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Ha NEeMKOLUUTM LLYypiB y MoAaersi XonoaoBoro cTpecy in vivo
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Anti-Apoptotic Effect of Synthetic Leu-enkephalin Dalargin
on Rat Leukocytes in Cold Stress Model in Vivo

Pedbepar: [ocnigxyBanu 3axvCHWA BNAVB CUMHTETUYHOTO aHanora nev-eHkedarniHy Aanapriiy Ha nenkouuTtn nepudepuyHoi
KpOBi TENMOKPOBHWX TBapWH, NigAaHNX XOI0JoBOMY CTpecy. 3a A0MOMOrow KOHMOKarbHOI MiKpocKonii AOCHIMKEHO BMAMB AAHOMO
nenTuay i XonogoBOro CTPECy in Vivo Ha KNITMHHWIA CKNaj NMEeNKOKOHLEHTPATy, XUTTE3AATHICTb NEVKOUMTIB i CTyniHb dhparmeHTauii
IOHK y nevikouuTtax wypis. BctaHoBneHo, Wo y TBapuH, SKUM Nepeq noYaTkoM OXONMOMXEHHSI BBOAUNM AanapriH, 3HWKEHHS BifHOCHOIO
BMICTY NiMOUMTIB i NiABULLEHHS BMICTY HEWTpodiniB Bynn 3HavyLle MeHLl BUpaxeHi, HiX y TBapuH 6e3 BBeAeHHS JanapriHy. Takox
nokasaHo, L0 BBEAEHHS AanapriHy Cnpusano NiABULLEHHIO XUTTE3AATHOCTI NENKoLUTIB nepndepmnyHOi KpoBi LLypiB, MiAAaHMX XOo[o-
BOMY cTpecy. [TonepeaHe BBeAEHHS TBapMHaM AanapriHy CTaTUCTUYHO 3HadyLle 3HWXYBano K cTyniHb doparmenTtauii AHK, Tak i Bia-
HOCHWUIA BMICT Y nepudepunyHin KpoBi nenkouuTiB i3 dparmeHToBaHoto [JHK. OgHovacHe BBeAEHHS TBapvHaM aHTaroHicta oniaTHUX
peLenTopiB HaNOKCOHY yCyBamno 3axWCHYy Ail0 aroHicTa oniaTHuX peuenTopis Aanapriy. OTpumari pesynsratv ceig4atb NMpo onoce-
peAKoBaHy oniaTHAMKM peLenTopamMn aHTUanonTOTUYHY Aito AanapriHy Ha NenKkouuTn nepudepryHOi KpoBi B yMOBAaX XONOAOBOMO
cTpecy in vivo.

Knro4yoBi cnoBa: HeviponenTuan, eHkedaniHv, Aanaprid, XornofoBuii CTpec, anonToTos, dparmeHTauis AHK.

Abstract: In this research, a protective effect of synthetic analogue of leu-enkephalin dalargin on peripheral blood leukocytes
of cold stress-exposed homeotherms, has been investigated. The impact of this peptide and in vivo cold stress on cell composi-
tion of leukoconcentrate, leukocyte viability and DNA fragmentation degree in rat leukocytes, has been studied by using confocal
microscopy. A decreased relative count of lymphocytes and an increased neutrophil one were established as significantly less pro-
nounced in the animals injected with dalargin before cooling, than in non-handled ones. The dalargin administration was also shown
to enhance the viability of peripheral blood leukocytes in rats exposed to cold stress. Preliminary administration of dalargin to ani-
mals significantly reduced both the degree of DNA fragmentation and a relative count of leukocytes with fragmented DNA in peripheral
blood. Simultaneous introduction of opioid receptor antagonist naloxone to animals eliminated a protective effect of opioid receptor
agonist dalargin. Our findings demonstrated the opioid receptor-mediated antiapoptotic effect of dalargin on peripheral blood leuko-

cytes under in vivo cold stress.

Key words: neuropeptides, enkephalins, dalargin, cold stress, apoptosis, DNA fragmentation.

Bimomo, mo juist GLIBIIOCTI KIIITHH TOMOWOTEp-
MHUX TBapHH arionTo3 € OJHIEI0 3 MPUYHH 3arudeni
B YMOBAax XOJOAOBOro crpecy [4, 18, 28, 31]. V Toit
camMuil Wac Ui KJIITHH TeTepOTEepMIB XapaKTepHa
3MIaTHICTH MIPOTHCTOATH ATOMNTO3Y, AKUH 1HTYKY€ETHCS
CYIyTHIM 3WMOBIH CIUTAYINl 3HIKCHHSIM TeMIIepa-
Typu Tina [17].

3 nmiTepaTypHUX JKEepeNn BiJOMO, IO ACSKI pe-
YOBHMHHU MENTHIHOI TPUPOAU, OTPUMAHI 3 TKAHUH
rioepHyrounx ab0 XO0JIOJ0aaNTOBAHUX BUJIIB, 3/1aT-
HI MIiJBUIIYBaTA CTIHKICTh JIO 3HWKCHHS TeMIIepa-
TypH Tina romoiiorepMmiB [6, 9, 23]. 3Haune micue
B perynsiii 3MMOBOi CIUISYKU BiABOJAHUTHCS TaKUM
HelponenTuaam, sk Jiel- i MeT-eHkeda iHu, a Ta-
koxk B-ermopdinu [11, 14, 29]. B exciepumenTax i3
CUHTETUYHHNM JicH-cHKe(daTiHOM, BIiIOMHM SIK Ja-
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The apoptosis is now acknowledged to be one
of the causes of most cells death in homeotherms
under cold stress [10, 16, 26, 29]. At the same
time, the heterotherms have the ability to resist the
apoptosis, induced by body temperature decrease
that accompanies hibernation [9].

Many recent studies have shown some subs-
tances of peptide origin, obtained from tissues of
hibernating or cold-adapted species, to be able to en-
hancing the resistance to body temperature decrease
in homeotherms [18, 21, 33]. Such neuropeptides
as leu- and met-enkephalins, as well as B-endor-
phins are mainly involved into the regulation of
hibernation [3, 6, 27]. Experiments with synthetic leu-
enkephalin, known as dalargin [21], have demons-
trated its anti-stress effect, manifested, in particular,
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Japrid [6], mpoAEeMOHCTPOBaHO HOTO AaHTHCTPECOPHY
Iito, sika, 30KpeMa, MPOSIBIAETHCA Y 31aTHOCTI MiJl-
BUIILYBaTH XOJIOAOCTIHKICTH TOMOMOTEPMHHUX Opra-
Hi3MiB. OUeBUIHO, 1Iel eeKT najiapriny Moxe OyTH
HOSICHEHHWI MOTro BIUIMBOM HA 3IaTHICTEH KJIITHUH ITif-
TPUMYBaTH 10OHHHH TOMeocTa3 3a eHeproaedimury,
BHUKJIMKAHOTO 3HWKCHHAM Tpoaykiii ATD. Bimomo,
o0 B yMOBaxX HOpMOTepMii 3HauHa dactmHa AT
BUKOPHCTOBYETHCS B TIPOLIEC TpaHCIsil Oika (25—
30%) i Ha 3a0e3neuyenHs QyHkiii Na'-K'-ATda3u
(19-28%) [15]. Jls1 yCHINIHOTO MPOTUCTOSIHHS BILIH-
By XOJIOZIOBOTO CTPECY BHPIIIAIBHOIO € 3IaTHICTbH
KIITHH TiepeopieHTOByBatd MeTabomizMm ATD Ha
3a0e3MeUeHHs] aKTUBHOTO TpaHcoTpy ioHiB. [lopy-
IICHHS TPAIi€HTIB KoHIeHTpaniii Na™ i K* mix BHY-
TPIIIHBO- 1 MO3aKIITHHHAM CEPEIOBHUINEM BHKINKAE
JETIONSIpU3aIlilo MeMOpaH, 4epe3 Ky Bil0yBaeThCs
HEKOHTPOJIbOBaHMi TpuTok Ca’" uepes moTeHIlial-
sanexui Ca**-kananu. BHacTIOK BOTO 301IBIIYETHCS
BHYTPIITHROKJIITHHHA KOHIIEHTPAIiSl BITBHOTO IUTO-
3ompHOTO Ca?’, 1110 mpu3BoAMTH 10 akThBarii Ca?*-3a-
nexHux  (Gocdorinaz i mporeas, sKi Iie OUIbIIES
MIPUCKOPIOIOTH JIETIONSIPU3AIiI0 KIITHHHOI Ta MiTO-
XOHJpiaJbHUX MEeMOpaH, i, BpEIITi-peIT, — 10 arnoll-
TO3y ab0 HEKpo3y KITHH. Y KIITHH, sIKi nepeOyBa-
I0Th Y HEaKTHUBHOMY CTaHi, Ha 3a0e31eueHHs poooTH
Na*-K*-AT®a3u Burpauaersca 20—80% yciei Bupo-
omoBaHoi AT® [12]. MoxnuBO manmaprid, MoaioHO
0 EHAOTeHHWX eHKe(daliHiB Ta IHIIUX OTiariB,
MIPUTHIYYE JEsIKi €HePro3aie)kHi MPOIeCH B KIIITHHAX
(macammepen, cuUHTE3 OUIKIB), 30epirarodu TaKuM
quHOM nedimurHy AT® nias TATPUMKH 10HHO-
ro TOMEOoCTa3zy 3 3aJy4eHHsSM aKTUBHOTO 10HHOTO
TpaHcrnopty. Takuii e(ekT BiH MOXXe HaJgaBaTh SIK
0e31nocepeIHbO, B3a€MOJIIFOUH 3 OMIATHUMH PELICTITO-
pamu Ha MeMOpaHi camoi KJIITHHH, TaK i omocepen-
KOBaHO — 4epe3 HEMPOECHAOKPUHHY CHCTEMY 1 IPOAY-
KoBaHi Hero (hakTopu. BBeneHHs ypam nanapridy ne-
eI MOJISITFOBAaHHSM CTaHY ITOMipHOI MinoTepMii 3armo-
0irajo akTHBaIlii MPOIECIB MEPEKUCHOTO OKUCIICHHS
JTIAIB, 3HIKEHHIO aHTHOKCUIAHTHOTO 3aXHCTy €pH-
TPOIIMTIB Ta CIIPHSUIO CTA01TI3aIlli CTPYKTYpHO-(DYHK-
[iOHATRHOTO CcTaHy iX MemOpaH [34]. JocmimkeHHs
POJIi OTIaTHUX PEIENTOPIB Ta IX JITaH/IB Y MeXaH13Mi
MPOTHJIIT aronTo3y, iHIyKOBAHOMY XOJIOJJOBUM CTpe-
COM, € OJIHUM 13 (yHIIaMECHTAIbHUX 3aBAaHb Kpio-
Oiosorii. 3riHO 3 HASBHUMH JIITEPaTypHUMH JaHU-
mu [2, 10, 22, 24, 32] penenropu 0 eHKe]aliHiB
MPUCYTHI Ha TIOBEPXHI HE TIJIbKM HEPBOBUX, ajie
i IMyHOKOMIIETEHTHUX KIITHH.

VY 3B’A3Ky 3 BHILUECBHKJIAJACHUM METOI TaHol
pobotu Oyll0 BUBYEHHS 3aXMCHOI i CHHTETHYHOTO
aHasiora Jyei-eHkedaniny (mpemapary «Jlamapria»)
Ha JCHKOIUTH TepudepnaHoi KPOBi TEIIIOKPOBHHUX
TBapuUH, HiAJAHUX XOJIOZ0BOMY CTPECY.

in the ability to increase the cold resistance of
homeothermic organisms. Obviously, this effect
of dalargin may be explained by its impact on cell
ability to maintain ionic homeostasis in energy
deficiency, resulted from a decreased ATP produc-
tion. It is known, that under normothermy, a signifi-
cant part of ATP is used during protein translation
(25-30%) and to ensure the Na'-K*-ATPase function
(19-28%) [7]. The ability of cells to reorient ATP
metabolism for ensuring an active ion transport
is crucial for successful resistance to cold stress
exposure. A disorder in Na" and K concentration
gradients between intra- and extracellular media
causes the membrane depolarization, thus inducing
an uncontrolled Ca?" influx through potential-de-
pendent Ca?* channels. As a result, an intracellular
concentration of free cytosolic Ca®" increases, acti-
vating thereby the Ca?*-dependent phospholipases
and proteases, which further accelerate the cell
and mitochondrial membrane depolarization and,
finally, cell apoptosis or necrosis occur. Cells in
inactive state use 20-80% of all produced ATP to
ensure the Na*-K*-ATPase function [43]. Dalargin
as endogenous enkephalins and other opioids ap-
pears likely inhibit some energy-dependent proces-
ses in cells (protein synthesis, primarily), and thus
preserves a deficient ATP to maintain ionic homeo-
stasis with active ion transport involvement. Such
an effect can be realized both directly, by interacting
with opioid receptors on the membrane of cell it-
self, and indirectly, i. e. through the neuroendocrine
system and the factors it produces. Dalargin admi-
nistration to rats before simulating the moderate
hypothermia prevented the lipid peroxidation acti-
vation, a decrease in erythrocyte antioxidant protec-
tion and stabilized the structural and functional
state of their membranes [34]. The study of the role
of opioid receptors and their ligands in mechanism
of counteracting the cold stress-induced apoptosis
is among the fundamental tasks in cryobiology.
The data [1, 12, 17, 19, 31] reported, that the recep-
tors to enkephalins were present on surface of not
only nerve cells but immunocompetent ones as
well.

Proceeding from the mentioned above, the ob-
jective herein was to investigate a protective effect
of synthetic analogue of leu-enkephalin (Dalargin
drug) on peripheral blood leukocytes of cold stress-
exposed homeotherms.

Materials and methods

Experiments in animals were carried out in ac-
cordance with the Law of Ukraine ‘On the Protection
of Animals Against Cruelty’ (Ne3447-1V of February,
21, 2006) in compliance with the requirements of
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Marepiajau Ta MeTOIH

ExciepuMenTH Ha TBapuHax NPOBOJMIN BiJ-
noBiHO 110 3akony Ykpainu «IIpo 3axuct TBapuH Biz
»opcTroro noBomkeHHs (Ne3447-1V Bin 21.02.2006 p.)
i3 JTOTpUMaHHSIM BHMOT KOMITEeTy 3 O10€THKH iHC-
TUTYTY, Y3TO/DKEHHX 13 TOJNIOKEHHIMH «CBpOmei-
ChbKOI KOHBEHIIII 3 3aXHCTy XpEOCTHWX TBapHWH, SKi
BUKOPHCTOBYIOTBCSI JUUISI €KCIIEPUMEHTAIBHUX Ta iH-
KX HayKoBUX Lijiei» (CtpacOypr, 1986).

Y poOoTi BUKOPUCTOBYBAJIM 6-MiCSYHUX OLIMX
mrypiB-camiip J1iHii Bictap i3 cepeaHbO Macoro
(18315

[penapar «danaprin» («Ilentuani TexHosorii»,
Pocis) y Burmsai 0,25%-ro po3uuny ¢apmaneBTHy-
HO1 cyOcTaHIii BBOAWJIM IIypaM BHYTPIITHbOYEPE-
BHHHO y 7031 100 Mkr/kr Macu, «Hamokcon» («3mo-
poOB’a Hapoxmy», YKpaina) —y no3i 500 MKr/kr.

Jl1st BUBYEHHST aHTHAITONTOTHYHOI il Jayapriny
Ha JIEUKOIMTH B YMOBAx XOJIOJOBOTO CTPECY in vivo
LIypiB TIepe1 MOYaTKOM €KCIIEPUMEHTY PO3IUTHIN Ha
4 rpymu (n = 5 y xoxHii): 1 (iHTaKTHa) — TBapHUHH,
SIKHM HE BBOJWIM Iperapard 1 SKUX HE IijaBaiu
XOJIOJIOBOMY CTpecy; 2 (KOHTPOJIb) — TBAPUHH, SIKUM
BBOIWIIM (i310JOTIYHMNA PO3UMH 1 SIKMX ITiJAaBa-
JHM XOJOIOBOMY CTpecy; rpyna 3 — TBapUHH, SIKUM
BBOJAWJIM JIANAPTiH 1 SKUX TMiAJaBAINA XOJOIOBOMY
cTpecy; 4 — TBapuHHM, SKMM pa3oM i3 JaJapriHoM
BHYTPIIIHBOYEPEBUHHO BBOJMJIM AHTAroHICT omiar-
HHX PEIENTOPIB HAJTOKCOH 1 SIKUX ITiIIaBaIH XOJI0H0-
BOMY CTpECYy.

Jisi MOzentoBaHHsS XOJIOAOBOIO CTpECy LIypiB
po3MiIany y 3aKpUTHX pe3epByapax (BUcoTa 8 cMm)
13 CyMIIIIIO BOAM 1 JIb0ay. TeMieparypa BOIu B pe-
3epByapax cranoBwia 0—2°C, piBeHb BOAM — 5 CM.
3a TakMX yMOB TBapHWHH MPOTSATOM YCHOTO €KCIIEpPH-
MEHTY CTOSUIM Ha JHI pe3epByapa 0e3 MOXKIHBOCTI
3HAUYHO MiAHSATHCSA Hal piBHEM Boau. Temmeparypa
B npuminenHi cranosuia 20°C. Yepes koxHi 10 xB
TBapuH JICTaBajH 3 BOAU 1 €NEKTPOHHUM TE€pPMOMe-
TPOM BHU3HA4Yald PEKTaJbHY TeMIIEpaTypy Ha IIHU-
Oouni 2 cm. [Ipm AOCSITHEHHI pEKTaJIbHOI TeMIiepa-
Typu 20°C TBapuH MicTaBaid 3 BOIH, PETEIHLHO BHU-
TUPATU 1 3aJWIIaTd ISl CaMOpO3irpiBaHHS TIpH
KiMHaTHIH Temneparypi. Uepe3 24 roauHU micis
LIBOTO TBAPHH BHBOJIWIIM 3 EKCIIEPHUMEHTY IIISXOM
nekamitamii. PexranpHa Temreparypa IypiB YcCixX
rpyl Ha MOMEHT JieKamiTamii gopiBHoBana ~38°C
(37,8-38,1°C). Ilicnst mekarmitarii 30upaiu KpoB st
BUJIJICHHS JICHKOIUTIB, BUKOPUCTOBYIOUM B SIKOCTI
AHTUKOATYJSIHTY LuTparHuil Oydep (3% uurpary
Harpito, 2% rmoxo3u, pH 7,4). JleiikokoHueHTpar
OTPUMYBAJM ULUIIXOM LEHTPU(YTIyBaHHSA MPOTS-
roMm 25 xB mipu 300g. 3araJbHWA BMICT 1 TIOIYIIS-
MIHHAA CKJIaJ] JICHKONWTIB TepudepruIHOi KpOBi
BH3HAYaJM B Ma3Ky KpoBi, (pikcoBaHOMY pO3YH-
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the Bioethics Committee of the Institute for Prob-
lems of Cryobiology and Cryomedicine of the NAS
of Ukraine, agreed to the statements of the Euro-
pean Convention for the Protection of Vertebrate
Animals Used for Experimental and Other Scien-
tific Purposes (Strasbourg, 1986).

The 6-month-old white male Wistar rats with
average body weight of (183 + 15) g were used in
the work.

Rats were injected intraperitoneally with Da-
largin drug (Peptidnyye Tekhnologii, Russia) as
a 0.25% solution of pharmaceutical substance at
a dose of 100 ng / kg body weight, and with Nalo-
xone (Zdorovia Narodu, Ukraine) at a dose of
500 pg / kg.

To study an antiapoptotic effect of dalargin on
leukocytes under in vivo cold stress, the rats before
experiment were divided into 4 groups (n = 5 in
each): the group 1 (intact) comprised the animals
received neither drugs, nor cold stress; the group 2
(control) was the animals, injected with saline and
exposed to cold stress; in the group 3 the rats were
administered with dalargin and subjected to cold
stress; those animals, injected intraperitoneally
with opioid receptor antagonist naloxone together
with dalargin, as well as exposed to cold stress,
made the group 4.

To simulate the cold stress, the rats were placed
in the closed tanks (8 cm height) with water and
ice mixture. The water temperature in tanks was
0-2°C, the water level was 5 cm. Under such
conditions, the animals were standing at the bottom
of the tank, unable to rise far more above the water
level throughout the experiment. The room tempe-
rature was 20°C. Every 10 min, the animals were
removed from the water and a rectal temperature
was measured with electronic thermometer at 2 cm
depth. When a rectal temperature reached 20°C,
the animals were then removed from water, thoroug-
hly wiped and left for self-warming at room tem-
perature. In 24 hours, when a deep hypothermia
(20°C) was achieved, the animals were sacrificed
by decapitation. The rectal temperature of rats of all
the groups at the moment of decapitation was
~38°C (37.8-38.1°C). After decapitation, the blood
was collected for leukocyte isolation using citrate
buffer (3% sodium citrate, 2% glucose, pH 7.4) as
anticoagulant. Leukoconcentrate was obtained by
centrifugation for 25 min at 300 g. The total count
and population composition of peripheral blood
leukocytes were determined in blood smear fixed
with May-Grunwald solution and stained by Ro-
manowsky (both solutions produced by Mini-Med,
Russia). The leukogram was counted in 200 cells.
The obtained results were interpreted by the total




HoM Maii-IpronBanpaa 1 3abapeieHomy 3a Poma-
HOBCBKHMM (00uaBa pO34MHU BHPOOHMUTBA «MiHi-
Meny, Pocis). Jlefikorpamy BUBOAMIIM 3 PO3PaxyHKY
Ha 200 kmituH. OTpUMaHi pe3ynbTaTy iHTepIIpeTyBa-
JIM 3a 3arajJbHUM BMICTOM JIEHKOLIMTIB, BiJHOCHHM
BMICTOM HEUTpOdiIiB 1 MiM(OIHNTIB, a TaKOXK 3a iX
CIIIBBIIHOIIIEHHIM.

JKurre3maTHICTh JTEHKOLMTIB BHU3HAYAIM 34 J10-
MOMOTOI0 KOH(OKAIBHOI MIKPOCKOIii, BUKOPHCTO-
BYIOUM METOIUKY IOJBIHHOTO 3a0apBlCHHS SIPO-
BMICHMX KIITHH (IyopoXpoMaMHu aKpHIMHOBUM
nomapanueBuM (AIl) (i Opomuctim erugiem (BE)
y KiHneBux koHueHTpauisix 0,001% [25]. Mikpo-
(oTO31OMKY 3IiHICHIOBAaIM 1HBEPTOBAHUM KOH(O-
kajgbHUM Mikpockoniom «LSM 510 META» («Carl
Zeiss», Himeuunna). 30ymxenHs ¢ayopoxpomy All
MIPOBOIIIIA APTOHOBUM JIa3€POM 13 JOBKHUHOIO XBHII1
488 M, a BE — nipu 543 mm. Ewmicito AlIl peectpy-
Banu 1ipu 530 uM, a BE — mpu 620 uM. 3amuc 300pa-
JKeHHS 37iiicHIoBasiM MetoqoM multitrack. Pesynbry-
104e 300pakKeHHsI OTPUMYBAIM IIUISIXOM HaKJIaJICHHSI
JIBOX 300pakeHb, 3apPEECTPOBAHUX y Pi3HUX (3ee-
Hil 1 YepBOHIH) cHEKTpa 3a JOMOMOIOK MpOr-
pamHoro 3abesneueHHs «Aimlmage Examiner»
(«Carl Zeiss»). CiBBiJHOIIICHHS KUIBKOCTI KHBHX,
aMoONTOTUYHUX 1 HEKPOTHMYHHMX KIITHH BH3HAYaJIH
3a CITiBBIJTHONICHHSIM Y 300pa)KeHHI 3eJIeHUX, TToMa-
paHYEBHX 1 YEPBOHUX TIKCENIB 13 BUKOPUCTAHHIM
naketa mporpam «Imagel» («Laboratory for Optical
and Computational Instrumentation», CIIIA) [33].

OparmenTarnito JIHK nelikonuTie BH3HaYa M 3a
meronukoro D. P. Evenson [16], momudikoBaHOIO
Jutst kT, mo Mictate PHK, ockinbku Al 3B’s-
3yro4nch i3 monekyiaamu PHK, BunpomiHioe B ToMy
caMoOMy CHEKTpi, 110 i y pa3i 3B’sI3yBaHHS 3 OIHO-
nanutoroBumMu pparmentamu JIHK. JlefikokoHueH-
tpar (0,20 M) 3minrysainu 3 0,40 M OydepHoro po3-
yuny, sskuii mictus 0,1% Tputony X-100 («Sigma
Aldrich», CIIA); 0,15 M NaCl i 0,08 M HCI,
pH 1,4. Yepes 30 ¢ y mpobu nomaBamu 1,2 mir po3-
YUHY, SKAA TOTYBaJM IUISTXOM 3MimryBaHHS 370 mi
0,1 M mutparnoro 6ydepa (pH 6,0); 630 ma 0,2 M
Na,HPO,; 1 MM EDTA; 0,15 M NaCl ra 100 mMxr/mn
PHK-azu A («Sigma Aldrich», CIIIA) Ta iHKYyOYy-
Baau npu 37°C nporsirom 20 xB. Ilicis inkyOarrii
B PoOU JI0/[aBaJId PO3YUH XpoMaTorpadiuHo OUuIie-
Horo AIl («Polysciences, Inc.», CIIIA) y po3paxyH-
Ky 100 MKr/mi i yepe3 3 XB JOCHIIKYBall 3pa3Ku
Ha KoH(oKambHOMY Mikpockormi. 30ymkeHHs All
MIPOBOAMIIM apTOHOBUM JIa3€POM 13 JTOBKHUHOIO XBHIII
488 HM, a eMicito peecTpyBaiu B 3erneHoMy (530 HM)
i gepBoHoMy (620 HM) miama3zoHi cmekTpa. fmpa
KIiTHH, sKki He wictuian QparmentoBanoi JIHK,
3abapsiroBanucs All i CBITHINCS 3eICHUM KOJIEOPOM,
a sapa KIITHH, Y SKUX TOPS[ i3 HATHBHOIO 3HAXO-

count of leukocytes, relative count of neutrophils
and lymphocytes, and their ratio as well.

Leukocyte viability was measured by using
confocal microscopy with dual acridine orange
(AO) / ethidium bromide (EB) staining at final con-
centrations of 0.001% [22]. Photomicrography
was performed with an inverted confocal micro-
scope LSM 510 META (Carl Zeiss, Germany).
The AO and EB fluorochromes were excited using
argon laser with 488 and 543 nm wavelength,
respectively. The AO and EB emissions were re-
corded at 530 and 620 nm, accordingly. The image
was recorded using multitrack technique. The
resulting image was obtained via overlaying two
images registered in different (green and red) re-
gion using Aimlmage Examiner software (Carl
Zeiss). The ratio of living, apoptotic and necrotic
cell number was determined by the ratio of green,
orange and red pixels in the image using the ima-
ge-processing program Imagel (Laboratory for Op-
tical and Computational Instrumentation, USA) [32].

The DNA fragmentation in leukocytes was
determined by the method of D.P. Evenson [8],
modified for cells containing significant number
of RNA, since the AO, when binding to RNA
molecules exhibited fluorescence within the same
range as in case of binding to single-stranded DNA
fragments. Leukoconcentrate (0.20 ml) was mixed
with 0.40 ml of buffer solution, including 0.1% Tri-
ton X-100 (Sigma Aldrich, USA); 0.15 M NacCl
and 0.08 M HCI, pH 1.4. After 30 s, the specimens
were supplemented with 1.2 ml of the solution,
prepared by mixing 370 ml of 0.1 M citrate buffer
(pH 6.0); 630 ml of 0.2 M Na,HPO,; 1 mM EDTA;
0.15 M NaCl and 100 pg / ml RNAase A (Sigma
Aldrich, USA) and incubated at 37°C for 20 min.
After incubation, a chromatographically purified
AO (Polysciences, Inc., USA) in an amount of
100 pg / ml was supplemented to specimens and
3 min later they were examined with confocal
microscope. The AO excitation was performed
using argon laser with 488 nm wavelength, and
the emission was recorded in green (530 nm) and
red (620 nm) regions. Cell nuclei without frag-
mented DNA were stained with AO and fluoresced
green, but those, having both native and frag-
mented DNA, were yellow-orange. The number of
green and orange pixels of each image was counted
using the ImagelJ software package (USA) . The re-
sults obtained after processing the photomicro-
graphs of each sample were summarized and the
ratio of green and orange pixels, corresponded to
that of native and fragmented DNA in all the cells,
was determined. Also, the total number of cells and
that with fragmented DNA were visually counted
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nunacst i ¢pparmentoBana JIHK, — sxoBTO-momapan-
YeBUM KOJbOPOM. KimbKiCTh 3esieHHX i moMapaHue-
BHX MIKCEJIB KOKHOTO 300payKeHHs MiIpaxoByBaliy,
BHKOPHUCTOBYIOUH TakeT mporpam «Imagely» (CILIA).
OTtpumaHi micist 00poOKH MiKpO(POTO3HIMKIB KOKHOT
pOOH pe3yNbTaT! MiICyMOBYBAJIH i 3HAXOMIIN CITiB-
BIIHOIIICHHS 3€JICHUX 1 TIOMapaHYeBUX IIIKCENIB,
10 BiAIOBIATIO CIIBBIAHOIIICHHIO HATUBHOI 1 ¢par-
menroBanoi JIHK y Bcix kinitTnHax. Takoxk Ha 3HIMKaX
Bi3yaJIbHO MiIpax0oByBaJU 3arajibHy KiJIbKiCTh KIIITHH
1 KUTBKICTh KIITHH i3 ¢parmenroBanoro JHK mis
BU3HAUCHHS MPOLIEHTHOTO BMICTy OCTaHHIX.

B o000x meroamkax i3 KOXKHOTO 3pa3ka JIeHKO-
KoHIeHTpaTy pobunu 10 MikpooTO3HIMKIB, 1100
CyMapHa KibKiCTh 3a0apBieHUX (yopoxpoMaMu
KIIiTHH ctaHoBmIa He MeHIre 1000.

CratrcTiyHy OOpOOKY pe3ynbTaTiB BUKOHYBaH
3a JTOTIOMOTOI0 KOMITIeKCHOI mporpamu «STATA»
(«StataCorp LLC», CIIIA) 3 Bukopuctanasm H-kpu-
tepiro Kpackena-Yomica i U-kputepito Manna- YiTHi.

Pe3yabTaTn Ta 06roBOpeHHs

Bimomo, mo TpuBamMii CTpecyrO4Hi BIUIMB
MOX€ BUKJIMKATH Pi3Hi iMyHHI peakuii [27]. Bcra-
HOBJICHO, 1110 y TBapuH 332 YMOB CTPECY 3MIHIOETHCS
CHIBBiAHOLICHHS CyOmOMy il 1iMpoUuTIB y cene-
3iHIi, JimdarnyHuX By3max i tumyci [30], y pe-
3yABTATi YOTO MMiJBUIIYETHCS BiJHOCHH BMICT I[H-
totokcnyHux T-kinepiB (CD8"), a Takox HaTypaib-
HUX KitepiB. Lli 3MiHE HE MOXKYTh HE TO3HAYUTHUCS
Ha TIOMyJIAMIMHOMY CKiIami nepudepraHoi KpOBI.
JliteparypHi maHi TIOKa3yOTh, IO OXOJIOMKCHHS
TiJa MPOTATOM OOMEXKEHOI0 4Yacy CTUMYIIOE IMYyH-
HY CHCTE€MY, OJHAK 3aHaJITO TPUBAIUN XOJIOJAOBUI
BIUIMB NPUTHIYYe€ 11 HOpManbHe QYHKIIOHYBaHHS [5].
30KkpeMa BiZIOMO, II0 B pa3i CTPECYIOUOrO BIUIMBY
Ha opraHisM Yy mnepudepuuHii KpoBi cHocTepi-
raflotecsi JimMdonenis i HeWTpodineo3 [19]. Bymno
BCTaHOBJICHO, I10 XOJOMOBHH BIJIMB BHKJIMKAE ITiJI-
BHIIIEHHS BMICTY JISHKOLUTIB y IepuepudHiii KpoBi
MEPEBAKHO 3a PaXyHOK PI3KOTO 30UTBIICHHS Kilb-
KocTi rpanyaonutiB [20].

Sk BumHO 3 TAOMUIN, Y KPOBI TBApWH, SKUM HE
BBOIWIN TIpENapaTy i sIKAHX HE TiJaBalid XOJIOHO-
BOMY cTpecy (rpymna 1), mictunocs 8,5-11,2 tuc. neii-
kxouuTiB y 1 Mi (y cepeaabomy (9,6 + 1,1) Tuc./mi).
[lpu upoMy BiZHOCHHMH BMICT JiMQOIUTIB CTaHO-
BuB 59-71,5%, a medirpodiniez — 11,7-28,8%. Take
Mailke TpUKpaTHe NepeBakaHHsS B KPOBi JiM¢oLu-
TiB HaJ HEHUTPOPUILHMMH TpaHYJOLUUTAMHU € Xa-
PaKTepHUM Ui TBApHUH JaHOro BUILy [7]. Y miypis
Ipyll, HiAJaHUX XOJIOAOBOMY CTpECY, 3arajbHHi
BMicT y mnepudepudHiii KpoBi JIeHKOUHWTIB OyB
y MeXax HOPMH, OJHAK BiJ3HAyaluCs 3HauyIIe
3HIDKCHHS BITHOCHOTO BMICTY JIMQOITUTIB 1 TiIBU-
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by images to determine the percentage of the lat-
ter.

In both techniques, 10 photomicrographs were
taken from each sample of leukoconcentrate so that
the total number of fluorochrome-stained cells was
at least 1000.

The results were statistically processed with
STATA software package (StataCorp LLC, USA)
using the Kruskal-Wallis H-test and the Mann-
Whitney U-test.

Results and discussion

The prolonged stress is known to induce dif-
ferent immune responses [25]. The ratio of lym-
phocyte subpopulations in spleen, lymph nodes
and thymus was established to change in animals
under stress conditions [28], as a result the rela-
tive count of cytotoxic T-killers (CD8"), as well
as natural killers increased. These changes can
not but affect the population composition of peri-
pheral blood. The reported data showed the body
cooling within a limited time period to stimulate
the immune system, but too long cold exposure
inhibited its normal functioning [20]. In parti-
cular, it is known that in peripheral blood in case
of stress exposure to a body, the lymphopenia
and neutrophilia may occur [11]. Cold exposure
was established to increase the leukocyte count
in peripheral blood mainly due to a sharp rise of
granulocyte count [13].

The Table demonstrates that in blood of animals,
received neither drug nor cold exposure (group 1),
there were 8,500 — 11,200 leukocytes in 1 ml
(in average (9,600 + 1,100) / ml). Herewith, the
relative count of lymphocytes was 59-71.5%,
and for neutrophils it made 11.7-28.8%. This al-
most threefold predominance of lymphocytes over
neutrophilic granulocytes in blood is specific for
animals of this species [23]. In rats of groups
exposed to cold stress, the total count of peripheral
blood leukocytes was within the normal limits,
but a significant decrease in the relative count
of lymphocytes and an increased count of neutro-
phils were revealed. In animals of group 3, these
indices were significantly different from those in
rats of group 1, herewith these changes were
significantly less pronounced than in groups 2 and
4 (p<0.01).

Preliminary administration of dalargin to rats
in 24 hrs after reaching a rectal temperature of
20°C neutralized a negative effect of in vivo cold
stress on peripheral blood leukocytes (Fig. 1). In
animals of all the groups exposed to cold stress,
the relative count of viable nucleated cells in leu-
koconcentrate was lower than in group 1 (Fig. 1A).




LICHHS BMICTy HeWTpodimiB. Y TBa-
pUH Tpynu 3 BKazaHi MMOKa3HUKH CTa-
TUCTHYHO 3HAYYIIE BIAPIZHLIUCS BiJ
TaKWX y IIypiB rpynu 1, mpu oMy Iii
3MiHH OyJIM 3HA4yIlle MEHII BHpaKeHi,

Bnnune xonogoBoro cTpecy in vivo Ha BiAHOCHWUI BMICT nimdouunTis (J1)
i HeTpodinbHUX rpaHynouuTis (HIM) y nepudepunyHin Kposi Lwypis
yepes 24 rognHun nicnsa oxonoaxeHHs go 20°C
Impact of in vivo cold stress on relative count of lymphocytes (L)
and neutrophilic granulocytes (NG) in peripheral blood of rats 24 hrs

after cooling down to 20°C

HiK y rpynax 214 (p <0,01).
_ pyna NevikounTn, 10°%/n n, % HI, % HI/N
HOHCpCZ[H(I BBCICHHA H'IypaM Aa Group Leukocytes, 109/ L, % NG, % NG/L
nmaprigy 4epe3 24 TOAWHM TiCis 10-
CSTHEHHSI PEKTAIbHOI TeMIepaTrypu
20°C HiBCIIOBATO HEraTHBHUH BILIHB 1 9,6 + 1,1 66,3 =45 | 19,6 =57 | 0,302+ 0,048
XOJIOJIOBOTO CTPECY in Vivo Ha JIEUKO-
AT Hepnq)ePHqHOI kposi (puc. 1). 2 10,1+ 0,8 | 475 +23* | 37,2+ 1,1* | 0,786 + 0,022*
BigHOoCHMI BMICT Yy JIEHKOKOHIIEHTpATI
KHUTTE3NATHUX SOCPHUX KIITHH TBa-
PHUH YCIX TpyI, MIJaHAX XOJIOA0BOMY 3 9,8 +0,7 55,2 + 2,4* | 29,2 + 1,8* | 0,531 + 0,020%"
cTpecy, OyB HIKYe, HIX y Tpym |
(puc. 1, A). BigHOCHMI BMICT JKHT-
. . . 4 9,7+ 0,8 48,6 + 2,1* | 35,2 + 2,7* | 0,728 + 0,039*
TE€3IATHUX KIITHH y JIEHKOKOHIIEHTPATI

TBapuH Tpynu 3 OYB CTaTUCTUIHO
3Ha4yIle BUIIE, HDK y rpymax 2 i 4
(» £0,01), oqHaK HWXKYE MOPIBHIHO 3
rpymoro 1. BigHoCHUI BMiCTY JIEHKOKOH-
LEHTpaTi anoNTOTHYHUX KITITUH (puc. 1,
B) y rpynax 2 i 4 OyB CTaTUCTUYHO 3Ha-
gymie Bumie, Hix y rpynax 113 (p <0,01). Y tBapuH,
MiJJTaHUX XOJIOOBOMY cTpecy (Tpymu 2-4), Bia-
HOCHUU BMICT y JICHKOKOHIICHTpATI KIIITHH, MeMO-
pann skux Oymm mpoHukHi It BE  (Hexpo-
THU30BaHMX), OyB 3Ha4yIle BHUIIE, HUK y Tpymi 1
(puc. 1, C).

Crin 3a3HaYMTH, IO 10 OKUTTE3AATHUXY» JICHKO-
LUTIB BiJHEeCeH] Bci kiituHM, 3a0apeieHi All 3ene-
HUM KOJIbOPOM, HE3aJIeKHO BiJl po3MmipiB siapa. Too-
TO CepeJl TaKUX KIITHH OyJU 1 JICHKOIUTH Ha CTaJii
mikHO3y abo (parMeHTawii spa, aje KIITHHHI MEeM-
Opanu sxux Oynu HenpoHuKHI st BE. BuzHaueHHs
BIIHOCHOTO BMICTy B JICUKOLIHUTaX TEePUPEPUIHOI
kpoBi mypiB (pparmenToBanoi JIHK i BigcoTka mneii-
KOITUTIB 13 pparmenToBanoro JIHK no3Borse ominntu
KUTBKICT KJTITHH, 110 3HAXOMATHCS Ha OUTBIIT paHHIX
CTafisfX armonTo3y. SIk BUAHO 3 puc. 2 1 3, BIUTHB Ha
JlaH1 TIOKa3HUKH XOJIOIOBOTO CTPECY, Jalapriny i Ha-
JIOKCOHY OYB MO/IIOHMH 10 BUSBJIICHOTO 3a JIOTIOMOT OO
MOJIBIHHOTO 3a0apBieHHsI. Y BCiX TBAPHUH XOJIOJIOBHI
CTpeC BUKJIMKAB CTATUCTHYHO 3HAUYIIC ITiABUILCHHS
sk crynenst ¢gparmenranii JHK, tak i BigHOCHOTO
BMicTy B nepudepudHiidi KpoBi JeHKOUUTIB i3 (par-
menroBaHowo JIHK. [Tonepenne BBeneHHs TBapuHaM
JaapriHy CTaTUCTHUYHO 3HAYYIIE 3HIKYBAJIO 00M1Ba
MTOKa3HUKH, TprIoMy cTymiHb GparmenTanii JJHK y
KJIITHHAX 3HIKYBABCS IO TAKOTO B rpyIi 1. Benenns
IrypaM JajapriHy Ta HaJIOKCOHY YCYBallO OTHCaHi
edexru nepmroro (aus. puc. 1-3).

TakuM 4YMHOM, BBEJCHHS IIypaM IIepe]] Modvar-
KOM MOJICJIOBaHHSI XOJIOIOBOTO CTpECy JaajapriHy

MpUMITKK: BIAMIHHOCTI CTaTUCTUYHO 3HayyLli NopiBHSAHO 3 rpynoto 1(*)
Ta 3 rpynammn 2i4 (*), p<0,01.

Notes: differences are significant as compared with group 1 (¥)
and groups 2 and 4 (%), p < 0.01.

The relative count of viable cells in leukoconcent-
rate of animals from group 3 was significantly
higher than in groups 2 and 4 (p < 0.01), but lower
as compared with group 1. The relative count of
apoptotic cells in leukoconcentrate (Fig. 1B) in
groups 2 and 4 was significantly higher than
in groups 1 and 3 (p < 0.01). In cold stress-exposed
animals (groups 2—4), the relative count of cells
in leukoconcentrate, whose membranes were per-
meable for EB (necrotized) was significantly higher
than in group 1 (Fig. 1C).

Notably, that the ‘viable’ leukocytes included
all the AO-stained cells which fluoresced green,
regardless of the nucleus size. It means that among
such cells were leukocytes at pyknosis or nucleus
fragmentation stage, but the cell membranes of
which were not permeable for EB. Determination of
a relative count of fragmented DNA and a percen-
tage of leukocytes with fragmented DNA in peri-
pheral blood leukocytes of rats enables estimating
a number of cells, being at earlier stages of apoptosis.
The Fig. 2 and 3 show the impact of cold stress,
dalargin and naloxone on these indices to be similar
to that detected by dual staining. In all the animals,
a cold stress caused a significant increase in both
the degree of DNA fragmentation and the relative
count of peripheral blood leukocytes with fragmen-
ted DNA. Preliminary administration of dalargin to
animals significantly reduced both indices, more-
over the degree of DNA fragmentation in cells
decreased to that in group 1. Dalargin and naloxone
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YUHUTh AHTHUANONTOTHYHY Jil0 HA JICWKOIMTH Ie-
pudepnunoi xposi. [Ipum 1pOMy oOgHOYAacHE BBe-
JICHHSI aroHiCTa OMIaTHUX pPEIenTopiB (Hamapriny)
Ta aHTaroHicTa (HaJIOKCOHY) YCYBajo el e(eKT.
BaxxuBo, 110 HAIOKCOH Y 1031, sIKa BAKOPUCTOBYETh-
Csl B HAILIOMY EKCIEPUMEHTI, MposiBisie cede sIK He-
CEJIEKTUBHUN aHTAroHICT OMiaTHUX perenTopis [26].
Le cBimuuTh PO OMOCEPEKOBAHY aHTHAIIONTOTHY-
Hy Jifo (4epe3 omiaTHi penenTopu) JanapriHy Ha
SIIPOBMICHI KJIITUHM KpPOBI LIypiB IPH BiATBOPEHHI
XOJIOAOBOTO cTpecy in vivo. Omioigui p-, K- 1 d-pe-
LENTOPH BUSBICHI PAIOM aBTOPIB y MemOpaHax
niMmponuTiB nepudepudHoi KpoBi (TOJOBHUM YH-
HoM — T-mimdormris) [2, 22, 24, 32]. BoHU MOXYTb
OyTH 3a1isiHI B IMyHHIH peakiiii Ha X0JIOOBHI cTpec
[20]. OmHak BiOMOCTI IIOAO eKCHpecii OmioimHuX
pelenTopiB Ha MOHOHYKJICAPHUX KIITHHAX repude-
puuHOi KpoBi € HeonHo3HauHuMH [10, 35]. ¥V orsai
JM. Bidlack [10] naBemeHo maHi psigy aBTOpiB,
SKi 3a JONOMOTOI0 pi3HMX METOAIB BCTaHOBHIU
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Puc. 1. Bnnue xonogosoro cTpecy in vivo i ganapriHy Ha
XKWUTTE3AATHICTb SAPOBMICHUX KINITUH KPOBI LWypiB: A — Bia-
HOCHMWIA BMICT XUTTE34ATHUX KNiTUH; B — BiAHOCHUI BMICT
KNiTWH Ha cTagii anontody; C — BiQHOCHUI BMICT HEKPOTU-
30BaHMX KMiTWH; BiOMIHHOCTI 3Ha4yLLi MOPIBHAHO 3 rPymnoto
1 (*) Ta 3 rpynoto 2 (¥), p < 0,01.

Fig. 1. Impact of in vivo cold stress and dalargin on nuc-
leated blood cell viability of rats: A — relative count of
viable cells; B — relative count of cells at apoptosis stage;
C - relative count of necrotized cells; differences are
significant relative to group 1 (*) and group 2 (*), p < 0.01.

administration to rats eliminated the described
effects of the first (See Fig. 1-3).

Thus, the administration of dalargin to rats prior
to cold stress simulation had an antiapoptotic effect
on peripheral blood leukocytes. Herewith, when
opioid receptor agonist (dalargin) and antagonist
(naloxone) were introduced simultaneously, this
effect was eliminated. Importantly, that naloxone
at a dose we used in our experiment acted as a
nonselective opioid receptor antagonist [24]. This
indicated an indirect antiapoptotic effect (via opioid
receptors) of dalargin on nucleated blood cells
of rats during cold stress simulation in vivo. Some
authors have revealed the opioid p-, k- and d-receptors
in membranes of peripheral blood lymphocytes
(mainly T-lymphocytes) [12, 17, 19, 31]. They may
be involved into immune response to cold stress
[13]. However, the information on expression of
opioid receptor on peripheral blood mononuclear
cells is ambiguous [1, 35]. J.M. Bidlacks [1] in his
review reported the data of some scientists who
used different methods and established the presence
of k- and &-opioid receptors on T-lymphocyte and
macrophage membranes, the expression degree
of which depended on differentiation stage. In ad-
dition, this review showed the findings indicating
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Puc. 2. BnnuB xonogoBoro cTpecy in vivo i panap-
riHy Ha BigHOCHWI BMicT chparmeHToBaHoi [HK B kpoBi
LWypiB; BiOMIHHOCTI 3HayyLlii nopiBHAHO 3 rpynot 1(*)
Ta 3 rpynamu 2 i 4 (*), p <0,01.

Fig. 2. Effect of in vivo cold stress and dalargin on relative
count of fragmented DNA in rat blood; differences are as
significant compared with group 1 (*) and groups 2 and
4 ("), p<0.01.

MPUCYTHICTH Ha MeMOpaHax T-miMQouuTiB i Makpo-
¢ariB k- 1 6-0MiOIIHUX PELENTOPiB, CTYMiHb EKCIpe-
cii sKkuX 3anexuth Bix crazii nudepenuianii. Kpim
TOTO, B IIbOMY OIVIJi HABEIEHO PE3yNbTaTH JOCHTiJI-
JKeHHS, IO CBiguaTh mpo HasBHicTh MPHK mms p-
OIMOIAHUX perenTopiB y JiHiAx T- i B-xmituH mo-
muan, CD41, T-xniTHHAX, MOHOITUTAX, Makpodarax
1 rpanynorurax. Onmnak 3a manumu J.P. Williams
Ta cmiBaBT. [35] MOHOHYKIeapHi KimiTHHE nepude-
PUYHOI KPOBi JIIOIMHH €KCIIPECYIOTh TaK 3BaHi HO-
uinentuH-opganinosi penentopu (FQ), ame He p-,
K- abo 6-omioinHi peuentopu. BuxopucTtoByBaHi B
JOCII/PKEHHI METOIMKHM HE JaroTh iHQoOpMaIii mpo
PO3MOALT Yy JECHKOKOHIIEHTPATI KIITHH 3 O3HAKAMH
aronTo3y 3a TUIAMU — MOHOHYKJICapHi JICHKOLUTH
1 momiMopdHOsIIepHI KIITHHA. TOMy HE MOXXHA OJi-
HO3HAYHO CTBEP/XKYBaTH, 3 KIITHHAMHU SIKOTO came
TUIy B3a€MOZisAB mpemapar. DakT NMpUTHIYCHHAS aH-
TaroHiCTOM OITiaTHUX PEIENTOPiB HAaJIOKCOHOM 3a-
XHMCHOI il JanapriHy CBIYUTH MPO J1iF0 OCTAaHHBOTO
came uepes omiartHi perenropu. Lle MoxyTh OyTH He
TIJBKH PEUENTOPH BIAacHE JEUKOIUTIB Nepudepuy-
HOT KpOBI, a i BIJIMOBIHI pelenTOpH KIIITHH TIEBHUX
CTPYKTYp HEHPOEHIOKPUHHOI CHCTEMH, SIKi Oroce-
penkoBaHo Tichs Aii Ha HUX eHKe(daliHiB BIUIMBa-
I0Th Ha KJIITHHU IMyHHOI cucteMu. OTxe, OmioinHi
MENTHIA MOXYTh OpaTh y4acTb y peryisiii peaxirii
IMYHHOI CHCTEMH Ha CTPECYIOUMH BIUIMB SIK Ha KJIi-
TUHHOMY, TaK i Ha opraHi3meHomy piBHsAX [3]. Ha
TTOKa3HUKaX JKATTE3NATHOCTI JICHKOIIUTIB TBapWH

the presence of mRNA for p-opioid receptors in
human T- and B-cell lines, CD41 T-cells, monocytes,
macrophages and granulocytes. However, as stated
by J.P. Williams et al. [35], the human peripheral
blood mononuclear cells express the so-called
nociceptin-orphanin receptors (FQ), but not p-, x-
or §-opioid ones. The techniques we used here pro-
vided no information on distribution in leukocon-
centrate of cells with signs of apoptosis by types:
mononuclear leukocytes and polymorphonuclear
cells. Therefore, we can not categorically affirm
which type of cells the drug interacted with. The
fact that opioid receptor antagonist naloxone
suppresses a protective effect of dalargin indicates
the latter to act namely through the opiate recep-
tors. These may be not only the receptors of peri-
pheral blood leukocytes, but also the corresponding
cell receptors of neuroendocrine system certain
structures, that after enkephalin effect on them,
indirectly affect the immune system cells. Therefore,
opioid peptides may be involved into regulation
of immune system’s response to stress impact both
at cell and organism levels [14]. The indices of ani-
mal leukocyte viability are also affected by the chan-
ges in blood formula, observed during exposure to
cold. As mentioned earlier (Table), in blood of the
rats injected with dalargin before cooling, an in-
crease in neutrophil to lymphocyte ratio was less
pronounced, being likely due to stress-induced aug-
mentation of circulating norepinephrine [5]. Fur-
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Puc. 3. Bnnue xonogoBoro ctpecy in vivo i ganapridy Ha
BiHOCHWUI BMICT KNiTUH 3 chparmeHToBaHoto [HK B KpoBi
LYypiB; BiAMIHHOCTI 3HauvyLli NopiBHAHO 3 rpynoto 1(*) Ta
3rpynamu 2 i 4 (%), p < 0,01.

Fig. 3. Effect of in vivo cold stress and dalargin on relative
count of cells with fragmented DNA in rat blood; diffe-
rences are significant relative to group 1 (*) and group 2
and 4 (¥), p < 0.01.
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MO3HAYAIOThCA TaKOK 1 3MiHM y (opmyni KpoBi,
SIKI CTIOCTEpIraroThes Mmij 4ac il xonoxmy. Sk Oymo
3a3HaueHo paHile (Tabiauus), y KpoBi IIypiB, SIKUM
nepes MOYaTKOM OXOJIOJPKEHHS BBOAWIIM JAJapriH,
30iJIBIIEHHS CITIBBIIHOMIEHHS BMICTYy HEWTpo(disiB
0 BMICTy JiMQOIUTiB OyJI0 MEHII BHpaXkeHe, IO,
HWMOBIpHO, € HACITITKOM BHKJIMKAHOTO CTPECOM ITiIBU-
IIeHHS PiBHS IUPKYIIOI0Y0T0 HOpaapeHatiny [13].
KpiM TOro BijioMO, IO MiJIBUIICHHIO IOKA3HHUKIB
KHUTTE3NATHOCTI HEUTPOPIIIB CIIPUSIOTH TITFOKOKOP-
TUKOI/IM, KOHIIEHTPAIS SIKMX Yy IU1a3Mi KpOBi y BiJl-
MOBIJIb Ha CTPECYIOYHMH BIUIMB TaKOXK 301BIIY€ETHCS
[21]. ToMy MOXIIHBO, IO KPiM IPSAMOT [ii Ha KIITHUHU
KpOBI JJaJIapriH BIUIMBAB HA CTPYKTYpH HEPBOBOI CH-
CTEMH, L0 CTUMYJTIOBAJIO 3aXUCHY HEHPOCHIOKPHUHHY
peaxiito opraHiamy Ha XoJjomoBuil crpec. Cria Bpa-
XOBYBaTH 1 MOXKIIUBICTH MEMOPAHOTPOITHOTO €(EeKTY
Jajapriny, SKAA OOYMOBIIOETHCS HOTO TTOBEPXHE-
BO AKTHBHHMH BJIACTHBOCTSMH. VIMOBipHO, naHmii
neii-enkedanin, kpim adinHocTi M0 cnenmdpiuHUX
OIIOITHUX PEIENTOPIB, Ma€ 3aTHICTh YOy/IOBYyBaTH-
csl B JIIMIAHUE padT KIITHHHUX MeMOpaH, 3MIHIOIO-
4n iX (hi3MKO-XiIMi4HI BIACTUBOCTI Ta BIUIMBAIOYM Ha
AKTHBHICTh 10HHHX HACOCIB 1 MaCUBHY MPOHUKHICTH
JUist pi3HuX ioHiB. [1oi0HI BIACTUBOCTI OMTUCAHO ISt
Tiponibepuny, eHke(damiHiB, OKCUTOLMHY 1 AESKUX
IHIIMX PeryasTOPHHUX HenTudiB [1, 8].

OTtpuMaHi pe3ylnbTaTd CBig4aTh, MO0 eHKedamiHu
BIJIITPalOTh BaXUIMBY pOIb Yy TMPHCTOCYBaHHI Ter-
JIOKPOBHUX TBapuH 10 JKUTTS B YMOBAaX HH3bKHX
teMrieparyp. MexaHisM fii eHkedamiHiB, 30KpemMa
Ha IMyHOKOMIIETEHTHI KJIITHHU KPOBI, MOTpedye mo-
JAJTBIIOTO BUBYCHHSI.

BucHoBknu

1. Bcranosieno, mo B nepudepuuHiii KpoBi ekc-
MEPUMEHTAIBHUX [IYpiB, MiJAaHUX XOJIOZOBOMY
CTpecy LUISIXOM oxosoukeHHs a0 20°C, uepes 24 ro-
JVHU TIiCIIS TIOYaTKy pO3irpiBy 3HaUyIIE 3HUKYETHCS
BMICT JIM(OIMTIB i TiABHUITYETHCS BMICT HEUTpO-
(himiB.

2. Y TBapuH, SKUM Iepesl OXOJIOKEHHSIM BBOAU-
JU JANaprid, BiHOMIEHHS KUTBKOCTI HEUTpodisiB
nepuepruvHoi KpoBi A0 KIJILKOCTI JIiMGPOLUTIB OYII0
3HauyIle HUKYE KOHTPOJIBHOTO.

3. BBeneHHsI eKCIEpUMEHTAIIBHUM IIIypaM Iepes
MOYAaTKOM OXOJIOJUKCHHS JajiapriHy CIPHSJIO CTaTu-
CTHYHO 3HAUyLIOMY 3HIKEHHIO IMOKa3HHUKIB arlonTo-
3y AJPOBMICHUX KJIITHH KPOBI.

4. BBeneHHs EKCIEPUMEHTAJIbLHUM TBapHHAM
mepes MOYaTKOM OXOJIOKEHHSI HAJIOKCOHY YCYBae
AQHTUANONTOTUYHUI e(eKT najapriny Ha JeiKo-
OATA TepUPEPUIHOl KPOBi, IO CBIAYUTH TIPO
y4acTh B MEXaHi3Mi [ii OCTaHHLOTO OIIaTHHX pe-
LENTOPIB.
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thermore, the glucocorticoids, which concentration
in blood plasma increases in response to stress
impact, are known to enhance the neutrophil viability
indices as well [15]. Therefore, in addition to
direct effect on blood cells, dalargin likely affected
the nervous system structures, thus stimulated a
protective neuroendocrine response of body to cold
stress. The probability of membranotropic effect
of dalargin, stipulated by its surface-active proper-
ties, should also be taken into account. Presumably,
this leu-enkephalin, in addition to affinity to specific
opioid receptors, has the ability to incorporate into
lipid shelf of cell membranes, by altering their
physicochemical properties and affecting the ion
pump activity and passive permeability for various
ions. Similar properties have been described for
tyroliberin, enkephalins, oxytocin, and some other
regulatory peptides [2, 30].

Our findings show the enkephalins to play an
important role in adaptation of homeotherms to
life under low temperatures. The mechanism of
enkephalin action, in particular on immune compe-
tent blood cells, needs further research.

Conclusions

1. In peripheral blood of experimental rats ex-
posed to cold stress by cooling down to 20°C, in
24 hrs after warming up, the count of lymphocytes
was found to be significantly reduced, and the
neutrophil one was increased.

2. In dalargin-injected animals before cooling,
the ratio of peripheral blood neutrophils to lym-
phocytes was significantly lower versus the cont-
rol.

3. The dalargin introduction to experimental
rats prior to cooling significantly reduced the apop-
tosis indices in nucleated blood cells.

4. The administration of naloxone to experi-
mental animals before cooling eliminated an an-
tiapoptotic effect of dalargin on peripheral blood
leukocytes, thus indicating the involvement of the
latter in the mechanism of action of opioid receptors.
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