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Effect of Cold Exposures on Thyroid Activity
and Low-Molecular Weight Polypeptides
Spectrum in Rats

3BeCTHO, 4TO YCTOMYHUBOCTB K XOJIOAY Y MJICKOIIUTAIOIINX (POPMHUPYETCS B TeUCHHE HECKOJIBKUX HEeNb IIOCTOSHHOTO IPEObIBAHHS
Ha xojoze. [Toka3aHo, 4To npepbIBUCTHIE X0JI0I0BbIE BO3EHCTBUS TAKKE MOT'YT IPUBOAUTH K MOBBIIICHUIO YCTOMYMBOCTH OpraHU3Ma
K xojony. HanbGoisiee BbIpakeHHBIE M CTOIKHE TepMOreHHbIe (KTl U ASHCTBUH XOJIOAA BBI3BIBAIOT FOPMOHBI IIUTOBHUIHOM
xenesbl — TupokcuH (T,) u tpuiionruponun (T,). Beuio nsy4yeno usmenenne ypoBHs TAPEOUIHBIX TOPMOHOB U MOJIUNIENTHAOB CPEAHEH
Macchl IIpu noctosHHOM foirospemeHHoM (IIJIXB) u purmuueckom xononosoM Bo3aeiicteun (PXB). ITIJIXB npuBoauso k pezkoMmy
IJIUTELHOMY TIOBBIIEHHIO KOHLEHTpaluu T, 110 CPaBHEHHIO C KOHTPOJIEM. YPOBEHD T, TaKKe JOCTOBEPHO BO3PACTAI B CHIBOPOTKE
kpoBH kpbic ¢ PXB npu —12°C, Ttorna xak y kpsic PXB npu 10°C naOmiogaercst JUIIb TEHICHIUS K €ro MOBBIIICHHIO. YPOBEHb
TPUHOATUPOHMHA ITPU U3yUEHHBIX XOJI0I0BBIX BO3JEHCTBUAX 10CTOBEpHO He n3MeHsuics. Kpome Toro, nocie [IJIXB u PXB B nna3me
KPOBH MOXET HAOFOIATHCS OMPEACICHHOE KOHIICHTPAIIMOHHOE MePepacpeIe/ICHIE MOMUIEITHIHBIX MOJIEKYI cpeanei Maccel (MCM),
KOTOPOE HE HOCUT MaTOJIOrMIECKOT0 XapaKkTepa U MOXKET OBITh XapaKTepHO AJIsl KOHKPETHOTO X0JI010BOTr0 Bo3elcTBus. ToT ¢daxt, 4to
HOBBILICHUE aIaNTALMOHHBIX criocoOHocTei nocie PXB npu —12°C npoucxoaut, kak U B ciy4dae [1/1XB, Ha (oHe akTHBaLK TUPEOUTHOM
CHCTEMBI MOXET CBUICTEIbCTBOBATE, YTO 3Ta aKTHBALHS SIBIISIETCS HEOOXOJMMBIM (PaKTOPOM JIJIsl 3aITyCKa MEXaHH3MOB, BOBJICUEHHBIX
B ()OpMHUpOBaHHUE aJaTITALHH.

Knrouesvie cnosa: Xxonon0Bble BO3ACHCTBYSL, TUPEOUIHBIE TOPMOHBI, IOIUICIITUABI CPEAHEH MacChl, KPBICHI.

Bimomo, 1o CTIMKICTh A0 XOJOAY Yy CCaBLiB OPMYETHCS MPOTIATOM KUIBKOX TIDKHIB IPH MOCTIHOMY repeOyBaHHI Ha XOJIOI.
[TokazaHo, 10 IepeprBYACTi XOJIOIOBI BILTHBY TaKOXK MOXKYTh PU3BOIHUTH JI0 I IBUIIECHHS CTIHKOCTI OpraHiaMy 10 xonoxy. Hai0inpm
BHpPaKeHi i CTikiKi TEpMOreHHi e)ekTH Py Iii X010y BUKIUKAIOTh FOPMOHH IIMTOBUIHOI 3251031 — TUpokckH (T,) i TpuiioaTuponin
(T,). Byno BuBYEHO 3MiHy PiBHS THPEOIIHMX TOPMOHIB i TIOMIENTHIIB CEPEAHBOT MACH MPU MOCTIHHOMY JIOBTOTPHBATIOMY XOIIOJOBOMY
BmBi (ITIXB) i purmiunomy xonogosomy Briuei (PXB). IIIXB mpu3Boaus 10 pi3koro TpUBAIOTo MiIBULIEHHS KoHIeHTpamii T, B
HopiBHsAHHI 3 KoHTponeM. PiBenb T, Takox T0CTOBIpHO 3pOCTaB y CUpoBarii kpoBi mypis 3 PXB npu —12°C, Toni sk y mypis 3 PXB
rpu 10°C criocrepiraeThes JHIIE TEHASHIIS 10 HOTO MiABUIICHHS. PiBeHb TPHHOATHPOHIHY IIPH BCiX BUBUYCHHUX XOJIOJOBUX BILTUBAX
JIOCTOBIPHO HE 3MiHIOBaBCs. KpiM TOTO, MiCIIs XOJI0OA0BUX BIUIMBIB y IJIa3Mi KPOB1 MOXKE CIIOCTEpIraTucs MEBHUI KOHLIEHTpAIiTHAN
MePEepO3MOILI MOTIMENTHAHUX MOJIEKYI cepearboi Macu (MCM), o He HOCUTB MAaTOIOTIYHOTO XapaKTepy 1 Moke OyTH XapaKTepHUM
IUTS KOHKPETHOTO XO0JIOI0BOTO BILTUBY. Toii (pakT, 1o miABHIEHHS aganTaliifaux 3ai6Hocreil micns PXB npu —12°C BinOyBaeThces, K
i mpu I1JIXB, Ha T akTUBAIil THPEOIAHOT CHCTEMH MOXE CBIAYUTH, IO TaKa aKTUBAIlS € HEOOXiTHHM (PaKTOPOM IS 3AIyCKY
MeXaHI3MiB, 3aJTy4eHUX 10 GOpMyBaHHS aJarTaiii.

Kntouosi cnosa: Xono10Bi BIUIMBY, THPEOiHI TOPMOHH, HOJIIIEITUIN CEPEIHBOI MACH, Iy PH.

The resistance to cold in mammals is known as forming within several weeks of continuous exposure to cold. The intermittent cold
exposures were shown as capable to result in an increased organism’s resistance to cold as well. The most pronounced and stable
thermogenic effects under cold exposure are caused by such thyroid hormones as thyroxine (T,) and triiodothyronine (T,). The
changes in the level of thyroid hormones and low-molecular weight polypeptides under continuous long-term cold exposure (LTCE)
and rhythmic cold one (RCE) have been studied. The LTCE resulted in a dramatic long-term increase in T, concentration compared to
the control level. The T, level was also statistically and significantly increased in rat blood serum with RCE of —12°C, whereas in
animals with RCE of 10°C the only tendency to its augmentation is observed. The triiodothyronine level under the studied cold effects
remained statistically and significantly unchanged. In addition, the certain concentration redistribution of low-molecular weight
polypeptides (LMWP), having no pathological nature and being typical for the specific cold exposure, may be observed in blood
plasma after LTCE and RCE. The very fact that an increase in adaptation capacities after RCE of —12°C results, as in LTCE case as
well, at the background of thyroid system activation may testify to that as an essential factor to trigger the mechanisms involved into
cold adaptation formation.

Key words: cold exposures, thyroid hormones, low-moleculat weight polypeptides, rats.
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BrlsicHeHNe MONEKYISIPHBIX MEXaHU3MOB TEMIIE-
pPaTypHBIX aJanTaluid y MIIEKOTUTAIOMNX SIBIAETCS
aKTyaJIbHOH Mpo0IeMOoil COBpeMEHHOH KpHOOHOJIOTHH.
TeMmeparypa — OIMH U3 BaXXHENIINX HKOJIOTHUECKUX
(hakTOpOB, KOTOPHII HE TOIBKO OMPEIEINIET CKOPOCTh
OMOXUMHUYECKHUX IPOIIECCOB, CTAOMIEHOCTH OMOJIOTH-
YECKHUX U MOJIEKYISIPHBIX CTPYKTYp, HO M BIUSET Ha
TedeHue (HU3NOTOTHUECKUX MPOLIECCOB U MOBEACHUE
KUBOTHBIX [17].

YCTOMYNBOCTE K XOJIOTY Y MIIEKOTTUTAIONTUX (hop-
MHUPYETCsI B TeUEHHE HECKOIBKUX HEZETb IPH TOCTOSH-
HOM IpeOBIBaHUHU Ha XoJ0ae. Metabonuueckoe obec-
MeYeHNE TEPMHUHAIBHBIX CTAANH TEPMOPETYIISALNOH-
HOTO pedirekca CBSI3aHO C AKTUBAIMEH BEreTaTUBHOM
HEPBHOM CHCTEMBI M SHIOKPUHHBIX (PYHKLHIA, YTO IPHU-
BOJUT K MIPSMBIM KaJIOPUTE€HHBIM 3¢ (ekTam, onocpe-
JIOBaHHBIM HOPAAPEHAJIMHOM, THPOKCUHOM, TITFOKaro-
HOM, KOPTUKOUIAMH U IPYTUMH YHIOKPHHHBIMH CTH-
MynsTopamu Metabonusma [ 15, 20, 26, 30]. Haubonee
BbIpa)KEHHBIE M CTOMKHE TepMOTeHHbIE 3)()hEKTHI pH
JEHCTBUH X0JI0/1a BBI3BIBAIOT TOPMOHBI ITUTOBUIHON
xeneswl — Tupokcut (T,) u tpuiionTuponus (T,).

Bwmecte ¢ TeM nmoka3aHo, 4YTO NPEPHIBUCTBIE XOJIO-
JIOBBIE BO3/ICHCTBHS TAK)KE MOTYT IPUBOJUTH K TIOBBI-
LICHUIO YCTOWYMBOCTH OPTaHN3Ma K XOJIOY, a XOJI0/10-
Bas Harpys3Ka IIpH TaKOM CTII0C00€e COCTaBIsAET HE3HA-
YUTEIbHYIO YaCTh 110 CPABHEHUIO C XPOHUUECKUM BO3-
nericteueM. KpoMe Toro, yem Huke Temmeparypa
BO3JIEHCTBHS (BBILIE TPAAUEHT MEX Y TEMIIEpaTypon
AKKJIMMALMU ¥ TEMIIEPATypoil Cpelibl, B KOTOPOMl HAXO-
JUTCS YKMBOTHOE MEXAY XOJIONOBBIMU BO3AEHCTBHSI-
MH), TEM BBIIIE YCTOWYMBOCTH KUBOTHBIX K ITOCIIE-
IyIOIel X0nonoBol Harpy3ke [7, 24].

B aT10# cBsI3M OBUTO BRICKA3aHO MPEATIONOKECHHE
[7], 9TO IpH UCHIOIB30BAHUH MPEPHIBUCTHIX (PUTMHU-
YECKHMX) XOJIOAOBBIX BO3ACHCTBUIl hopMHupoOBaHHE
aJlanTanuy UJIET MO TUIMOMETA00INYEeCKOMY THUITY
1 CXOIIHO C TAKOBOH y ’KMBOTHBIX B ITpupoze. [Ipu no-
CTOSTHHOM JIOJITOBPEMEHHOM XOJIOJIOBOM BO3JIECTBUN
(ITAXB) agantauus ¢popmMupyeTcs 1o runepmerado-
JUYECKOMY THUITY, Ha ()OHE 3HAYUTEITHHOTO HAIpsIKe-
HUS TUPEOUTHON (DYHKITUH OpraHu3Ma, IPUBOISAIIETO
K IHUCIPOIMOPLHUSAM B TOPMOHAJIEHOM CTaTyC€, MOBBI-
LIEHUIO OOIIMX PACXOI0B SHEPTUH, TOBPEKACHHIO T1e-
pudepruIecknx TKaHel 1 CyCTaBOB, MTOBBIIIIEHUIO KPO-
BSIHOTO JaBlieHus U T. 1. [7, 10].

Panee nokasano [1, 4], 4To npu HapyIIEHUN MeTa-
Oosn3Ma, BCIIeICTBHE BIMSHUS Pa3IHYHBIX (PakTOpOB
Ha OpraHU3M, B KpPOBHU MOBBIIIAETCS KOHIEHTPALIUS
MTOJITIETITUAHBIX MOJIEKYN cpeaHeil maccel (MCM)
¢ M. M. o1 300 1o 5000, oTAENBHBIE PPAKIIH KOTOPBIX
0051a1a10T BBIPAXKEHHONH OHOJIOTMYEeCKOH aKTHBHOC-
ThtO: yraetatoT cuHte3 JJHK, uzmenstor nponuiiae-
MOCTh MeMOpaH, HapylIaloT TKaHEBOE JIbIXaHHUe
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The elucidation of molecular mechanisms of tem-
perature adaptation in mammals is a topical problem
in current cryobiology. The temperature is one of the
most important environmental factors, determining not
only the rate of biochemical processes, the stability of
biological and molecular structures, but affecting the
course of physiological processes and animal behavior
as well [17].

The resistance to cold in mammals is formed within
a few weeks under a constant exposure to cold. In this
case the metabolic maintenance of terminal stages of
thermoregulatory reflex was shown as associated with
the activation of autonomic nervous system and endo-
crine functions, resulting in direct calorigenic effects,
mediated by norepinephrine, thyroxine, glucagon, corti-
coids and other endocrine metabolic stimulators [15,
20, 26, 30]. The most pronounced and resistant thermo-
genic effects under cold effect are caused by thyroid
hormones: thyroxine (T,) and triiodothyronine (T,).

At the same time the intermittent cold exposures
were shown as also capable to increase an organism's
resistance to cold, and a cold load in such a way made
a small part compared to a chronic effect. In addition,
the lower the exposure temperature is (the gradient
between acclimation temperature and that of envi-
ronment, where the animal is located between cold
exposures is higher), the higher the animals' resistance
to following cold load is [7, 24].

In this connection it was suggested [7] that when
using the intermittent (rhythmic) cold effects the adap-
tation formation proceeded according a hypometabolic
type and was similar to that of animals in nature. Under
continuous long-term cold exposure (LTCE) the adap-
tation is formed on hypermetabolic type, at the back-
ground of significant strain in thyroid function of an
organism, resulting in hormonal status disproportion,
enhance of general energy consumption, damage in
peripheral tissues and joints, high blood pressure, efc.
[7,10].

It was shown previously [1, 4] that under disordered
metabolism due to the effect of different factors on an
organism there was an increase in blood of low-mole-
cular weight polypeptides (LM WP) concentration with
molecular weight from 300 to 5,000 Da, some fractions
of which had a pronounced biological activity: they
inhibited DNA synthesis, changed membrane permea-
bility, impaired tissue respiration and microcirculation,
caused a cytotoxic effect, participated in polyneuro-
pathy pathogenesis. It is believed that the major source
of LMWP formation is a pathological degradation of
proteins. At the same time among the LMWP there
were found the products of enzymatic degradation,
which were close by their molecular mass to the known
peptides: angiotensin and enkephalin [4]. Within this
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1 MUKPOUUPKYJISLNIO, 0Ka3bIBAIOT IUTOTOKCUYECKOE
JEHCTBHUE, yYaCTBYIOT B IATOr€HE3€ MOJIUHEHPOIIATHH.
Kak nmonaratot, 0CHOBHBIM UCTOYHHKOM 00pa30BaHUs
MCM sBasieTcst maroyorudeckas aerpajaius Oen-
koB. B T0 e Bpemst cpean MCM oOHapyskeHBI Ppo-
IYKTBl (JEPMEHTATUBHOU JETpallalliy, KOTOPHIC IO
CBOCH MOJICKYJISIPHOU Macce OJMM3KH K U3BECTHBIM
MIETITH/IaM — aHTHOTECH3UHY ¥ 2HKedanuny [4]. B atoT
JaIa30H MOJIEKYJISIPHBIX BECOB IMOMA/IAl0T IIPOCTHIE
1 CJIOKHBIE TIETITUIBL, TTTUKOMPOTEUIBI C MOJIEKYIISIPHOU
Maccoi 500-2000, Takue ryMopanbHbI€ pETYIATOPHI,
KaK MHCYJIHH, [JIFOKaroH, pa3inyHble «TPOIUHBD) U UX
KOMILICKCHI, HEKOTOPbIE BUTAMUHBI, HYKJICOTU/IBI, TIPO-
IOYKTHI pacniafa ¢pubpuHa, a Takke MeTabOoIHUTHI, 00-
pasymomyecs B rpolecce paciajaa YHI0TeHHBIX Oe-
koB [1, 21]. Kpome Toro, B psne ciydyaeB B KpOBU
TTOSIBIISIFOTCS ITOJTUIIETI THTHBIE MOJIEKYJIBI, PETYIUPYIO-
¥e/CTUMYHPYIOIIHE MTPOIECCHl BHYTPUKIETOYHON U
TKaHEBOU permapaTUBHOMN perenepaud |5, 6].

Hecmortpst Ha TO, UTO pazarIHBIE BUIBI XOJIOAO0BBIX
BO3/EHCTBUI JIaBHO HCIOJB3YIOTCA B KIMHUYECKOU
MIPaKTHKE KaK JJI KOPPEKIHH psifia MaToI0THIeCKIX
coctostHmi [19, 27], Tak ¥ I MOBBIMICHUS OOIICH
YCTOMYHMBOCTH OpraHusma [28], MHOTHE BOIIPOCHL, CBSI-
3aHHBIC C MEXaHW3MaMHu (OPMUPOBAHUS TOJOOHBIX
3¢ (eKToB, OCTalOTCS HE BEISICHCHHBIMHU.

Lenp pabOThI — U3YYUTHh U3MECHEHUE YPOBHS TH-
PEOUTHBIX TOPMOHOB U MOJIUIICTITHIOB CPEAHENH MACCHI
TIPH PA3TUIHBIX XOJIOAOBBIX BO3IEHCTBHSIX (TIPH IOJT-
TOBPEMEHHOM ITOCTOSTHHOM Ml pPUTMHUYECKOM JICHCTBUHT
X0J1071a).

MaTtepmnanbl 1 meTOAbI

OKCnepuMEeHTHI OBUTH IPOBEICHBI B COOTBETCTBHH
¢ 3akoHoM Ykpaunbsl Ne 3447-1V ot 21.02.2006 r.
«O 3ammre XUBOTHBIX OT KECTOKOTO OOpaIIeHUs,
¢ nosokeHNsIMU « EBponeiickoil KOHBEHIIUH O 3aIIHUTe
[IO3BOHOYHBIX YKUBOTHBIX, UCTIOJIb3YEMBIX JIJIS DKCIIe-
PUMEHTAIBHBIX U JIPYTHX Hay4dHBIX Ienei» (Crpac-
Oypr, 1986 1), a Taroke COrTIaCHO MPUHITAIIAM OHMOATHKH
1 HOpMaM OHOJIOTHIECKON 0€301TaCHOCTH.

OKCIEPUMEHTHI MMPOBEICHBI HAa OEJIBIX OeCTIOpOoI-
HBIX KpbIcax-camiax (7—8 mecsmeB, macca 250—
300 r), comepkaBIINXCSI TPYIIIIAMH 110 4—5 KHBOTHBIX,
MIpH KOHTPOJIUPYEMOH JTUTETFHOCTH CBETOBOTO Pe-
xuMa (cBer:TeMHOTa (12:12), cpenuss TeMmnepaTtypa
22..24°C).

Jns ITJIXB 5KMBOTHBIX BBLIEPKUBAIY IIPU TEMIIE-
patype okpyxatomeit cpeast 4°C B teuenue 30—40
JHEW co cBOOOIHBIM JOCTYIIOM K BOJE W TIHILE.

Putmuueckue xonomoseie BozackcTBus (PXB)
OCYIIECTBIISUIN CIIEAYIOMIAM 00pa30M: JIBE TPYIIIIHI JKH-
BOTHBIX B TEUECHHUE JIBYX [THEH B CBETIIOE BPEMsI CYTOK
MTOIBEPTAIINCH JBYM CEepHsIM M3 9 OXIJIaXIEeHUH 1o
15 mun ipu Temrreparype —12°C (rpymma PXB (—12°C))

KpuoGMOROrIM

T.22,2012, Ne1

range of molecular weights come simple and complex
peptides, glycoproteids with molecular mass of 500—
2,000 Da, such humoral regulators as insulin, glucagon,
and various ‘tropines’ and their complexes, some vi-
tamins, nucleotides, fibrin decay products, as well as
metabolites formed during endogenous protein decay
[1,21]. In addition, in some cases the polypeptide mole-
cules that regulate/stimulate the processes of intracellu-
lar and tissue reparative regeneration appear in blood
[5,6].

Despite the fact that different types of cold exposu-
res have been used for a long time in clinical practice
for both correction of some pathological states [19,
27] and increase of total organism’s resistance [28],
many questions, related to the mechanisms of these
effects formation remain still unclear.

The research aim was to study the changes in level
of thyroid hormones and low-molecular weight poly-
peptides under different cold exposures (under long-
term continuous and rhythmic cold effects).

Materials and methods

The experiments were performed in accordance
with the Law of Ukraine Nr. 3447-1V of 21.02.2006
‘On protection of animals against cruelty’, the state-
ments of the European Convention on the Protection
of Vertebrate Animals Used for Experimental and
Other Scientific Purposes (Strasbourg, 1986), as well
as according to the principles of bioethics and biosafety
standards.

The experiments were carried-out in white breed-
less male rats (7—8 months, 250-300 g weight), kept
by groups of 45 animals under comfortable duration
of light regimen (light:dark (12:12), average tempe-
rature of 22...24°C).

For LTCE the animals were kept under environmen-
tal temperature of 4°C for 30—40 days with water and
food ad libitum.

Rhythmic cold exposures (RCE) were performed
as follows: in the daytime within 2 days two groups of
animals underwent two series of 9 cooling by 15 min
at—12°C (group RCE(—12°C)), or at 10°C (group RCE
(+10°C)) with 45 min intervals at room temperature
of 23°C [7]. All the experimental exposures began at
9.00 and ended at 17.15 after completing a series of
coolings. The control animals had no cold exposures.

After completing cold exposures we assessed in
animal blood serum the concentrations of thyroid hor-
mones (total 3,5,3"-triiodothyronine (T,) and total thyro-
xin (T,)) by radioimmunoassay technique using the
standard kits of reagents RIA-T3-ST and RIA-T4-ST
(Immunotech, France).

To evaluate the LM WP spectrum there was perfor-
med the chromatography of animal blood serum in
a column with 400 mm length and with inner diameter
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win 10°C (rpynma PXB(+10°C)) c uHTepBanaMu 1o
45 muH npu koMHaTHOU Temneparype 23°C [7]. Bee
SKCIIEPUMEHTAJIbHBIE BO3ACHCTBUS HaunHauch B 9.00
Y 3aKaHYUBAIUCH B 17.15 0 OKOHYaHUU CEPUU OXJTaXK-
nenusi. KoHTpobHbIe JKUBOTHBIE HUKAKUM XOJIOAOBBIM
BO3JICHCTBHUSAM HE MO/IBEPTaIUCh.

ITocire okOHYaHHS XOIOJ0BBIX BO3JIEUCTBHUI B CHI-
BOPOTKE KPOBH KUBOTHBIX OMPEIEIISIIN KOHIIEHTPALIHIO
TUPEOUTHBIX TOPMOHOB (00111ero 3,5,3'- TpuitonTupo-
nuHa (T,) u obmero tupokcuna (T,)) paanonmmyHo-
JIOTHYECKUM METOJIOM, TPUMEHSIS CTAaHAAPTHBIE HA0O-
psl peaktiBoB «PUA-T3-CT» u «PUA-T4-CT» («Im-
munotechy, Opanrys).

s ouenku cnektpa MCM npoBoauin XpomMaror-
paduro CHIBOPOTKY KPOBHU KUBOTHBIX B KOJIOHKE JIH-
HO# 400 MM U ¢ BHYTpEHHUM JuaMeTpoM 16 MM, 3a-
TOJTHEHHOH ToTMBUHILIOBEIM TenieM « TSK-Gel Toyo-
pearl HW-40 Fine» («Toyo Soda Manufacturing Co»,
SAnonuns). DTa MapKa rens JaeT BO3MOXKHOCTh pasie-
JIUTH TOJIUTIENTHAHBIE MOJIEKYJbl B AMANa30HE OT
10000 mo 100 [Ja. C moMomIbio IIETIIEBOTO HHXKEKTOPa
B KOJIOHKY BBOJMIH 0.2 MJI CBIBOPOTKH JIJIS1 aHATTUTH-
YeCcKoi xpomarorpaduu u 2 M1 AJ1s IPENapaTHBHOTO
paszenenus oTAebHbIX Ppakiuit MCM. Dmoupyio-
muit pocdarHo-coneBoir OydepHBI pacTBOP
(Na,HPO,/NaH, PO, 30 mmons/i1, NaCl 100 Mmmons/m,
pH 7.4) nopaBaicsa B KOJIOHKY uepe3 METIEBOH HH-
KEKTOp MEPUCTAIBTHYECKIM HacocoM «Microperpex
LKB 2132 (IlIseunst). CkopocTh IMOTOKa COCTaBIsIIA
1,6—1,7 Mii/MUH 1 U3MepsIach 10 BPEMEHU HAIOJIHE-
HUS KaTHOpPOBAaHHOM mumeTkn oosemMoM 5 mir. OnTH-
YECKYIO IUIOTHOCTH JITI0aTa PErUCTPUPOBAIH C TIOMO-
mpio YO-monunTopa «Uvicord SII LKB 2238 (1lse-
1usl) Opu AnUHE BOJHBL 254 HM. CuUrHam MOHUTOpa
3aMUCBIBAJICS. B BUIE XPOMATOIpaMM 2-KaHAJIbHBIM
camonuirymuM noteHimomerpoM «Recorder LKB
2210» (IlIBerus) 1 0MHOBPEMEHHO TIOJaBAJICS HA MH-
terparop «Waters 746 Data Module» (CIIA), 3amnu-
CBIBAIOLIMI BpeMsl yAepKUBaHUA Kaxnoi ppaxumu RT
(retention time), TIOMAAH IO TUKaMHu (Area) U mpo-
IIEHTHOE CojiepKaHue Kaxaon ppakmun. s onpeme-
JICHUS MOJIEKYJISIPHON MacChI PPaKIIHii KOJIOHKA ITPeI-
BapUTENbHO KaJTHnOpOBaiach CTaHAAPTHBIMHU BEIIECT-
BaMU C U3BECTHOM MOJIEKYJIsIpHON Macco. [ns mo-
CTPOCHUS KATMOPOBOYHOTO TpadHKa FCITOIH30BATH 3a-
BHUCHMOCTH JioTapr(Ma MOJIEKYISPHON MacChl ¥ BEJH-
unnbl V /V, tne V, — 00beM ynepKuBaHus CTaHAapT-
HOT'O BEIIECTBA, MJI; V| — MEPTBBIH 00bEM KOJIOHKH,
MJI, OIIPEAEIEMBIN 10 BpPEMEHH YIIEpKUBAHUS TOITY-
ooro gekctpana ¢ M. M. 2 MiH [la. Cogepxanue Oei-
Ka onpeaensy no Merony Jloypu.

Craructuueckyro 00paboTKy 3KCIEpPUMEHTATb-
HBIX JAHHBIX TPOBOIMIIH C TOMOIIIBIO TTAPHOTO KpUTe-
pus CThIONEHTAa U HEMapaMeTPUYECKOro KpHUTEpHus
YUIKokcoHa.
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of 16 mm, filled with polyvinyl gel TSK-Gel Toyopearl
HW-40 Fine (Toyo Soda Manufacturing Co, Japan).
This kind of gel makes it possible to separate poly-
peptide molecules within the range from 10,000 to
100 Da. With the loop injector we introduced 0.2 ml of
serum into the column for analytical chromatography,
and 2 ml for preparative separation of some LMWP
fractions. Eluting phosphate-buffered saline (Na,HPO,/
NaH,PO, 30 mmol/l, NaCl 100 mmol/l, pH 7.4) was
applied into the column through a loop injector by pe-
ristaltic pump Microperpex LKB 2132 (Sweden). The
flow rate was 1.6—1.7 ml/min and was measured by
the filling time of calibrated pipette of 5 ml volume.
The optical density of eluate was recorded using the
UV monitor Uvicord SII LKB 2238 (Sweden) at
254 nm wavelength. Monitor signal was recorded as
chromatograms by 2-channel recording potentiometer
Recorder LKB 2210 (Sweden) and simultaneously was
applied to integrator Waters 746 Data Module (USA),
recording the retention time (RT) of each fraction, the
area under the peaks (Area) and the percentage of
each fraction. To determine the molecular weight of
fractions the column was previously calibrated with
the standard substances with known molecular weight.
To plot the calibration curve we used the logarithm
dependencies of molecular weight and the value V /V,
where V, was the volume of the standard substance
retention per ml, and the ¥, — dead volume of column
per ml, measured by the retention time of blue dextran
with molecular weight of 2 million Da. The protein
content was determined by the Lowry assay.

The experimental data were statistically processed
using the paired Student t-test and nonparametric
Wilcoxon test.

Results and discussion

Continuous long-term cold exposure resulted in
a sharp increase of T, hormones concentration compa-
red to the control (Table). The T, level was also statis-
tically and significantly increased in blood serum after
RCE(-12°C) from 84.3 + 7.3 to 125.8 £ 9.8 nmol/l,
whereas after RCE(+10°C) only a tendency to its in-
crease (from 84.3 + 7.3 to 103.8 £ 16.9 nmol/l) was
observed. The triiodothyronine level in all the studied
groups remained statistically and significantly unchan-
ged.

Thus, both LTCE and RCE provided thyroid-
activating effect, but under manifold repeated cold
exposures this effect was less pronounced.

The activation of thyroid function under LTCE is
known as contributing to enhance a calorigenic supply
of an organism, to augment the mass of brown adipose
tissue (BAT) and potentiate the thermogenic effects
of other hormones [7, 32]. Long-term metabolism
activation, occurring at the background of an increased
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Pe3yAbTaThl M 00CYyXXA€HHe

[TocTosiHHOE AOATOBPEMEHHOE XOJOJ0BOE BO3-
JEeHCTBUE MPUBOAMIIO K PE3KOMY MOBBIIIIEHUIO KOHLICH-
Tpauuu ropMoHoB T, MO CPaBHEHHIO ¢ KOHTPOIEM
(tabmuna). Yposensb T, Takke TOCTOBEPHO BO3pACTall
B CBIBOpOTKE KpoBHU mnocne PXB(—12°C) c 84,3 + 7,3
1o 125,8 £9,8 umons/1, Torna kak nociae PXB(+10°C)
HaOJIOaNIaCh JIMIIb TEHACHIIVS K €T0 MOBBIIICHHUIO (C
84,3+ 7,3 no 103,8 £ 16,9 aMoab/n). YpoBeHb
TPUHOATUPOHUHA BO BCEX M3YUYCHHBIX TpymIax
JIOCTOBEPHO HE U3MEHSICS.

Takum oOpazom, kak [1J]IXB, tak u PXB oka3bI-
BaJIM TUPEONIAKTUBHUPYIOLLEE BIUSHUE, HO IIPH MHOTO-
KpPaTHO MOBTOPSIOLIMXCS XOJOMOBBIX BO3JEHCTBUSIX
3TOT 3 PeKT ObUT MEHEee BBIPasKEH.

U3BecTHO, 4TO aKTUBALMA TUPEOUTHON QYHKLIUU
mipu [1JIXB crmocoOcTByeT yCHIIeHNIO KaJIOPUTEHHOTO
o0ecredeHunst OpraHu3Ma, yBeITMIeHHUIO MacChl Oypoit
xupoBoi Tkanu (bXXT) n moteHmpyer TepMoreHHbIe
s dexTsr npyrux ropmonos [7, 32]. HecomHenHo,
JUTUTEJTBHAS aKTUBAIINS META0O0II3Ma, IIPOUCKOISIIA
Ha (QOHE MOBBIIICHUS] TUPCOUTHOW aKTUBHOCTH, SIB-
JIeTCsl KpaltHe Mepoi 3aluThI OT XonozAa. [Tpu aTom,
HapsALy ¢ TePMOTEHHBIMH 3(deKTaMu, THPEOUHbIE
ropmonsl (TT') MoryT ciocoGCTBOBATh Pa3BUTHIO Ma-
ryonsix 3¢ dexros B opranusme [7, 10].

Octpas peakiusi Ha X0JI0/I0BOH CTPECC Y TPHI3YHOB
BHaJase 3alyCcKaeT MEXaHU3Mbl COKPaTUTEIbHOTO
TEepPMOTeHe3a, KOTOpPBIE BIIOCIEACTBUN 3aMeIaloTCs
HECOKpaTUTENbHBIM TepMorene3oM. O6a 3Tu mporiec-
ca HaxOoJATCsI KaK 1MoJ] HeHPOHAIBLHBIM, TaK U TOPMO-
HAJBHBIM KOHTPOJIEM, U X CyMMapHOe JieiicTBHe Ha-
MIPaBJICHO Ha YBEIMYEHNE OKCHAATUBHOTO META00IH3-
Ma, TIPOXYKIHUH TEIUIa U MOBBIICHUE MOTPEOICHUS
KHCJIOPOa, KOTOPOE COMPOBOXKIACTCS yBETUUICHUEM
MPOIYKLIH KACIOPOIHBIX PAAUKAIIOB U MOJKET IIPUBO-
IUTH K OKCUAATUBHOMY cTpeccy. [Ipu 3ToM mo mepe
aJlanTaly OpraHu3Ma K CTpeccoBoMy (pakTopy mexa-
HU3MBI 3alIUTHI OT CTpecca 3aMEHAIOTCS MEXaHH3-
mamu aganraru [ 13]. Kak monaratot, y KpbIC IpoIiecc
repexoja OpraHn3Ma Ha HOBBIM (YHKIIMOHATHHBINA
YpOBEHb 3aHUMAeT 21 neHb, XOTS B psie OPraHoOB U
cucTeM (B YaCTHOCTU CUCTEME aHTUOKCUIAHTHOH 3a-
ITUTHI) OH MOYKET MTPOJOIKATHCS M O0JIee TITUTEIIbHOE
Bpems [13].

[oBblIeHNEe KOHIIEHTPALUU CBOOOIHBIX pajJnKa-
J0B (OKHCIUTENBHBINA CTPECC) Ha HaYaJbHBIX dTanax
JEeHCTBUS X0JI0Ja MOXKET IPUBOJUTD KakK K Jierpana-
LUH ONIPEENICHHBIX TPy OEJIKOB, TAK U BOSHUKHOBE-
HUIO COCAMHEHHH, UTPAIOIINX PETYISTOPHYIO WIH
AQHTHOKCHJIAHTHYIO POJIb, O YeM MOKET CBUACTEIBCT-
BOBaTh YBEJIMYEHHE COJEP)KaHUSA ONPENEICHHBIX
(dhpakmuit MCM. B 3T10ii cBsI31 OBLT N3y4YeH YPOBEHD
MCM B oOpa3smax 1mia3Mbl KPOBH JKHBOTHBIX TIOCTIE
Pa3HBIX BUAOB XOJIOIOBBIX BO3JCHCTBUH.
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3menenne KOHOCHTpAIUU TUPEOUTHBIX TOPMOHOB
IOCJIE XOJIOIOBBIX BO3IEHCTBUAN
Change in thyroid hormones concentration
after cold exposures

5 KoHIeHTpaIus, HMOAL/A
KCIEPUMEHTAABHBIE Concentration,nmol/1
BO3AEUCTBUS
Experimental
exposures T, T,
Komrponn 451 843 =73
Control
TIAXB "
LTCE 29+ 0,5 157,1 = 23,7
PXB(—12°C) "
RCE(— 12°C) 49+ 0,6 1258 =98
PXB (+10°C)
RCE(+ 10°C) 31=+05 103,6 = 16,9

IMpumeuanue: 7 = 6, * —1OCTOBEPHBIE OTINYHS OT AAHHBIX JUIS
T, p < 0,05.

Notes: n = 6, * — staistically significant differences comparing
to the data for T, p < 0.05.

thyroid activity, is undoubtedly an extreme measure of
protection against cold. In this case, along with ther-
mogenic effects the thyroid hormones (TH) may cont-
ribute to the development of a number of destructive
effects in an organism [7, 10].

Acute response to cold stress in rodents initially
triggers the mechanisms of shivering thermogenesis,
which are then replaced by non-shivering one. These
processes are under both neuronal and hormonal
controls, and their total effect is aimed to increasing
the oxidative metabolism, heat production and increased
oxygen consumption, which is accompanied by an en-
hanced production of oxygen radicals and may result
in oxidative stress. At the same time as the organism
adapts to stress factors the defensive mechanisms
against stress are replaced by adaptation mechanisms
[13]. In rats the process of organism transition to a
new functional level is believed to take 21 days, but in
some organs and systems (particularly in antioxidant
defense system), it may continue longer [13].

An increase in free radicals concentration (oxidative
stress) at initial stages of cold effect can lead to both
degradation of certain groups of proteins and the
appearance of compounds, playing regulatory or anti-
oxidant roles that may be testified by an increased
content of certain LMWP fractions. In this respect
we studied the LMWP level in the samples of animal
blood plasma after different types of cold exposures.

The gel filtration of blood plasma samples of control
animals resulted in LMWP separation into 10 fractions
(Figure), the area under the peaks of which allowed a
quantitative assessment of their content: a moderate
increase of peaks in fractions 6530, 5280, 3300, 1880,
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lenb-punpTpanus oOpasios © 250
IIJIa3Mbl KPOBU KOHTPOJIBHBIX XKU- = S
BOTHBIX IPHBOAMIIA K PA3/IETICHUIO S

N g$ 200 -
MCM Ha 10 ¢ppakunii (pUCYHOK), =he]
IUIOIIAJb TMOJ MUKAMU KOTOPBIX é &
o ”
MO3BOJIMJIA KOJMYECTBEHHO Olle- Sy 10
HHTB HX COJICPIKaHUE: YMEPEHHOE § =
yBEIHYCHUE BEIIMYNHBI ITUKOB BO mp - g —
bpakmsix 6530, 5280, 3300, 1880, g =
945, 830 u 6o1ee BhIpaKEHHOE — = 2
>0 4
Bo dpaxmmax 1520, 1290, 1140, 8
530 Ja. =

I - - = w7

pU CPaBHEHHUHU TEIb-XPO

Matorpamm (pakIIuOHUPOBAHHS
00pas3IioB MJIa3MBbI ITOCIIE XOJIOI0-
BBIX BO3JCHCTBUI 0OHApYKEHO,
470 BO ppakumsax 6530 u 945 Jla
00pa3oBaIOCh HE3HAYUTEIHHOC
KOJIMYECTBO MENTHIOB, OTCYTCT-
BYIOIIIMX Y KOHTPOJBHBIX KHBOT-
HbIX, BiisgHHE [1J]IXB He nmposiBu-
nmock Bo (pakmmm 945 [la, Torna
Kak Bo ¢pakuumsax 1290 u 530 [a
KOHIIEHTpAIHsI MOJIEKYT B KPOBH JXKHBOTHBIX TOCIIE
PXB(+10°C) Obl1a HIXKeE, 4eM y KOHTPONBbHBIX. OcoObIit
HHTEpEC, 10 HallleMy MHEHHIO, TPECTABIAET YMEHb-
meHue romanu moa nukom 1290 /la mocne PXB
(+10°C), B KOTOPBIH 1O M.M. TIOTIAJJAET ¥ AaHTHOTEH-
3UH-1, ABJISIOMNNCS NPEAIECTBEHHUKOM aKTHBHOTO
Ba30KOHCTPHUKTOpPA aHTHOTEH3HMHA-2.

CrnenyeT OTMETUTB, YTO B 1IEJIOM U3MEHEHNE KOH-
nenTpanu MCM mociie X0IomoBbIX BO3ICHCTBUHN He-
3HAYUTENBHO OTINYAETCS OT KOHTPOJIBHBIX 3HAYEHUH,
TOTJla KaK IpHU psAAe MaToJOTHYECKUX MPOIECCOB B
opranmsme [ 1, 4, 21] KOHIIEHTpaLH OTJIENBHBIX (Ppax-
LW 3HAYUTEITHHO MTOBBIIIAIOTCS.

CrnenoBarenbHO, NMOCIE XOIOA0BBIX BO3JIEHCTBUI
(ITIXB u PXB) B mna3me KpoBU MOKET HAONIOIATh-
cs1 OTIpeieNIeHHOE KOHIICHTPAlMOHHOE TTepepaciperie-
neare MCM, koTopoe He HOCUT IaTOJIOTUIECKOTO Xa-
paxTepa 1 MOXKeT OBITh XapaKTePHO AJIs1 KOHKPETHOTO
XOJIOJIOBOTO BO3JEMCTBHS.

I'maBHO#T 0COOCHHOCTHIO HEMPEPHIBHOTO MHOTO-
JTHEBHOTO JIEHCTBUS HU3KOH TeMIIepaTypsl SABISETCS
TO, YTO MOBBIIIEHHE YCTOWYMBOCTH OpraHU3Ma K X0JI0-
Iy TOCTUTaeTcsl EHOW 3HaYMTEIbHOTO HAIPSKEHUS
CHMITaTHYE€CKON ¥ THPEOUTHON (DYHKIIH, AUCTIPOTIOP-
LIUSMH B TOPMOHAJIFHOM CTaTyCe ¥ MOBBIIIEHUH 00-
LIMX PacxonoB 3Hepruu. OHAKO CIEeNyeT OTMETUTD,
yTO coaepxkanue TI" meHserca B JUHAMUKE AJTUTEINb-
Horo oxnaxnaeHus [11]: Bo3pactaeT B mepBbie 3 THS
XOJIOIOBOTO BO3/ICHCTBHS, CHIYKAETCS HIKE KOHTPOJIb-
HBIX 3HaUEHUH IPH IPOJIOHTMPOBAaHNH Y BHOBB BO3pac-
taeT nocie 21 aHg akkiuManuy. B Hammx uccienona-
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6530 5280

AR R

3300 1880 1520 1140 945 830 530

Mnowaab Nnoa KpMBOWM COOTBETCTBYHOLLENO MMKa, OTH. ea.
Area under curve of corresponding peak, rel. units

I'enb-dunpTparus 06pa3ioB m1a3Mbl KpOBH KUBOTHBIX (7 = 3): Il — KOHTPOIIb;
O-I1XB; O0-PXB(—12°C); - PXB(+10°C).

Gel filtration of animal blood plasma samples (» = 3): ll— control; O — LTCE;
O —RCE(-12°C); @A—RCE(+10°C).

945, 830 and more pronounced one in the fractions
1520, 1290, 1140, 530 Da.

When comparing the gel chromatograms of frac-
tionation of plasma samples after cold exposures there
was revealed that in 6530 and 945 Da fractions there
was formed a small number of peptides, being absent
in the control animals, no LTCE effect was manifested
in fraction 945 Da, while in the fractions 1290 and
530 Da the molecule concentration in blood of animals
after RCE(+10°C) was lower than in the control ones.
We believe that of special interest is the reduction of
area under the peak of 1290 Da after RCE(+10°C),
where angio-tensin-1, being the precursor of angioten-
sin-2 active vasoconstricting agent corresponds to.

Of note is the fact, that integrally a change in
LMWP concentration after cold exposures insignifi-
cantly differs from the control values, whereas under
some pathological processes in organism [1, 4, 21] the
concentration of some fractions are greatly increased.

Consequently, after cold exposures (LTCE and
RCE) in blood plasma may be observed the certain
redistribution of LMWP concentrations, which has no
pathological nature, and may be characteristic for
specific cold exposure.

The main feature of the continuous multi-day low
temperature exposure is the fact that an increase in
organism’s resistance to cold is achieved by the expen-
se of a significant tension in sympathetic and thyroid
functions, misbalances in hormonal status and augmen-
tation of total energy consumption. However, it should
be noted that TH content changes in dynamics of long-
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HUSX noBeImeHne ypoBHs T1 Takke oOHapyXeHO BO
Bpems nevcteus I1/1XB.

CymecTBy1oT 60siee «MATKHE» METOABI MOBBIIIE-
HUS YCTOMYMBOCTH OpraHu3Ma, OCHOBaHHBIE Ha Ipe-
PBIBUCTOM (PUTMHYECKOM) AEHCTBHH XOJOIOBOTO
(hakTopa M OGaszuUpyrOMIMECs Ha PHAOTECHHBIX PUTMaX
opranusma [7, 28]. Ecnu 3a ypoBeHb, OIpeenaromui
CTENEHb «MSTKOCTH» MIIU TEMIIEPATypHOH Harpys3KH,
B35Th M3MeHeHue KoHueHTpaunu TT, To momy4ueHHBIE
HaMHU JaHHBIE, IEMOHCTPHPYIOIINE MEHBIITYIO aKTHBA-
LU0 TUPEOMIHOW CHCTEMBI MOA NEeHCTBHEM 000MX
BunoB PXB no cpaBuenuro ¢ [1/IXB, monreepxxaatot
JAHHOE TIPEIToIOXKeHNUE (TabIuIa).

Tem He MeHee cyIecTByeT MHEHHE [7], 9TO MHO-
TOYUCIICHHBIE PEKUMBI IPEPHIBUCTOHN (PUTMUYECKOH )
aKkIMManuu (nefictBue GpakTopa 0ObIYHO OrpaHUYH-
BaeTcsd HECKOJIHKMMH HacaMH B T€UEHHE CYTOK) He
MMEIOT CaMOCTOSATENIFHOTO 3HAYEHUS U SBISIOTCS
JUIIB 00JIee «MSTKUMY BAPUAHTOM JIOJITOBPEMEHHOI
AKKJIMMAIIH, a TIOBBIIIEHUE YCTOHYUBOCTH OpraHu3Ma
(HarmpuMep K X0JIOY) TPH TAKKUX PEKIMaX MEHEe BBI-
PaXeHO, YeM MPH HETIPEPHIBHBIX U, TO-BHIUMOMY, ITPO-
MOPIHUOHANBHO O0IIEMy BPEMEHHU AEHUCTBUS CTpec-
COBOTO (hakTopa.

CremyeT OTMETHTB, UTO JJAHHOE yTBEPKICHHE Oa-
3UpyeTcs MPeXK/ie BCEro Ha MCCIIEOBAHUN YCTONYH-
BOCTH TEMIIEPATYyphI TENA, BBIABISIEMON B YCIOBHIX
XOJIOIOBOI KaMephl (BO3AyIIHOE oxJaskaeHue). OxHa-
KO, €CIIi OI[EHUBATh YCTOWYMBOCTb OPraHU3Ma K OX-
JMaXICHUIO B TECTE «BBIHYXIEHHOTO IJIaBAHUI»
B XOJIONHOM BOJIE, TO OHA MPOSBIAETCS TOJIBKO MOCIIE
PXB(-12°C), noBsimaetcs uepe3 48 4 U TOCTUTACT
CBOET0 MaKCHMyMa I10CJie TOBTOPHOW 2-THEBHOMN
cepun PXB (mpoBenenHoii uepe3 mecs) [2]. B aToit
CBSI3H MOYKHO MPETONIOKHTB, UTO 151 (POPMUPOBAHHS
YCTOMYMBOCTU OpraHu3Ma B psizie CiIydaeB HeoOXo-
JTUMO BpeMs, B TEYEHHE KOTOPOTO, BO3MOXKHO, TIPOHIC-
XOIUT «HapaboTka» cmenmuduueckux (HakTOpoOB,
3aKaHYMBAIOTCS peNapaTUBHBIE TPOLIECCH] U HOPMAITH-
3yeTcs TUPEOUIHBIN (DOH.

Kpome Toro, mosbItieHe aAanTanroHHBIX CTIOCO0-
Hoctell mocne PXB(—12°C) mpoucxoant, Kak ¥ Hpu
[NAXB, Ha ¢poHE aKTHBALMU TUPESOUTHONH CHCTEMBI,
CBUJIETENBCTBYIOIIEE O BOBICUEHUH THPEOUAHOM CHC-
TEMBI B 3aITyCK MEXaHI3MOB, OTBEYAIONINX 32 (OPMH-
pOBaHME aJaNTaINH, YTO COITIACYETCS C paHee MOoy-
YEHHBIMU JaHHbIMU [10].

X0I510/10BO€ OKPYKEHHE CTUMYIINPYET MPOTYKIHIO
TETJIa 32 CYET COKPATUTEIFHOTO M HECOKPATHTEIEHOTO
Tepmorenesa. [Ipu 3TomM THpeonIHbIE TOPMOHBI OKa-
3BIBAIOT MHOXECTBEHHBIC BIHMSHMS Ha OOJIUTaTHBIHI
TEpPMOTEHE3 BO MHOTHX OpraHax 3a HCKJIIOUEHUEM
mo3ra[15,16, 18, 20,22, 25, 29]: cTMMymHApyIOT 00T
pocT *XMBOTHBIX 1 yBenndenne maccsl bXXT Ha done
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term cooling [11]: it increases in the first 3 days of
cold exposure, reduces down the control values during
prolongation and increases again after 21 days of
acclimation. In our researches the TH level increase
was also revealed during LTCE action.

There are ‘milder’ methods to increase the orga-
nism's resistance, based on an intermittent (rthythmic)
action of cold factor and based on endogenous rhythms
of organism [7, 28]. If for the level, determining the
degree of ‘mildness’ or temperature load we assume
a change in TH concentration, then the obtained data,
showing lower activation of thyroid system under the
action of both RCE types compared to LTCE, confirm
this assumption (Table).

Nevertheless, it is believed [7] that the numerous
modes of intermittent (rhythmic) acclimation (action
of factor is usually limited by a few hours during a
day) have no independent value, and are only ‘softer’
version of long-term acclimation and an increase in
organism’s resistance (to cold, for example) under such
regimens is less pronounced than under continuous ones
and, apparently, is proportional to the total time of stress
factor duration.

It should be noted that this supposition is primarily
based on the study of body temperature resistance,
revealed under cold chamber (air cooling) conditions.
However, if we evaluate the organism’s resistance to
cooling in the forced-swimming test in cold water, it
manifests only after the RCE(-12°C), increases in
48 hrs and reaches its maximum after the repeated
two day series of RCE (realized in a month) [2]. In
this connection we can assume that the formation of
organism’s resistance in some cases takes some time,
during which, possibly occurs the accumulation of spe-
cific factors, completion of reparative processes and
thyroid background normalization.

In addition, an increase in adaptive capacities after
the RCE(—12°C) occurs, as at LTCE as well, at the
background of thyroid system activation, testifying to
the involvement of thyroid system in triggering the
mechanisms responsible for adaptation formation, that
is consistent with the data of F.F. Sultanov and V.I. So-
bolev[10].

Cold environment stimulates the heat production
due to the shivering and non-shivering thermogenesis.
At the same time thyroid hormones cause the multiple
effects on obligate thermogenesis in many organs
exceptbrain[15, 16, 18, 20, 22,25, 29]: they stimulate
a total growth of animals and BAT weight augmentation
at the background of chronic effect of cold, potentiate
thermogenic effects of other hormones, but do not
affect the BAT weight in heat. Early studies of non-
shivering thermogenesis with use of the regimen of
long-term acclimation to cold there was established
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XPOHUYECKOTO JEHCTBUS X0I0/1a, TOTEHIINPYIOT Tep-
MoreHHbIe 3Q()EKThI APYTUX TOPMOHOB, HO HE BITUSIFOT
Ha maccy BXKT B rennie. B camom Havane ucciaenosa-
HUH HECOKPATUTEIBLHOTO TEPMOIEHE3a C UCI0Ib30Ba-
HUEM peXHMa JIOJITOBPEMEHHON aKKIMMAIHH K XO-
J01y OBIJIO YCTAHOBIIEHO, YTO MPOIYKITUS TUPEOU-
HBIX TOPMOHOB BO3PAcTAET IIPH XOIOJ0BON 3KCIIO3UIINN
[14] na dhoHe pa3BUBAIOLINXCS B TCUEHUE HECKOIBKHX
JTHEH runepTpodUr MUTOBUIHOMN KeJe3bl, U3MEHECHUH
B IIUTOCTPYKTYpE €€ POIUTUKYIISPHOTO ITUTENHNS 1 YBe-
anyenus HoxnornorutensHoi Gpynkuunu [10, 30]. Ilpu
3TOM OBIJIO OKA3aHO, YTO TOPMOHBI IIUTOBHTHOH JKe-
JIe3bl 3aMETHO OTJIMYAOTCS IO CBOEH TEPMOICHHOU
AKTUBHOCTH: B Pa3fIMYHBIX BapHaHTaX CPaBHEHUS
invivo u in situ T, npubnusutensuo B 5-7 pas
OwicTpee u B 1,5-2 pasa cunbnee, yem T,, ctumynu-
pyer noBbienne Mmerabonusma [13]. CrnemgoBarensb-
HO, TepMOTeHHasA (PyHKINS KaK CTUMYJISATOP AOKHA
npeanounTars T,, KOTOPbIH B mepupepuueckux
TKaHax obpasyerca us T, Onarogaps dpepmenTy
tupokcuH-5'-genoaunasze (T/JN). Creqyet OTMETHUTS,
yto TIU u3 BXXT, B oinuue ot T/IW neuenu u nouex,
HMEET WHYIO NMEPBUYHYIO CTPYKTYPY (HE COIEpPKHUT
CEJIEH-LIUCTENHA), HO INIABHOE €€ OTJINYHE COCTOUT B
CITOCOOHOCTH B OTBET Ha XOJOJOBOE BO3JIEHWCTBHUE
pe3Ko (B AECATKH pa3) YBETUUIHUBATH U MOACPKUBATH
BBICOKMH YPOBEHb aKTUBHOCTH Ha MIPOTSKEHUU BCETO
nepuona akknumanuu [ 10, 20, 31]. TloBblieHre akTuB-
Hocti TIIU 0OycCIIOBICHO yBEIWYEHHEM CHMITATH-
yeckoit crumyssiuuu BXXT Bo Bpemst aeiicTBrA Xomo/a,
a TMOBBINIEHHBIA ypoBeHb T, B KpoBM 00ecreunBaeT
HEOOXOIMMBIH yPOBEHb TEPMOTCHHOW (PYHKIMHU MIpH
XOJIOLOBBIX BO3JIEHUCTBUIX.

IIpu n3yueHny qMHAMUKY YCKOPEHHON aKKIMMaLUH
(ocHOBaHHOHN Ha PUTMHUYECKOM MPEIbSBICHUH XOJIO-
JIOBOTO CTUMYJIA) Y KPbIC, KPOJIMKOB U JIEMMUHTOB OBI-
JI0 YCTAHOBJICHO, YTO B TIPOLIECCE MHOTOKPATHOTO ITOB-
TOPEHMSI XOJIOI0BBIX BO3ACHCTBUH (hOpMUPYETCS TEp-
MOPETYJIALHOHHBIN YCIIOBHBIHN pedJiekc Ha BpeMs U 00-
CTaHOBKY JKCIEPHUMEHTa, YTO CBHIETEIBLCTBYET 00
Y9acCTUHU IEHTPANTbHBIX MEXaHH3MOB B IPOIECCax
YCKOPEHHOM akkInMaiuu. PopMUpOBaHUE TAKOTO pe-
(bnekca 0OBIYHO OOBACHSAETCS CHIKEHHEM OOIIHMX
MIPOSBIEHUI HeCcTIe[N(UUECKOM PEaKLUH «TPEBOTH» 1
yracaHneM OpHEeHTHPOBOYHOH peakiuu [8, 9], uTto
MIPOSABIISETCS B YMEHBIIICHHH aKTHBHOCTH BETETATHB-
HOW HEPBHOM CHCTEMBI M OTPAYKAETCS B CHKEHNH Yac-
TOTHI IBIXaHUS U CEpJIeUHBIX coKpameHuil. Ha ompe-
JIENIEHHYO0 3aBICHUMOCTb OBICTPOTO IMTOBBIIIIEHHS XOJIO-
JIOyCTOMYHNBOCTH OT YYaCTHA IIEHTPAIbHBIX HEPBHBIX
MEXaHU3MOB YKa3bIBaIOT TAKXKe JaHHBIE 00 yracaHUH
O0I peakuun npoOyKIEHHUS B PETUKYIIO-KOPKOBOH 1
JTUMOMYECKOM CHCTeMax MO3Ta B JWHAMHUKE ITOBTOP-
HBIX [IUKJIOB OXJIQYKACHHUH 1 O OJIOKHPOBAHWUH Pa3BUTHS
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the fact, that the production of thyroid hormones increa-
sed during cold exposure [14] at the background of
developing within a few days hypertrophy of thyroid
gland, changes in cytostructure of its follicular epithe-
lium and increase of iodine-absorbing function [10, 30].
At the same time the thyroid hormones were shown
as significantly different by their thermogenic activity:
in different variants of comparison in vivo and in situ
the T, approximately 5-7 times faster and 1.5-2 times
stronger than T, stimulated the metabolism augmen-
tation [13]. Consequently the thermogenic function as
stimulator should prefer T,, which is formed in periphe-
ral tissues from T, due to the enzyme thyroxine-5'-de-
iodinaze (TDI). Of note is the fact, that the TDI from
BAT, in contrast to TDI of liver and kidney, has a dif-
ferent primary structure (does not contain selenium-
cysteine), but its main difference is the ability of res-
ponding to cold exposure by a sharp (ten times) in-
crease and maintenance of a high level of activity
throughout the whole period of acclimation [10, 20,
31]. The augmentation of TDI activity is stipulated by
an increase in BAT sympathetic stimulation during cold
exposure, and an elevated level of T, in blood provides
a necessary level of thermogenic function under cold
exposures.

When studying the dynamics of accelerated accli-
mation (based on rhythmic presentation of cold stimu-
lus) in rats, rabbits and lemmings there was established
that during multifold repetitions of cold exposures there
was formed a thermoregulatory conditioned reflex for
time and situation of the experiment, indicating to the
involvement of central mechanisms in accelerated
acclimation processes. The formation of such a reflex
is usually explained by a reduction of general symptoms
of non-specific ‘alarm’ reaction and the fading of
orientation response [8, 9], that manifests in a decreased
activity of autonomic nervous system and is reflected
in the reduction of respiratory and heart rates. The
EEG data about the fading in arousal response in
reticular-cortical and limbic brain systems in dynamics
of repeated cycles of cooling and blocking of adaptive
rearrangement development, when applying electro-
convulsive shock, point also to the certain dependence
of rapid increase in cold resistance on the participation
of central nervous mechanisms [7]. Our data on a
change in sleep occurrence after RCE may also testify
to a decrease in emotional stress and nonspecific
‘alarm’ reaction manifestations [3].

In addition, it was shown that after 3 days of
accelerated acclimation the epinephrine excretion with
urine in rats reduced by 4 times if compared with the
control animals, that also pointed to the inhibition of
emotional component of organism’s stress response
to cooling [23]. In this connection we suggested that
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aIalITUBHBIX IEPECTPOCK MPU IPUMEHEHUH HIIEKTPOCY-
JOPOKHOTO 1IOKA [7]. O CHUKEHUN YMOLIMOHATIEHOTO
HAITPsDKEHUS U TPOSIBIICHHUH HECTISIM()UUECKON peaKIn
«TPEBOTW» MOTYT CBUJETEIBCTBOBATH U HALIIU TAHHBIE
10 U3MEHEHUIO MPEJICTaBIeHHOCTH cHa rmociie PXB [3].

Kpome Toro, 6110 MOKa3zaHo, 4TO mocie 3 mHeH
YCKOPEHHO# aKKJIMMAaINU 3KCKpenus aJpeHaTnHa
C MOYOH y KpBIC CHIDKAeTCA B 4 paza B CPAaBHCHHH
C KOHTPOJIbHBIMU )KUBOTHBIMH, YTO TAK)KE YKA3bIBACT
Ha YTHETEHHE 3MOIMOHAIBHOTO KOMIIOHEHTa CTPEeC-
COBOM peakluu opraHu3Ma Ha oxjaxiaeHue [23].
B cBs13u ¢ 3TUM OBLIO BBICKA3aHO MPEAIIONIOKCHHE,
YTO W3MEHEHHMs] CUMMATOaJAPECHANIOBOM aKTUBHOCTHU
MOT'YT OKa3bIBaTh CYIIECTBEHHOE BIMSHUE HA KOXKHBIC
Ba30MOTOPHBIC peakiyu [23 ] ¥ ToA00HbIE U3MEHEHUS
BMecTe ¢ (popMHupoBaHHEeM OoJiee aJeKBaTHOTO Tep-
MOPETYISATOPHOTO TTOBEEHHS CIOCOOCTBYIOT YMEHbB-
LICHHUIO TETJIONIOTEPH U YBEIWYCHUIO TETIIION30ISIIIAN
Ha xoJone. BepoaTHo, Takoe MOBBIIIEHNE TETIION30J1s-
[IHA MOKET OBITH TOCTATOYHBIM JIJIS TOBBIICHHS YC-
TOMYHUBOCTH TEMIIEPATYPHI TeTa 6€3 TOMOTHUTEIHHOTO
BO3PACTaHMS TEPMOPETYISITOPHON METa0OoINIeCKOM
pEaKIu U U3MEHEHHUS CTPYKTYpPHI TEPMOTreHE3a.

Opnako co3maercsl BIEYATICHUE, YTO 3TO IMOBBI-
LICHHE UMEET CBOM OTPAaHUYCHUS U OKa3bIBacTCS
HEAOCTaTOYHBIM IPU YBETUUEHUH ITPOLIECCOB TEIIO0T-
JIa4¥, CBS3aHHBIX C OLICHKOM XOJI0JJOBOM YCTOMYMBOCTH
OpraHu3Ma B TECTE «BBIHYKJICHHOIO IIJIaBaHUS» B XO-
nonHo# Bone [2]. Kpome Toro, 3Ta yCTOWYHUBOCTD IPO-
ABIISIETCS Yepe3 OnpeeNIeHHOE BPeMs ITOCIIe OKOHYa-
Hus PXB, n moareBepkmaeT MHEHUE, YTO (DOPMHPO-
BaHHME aJaNTallMOHHBIX d()PEKTOB MPOUCXOAUT HE
TOJILKO BO BpEMsI XOJIOZIOBBIX BO3JIEUCTBUIA, B IpOME-
KYTKax MEXIYy HUMU, HO U B IOCJIETYIOLIUN IEPHOT
JI0 TECTOBOT'O BO3/IEUCTBUS [7] U, BEpOSITHO, CBSI3aHO
¢ He0OXOANMOCTHIO HapaboTKK cennpuIeckux ak-
TOPOB, HEOOXOIMMBIX IS TIEPEBOAa OpraHu3Ma Ha
HOBBIH (PYHKITMOHABHBIN yPOBEHb.

BbiBOADI

Jns popmupoBaHus aJanTarFioHOTO OTBETA, IO
KpaiiHel Mepe Ha HadallbHbIX 3Talax XO0JIOJOBOTO
BO3JICHCTBUS, HCOOXOMMMA aKTHBAITUS THPEOUTHOM
cuctemsbl. B otninuue ot [TJIXB, mpu PXB tupeonnnas
CHUCTEeMa pearupyeT 0ojee «IKOHOMHOY», UTO MPOSB-
JIAETCS B MEHEE BHIPAKEHHOM MOBbILIEHUH ypoBHs T,
OTCyTCTBUE BBIPAXKECHHBIX U3MEHEHUH B CIIEKTpE
MCM nocne Uu3y4eHHBIX XOI0A0BbIX BO3AEUCTBUI MO-
JKET yKa3bIBaTh HAa TO, YTO aKTUBAIUs METa0OIN3Ma
HE HOCHUT IaToJIoTHYecKoro xapakrepa npu PXB, a
CHHTE3 crielu(pUIecKUX (PaKTOPOB, ECIIH U IPOUCXOAUT,
TO JISKUT B 0OJIACTH OTHOCHUTENHHO BBICOKHX MOJIe-
KYJSIPHBIX MacC, TaK KakK aHaJN3 MOJHIETITHIHBIX
criekTpoB auanasona g0 10000 Jla yBenmnueHus KOH-
LIEHTpAaIil HE BBISIBUIL.
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the changes in sympathoadrenal activity might cause
a significant effect on cutaneous vasomotor responses
[23] and the similar changes together with the for-
mation of a more adequate thermoregulatory be-havior
contributed to the reduction of heat loss and increase
in thermal insulation in cold. Probably such an increase
in thermal insulation may be sufficient to increase the
body temperature resistance without additional rise of
thermoregulatory metabolic response and change in
thermogenesis structure.

However, it seems that this augmentation has its
limitations and occurs to be insufficient in increasing
the heat transfer processes, associated with the eva-
luation of organism’s cold resistance in the forced-
swimming test in cold water [2]. In addition this re-
sistance is manifested in a certain time after RCE
completion, and confirms the opinion, that the formation
of adaptation effects occurs not only during cold
exposures and between them, but also in the following
period up to the test impact [7] and is probably related
to the necessity in accumulation of specific factors
required for the organism transfer into a new functional
level.

Conclusions

The activation of thyroid system is necessary in at
least initial stages of cold exposure for an adaptive
response formation. In contrast to LTCE, under RCE
the thyroid system responds in a more ‘efficient’ way,
manifesting in a less pronounced increase in T, level.
The absence of pronounced changes in LM WP spect-
rum after the studied cold exposures may indicate to
the fact, that the metabolism activation is not of patho-
logical character under RCE, and the synthesis of
specific factors, if even it occurs, is in the area of rela-
tively high molecular weights, as the analysis of poly-
peptide spectra within the range up to 10,000 Da did
not reveal any concentration rise.
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