3HAuMTH, MO EKCIIpecis HeHpome-
IUHY B Tino(i3i perymroeTsesl TITFOKOKOPTHKOITaMU
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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 MpeAcTaBieHa B K-
poBili TkaHuHI [16], sKa TaKoX AaxKTUBHO 3aiy-
YaeThCs JI0 peatizallii MeTadomi3My Ta TepMOpPETyIIsi-
mito. Crig 3a3Ha4WTH, MO TUIOMIA i MiKaMu (pak-
mii 1140 Jla 3a3Hae HaWOLIBII BUpaKEHWX 3MiH 3a
PO3BUTKY TiOMETa0ONIYHAX CTaHIB y 000X BHJIIB
TBapUH (TaOIHII).

BazoakTuBHUN 1HTECTUHAIBHUN MOJINENTU]
(VIP, m. M. 3300 1/MONB) TPOAYKYETHCS B KHIIIEY-
HUKY, TAIDTYHKOBIM 31031, a TaKOX y CyIpaxiasz-
MaTHYHUX siApax Tinoranamyca. BpaaeTbcs, 110
BUBUIbHEHHs VIP MOXXe MaTu ajanTuBHY 1 KOMIICH-
CaTOpHY BIJIOBIJIb, IO CIPHSIE Ba30AMIATAIN] Ta
noJimmenHio nepdysii B KUTTEBO Ba)KJIUBHX Op-
ranax [21]. ®pakuiro 3330 Jla BusIBIEHO Yy KpOBI
TBapuH yCiX eKCIIEpUMEHTAIBHUX TPYII.

BucHoBkn

Takum 9uHOM, Teb-(PiIbTpallis CHPOBAaTKU KPOBI
rerepo- (XoM’siKu) 1 ToMOHOTepMHUX (IIIypH) TBApUH
KOHTPOJIHHOI (IHTAaKTHOI) TPynH B Jiama3oHi M. M.
100-10 000 /la mo3BOMIIa BUSBUTH IT ST (M. M. 530,
1140, 1600, 1980 Ta 3300 [a) i cim (530, 1140, 1290,
1520, 1880, 3330, 5280 Jla) dbpaximiii mMOJIMENTHI-
HUX CIIOJYK BiIMOBiAHO. 3aHYPEHHS TBApWH Yy TiIlO-
MeTa0oJIuHI CTaHW BUKIHMKAIO TOSIBYy HOBUX (pak-
it Monekyn i3 M. M. 1350, 2350 i 6530 [la 3a I
y xoM’sikiB 1 650, 830, 950, 23501 5110 [la y mypis,
a takox Qpaxnii 5280 Hda y xom’sikiB 3a ymoB LI
UYepes 2 ropmum micast LUTT y mrypiB 3’siBisutucs
cnoiyku 3 M. M. 750 i 4030 [a, a yepe3 24 roau-
HU BIJHOBIIOBAJIMCS IUIOLII ITiJ ITIKAMHA CIMOX KOH-
TPOJNIBHUX (pakuiii 10 BUXIJHOTO PIiBHS, a TaKOX
3’sauiiacsi HoBa (pakimis 6530 Jla, ska cmocrepi-
ranacs i1 y xom’sikiB 3a I1I.
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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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