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Study of Protective Effect of Synthetic Neuropeptide
Dalargin Under Cold Stress

Pedbepar: lNpoBeaeHo [OCNifXeHHS BNNUBY HeWponenTuay AanapriHy, SKUW € CUHTETUYHUM aHarorom nemn-eHkedaniHis,
Ha obyMOBMeHi X0rnogoBMM CTPECOM HeraTuBHI NpoLecu, KOTpi MatoTb MicLie Mpu LWTYYHIW rinoTepmii in vivo. MokasaHo, wo ganap-
riH 3anobirae po3BUTKY anonTOTUYHMX MPOLECIB Y KNiTMHaX rOMONOTEPMHMX TBAPWH MiCNS XONOAOBOrO CTPECY, L0 NPOSABNANOCS y
3MeHLeHHi cTyneHs dpparmerTauii JHK. Y Hupkax Ta neviHui TBapuH, NigAaHWX OXOMOMKEHHIO, AaHOI 03HaKM arnonTo3y i HEKPO3y
KMiTUH HEe BUSIBMEHO, a B CNM30BI 000MOoHLi kMLeYHrKa Ta cenesiHui cTyniib doparmeHTauii HK 3Havywe nigBuwyetbes. MNonepea-
HE BBEAEHHS Lypam JanapriHy 3aMeHLwye cTyniHb dparmenTauii AHK o 3HaveHb TBapuH 6e3 xonogosoro BnnuBy. Noka3aHo, Wwo
fanapriiH 3anobirae po3BUTKY y €eKCMepuMeHTanbHUX TBapwuH rinepTpodii HagHUPHUKIB, 3MEHLUIYE CTyMiHb iHBOMOLUii TMMyca
Ta cenesiHku, 3HUXYE BUPaXeHICTb iHAYKOBAHOrO XONOAOBMM CTpecoM ynbleporeHedy. OfHoyacHe BBeAEHHS TBapuMHaMm aHTa-
roHiCTa oniaTHUX peLenTopiB HaNMOKCOHY NPUTHIYYyE 3aXUCHY A0 aroHicTa oniaTHUX peLenTopiB Aanapriy.

KntouoBi cnoBa: Heriponentuau, ganaprid, rinotepmisi, XonogoBWI CTPeC, anonTo3, CTPEeC-NPOTEKTOPHA Ais.

Pedbepar: lNpoBeaeHo uccnegoBanve BNUSHUSA HevponenTuaa AanapriHa, KOTOpbI SBMASETCS CUHTETUYECKMM aHarnoroMm newn-
3HKedannHoB, Ha OByCrnOBMEHHblE XONOAOBbLIM CTPECCOM HeraTvBHbIE MPOLECChl, KOTOPbIE MMEKT MECTO MPU MCKYCCTBEHHOW FUMo-
Tepmuu in vivo. loka3aHo, YTo JanapriH nNpeaoTBpaLlaeT pasBuTme anonToTUYECKX NPOLECCOB B KIETKaX rOMOMOTEPMHbBIX XUBOTHbIX
nocrne xofiofoBOro CTpecca, YTO MPOSBASANOCh B yMeHblUeHnn ctenern dparmeHtaummn JHK. B novkax u neyeHu XMBOTHbIX, NOABEP-
THYTbIX OXNaXAEHWI0, AaHHOro Mpu3HaKa anonTo3a M HeKpo3a KNeTok He OBHapyXeHo, a B Cnu3ncTon 0borovke KuLeYHuKa u cene-
3eHKe cTeneHb dparmeHTaumm [HK 3Haummo nosblwaetcs. [NpeasapuTenbHoe BBEAEHME KpbiCaM AanapruHa ymeHbluaeT CTeneHb
dparmeHTaumn JHK Ao 3HayveHnin XMBOTHbIX 6e3 XonopgoBoro Bo3fencTBus. lNokasaHo, YTO JanapruH npegoTepallaer pasButue y
3KCMEPVMEHTANbHbBIX XUBOTHBIX TMNEPTPOMUN HAAMOYEYHUKOB, YMEHbLUAET CTeNeHb MHBOMIOLMM TUMYyCa U Cefle3eHKWU, CHUXaeT Bbl-
PaXeHHOCTb MHAOYLMPOBaHHOIO XOMNOAOBLIM CTPECCOM yrnblieporeHe3a. OfgHOBpeMEHHOEe BBEAEHNE XMBOTHBIM aHTaroHMCTa OMNMaTHbIX
peLenTopoB HaNMOKCOHa NOAaBNSAET 3alUMTHOE AENCTBIE aroHNCTa ONMaTHbLIX PeLenTopoB AanapruHa.

Knio4yoBble crioBa: HelponenTuabl, AanapruH, rMnoTepMusi, XONoA0BOW CTPECC, anonTo3, CTPECC-NPOTEKTOPHOE AeNCTBUE.

Abstract: The effect of neuropeptide dalargin, that is synthetic analogue of leu-enkephalins, on the cold stress-induced
negative processes, occurring under artificial hypothermia in vivo, has been studied. The dalargin was demonstrated to prevent an
apoptotic process development in cells of homeotherms after cold stress, that was manifested in a decreased level of DNA
fragmentation. In kidneys and liver of the animals exposed to cooling, no signs of cell apoptosis and necrosis were revealed,
and in the intestinal mucosa and spleen the level of DNA fragmentation was statistically and significantly increased. The preli-
minary injection of dalargin to rats reduces the DNA fragmentation level down to the values for the animals with no cold
exposure. It was shown that dalargin prevented the development of adrenal hypertrophy in experimental animals, reduced
the level of thymus and spleen involution, and decreased the severity of cold stress-induced ulcerogenesis. The simultaneous
injection to animals of an opioid receptor antagonist naloxone suppressed a protective effect of opioid receptor agonist da-
largin.

Key words: neuropeptides, dalargin, hypothermia, cold stress, apoptosis, stress-tread effect.

BimomMo, mo y roMoHOTEpMHHMX TBapHH Ta JIFO-
JMHU BHACITIJOK 3HAYHOTO 3HW)KEHHS TeMIIEpaTypu
BiTHOCHO ()i310JI0TIYHOT HOPMH 3aITyCKa€ThCs P
MPOIECiB Y KIITHHAX, TKAHWHAX, OKPEMHX OpraHax
Ta Ha piBHI winoro oprauismy [12, 13, 18]. 3uu-
JKCHHSI IHTEHCHBHOCTI OOMIHHHX TIPOIIECIB Ta 3MEH-
LICHHS CHOXHMBaHHS KHCHIO CYNPOBOIKYETHCS PO3-
BUTKOM Tirokcii. [Ipn mpomy crocrepiraetscst 3Hau-
ve npurHideHHs ¢yskmiii [[HC Ta imyHonorignoi
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It is known that in homeotherms and human,
a number of processes are triggered in cells,
tissues, certain organs and at the whole body level
due to a significant temperature decrease relative
to physiological norm [5, 6, 18], i. e. there is a
decrease in the intensity of metabolic process and
immunological reactivity of a body, the reduction
of oxygen consumption, accompanied by hy-
poxia development, and CNS function inhibition.
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peakTUBHOCTI oOpranismy. HacTymHe BigHOBIEHHS
temneparypu tina (TT) no ¢izionoriunoro piBHs He
3aBXK/IM YCYBA€ BCi BUKJIHMKaHI TiIOTEPMI€I0 Ta Hac-
TYITHAM BiIrpiBaHHAM TOPYIICHHS PETYISATOPHHUX
CHCTEM 1 CTPYKTypHHX EJIEMEHTIB, LI0 B OKPEMHUX
BUIIAJIKAX MOXKE MATH JIeTaIbHI HACIIIKH.

Bracmimok CTpecoBHX BIUIMBIB aKTHBYETHCS 1
Oepe ydacTp B peaiizamii cTpec-peaxilii opraHiamy
cucTeMa OINaTHHUX TMENTH[IB SIK PEryiasTopiB PiBHA
00JILOBOT YYTIMBOCTI, MOIYJISITOPIB €MOIIWHOI TO-
BE/IIHKH Ta BEreTaTHBHOI HEpBOBOI cucteMu. Lle cy-
MIPOBOIKYETHCS MiBUILICHHAM OOJBOBOIO MOPOTY,
po3BuTKOM ananresii [1, 5]. Bimomo, 1mo eHjaoreHHi
AQHTUCTPECOBI PEUOBUHM Ta IX CHMHTETHYHI aHAJIOTH,
30KpeMa OIioiN, BiIrparoTh BAXKIMBY POJIb Y TIPUT-
HIYyBaHHI CTpeC-iHIYKOBaHHUX BUIbHOPAINKAIHHIX
MIPOIIECIB 1 YMHATH MPOTEKTOPHY A0 HA MeMOpaHH,
CTPUMYIOTh PO3BUTOK alONTOTHYHHX TporeciB [11,
14, 15, 20]. Y nmitepaTypHHX KEpeliax 3TamyeThCst
psAn 610JOTIYHUX CIIONYK, a caMme MENTHIIB TPUPOJI-
HOTO Ta WITYYHOTO IOXO/DKEHHS, BBEICHHS SIKHUX
eKCIIepUMEHTaJIbHUM TBaprHaM a0o 10 CKIajy iH-
KyOaliifHUX CepeloBHUILl CHPHUSE PE3UCTEHTHOCTI
KIITHHHUX KYJIBTYp 0 XOJIOA0BOrO BILUIUBY [16, 19].
Hanpuxiiaa, Takoro 34aTHICTIO BOJIOAIIOTh PEYOBUHH
NENTUAHOT TPUPOIM, OTPUMAaHI 3 MO3Ky TiOepHY-
rounx TBapwH [3]. IcHYFOTH BiloMOCTI MO0 ydYacTi
B MIATPUMLI CTaHy 3UMOBOI CIUISIYKM TaKUX HEHpo-
MeNTHIB, K Jei- i merenkedaminn [9]. o rpymn
neii-eakedaniHiB BITHOCUTHCS CHHTCTUIHHA aHAJIOT
TIETITHY 3 TOJIOBHOTO MO3KY TiOEpHYIOUHNX TBapUH —
rexcanentua Jlen-Tup-JI-Ana-I'mi-Den-Jlei-Apr, Bi-
JNOMHH SIK JajapriH, KOTPUH MICTUTH CIiIBbHY IS
BCIX Jieli-eHKe(aliHIB MOCHIIOBHICTh aMIHOKHC-
JoT [5]. 3axMCHY [Iit0 I[OrO IMENTUAY Ha OpPraHi3M
B yMOBax TinoTepMii JoBeeHO [7], OHAK JIaHi m0/10
HOro aHTHANONTOTUYHOI 1ii B yMOBaX XOJOZOBOTO
crpecy (XC) BiacyTHi.

VY 3B’M3Ky 3 BUILEBUKIAJCHUM METOI0 POOOTH
OyJ10 BHBYEHHS 3aXWCHOI JIii aroHICTa OIMiaTHUX pe-
nernropiB rekcanentuny Jlei-Tup-/1-Ama-I'mi-Den-
Jleit-Apr (mamapriH) B yMOBaxX XOJOIOBOTO CTpECY,
BHUKJIMKAHOTO y €KCIIEPUMEHTATbHHUX IIypiB TIHOO-
KuM oxolnopkeHHsM (1o 20°C) Ta HACTYmHHM BiJli-
rpiBaHHAM /10 (Pi310JIOTIYHOTO PiBHS.

Marepiajau Ta MeTOIH

VY poGOTi BUKOPHCTOBYBAIM OITMX LIypiB-CaMIIiB
i3 cepemHbor0 Macor Tinma (273 + 12) r. Excniepu-
MEHTH NPOBOIWIN BiAMOBIIHO 10 3aKoHy YKpaiHu
«IIpo 3axmcT TBapMH BiJ >KOPCTOKOTO MOBOKEH-
Hs» (Ne 3447-1V Bing 21.02.2006 p.) i3 morpumaHn-
HsM BuMor Kowmitery 3 Gioeruku [HCTHTYTY, Y3roa-
JKEHUX 13 TIOJIOKEHHSIM «EBpOTEHCHKOT KOHBEHITIT 3
3aXUCTy XpeOETHNX TBApHH, SIKi BUKOPHUCTOBYIOTHCS
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Further recovery of body temperature (BT) up to
physiological level does not fully eliminate all
the disorders of regulatory systems and structural
elements, resulted from hypothermia and subsequent
warming, and in some cases they may be fatal.

Because of stress effects, the system of opioid pep-
tides being regulators of the pain sensitivity level,
modulators of emotional behavior and autonomic
nervous system, is activated and participates in
implementation of the body’s stress responses. This
is accompanied by an increase in pain threshold,
and analgesia development [9, 14]. It is known that
the endogenous anti-stress substances and their
synthetic analogues, in particular opioids, play a
key role in limiting the stress-induced free radical
processes, have a protective effect on membranes,
and inhibit the apoptotic process development [3,
10, 11, 20]. There are the reports about a number of
biological compounds, namely peptides of natural
and artificial origins, the administration of which
either to experimental animals or to the composition
of incubation media contributes to the resistance of
cell cultures to a cold impact [16, 19]. For example,
this capability is inherent to the substances of peptide
nature derived from hibernators’ brain [7]. Such
neuropeptides as leu- and meth-enkephalins were
reported to be involved in maintenance of winter
hibernation state [1]. The group of leu-enkephalins
comprises a synthetic analogue of peptide derived
from hibernators’s brain: hexapeptide Leu-Tyr-D-
Ala-Gly-Phe-Leu-Arg, known as dalargin, containing
the amino acid sequence common for all the leu-
enkephalins [9]. Protective effect of this peptide on
a body under hypothermia has been proven [13], but
there are no reported data on its anti-apoptotic effect
under cold stress (CS).

Proceeding from the mentioned above, this
research was aimed to study a protective effect of
opioid receptor agonist of Leu-Tyr-D-Ala-Gly-Phe-
Leu-Arg (dalargin) hexapeptide under cold stress,
induced in experimental rats by deep cooling (down
to 20°C) and following warming up to physiological
level.

Materials and methods

White male rats with an average body weight of
(273 £ 12) were used in this study. The experiments
were carried out in accordance with the Law of
Ukraine ‘On the Protection of Animals from Cruelty’
(No 3447-1V of 21.02.2006) in compliance with the
requirements of the Bioethics Committee of the
Institute in line with the provisions of the ‘European
Convention for the Protection of Vertebrate Animals
Used for Experimental and Other Scientific Purposes’
(Strasbourg, 1986).

247

*



B EKCIEPUMEHTAIBHHUX Ta 1HIIMX HAyKOBHX IIUJISX»
(CrpacOypr, 1986).

[lepen moyaTkoM €KCIIEPUMEHTY TBapuH PO3IMO-
oy Ha Tpynu (n = 4 'y KoxHii): 1 — TBapuHH,
SKMM 3a HIBIOAMHU OO I[OYAaTKy CTPECY0HOro
BIUIMBY BHYTPILIHBOUYEPEBHO BBOIAWIM JOCIIIKY-
BaHmii rekcarrenitun Jlei-Tup-Jl-Ana-I'mi-Den-
Jleit-Apr («damapriny, «IlenTumHble TEXHOIOTHN,
Pocist) y 1031 100 mkr Ha 1 Kr Macu Tijia; 2 — TBAPUHH,
SKHM 32 TIBrOJUHUA JO TIOYaTKy OXOJOJKCHHS
BBOAMIM 250 MKIT (hi310JIOTIYHOTO PO3YUHY; 3 — TBa-
PUHHU, SKUM OJHOYACHO 3 aroHiCTOM OIIaTHHX pe-
LENTOPIB JIAJTapTiHOM BBOJAWJIM AHTAroHIiCT OIliaT-
HUX penenTopiB HainokcoH («Hamokcony», «310poB’s
Hapony», Ykpaina) y mo3i 200 mxr Ha | Kr Macu
TBapuHM; 4 — LIypH, SKUM HE BBOIWIN IIperaparis
Ta SIKMX HE MiJaBaIl OXOJOMXKECHHIO.

YMOBH, II0 BUKJIMKAIOTh PO3BUTOK y AOCIITHUX
urypiB XC, CTBOPIOBAM 3a JTOMOMOTOI0 MOJIENTi TO-
cTpoi imepciiinoi rimorepmii [6]. TBapuH momimmanu
y 3aKpUTI pe3epByapu 3 CYMIIIIIIO BOIU Ta JHOIY
(BucoTa pesepByapa — 8 cM, piBEHb BOAM — 5 CM).
[TowyarkoBa TT 3a naHMMU BUMIPIOBAaHHS PEKTallb-
Hoi temmneparypu (PT) y TBapun Oyna OJHAKOBOIO.
[lypa micns pocsruenns PT 20°C mgicraBanu 3 Bony,
PETEeNbHO BUTHPANH 1 3aJUILANN IPU KIMHATHIN TeM-
neparypi (20°C) ans Bigirpisanus. Hagani PT Buwmi-
proBanu koxkHi 30 xB 10 piBasg 37°C.

TBapuH AeKariTyBajiu 3 JOTPHUMAHHSAM ICHYIOUHUX
HOpM dYepe3 omHy abo 18 roamH micas MOCATHEHHS
PT 20°C. Y nmexamiToBaHWX TBapWH BIUTyYalld HAIl-
HUPHUKH, THMYC, CEJIe31HKY Ul 3BaKyBaHHS Ta 00-
YHUCIIIOBAJIM BIJIHOCHY Macy 3a ()OpMyJIor0:

BM=ax100% /A,

Je a —Maca oprana, A — Maca Tijlia TBApHHU.

JUJist OLIHKY CTPECOTEHHOTO YbLEPOreHesy ITy-
HOK TBapWH, SKHAX JEKaliTyBanu depe3 18 romuH
micist gocsarHerHs PT 20°C, mpomwuBany, omisgann
1 TapaxoByBaJid B HhOMY KITBKICTh BHUPA30K, BU3-
HauajgW iX IUIONIY 3 ypaxXyBaHHSM TOYKOBHX 1 Tie-
TexXiaJbHIUX KPOBOBWJIMBIB Ta Timepemii. 3a oTpuma-
HUMH TTOKa3HWUKAMH BHU3HAYQIM CTYIIHb Ta 1HJIEKC
BUPA3KOBOTO YPaKEHHsI CIIM30BOT OOOJIOHKU IILTYH-
Ka [8].

[leuinky, HUpKH, cene3iHKy (Mmicis 3BaKyBaH-
HS) Ta parMeHT KULIEYHHUKA MOMIIIAIN B CTAKaHH
3 cepenoButieM BuautenHs JIHK (10 MM Tris-HCI,
1 MM EITA, pH 8). Cryninb po3BHTKY amomnrTo-
3y B TKaHWHAaX TBapWH, MiJIAHUX BIUTUBY IIHOO-
KOi TirmoTepmii, OIiHIOBAJIH 32 BiTHOCHUM BMIiCTOM
dbparmenroBanoi JIHK [4]. Hanumii meton 3acHo-
BaHO Ha BU3HAYCHHI 3a JIOIIOMOTOI0 NH(EHIITaMiHO-
Boro pearenty koutenTpamii JJHK y nagocami (dbpar-
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Before starting the experiment, all the animals
were divided into the following groups (n = 4 in
each): the group 1 comprised the animals, intraperi-
toneally injected with the studied hexapeptide Leu-
Tyr-D-Ala-Gly-Phe-Leu-Arg (Dalargin, ‘Peptidnye
Tekhnologii’, Russia) at a dose of 100 pg per kg
body weight 30 min before starting the stress
exposure; the group 2 made the animals received
250 pl of physiological saline 30 min before star-
ting the cooling; the group 3 consisted of the
animals, received the opioid receptor agonist da-
largin together with the opioid receptor antagonist
naloxone (Naloxone, LLC Kharkiv Pharmaceutical
Enterprise ‘Zdorov’ia Narodu’, Ukraine) at a dose
of 200 pg per kg animal weight; in group 4 were
the rats with no drug administered and not subjected
to cooling.

The conditions, inducing the CS development
in experimental rats were created using the model
of acute immersion hypothermia [12]. The animals
were placed into closed tanks with a mixture of water
and ice (8 cm tank height, 5 cm water level). The
initial BT in animals was the same by the rectal
temperature (RT) measurement data. The rat, after
reaching the RT of 20°C, was removed from water,
thoroughly wiped and left at room temperature (20°C)
for warming. Then, the RT was measured every 30
min up to 37°C.

Animals were decapitated in compliance with the
existing standards in 1 hr or 18 hrs after reaching
the RT of 20°C. In decapitated animals, the adrenal
glands, thymus, spleen were separated for weigh-
ting and the relative weight (RW) was calculated
by the following formula:

RW =ax100% /A,

where a is weight of organ, A is body weight of
animal.

To assess a stressogenic ulcerogenesis, the sto-
machs of animals, decapitated in 18 hrs after
reaching the RT of 20°C, were washed, examined
and the number of ulcers was calculated, and their
area was determined, taking into account the point
and petechial hemorrhages and hyperemia. The
degree and index of ulcerative lesions of gastric
mucosa were determined by the obtained indices [15].

The liver, kidney, spleen (after weighing) and
intestinal fragment were placed into the flask with
DNA isolation medium (10 mm Tris-HCL, 1 mm
EDTA, pH 8). The degree of apoptosis development
in tissues of animals, exposed to deep hypothermia
was assessed by relative content of fragmented
DNA [8]. This method is based on determining
the DNA concentration by means of diphenyla-
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menroBana JIHK) ta ocani (marusna [IHK), otpu-
MaHMX Ticasi 0OpoOKH JIi3yro4MM po3dyrHOM (5 MM
Tris-HCI, 20 MM EZTA, 0,5% Triton X-100, pH 8)
Ta UEHTPU(YTYyBaHHS TOMOTCHATiB TKaHMH. Exc-
TUHI] Tpo0 BUMIpIOBaNIM Ha CIEKTPO(POTOMETPI
«CD 48» («JIOMO», CPCP) ta obuucioBamm 3a
(hopmyroro BimHocHUH BMicT ¢parmenToBanoi JJHK:

% 100% ,

ocany

%IHK, =

Hazocaty

Hajocany

ne E — excruHiis.

Jliis craTucTaHOi 00POOKU TaHMX BUKOPUCTOBY-
Banu Mmeton CrerofeHTa-dimepa Ta makeT mporpam
«Microsoft Excel 2010» («Microsoft», CILIA).

PesysbTaTn T2 00roBOpeHHS

OCHOBHUMH TIATOJIOTIYHUMH TIPOIECAMH Ha KITi-
THHHOMY DpiBHI 3a yMOB 3HWXeHHS 1T BimHOCHO
¢izionoriunoi HopMmu € amonTos. [IpoBenenuii Hamu
paHilie JeTalbHUN aHami3 pe3ylbTaTiB J0CHiHKEHb
BIUIMBY OXOJIOJDKCHHSI Ha aronTo3 KIITHH [2] CBia-
YHUTh, IO O3HAKW arloNTO3y MPOSBISIOTHCS HE TMij
yac nepeOyBaHHS KIITHH y TiHOTEPMIYHOMY cepeso-
BHUII, a Ticis iX MOBEPHEHHsI B YMOBU HOPMOTEpMIii
Ta HACTYMHOI EKCIIO3MLii MPOTATOM MEBHOTO Yacy.
Ha namy nymky, mig noaartsiM XC MaioTh Ha yBasi
MOCIIIOBHUI BIJIMB HA KJIITUHHU OXOJIO[DKEHHS, IIe-
peOyBaHHA y TINOTEPMIYHUX YMOBaX Ta BiJHOBJICHHS
TOYaTKOBOI TEMIIEPATYPH.

Ha momeni XC y mypiB Oyii0 BCTaHOBIICHO, IO
MOTIepeIHE BBEACHHA Janapriny (rpymna 1) cnpusio
Oinpin mBuaKoMy (p < 0,05), mopiBHSHO 3 TBapUHa-
MH, SIKUM Horo He BBoawiu (rpymna 2) abo pa3om 3
1H €KUM IBOTO Jiel-eHKkedaniny poOwn iH’eKiii
HEBUOIPKOBOTO OJ0KaTOpa OMiaTHUX PELEenTOpiB Ha-
nokcony (rpyna 3), mocsruennto PT 20°C ((30,7 +
5,1) xB mpotm (41,00 £ 3,60) 1 (42,0 + 2,0) xB Bin-
MOBIIHO) Ta 3BOPOTHOMY JIOBLIBHOMY BIiJITPiBY 0
37°C ((5,25 £+ 1,25) ronun npotu (8,25 + 1,00) 1 (7,50
+ 0,50) rogua BigmoBigHO). OCOOIMBO TOMITHOIO
Oyna pi3HUI TIBUAKOCTI BiMirpiBaHHS TICIS IIO-
csraeHds PT 30°C. ¥V mypiB rpynu 1 migBUIICHHS
PT Bixg 30 mo 37°C BimOyBasoch mpotsirom (1,50 £
0,50) ronuH, a 'y TBapun rpyn 2 ta 3 — (3,15 + 0,50)
i (2,90 £ 0,75) ronmun BignoBigHO. TakuM YWUHOM,
MOTIEPEHE BBEJICHHS AallapriHy CKOpPOYyBajO TpH-
BaJICTh TIMOTEPMIYHOTO CTaHy TBapuH Ha 2—3 roau-
HHU.

Jiisi BUBYEHHSI BIUIMBY JaJIapriHy, OXOJOIKEHHS
1 HACTYITHOTO BiMIrpiBaHHS Ha IMOKAa3HWUKH «TpiaJin
Cenpey» (XapakTepHi 3MiHH, JI0 SIKUX 3a3BUYAi TPU3-
BOIUTh OyIOb-SIKHI CTpec) y MAOCHAHUX TBapuH
BHU3HAUaIW 30ITBIICHHS BITHOCHOI Mach HaIHHP-
HUKIB Ta 3MEHIIEHHS BIJHOCHOI MacH IMyHOKOM-
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mine reagent in supernatant (fragmented DNA)
and precipitate (native DNA) obtained after treat-
ment with lysing solution (5 mm Tris-HCI, 20 mm
EDTA, 0.5% Triton X-100, pH 8) and centrifu-
gation of tissue homogenates. The samples’ extinc-
tions were measured with spectrophotometer ‘SF
48’ (LOMO, USSR) and the relative content of
fragmented DNA was calculated by the following
formula:

x 100% ,
supernatant

E
%DNA, = ¢

supernatant precipitate

where E is extinction.

The data were statistically processed with the
Student’s t-test and Microsoft Excel 2010 software
(Microsoft, USA).

Results and discussion

The main pathological processes at a cellular
level during BT decrease relative to the physiological
norm are necrosis and apoptosis. Our previous
detailed analysis of findings of cooling impact on
cell apoptosis [4] shows its signs as manifested not
during cell staying in hypothermic medium, but
after their return under normothermia and further
exposure within a certain time period. We believe
the term of CS should be considered as a consistent
impact of cooling on biological object, staying under
hypothermic conditions and restoring the initial
temperature.

In the CS model in rats, a previous administration
of leu-enkephalin (group 1) was established to
promote more rapid (p < 0.05), if compared with
the animals with no drug injected (group 2) or
when administering together with the studied
leu-enkephalin an nonselective opioid naloxone
receptor blocker (group 3), reaching the RT of
20°C ((30.7 = 5.1) vs. (41.00 + 3.60) and (42.0 +
2.0) min respectively) and a reverse spontaneous
warming up to 37°C ((5.25 + 1.25) vs. (8.25 £ 1.00)
and (7.50 + 0.50) hrs, respectively). The difference
in warming rate after reaching the RT of 30°C
was particularly noticeable. In the rats of group 1,
RT increased from 30 up to 37°C within (1.50 +
0.50) hrs, but in the animals of groups 2 and 3 it
made (3.15 £ 0.50) and (2.90 £+ 0.75) hrs, respecti-
vely. Thus, a preliminary administration of da-
largin reduced the hypothermic state duration in
animals by 2-3 hrs.

To study the impact of dalargin, cooling and
subsequent warming on the indices of the ‘triad of
stress’ described by Selye (characteristic changes,
resulting from any stress) in experimental animals
we determined an increase in relative weight of

249

*



Bnnve ganapriHy Ha BiQHOCHY Macy opraHis ekcnepumMmeHTansHux wypis (M £ G)
Influence of dalargin on the relative weight organs of experimental rats (M + o)

BigHocHa maca, %
Relative weight, %
Mpynu . .
Groups TMMyca cenesiHkn Ha[HVPHWKIB
thymus suprarenal gland
A B A B
1 0,142 + 0,0027 0,139 + 0,001** 0,58 + 0,03 0,64 + 0,017 0,011 + 0,0017 0,011 £+ 0,001
2 0,126 + 0,002* 0,130 + 0,005* 0,47 + 0,01* 0,69 + 0,03* 0,014 + 0,001* 0,011 £+ 0,0001
3 1,26 + 0,05* 1,32 +£ 0,003* 0,49 + 0,04* 0,68 + 0,02* 0,013 + 0,0001* | 0,011 + 0,0001
4 0,145 + 0,001 0,145 + 0,001# 0,60 + 0,05* 0,60 + 0,057 0,011 + 0,0001# | 0,011 + 0,0001

MpumiTkn: A — yepes roaguHy nepebyBaHHs B CTaHi rinotepMii; B — yepes 12 roguH nicns gocsrHeHHs disionoriyHoi Tem-
nepatypu. BigMiHHOCTI cTaTUCTUYHO 3HaYYLLi B NOpPiBHSHHI 3 rpynamu 2 Ta 3 (¥) i rpynoto 4 (*), p < 0,05.

Notes: A — 1 hr after staying under hypothermia; B — 12 hrs after reaching physiological temperature; differences
are statistically significant as compared with the groups 2 and 3 (¥) and with the group 4 (*), p < 0.05.

METEHTHUX OpraHiB (BUJIIOYKOBOI 3aJI03M Ta Celle-
3IHKHM), @ TaKOX pEECTPYyBalll BUIAJIKH BHHUK-
HEHHS B CJIM30BIA OOOJOHII HUTyHKa JECTPYKTHB-
HUX SIBUII Ta iX BUpaxkeHictb [17]. BcraHnorneHo,
IO ITiJ] Yac OXOJIOJPKEHHS Ta NepeOyBaHHs TBapUHH
y CTaHi TNIMOOKO1 rinoTepMii 3MeHITyBaiacs BigHOC-
Ha Maca TUMyca Ta CeJIe3iHKH, 301JIbIIyBaiacs Bij-
HOCHa Maca HAJHUPHKIB (TaOmuil). Y BHITaJKax,
KOJM Tepell OXOJNOMKEHHSM BBOIMJIM JIeH-CHKe-
(haxin, BimHOCHa Maca OpraHiB Ticisi mepeOyBaH-
HS Yy CTaHi TimoTepMii MPOTATOM TOIWHU 3HAYYIIE
HE BIApI3HAIACS BiJ BiAMOBITHOTO IMOKAa3HUKA TBa-
pUYH, SKUX HE TiIIaBalid OXOJOMKEHHIO (Tpyma 4).
OneprkaHi pe3ylbTaTH y3TOMKYETHCS 3 JTaHUME
poOIT, B sIKUX OYyJI0 IOKa3aHO, L0 IMOIMEPEIHE BBE-
JICHHSl JlaapriHy CIpHs€e iCTOTHOMY IOC]abieH-
HIO CTpec-iHIyKOBaHOI TilepakTHBaIil TITIOKOKOP-
TUKOIAHOT (pyHKUii HAJAHUPHUKIB WIypiB 32 YMOB
XOJIOZOBOTO CTPECY 3 3HAUYLIMM 3HHMKCHHSIM PiBHA
KOPTH30JTy B KpoBi [5, 7].

UYepes 18 ronun micas qocsraenss PT 20°C (ra-
OnuIsl) BITHOCHA Maca THMYyca IIypiB, SKi OXOJIOJ-
XKyBanucsi 0e3 IHOIEepeAHbOr0 BBEICHHS JIeH-CHKe-
(dhaminy (rpymna 2) abo SIKUM OHOYACHO 3 TajapTiHOM
BBOIWIM HAJIOKCOH (Tpyma 3), memo 301IbIIyBa-
Jlach, aje 3alUIIaNacs CTATUCTUYHO 3HAYYINE HIK-
YOI0, HIK Yy TBapHH, 03 0XoNomKeHHs (Tpyna 4). Bin-
HOCHA Maca Celle3iHKH TBapHH LHX TPYI, HaBIIAKH,
CTaTUCTUYHO 3Havylle 30UIbIIyBasiacsi MOPiBHSHO
3 mrypamu 0e3 oxonomkeHHs (rpymna 4) abo 3 more-
penHiM BBEACHHM JHile jJeli-eHkedaniny (rpyna 1).
VY meil CTpOK CIIOCTEpPEKEHHS Maca HaJHUPHHKIB
mypiB ycix Tpym Oyna OJHM3BKOIO IO TTOKa3HUKa
TBapuH, SIKUX HE MiJJaBajd OXOJOMKEHHIO. Y mIy-
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adrenal glands and a decrease in relative weight
of immune organs (thymus and spleen), as well
as the cases of destructive phenomena occurrence
in gastric mucosa and their severity were also recor-
ded [17]. It was found that during animals’ cooling
and staying under deep hypothermia, the relative
weight of thymus and spleen decreased, and the
relative weight of adrenal glands increased (Table).
In the cases, where the leu-enkephalin was adminis-
tered to rats prior to cooling, the relative weight
of organs after animal staying under hypothermia
for one hour did not significantly differ from the
corresponding index of animals, not subjected
to cooling (group 4). Our findings are consistent
with the previous data, where a preliminary admi-
nistration of dalargin was demonstrated to signifi-
cantly weaken the stress-induced hyperactivation
of glucocorticoid function of rat adrenal glands
under cold stress with a significant decrease in cortisol
level in blood [9, 13].

In 8 hours after reaching the RT of 20°C
(Table), the relative weight of thymus of rats,
cooled with no preliminary administration of leu-
enkephalin (group 2) or injected with naloxone in
combination with dalargin (group 3) was slightly
increased but remained significantly lower, than in
the animals without cooling (group 4). The relative
weight of spleen of the animals from these groups,
on the contrary, increased significantly as compared to
the rats without cooling (group 4) or with preliminary
administration of leu-enkephalin only (group 1). At
this time of observation, the adrenal gland weight in rats
of all the groups was close to that for the animals not
subjected to cooling.
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piB, SIKMM Mepes MOYaTKOM OXOJIOJPKECHHS BBOIMIIN
neii-enkedanin (rpyna 1), cnocrepiranacs TeHICHIIS
JI0 3MEHIIIEHHS BiTHOCHOT MacH TUMYca Ta 301IbIIeH-
HSl BIJHOCHOI Macu cejesinku. [lepmmii mokasHHK
He OyB CTaTUCTUYHO 3HAYYLIMM IOPIBHSHO 3 BH3HA-
YeHWM 4Yepe3 TOMUHY mepeOyBaHHA TBapWH y CTaHi
rimoTepmii, ajleé CTaTUCTUYIHO 3HAYYIIUM OYIIO HOTO
3MEHIICHHS MOPIBHAHO 3 MOKAa3HUKOM IIypiB, SKHX
HE TMiJjIaBajl OXOJIOJUKeHHI0. BinmHocHa maca ce-
JIe31HKU, HABIAKH, CTATUCTUYHO 3HavyIle 30ibry-
Bajiacsi MOPiBHSHO 3 MOKa3HUKOM, BU3HAYCHUM Yepe3
roauHy nepeOyBaHHs TBapHHHU y CTaHi Timorepwmii,
ajie 3Hauylle HE BiJpi3HsUIacs BiJ Takoi y TBapvH
0e3 oxonomkeHHs (rpymna 4).

Pesynbratn  gocmipkeHHS CIU30BOI  OOOJIOHKH
LIUTyHKA CTPECOBAaHMX TBapUH TAKOX HiATBEPAMIH
MIPOTEKTOPHY [it0 Jel-eHkedaminy. Tinbku B TpyIi
IIypiB, SKUM BBOAWJIN JaJlapTiH 0Oe3 OIXHOYACHOTO
BBEIICHHS HAJIOKCOHY (rpyma 1), cim3oBa 000I0H-
Ka nuryHKa Oyna 0e3 o3Hak Bupasok. Jlumre B omHiel
TBapuHu 3 wi€el rpymu (10 %) y cnm3oBiil nuryHKa
BUsIBJIsUIAcs Tinepemis. OaHak y rpynax 2 ta 3 Bij-
HOCHA KUIBKICTh TBapuH 13 BHpa3KaMW CTaHOBHJIA
80 Ta 60% BiAMOBiAHO, CTYMiHb BHUPA3KOBOTO ypa-
xeHHs — 2,2+ 1,2 ta 1,1 £ 1,1 BignoBiHO, a BUPA3KO-
Buii ingexc — 1,76 £ 0,98 ta 0,66 = 0,70 BiAmoBigHO.

BmkuBaHHS XOJNOMOCTIMKUX OpraHi3MiB B yMO-
Bax rirnorepmii BUSHAYAETHCS, 30KPEMA, 3JaTHICTIO iX
KIIITUH TIPOTHCTOSATH aroITO3y, 1HIYKOBAHOMY Ji€I0
xonoxy. C.C. Fleck Ta cmiasrt. [10] oTpumanu mami,
SKi CBIT9aTh MPO T, MO y TIOCPHYIOUMX XOBpaXiB
MiABHUIIYETHCS E€KCOPECis aHTHAIOI-
toTnyHuX OinkiB. Lli Oinku copu-

Leu-enkephalin-treated rats (group 1) prior to
cooling demonstrated a tendency to reduced re-
lative weight of thymus and increased relative
weight of spleen. The first index was not statistically
significant if compared with the one hour later
the stay of animals in a hypothermia state, but its
decrease versus that of not cooled rats was statis-
tically significant. The relative mass of spleen,
on the contrary, was significantly increased if com-
pared with the index determined after an hour of ani-
mals’ staying in a hypothermia state, but not
significantly different from that of the animals
with no cooling (group 4).

The findings on gastric mucosa of stress-subjected
animals also confirmed the protective effect of leu-
enkephalin. Only in the group of rats administered
with dalargin without simultaneous administration
of naloxone (group 1) the gastric mucosa had no
signs of ulcers. Only one animal in this group (10%)
showed hyperemia in gastric mucosa. However, in
groups 2 and 3, the relative number of animals with
ulcers was 80 and 60%, respectively, the degree
of ulcerative lesions was 2.2 £ 1.2 and 1.1 £ 1.1,
respectively, and the ulcer index made 1.76 + 0.98
and 0.66 £ 0.70, respectively.

The survival of cold-resistant organisms in
hypothermia is determined, in particular, by the
ability of their cells to resist a cold-induced apoptosis.
C.C. Fleck et al. [2] obtained the data indicating
that the expression of antiapoptotic proteins was
increased in hibernating ground squirrels. These pro-

AI0Th BIJKMBAHHIO KIITMH y BHY- o 20
TPIIIHEOMY CEpENIOBHII, SKE 32 TPH- _S 18 1
Bajguii yac nepeOyBaHHS TBapuH Yy 55 16 |
rimoMeTaboiYHOMY CTaHI  3UMOBOI Egré 14 |
CIUISTYKH HaOyBa€e OKCHJATUBHHX BIIaC- q;) 212 |
TUBOCTEH, 10 MOXKE 1HAYKYBaTH arorl- =2
TO3. 8z 101
JlocnijpkeHHST BIJIMBY aroHicTa ?“5 8
OIaTHUX PELEeNTopiB Janapriny Ha % s 6
CTyHiHL‘ ¢parmentanii IHK sk nposiBy ,EE 4
MIPOIIECIB aronTo3y Ta HEKPO3y KIITHH Zo 2
y pe3yibTari XOJOIOBOTO CTpecy Mo- %% 0 .
Ka3ano, W0 B KITMHAX NCYiHKA Ta @ 8

HUPOK TICISI OXONO/PKEHHS TBAPUH JI0
20°C Ta HACTYIHOTO BiiTpiBaHHS IICH

MeviHka Kipkouii wwap Cnwusosa kuwedHnka CenesiHka
Liver HUPKK Intestinal mucosa Splin
Cortical layer of
the cidneys

TTOKa3HUK HE BIiAPI3HABCS BiI TaKOTO
y TBapHH, SIKHX HE MiJIaBajid OXOJIO-
JKeHHIO (Tpyma 4) (PUCYHOK).

VY KIiTHHAX CeJe31HKH Ta CIM30BO1
OOOJIOHKM KHILEYHHKA LIypiB MiCis
oxonomkeHua g0 20°C Ta HaACTyIHO-
ro JOBUIBHOTO BiJirpiBaHHS 10 HOp-
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PiBeHb dparmeHTauii AHK, kniTMHax neviHku, KipKOBOro Luapy HUPOK,
CNn130BOi 0OOMOHKN KMLLIEYHMKA Ta CenesiHku LypiB, SKi 3a3Hanu BnAuv-
BY XONOAOBOr0O CTPEecy: BiAMIHHOCTI CTAaTUCTUYHO 3HaJyLli B MOPIBHSIHHI
3 rpynamu 2, 3 (¥) Ta rpynoto 4 (*), p < 0,05.

Occurence of DNA fragmentation in cells of liver, cortical layer of
kidneys, intestinal mucosa and spleen of rats exposed to cold stress:
differences are statistically significant as compared with the groups 2
and 3 (*) and with the group 4 (*), p < 0.05.
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MaJIbHOI TeMIepaTypH CIIOCTEPIranocs: CTaTUCTUIHO
3Hauymie 30inbIueHHs cryneds ¢parmenrauii JHK.
[Ticast momepeaHBOrO BBEACHHS MIypaMm Jajaprify
(rpyna 1) crymiap ¢parmenranii JIHK cenesin-
KM Ta CITU30BOi OOOJIOHKH KHWIIIEYHWKA 3HHM3UBCS [0
piBHS TBapWH, SIKAX HE TiANaBalld OXOJIOMIKECHHIO
(rpyma 4). BBeneHHsS TBapwHAM HEBHOIPKOBO-
rO aHTAaroHIiCTa OIIAaTHUX pPEIENTOPiB HAJIOKCOHY
(rpymna 3) GroKyBajo 3aXHCHY Ai0 Jel-eHKeaminy:
crymiab ¢parmenranii JJHK y mypiB uiei rpymm
HE BIiAPI3HABCS BiJ TAaKOro y TBAapHH, SKWX Iijja-
BaJM BIUIMBY TimoTepMii 0e3 MmomepeaHboro BBe-
JeHHs Aanapriny (rpymna 2). Llei ¢akTt cBiguuts npo
Te, IO Jajaprid, OKpiM Oe3mocepeHhOro aHTH-
aroONITOTUYHOTO BIUIMBY, CIIPUSE€ aHTHUCTPECOPHIN
i1 eHOJOreHHUX OITiaTiB IUISXOM aKTUBALlll OIaTHUX
pelenTopiB KIIITHH.

TakuM 9HMHOM, OXOJIO/PKEHHS TBApHWH JO TEMIIe-
patypu 20°C Ta HacTymHe BimirpiBaHHs 10 (izioso-
riYHOi TeMmmeparypd HE BHKIHKAIOTh arolTo3y
Ta HEKpo3y KIITHH y HHpPKax Ta TeYiHIl 3a
nokasnukamu ¢parmenranii JIHK. Y TtkanuHax,
KIJIITUHYU SIKAX THTEHCHBHO OHOBIIIOIOTHCS (CJIM30Ba
KHIIEYHUKa), cTyminb ¢parmentanii JHK y pe-
3yJbTaTi BIUIMBY TiMOTEpMii Ta HACTYIHOTO Bifir-
piBaHHS 3HAuylle 3pOCTa€, a MONEPEIHE BBEACHHS
Jaapriny WOTo 3MEHIIy€E JI0 PiBHS TBapWH, SKHUX
HE Ti1aBaIu 0XOJI0MKeHHIO (rpyna 4). Takoxk 3Ha4-
He 30UTBIIeHHS BiIHOCHOTO BMiCTy ()parMeHTOBaHOI
JHK BusiBIeHO B Cee3iHIll, IO, MOXIHBO, CBIJI-
YUTh HE CTUTBKH MPO aKTHUBAINIO AIONTO3y CIUICHO-
LUTIB, AK MPO iHTEHCU(}IKAIIO Mpolecy yTHii3arii
LUISIXOM aIlorTo3y JEHKOLUTIB.

BusiBieHi 3MiHM B OpraHi3Mi HIypiB MOXYTh OyTH
HE TUIbKM HACJIJIKOM BIUIMBY XOJIOJIOBOIO CTPECY,
a U pe3ynbTatoM eMOLiHHO-00JBOBOrO CTpecy TBa-
PUHH, SIKUH € CYIMyTHIM MOJENIOBAaHHIO TiMoTepMil
Ta HACTYyNHOMY BixirpiBanHioo. OTxe, oTpUMaHi pe-
3yABTaTH CBiMYATh MPO Te, IO JallapriH 3amodirae
PO3BUTKY aloONTOTUYHHUX TIPOIECIB y KIITHHAX Op-
ra"i3My TOMOMOTEpPMHHUX TBAapHH TICII XOJOJOBOTO
CTpeCy in Vivo, a TaKOX 3aralbHOCTPECOBUM IIPO-
sBaMm. OT)ke, MOJKHAa BBa)KaTHU TOIUIBHAM 3aCTOCY-
BaHHsI TIpernapariB-aroHIiCTiB OIIaTHUX PEIeNnTOpPiB
B IIO€JIHAHHI 3 TIIOTEPMIETO.

BucHoBku

1. Hocmimxkennst crynens ¢parmentauii JHK y
TKaHMHAX EKCIEPUMEHTAIBHUX TBApPHH, MiIJaHUX
OXOJIO/IKCHHIO, Yepe3 18 roauH micis AOCSATHEHHS
pekranpHOl Temmeparypu 20°C He BUSBWIO IHTEH-
cudikariii amonTo3y i HEKpPO3y KIITHH B TKaHUHAX,
Jie I SBHINA 3a HOPMAJIBHHUX (i3i0JIOTIYHHX YMOB
HE OyXe BUpakeHi (HUPKH, TeUiHKa). Y TKaHHWHAX,
KJIITHHHA SIKAX IHTCHCUBHO OHOBIIOIOTHCS (CITHU30Ba
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teins contribute to the survival of cells in inner
environment, which over a long period of stay of
the animals in a hypometabolic state of hibernation
acquires the oxidative properties that can induce
apoptosis.

Investigation of the effect of opioid receptor
agonist dalargin on DNA fragmentation level as a
manifestation of cell apoptosis and necrosis pro-
cesses as a result of cold stress showed that in liver
and kidney cells after cooling of animals down to
20°C and subsequent warming, this index did not
differ from that in animals not subjected to cooling
(group 4) (Figure).

A statistically significant increase in the DNA
fragmentation level was observed in the cells of
the spleen and mucous membrane of rat’s intestine
after cooling down to 20°C and subsequent gradual
warming to normal temperature. After preliminary
administration of dalargin to rats (group 1), the
level of DNA fragmentation of spleen and intestinal
mucosa decreased to the one of animals that were not
cooled (group 4). An introduction of indiscriminate
opioid receptor antagonist naloxone (group 3) in
animals blocked the protective effect of leu-enke-
phalin: the DNA fragmentation level of this group
did not differ from that in the animals exposed to
hypothermia without prior administration of da-
largin (group 2). This fact indicates that, in addition
to direct anti-apoptotic effects, dalargin contributes
to an anti-stress effect of endogenous opiates by
activating opiate cell receptors.

Thus, cooling animals down to 20°C and sub-
sequent warming to physiological temperature does
not cause the cell apoptosis and necrosis in kidneys
and liver in terms of DNA fragmentation. In tissues
the cells of which are intensively renewed (intes-
tinal mucosa), the level of DNA fragmentation
resulted from hypothermia and subsequent war-
ming increases significantly, and preliminary admi-
nistration of dalargin reduces it to the level of the
animals that have not been cooled (group 4). As
well a significant increase in the relative content
of fragmented DNA was found in spleen, that may
indicate rather the intensification of leukocyte
utilization by apoptosis than the activation of
apoptosis of splenocytes.

The revealed changes in rat’s body can be not
only a consequence of the effects of cold stress, but
also the result of emotional and painful stress to an
animal, which is concomitant with the modeling
of hypothermia and subsequent warming. Thus,
the findings indicate that dalargin prevents the
development of apoptotic processes in cells of
homoiotherms after a cold stress in vivo, as well as
general stress manifestations. Therefore, it may be
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000JIOHKa KHIIEYHHKA), a00 B iMyHOKOMIETEHTHUX
TKaHMHAX (CeNe31HKa) BCTAHOBICHO 3HAUYIIE Ii/BU-
LICHHS 1aHOTO MOKAa3HMKA Y Pe3yJbTaTi XOJI0H0BOro
CTpecy.

2. IlomepenHe BBeAEHHs ILIypaM TIeKCaleNnTHay
Jleii-Tup-J1-Ana-I'ni-den-Jle-Apr (mamaprin),
SKUN HAJICKHUTh IO TPYNH JIeH-eHKe]aTiHiB, 3MeH-
mrye cryniab Gparmentanii JJHK no 3Hagens TBapun
0e3 XO0JIOIOBOTO CTPECYy.

3. BcraHOBNEHO, IO BBEICHHS JaNapriHy 3a-
no0irae po3BUTKY Y CKCIIEPUMEHTAJIbHUX TBapUH
rimeprpo¢ii HaIHUPHUKIB, 3MEHIIYE CTYIiHb 1HBO-
arowii THMyca Ta CeNle3iHKH, 3HWKYE BHUPAXKCHICTDH
1HIyKOBaHOT'O XOJIOIOBHM CTPECOM YJbLIEPOTreHESY.
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considered appropriate to use opioid receptor ago-
nist drugs in combination with hypothermia.

Conclusions

1. The study of the level of DNA fragmentation
in the tissues of experimental animals, subjected
to cooling, 18 hours after reaching a rectal tempe-
rature of 20°C revealed no intensification of apop-
tosis and necrosis of cells in tissues, where these
phenomena were not very pronounced under nor-
mal physiological conditions (kidneys, liver). In
tissues the cells of which are intensively renewed
(intestinal mucosa), or in immune competent tissues
(spleen), a significant increase in this index due
to cold stress has been found.

2. Pre-administration of hexapeptide Leu-Tyr-D-
Ala-Gl-Feng-Lei-Arg (dalargin), belonging to the
leu-enkephalin group, to rats reduces the level of
DNA fragmentation to the values the animals not
subjected to a cold stress.

3. It has been established that the introduction
of dalargin prevented the development of adrenal
hypertrophy in experimental animals, reduced the
degree of thymus and spleen involution, and de-
creased the severity of cold stress induced by ul-
cerogenesis.
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