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Effect of Leu-Enkephalin (Dalargin) on Apoptosis
and Necrosis of Leukocytes After Cold Stress

Pedrepat: Y poboti gocnifxeHo BRAMB CUHTETUYHOIO Nein-eHkedaniHy (4anapriH) Ha poO3BUTOK anonTo3y i HEKPO3y NeKkouuTiB
nicrnsi XornodoBOro CTpecy 3a MopdOonoriYHMMM O3Hakamu KMiTWH i 3a gonomoror dnyopecueHTHUX GapeHukiB Hoechst 33342 Ta
noauay nponigjto. 3’sicoBaHO CTyMiHb BNIMBY XONOAOBOIO CTPECY 3anexHo Big TpyMBanocTi iHkybauii cycnensii knituH npy 0-2 Ta 37°C
Ha iHiujauito anonTosy i HeKpo3y 3a MOPdOMOriYHMMUN O3HaKaMU KNiTUH. [JoBeaeHo, WO BiAHOLWEHHS anoNTOTUYHNX KITITUH 4O HEKPOTWY-
HUX Byno MakcMMmarbHUM NiCns BUKOPUCTaHHS pexumMy: nonepenHs iHkybauis nevikouutis npu 37°C — 15 xB, ekcrnosuuisi KniTUH npu
0-2°C — 15 xB i noganbLua iHkybauis nevikouunTis npu 37°C. [JoBeaeHo, Wo nonepeaHst iHkyGauis KniTuH 3 HeponenTMaoM A0 XONoao-
BOrO CTpecy BMnMBaE Ha eEeKTUBHICTb NPOTEKTOPHOI Aii AanapriHy, 3okpema, cnpusie 3Hadywomy (p < 0,05) 3ameHLleHHI0 BigcoTka
nerkoumTiB 3 MOPAONOriYHUMM O3HaKaMK anonTo3y i HekpPo3y. BcTaHOBNEHO, O NOCNIAOBHE NiABULLEHHS TeMnepaTypu Micrnsi Xonogao-
BOro ctpecy o 37°C He BMnMBaE Ha BIiACOTOK KMiTMH 3 MOPAOMOriYHUMK O3HaKamu anonTo3y i Hekposy. [JoBeaeHo, Lo BiACOTOK
nenkoumMTiB 3 03HaKaMu anonTo3y i HEKPO3y MICMs XONOQ4O0BOIro CTPECY 3Hauylle 3MEeHbLUYETbCA Micns iHKyGaLii nevikouuTie 3 ganap-
riHOM y koHueHTpauii 10-° monb/n.

KntouoBi cnoBa: xonogoBuin cTpec, anonTos, HEeKPo3, NenkounTu, ner-eHkedaniH, ganaprit.

Abstract: The effect of synthetic leu-enkephalin (dalargin) on apoptosis and necrosis in leukocytes after cold stress on the
morphological characteristics of cells and using fluorescent dyes Hoechst 33342 as well as propidium iodide was studied. The degree
of cold stress influence depending on the duration of incubation of cell suspension at 0—2 and 37°C on the initiation of apoptosis and
necrosis on the morphological characteristics of cells was determined. It has been proven that the ratio of apoptotic cells to necrotic ones
was maximal after the use of the regimen as follows: preliminary incubation of leukocytes at 37°C — 15 min, cell exposure at 0-2°C —
15 min and subsequent incubation of leukocytes at 37°C. It has been confirmed that pre-incubation of cells with neuropeptide to
cold stress affects the effectiveness of the protective action of dalargin, in particular, contributes to a significant (p < 0.05) reduction in
the percentage of leukocytes with morphological signs of apoptosis and necrosis. It was found that a consistent increase in tempera-
ture after cold stress to 37°C did not affect the percentage of cells with morphological signs of apoptosis and necrosis. It has been
validated that the percentage of leukocytes with the apoptosis and necrosis signs after cold stress was significantly reduced after
incubation of leukocytes with dalargin at a concentration of 10-° mol/l.

Key words: cold stress, apoptosis, necrosis, leukocytes, leu-enkephalin, dalargin.

Bigomo, 1o MpUYMHAMH TTOIIKOMKEHHS JICHKO-
IIATIB MUTBHOT KPOBI 200 JIEHKOKOHIIEHTPATy B yMOBax
rimoTepMidHOTO 30€piraHHsi € 3HWKEHHS TeMIlepa-
TypH cepenoBuina 10 4°C i moBepHEHHS 10 HOPMO-
TepMii i 9ac peKoHcepBYBaHHs Ta iH(]y3ii B pycio
penumieHTa. B mux yMoBax BHACHTIIOK TIMOKCii Ta
PO3BHUTKY OKCHAATHBHOTO CTPECY MOPYLIYETHCS Oio-
EHepreTrKa KITHH, 30UTbIIY€EThCSI KiIBKICTh T1APOK-
CWIBHUX PaJWKaTIB Ta 1HIHMX aKTUBHHUX (HOPM KHC-
HIO, 1110 B MOJIAJIBIIOMY MPU3BOIUTH /IO YIIKOKEHHS
JHK Ta imimiamii anmornro3y [8, 14]. ¥V 3B’s3Ky 3 1TuM
BEIETHCS MOMIYK (haKTOPiB, SKi MMICIIS OXOJIOMKEHHS
1 IOBEpHEHHS 70 YMOB HOPMOTEPMIi, BIUTMBAIOTH HA
pemnapariiro KJIiTHH 1 3a100iraroTh pO3BUTKY aroITo-
3y. Ha ocoOnuBy yBary B bOMY acIeKTi 3acCIyrOBY-
I0Th OIIOIHI MENTHIN, OTPUMaHi 3 TOJIOBHOTO MO3-
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In hypothermic storage lowering the temperature
down to 4°C and returning to normothermia during
re-conservation and infusion into the recipient’s
blood flow are known to be the causes of damage to
whole blood leukocytes or leukoconcentrate. Under
these conditions, due to hypoxia and development
of oxidative stress, the cell bioenergy is disrupted,
amount of hydroxyl radicals and other reactive
oxygen species increases, that further leads to
DNA damage and initiation of apoptosis [2, 13]. In
this regard, we are looking for factors which after
cooling and returning to the normothermia condi-
tions, affect the cell repair and prevent apoptosis.
Opioid peptides derived from the brains of hiber-
nating animals deserve a special attention in this
aspect. Such peptides play an important role in

|
Institute for Problems of Cryobiology and Cryomedicine of the
National Academy of Sciences of Ukraine, Kharkiv, Ukraine

*To whom correspondence should be addressed:
23, Pereyaslavska str., Kharkiv, Ukraine 61016;
tel.:+380 57 373 7435, fax: +380 57 373 5952
e-mail: ogorina2603@gmail.com

Received 12, July, 2019
Accepted 14, December, 2021

© 2022 N.M. Moisieieva, et al. Published by the Institute for Problems of Cryobiology and Cryomedicine

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0),
which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.



Ky Ti0epHyIOUMX TBapuH. Taki MEeNTHIN BiAirparoTh
Ba)XJIMBY POJIb Y CTPUMYBAHHI caMme CTpec-iHAyKOBa-
HUX BUIBHOPAJMKAIGHUX MPOLECIB Ta CHEPTETUYHUX
TIOPYIICHB Y TIepioa 3HWKCHHS Temneparypu [14]. ¥V
HaIUX TOTMEPENHIX AOCHIMKCHHIX OyJIo IOKa3aHo,
o Hedponentuau (ppakiis 1-10 kJla) 3 rosoBHO-
ro MO3Ky TiOCpHYIOUHX TBapUH 3[aTHI B3a€EMOMISITH
3 penenTopaMu KIITHH TOMOHOTEPMHUX TBapHH, IO
MIPOSIBIIIETHCS B MPUTHIYCHHI CHHTE3y OLIKa Ta Hy-
KJIETHOBUX KHCIIOT, PETYNIOBaTH TPAHCIOPT 1OHIB
KaJpLil0 Yepe3 30BHIIIHIO MEMOpaHy KIIiTHH, a Ta-
KOX BIUIMBATH Ha aKTUBHICTh TEPMOPELETITOPIB LIKi-
pu [3, 11].

BBeneHHSI CHHTETHYHUX aHAJIOTIB E€HJOTCHHOTO
OMIOIMHOTO MEeNTHIY Jel-eHKe(dalTiHy CIpHUsi€E CTPH-
MYBaHHIO CTpeC-iHIYKOBaHUX BIJIbHOPAJHKATBHUX
MOPYIICHD y TIEPiON amamnTallii TBapuH 0 TeMIiepa-
TypHHX KOJIMBaHb [5, 6, 10, 16]. lo Takux menTumiiB
HaJISKUTh NaJlapriH, y CTPYKTYpl SKOTO HAsBHI 3a-
UKy J[-anaHiny Ta apriHiny B c-monoxeHHi. Kpim
MOCWJICHHS! QaHTHOKCHJAHTHOTO Ta aHTHUPaJUKaJIbHO-
IO 3aXHCTY, BiH HiIBUIIY€E PE3UCTCHTHICTH TBAPHH J10
IMOOKOI TinoTepMii, cTalii3yloun piBeHb aKTHBHUX
¢dopm kucHio, TpaHcnopt ioHiB Na*, K* i Ca** uepe3
IUIa3MaTH4Hy Ta MITOXOHApiansHy MeMOpanu. [lpu
IBOMY BIUIMB JajapriHy Ha amonTo3 KIITHH MiCis
XOJIOZIOBOTO CTpecy BUBUEHO He Oyio [5, 17].

Mera poOOTH — IOCTIDKEHHS BIUIMBY CHHTE-
THUYHOTO aHaJora €HJOTeHHOTO MENTHAY JeH-eHKe-
(danminy mamapriHy Ha O3HAKH PO3BUTKY AalloNTO3y
1 HEKpO3y JCHKOIUTIB JOHOPCHKOI KPOBI JIIONMHHU
B YMOBAaX XOJOJIOBOTO CTpeCy 3a MOP(HOIOTIYHUMU
MOKa3HUKAMH.

Marepiaiau i MeTonHn

JIeKOKOHIIEHTpAT OTPUMYBAJTH 3 JOHOPCHKOIT KPO-
Bi JIFOAMHHU METOAOM JH(epeHIialbHOTO HEeHTPUdY-
ryBanHs [1]. KpoB nroauHu 3aroToBisiii Ha KOHCEp-
BaHTi CPDA-1 (Terumo, Ianis). OTpumyBanu KpoB
B XapKiBCHKOMY OOJJACHOMY IIEHTpPiI CIy>KOW KpOBi
Ta TPAHCTIOPTYBAJIM 33 PEKOMEHJOBAaHUMH YMOBa-
MH JI0 BiATIOBITHOTO TEMIIEPATYPHOTO PEKHIMY.

YV meprmiiii cepii €KCIIEPUMEHTIB OCIIHKYBAIH
PO3BHTOK aronTo3y Ta HEKPO3y JICHKOIMTIB, IijjTa-
HUX XOJIONIOBOMY CTpPECy 3a HaBEACHUMH y TaOIHII
TEMIICPATYPHUMHU PEKUMAMHU T4 YaCOM CKCIO3HMIii
KIIITUH (TaOHIIS ).

Ha pmanomy erami po0OOTH BHW3HA4Yald BILTUB
MOCTYNOBOTO IiJIBUIIICHHS TEMIIEPaTypu Ha 3MiHU
MOp(}OJIOTIYHNX O03HAK KIITHH BHACTIIOK PO3BUT-
Ky amomnTro3y 1 HEKpO3y ICHsl XOJOJOBOTO BILIH-
By 3a cxemor: 15 xB mpm Ttemmeparypi 0-2°C,
5 xB pu 10°C, 5 xB mpu 20°C, 5 xB ipu 37°C.

Y npyriii cepii eKCIIEpUMEHTIB BHWBUYAIN aHTH-
aTmONTOTHYHY MJiI0 CHHTETUYHOTO Janapriny (y BU-
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the constraining of the stress-induced free radical
processes and energy disorders during the period
of temperature decreasing [13]. Our previous
studies have shown that neuropeptides (1-10 kDa
fraction) from the brains of hibernating animals are
able to interact with the receptors on homeotherms
cells, that inhibits the protein and nucleic acid
synthesis, regulates calcium ion transport across
the cell membrane, and affects the activity of skin
thermoreceptors [6, 7].

The introduction of synthetic analogues of the
endogenous opioid peptide leu-enkephalin helps
to control the stress-induced free radical disorders
during the period of adaptation of animals to
temperature fluctuations [5, 9, 10, 15]. Such peptides
include dalargin, in the structure of which there are
residues of D-alanyl and arginine in the c-position.
In addition to enhancing antioxidant and anti-radical
protection, it increases the resistance of animals to
deep hypothermia, stabilizing the level of reactive
oxygen species, transport of Na*, K* and Ca*" ions
across the plasma and mitochondrial membranes.
The effect of dalargin on cell apoptosis after cold
stress has not been explored [9, 17].

This research was aimed to study the effect on
morphological indices of the synthetic analogue
of the endogenous peptide leu-enkephalin dalargin
on the apoptosis and necrosis features in leukocy-
tes of human donor blood under cold stress.

Materials and methods

Leukoconcentrate was derived from human donor
blood by differential centrifugation [1]. Human
blood was harvested with the preservative CPDA-1
(Terumo, India) and obtained at the Kharkiv Regional
Blood Service Center, then it was transported with
keeping the recommended conditions up to the ap-
propriate temperature.

In the first series of experiments the apoptosis
and necrosis of leukocytes subjected to cold stress
at the following temperature regimens and cell expo-
sure time was investigated (Table).

In addition, at this stage we studied the effect
of gradual increase in temperature on changes in
morphological features of cells due to apoptosis and
necrosis after cold exposure according to the scheme:
15 min at 0—2°C, 5 min at 10°C, 5 min at 20°C, 5 min
at 37°C.

In the second series of experiments there was
investigated the antiapoptotic effect of synthetic
dalargin (as a commercial drug ‘Dalargin-Biolik’,
JSC ‘Pharmstandard-Biolik’, Ukraine) on leukocytes
subjected to cold stress in the following mode: 15
min at 0—2°C and 15 min at 37°C. At the first stage
of this study, the drug was added to the cells before
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sl KoMmepuiiHoro npenapary «/anapria-biomik»
(«Dapmcrannapt-bionik», Ykpaina) Ha JmeHKOLNTH,
MiJJIaHl XOJOIOBOMY CTpECy 3a HACTYIHHM PEXH-
MoM: 15 xB mpu temmeparypi 0-2°C ta 15 xB mpu
temmepatypi 37°C. Ha mepmromy erarmi 10CiiKeHb
npernapar JIoJaBajiy JI0 KIITHH ITepel MOJICTIOBaHHIM
XOJIOMOBOTO CTPeCy B KoHmeHTparisx 1076, 107, 108
ta 10° MOJB/I, HAa APYrOMY eTali — JEUKOIUTH iH-
KyOyBaJIu 3 JajgaprinoMm B KoureHrtpariii 10~ Monb/i
npotsirom 15 xB (37°C) nepen mo4aTKoM XOJI0A0BOTO
BIUIHBY.

VY XoxHil cepii eKCIIEpUMEHTIB BUKOPHUCTOBY-
BaIM 3pa3KH, B SIKi 3aMiCTh Mpenapary BHOCHIIH
(i31070TYHIIA PO3YHMH B €KBIBaJICHTHOMY 00’€Mi Ta
iHKyOyBaJlii B aHAJIOTIYHUX YyMoOBax. KoHTpombHY
TpyIy 3pa3KiB CKJIamaidd TMPoOH CBIKOBHAUICHUX
KITITHH.

HocnimxyBaiu MOpQoIoriuny Oya0oByY JICHKOLUTIB
TICTIST XOJIOJOBOTO CTPECY 3a OTIOMOTOIO CBITIIOBOT
Ta QyopecleHTHOI Mikpockomii. HasBHICT MHiKHO-
3y KITHH, (pparMeHTalii sapa ta OneOiHry SK MOp-
(OJIOTIYHMX O3HAK aronTo3y, a TaKMK 301IbIICHHS
00’eMy KIIITHH, PO3Maay MeMOpaHH 3 BUBLIbHEHHIM
LIUTOIIA3MAaTHYHOTO BMICTY, Kapionizucy (HEKpo-
TUYHI 03HAKW) BU3HAYAIHN 3 BUKOPUCTAHHSM CBITJIO-
Boro mikpockorry IN300T-FL (AmScope, CIIIA) mif
imepciero (x1000) micnst 3abapBieHHST Ma3KiB JIEWKO-
KoHITeHTpary 3a PomanoBchkmM-IiM30t0 [18]. Bms-
HavYaJId BIJICOTOK KITHH 3 TATOJIOTIYHUMH O3HAKaMHU
JI0 3araJIbHOI KUTHKOCTI BCIX MiApaxoBaHUX KIIITHH
Yy 3pa3Ky Ta BiJICOTOK JICHKOIMTIB 3 HOPMAaJBEHOIO
MOPQOJIOTIIHOIO CTPYKTYPOIO.

Ilixg yac ¢uryopeceHTHO-MIKPOCKOIIIYHOTO aHa-
73y OLiHIOBaIM (parMeHTaliio saep KIITHH 3 BU-
KOpHCTaHHAM QryopecueHTHuX OapBHHKIB Hoechst
33342 (Sigma, CIIIA) ta #omumy mpomigito (PI,
Sigma). doropeecTpalito KITHHHUX IpernapariB
3IIMCHIOBANIN 3a JOMOMOIOK KOH(OKAJIBHOTO Jia-
3epHOTO CKaHyBaJlbHOTO Mikpockona LSM 510
META Carl Zeiss (Carl Zeiss, Himeuunna). s
aHai3y OTpPHMaHHX 300pakeHb BHUKOPHCTOBYBAIH
mporpamu LSM 510 ta LSM Image Examiner (Carl
Zeiss). KiTbKICTh KITITHH 3 MTATOJIOTIYHUMH O3HAKAMHU
sIIep BHPaXKaJIM Y BiACOTKAx IO 3arajibHOI KiTBKOC-
Ti TiApaxoBaHWX KIITHH Yy 3pa3ky. AmikBotu PI
(7,5 mxM) ta Hoechst 33342 (9 MxM), po3Be-
neHi  ¢ocdaTHO-conbOBUM  OypepHHM PO3UYMHOM
(PBS; pH 7.4), nomaBanu no 1 mum PBS Ta 3mimny-
BaMM y chiBBigHOMmEHHI 1:1 3 nefiKoKoHUIEHTpa-
TOM, B SIKOMY BOHU 3HaXOIWJIHUCS. 3pa3Ku BUTPUMY-
Bamn 30 XB y TeMpsiBi mpH KiMHATHIM Temrepa-
Typi Ta BUAAISTIN OapBHUKM IIITXOM PO3BEICH-
Ha 10 5 mu PBS ta menrpudyrysanusa. [HTeHCHB-
HicTh uryopectienttii PI peectpyBamum mpu 30y1m-
xkeaHi 490 HM Ta BUIIPOMIHIOBaHHI 636 HM,
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Pexxvmu peanisauii xonogosoro ctpecy
CyCneH3ii nenkoumuTis

Cold stress modes for leukocyte suspension

TpuBanicTb TeMnepaTypHOro BrVBY, XB
Temperature exposure duration, min

Pexum
Mod

ode npn 0-2°C npn 37°C

at 0-2°C at 37°C

1 0 0

2 15

3 15 30

4 60

5 30

6 30 60

7 120

8 30

9 60 60

10 120

cold stress simulating at concentrations of 106, 107,
10-% and 10° mol/l, at the second stage — leukocytes
were incubated with dalargin at a concentration of
102 mol/1 for 15 min (37°C) before the cold exposure
onset.

In each series of experiments, we used the samples
wherein a saline was added instead of the drug in
an equivalent volume and incubated under similar
conditions. The control group of samples included
those of freshly isolated cells.

The morphological structure of leukocytes after
cold stress was studied by light and fluorescence
microscopy. The presence of cell pyknosis, frag-
mentation of the nucleus and blebbing as mor-
phological signs of apoptosis, as well as cell
volume increase, membrane disintegration with a
release of cytoplasmic content, karyolysis (necrotic
signs) were determined using an IN300T-FL light
microscope (AmScope, USA) (%1000, immersion)
after staining of leukoconcentrate smears according
to Romanowsky-Giemsa [18]. The percentage of
cells with pathological signs to the total number of
all counted cells in the sample and that of leukocytes
with normal morphological structure were exa-
mined.

Fragmentation of cell nuclei was evaluated by
fluorescence microscopic analysis using fluorescent
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a Hoechst 33342 — mpu 30ymkenni 350 HM
Ta BUMPOMIiHIOBaHHi 461 HM.

CraTuCTUYHMI  aHaNi3  eKCIICPUMCH-
TaTbHUX JaHWX MPOBOIMIN 3 BHKOPHUCTaH-
HAM TIporpamMHOTO Takera «Statgraphics»
(Statgraphics Technologies Inc, CIIIA) 3a
HemapaMeTpuyHUM  Kputepiem  ManHa-
BitHi. YV xoxHi#l cepil ekcriepuMeHTiB Oyia
KUTBKICTE TIOBTOPiB  5—6. ExcmepuMmeH-
TajJbHI JaHI HaBEAEHO SIK CepenHeE apud-
METHYHE =+ CepemHE KBaJpaTU4yHe Bij-
XUJICHHS.

Pe3yabTaTn T2 00rOBOpEHHS

Ha mnepmomy erami mocmimkeHs Oyio
3’sICOBAaHO CIHIBBITHOIICHHS Yacy €KCITO3U-
mii ritiH mpu Temneparypi 0-2°C ta 37°C,
3a SIKOTO BiIOYBA€THCS 1HIYKITIS allONTO3y 1
HEKpo3y JelikoruTiB. Ha puc. 1 mokasaHo,
o Micis iHKyOarii mpoTsarom 15 xB mpu
temmepaTypi 0—2°C 3 mogaipIIiM HarpiBaH-
HsM 110 37°C (pexxumM 2) TeHKOUTH 3 MOP-
(OJOTiYHMMH O3HaKaMH aromnTo3y CKJa-
nama (59,2 + 3,1)%. Ilicns BuKopucTaHHS
pexxumis 3 (15 xB mpu temneparypi 0-2°C
ta 30 xB nipu 37°C), 4 (15 xB npu Temnepa-
Typi 0-2°C ta 60 xB mpu 37°C) i 5 (30 xB
mpu Temmeparypi 0-2°C ta 30 xB mpm
37°C) xiniTHHA 3 MOP(]OJIOTIIHIMH O3HAKAMHI
aronTo3y He mepesuntyBaiu (60,7 £ 2,3)%.
HeoOxigHo 3BepHYTH yBary Ha TOW (axT,
0 HaWMEHIITHI BIJICOTOK KIITHH 3 MOp-
(donoriuanmu  o3Hakamu Hekposy ((17,3 +
+ 2,2)%) Oyno BUSABIEHO Micis 3aCTOCYBaH-
Hs pexumiB 2—4. [TomopxkeHHs yacy mepely-

dyes Hoechst 33342 (Sigma, USA) and propidium
iodide (PI). Cell specimens were photo-recorded
using a confocal laser scanning microscope LSM
510 META (Carl Zeiss, Germany). LSM 510 and
LSM Image Examiner (Carl Zeiss) was used to
analyze the obtained images. The number of cells
with pathological signs of nuclei was expressed as a

100
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Pexxumu TemnepaTypHoro Bnivey
Modes of temperature effect

BiacoTok knituH
Cells percentage

Puc. 1. Bmict nerkouutiB 3 MOpEOMOriYHUMKU O3HaKaMu anor-
TO3y | HEeKpo3y nicnsi Pi3HMX PeXMMiB TemnepaTypHOro BrMMBY
(1-10 pexumun aue. «MaTepianu i meTogn»): @ — HOpMa, —
KNiITUHW 3 O3HakamMu anonTo3y, M — KMITMHU 3 O3HaKaMu Hek-
poa3y.

Fig. 1. Content of leukocytes with morphological signs of apop-
tosis and necrosis after different modes of temperature ex-
posure (1-10 modes, see ‘Materials and methods’). o — norm,

— cells with apoptosis signs, B — cells with necrosis signs.

BaHHA cycrensii neiikonutiB npu 0-2°C abo

npu 37°C Buxnukano 3Hauyme (p < 0,05)
301MBIICHHS] BiJHOCHO | pEeXUMY BiJCOTKA KIIITHH
3 03HAKAaMHU HEKpO3y 1 3HauyIlle 3MEHINEHHS BiICOT-
Ka KITHH 3 HOPMaJbHUMH MOPQOJIOTIYHUMHU I10-
Ka3HUKaMU.

Pesynmpraté mOCHIIKEHHS BIUTUBY ITiJBUIIECHHS
temrepaTypu 10 37°C micis X0I0T0BOTO CTpecy Ha
PO3BHTOK MOP(OJOTIYHUX O3HAK aIloNTo3y 1 HEK-
pO3y B JICHKOITMTAX IMOKa3aJ M BIACYTHICTH B 00pa-
HUX YMOBax €KCIEPHUMEHTY 3HA4yIOi Pi3HHULI MiX
MOCTAITHUM MiJIBUIIICHHSIM TEMIIEpaTypu Ta IIBUJ-
KUM TepeBoJoM cycrensii kimituH 3 ymoB 0-2°C
1o temmneparypu 37°C.

UwucneHHi JaHi BKa3yloTh Ha Te, IO €HIAOTCHHI
OIIOIMHI MENTHAW BIUIMBAIOTHL Ha aIlONTO3 KJIITHH,
IHIIIMOBAaHMUM TIMOKCI€I0, 1MIEMICIO, OKCUIATHBHUM
ctpecom Ttomio [4, 7, 12-14, 17]. Cuig 3a3HaunTH,
mo iHdopmarii BIZHOCHO aHTHAMONTOTHYHOI il
€H/IOTEHHUX TEeNTH[IB B YMOBAaX XOJOJOBOTO CTpe-
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percentage of the total number of counted cells in the
sample. Aliquots of PI (7.5 uM) and Hoechst 33342
(9 uM) diluted with phosphate-buffered saline (PBS;
pH 7.4) were added to 1 ml of PBS and mixed 1:1
with the leukoconcentrate where they were present.
The samples were kept for 30 min in the dark at room
temperature and the dyes were removed by diluting to
5 ml with PBS and centrifuging. The PI fluorescence
intensity was recorded at 490 nm excitation and
636 nm radiation, and Hoechst 33342 were done
at 350 nm excitation and 461 nm radiation.

Experimental data were statistically analyzed
using the ‘Statgraphics’ software (Statgraphics
Technologies Inc, USA) according to the non-
parametric Mann-Whitney test. In each series of
experiments we used 5-6 repetitions. Experimental
data have been presented as arithmetic mean =+
standard deviation.
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cy Hemae. Came TOMY Ha HacTYITHOMY eTami AOCIif-
KEHb MU 3’SCOBYBAJIM BIUIMB JaJapriHy Ha arof-
TO3 JICHKOIWTIB, MiAJaHUX XOJIOJOBOMY BILIHBY.
AHTHAMIONTOTHYHY Iif0 HEHPONECNTHIY BUBYAIA Y
3alekHOCTI Bifg koHuenTparii (1076, 107, 10® Ta
10~ Momb/1) Ha JICHKOIUTH JOHOPCHKOI KPOBI Iic-
JISL XOJIOJIOBOTO CTPECY 32 PEKUMOM 2, SIKUH JI03BO-
JIT€ OTPUMATH HANMEHIIHMHA BiICOTOK KJIITHH 3 03-
HaKaMH HEKPO3y Y CIIBBITHOMIEHHI 10 aItomlTo-
TUYHUX KIITHH 1 HAaWOUIBIIMI BIACOTOK KIITHH 3
HOpMaJbHUMH MoOp¢osoTiyHUMHU o3Hakamu ((33,6 +
+ 1,3)%). 3 puc. 2 BuAHO, IO BiACOTOK KIITHH 3
MOp(}OJIOTIYHIMH O3HAKaMH aroNTo3y 1 HEKPOo3y
MOPIBHSHO 3 TIOKa3HUKaMH, OIepKaHUMH Oe3 Ji0-
JaBaHHS JaJapriHy, 3MCHIIYBABCS HA T BBEICHHS
HelponenTuay B KoHueHTparii 10~ Mob/.
Pesynpratn mociimkenas O.M. OnekcanapoBoi
Ta CIBaBT. [2] MO0 MiABUINECHHS €(QEKTUBHOCTI
nii nefi-enkedaniny Ha JIMQOIMTH JFOOUHHA 33 pa-
XYHOK TIIOTIEpPEeNHbOI 1HKyOaIrii 3 mentumoMm Oyiau
BHKOPHCTaHI y HAIIIN MOAANBIIHA poOoTi: mepenod-
poOKy JneiikouuTiB Oe3nocepeqHb0 IMepeA XOoJo-
JIOBUM BIUIMBOM [UIsS 3arO0ITaHHS TMOIIKOPKEHHIO
pi3koto 3MiHOW0 Temmneparypu (puc. 3). dus mporo
neii-enkedanin y xonuenrpauii 10 monw/n nona-

Results and discussion

At the first stage of research, the ratio of cell
exposure time at 0-2°C and 37°C, at which induction
of apoptosis and leukocyte necrosis occurred, was
elucidated. Fig. 1 shows that after incubation for
15 min at a temperature of 0-2°C with subsequent
warming up to 37°C (mode 2), the percentage of
leukocytes with morphological signs of apoptosis
was (59.2 £ 3.1)%. After using the modes 3 (15 min
at 0-2°C and 30 min at 37°C), 4 (15 min at 0-2°C and
60 min at 3°C) and 5 (30 min at 0-2°C and 30 min
at 37°C) the percentage of cells with morphological
signs of apoptosis did not exceed (60.7 = 2.3)%.
It should be noted that the lowest percentage of
cells with morphological signs of necrosis ((17.3
+ 2.2)%) was found after the application of modes
2-4. Prolongation of the time of the leukocyte
suspension maintaining at 0—2°C or at 37°C caused
a significant (p < 0.05) increase if compared with
mode 1 of percentage of cells with signs of necrosis
and a significant decrease in the percentage of cells
with normal morphological parameters.

The findings on the effect of temperature rise
to 37°C after cold stress on the development of
morphological signs of apoptosis and necrosis in
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KoHTponb Bes panapriHy HanapriH HanapriH OanapriH OanapriH
Control Without dalargin Dalargin Dalargin Dalargin Dalargin
(10-° mol/l) (108 moll/l) (107 moll/l) (10-° mol/l)

Pexxumu TemnepaTypHoro Bnnvey
Modes of temperature effect

Puc. 2. BiacoTok newkouuTiB 3 03Hakamu arnonto3y i HEKpo3y nicrs XOnoJoBOro CTpecy Ta iHkyGauii 3 ganapriHom
B KOHUeHTpauisx 10° monb/n; 107 monb/n; 10 monb/n Ta 10~° Monb/n 3a AaHWMK CBITMNOBOI Mikpockonii (3aGap.-
NeHHsA 3a POMaHOBCBHKMM-TiM3010): 1 — KMiTUHM 3 O3HaKamMu anonTo3y; M — KMiTUHM 3 03HaKaMu HEKpo3y. * — BiOMIH-
HOCTI 3HauyLUi NMOpiBHSHO 3 BIANOBIAHMM MokasHukom Ge3 fofdaBaHHs npenapaty, p < 0,05; # — BigMIHHOCTI 3Ha4yLLi
NOPIBHAHO 3 BiAMNOBIAHUM NOKA3HWKOM Y KOHTponi, p < 0,05.

Fig. 2. Percentage of leukocytes with apoptosis and necrosis signs after cold stress and incubation with dalargin at
concentrations of 108 mol/l; 10" mol/l; 108 mol/l and 10-° mol/l according to light microscopy (Romanowsky-Giemsa
staining): — cells with apoptosis signs; m — cells with necrosis signs. * — differences are significant compared
to the corresponding value without the drug adding, p < 0.05; # — differences are significant compared to the correspon-
ding index in the control, p < 0.05.
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Puc. 3. Bnnve ganapriHy Ha BigCOTOK NEMKOUMTIB 3 O3HakaMu anonTo3y i Hekpo3y (nicrs xornogoBoro cTpecy) 6e3
nonepeaHboi iHKybauii kKniTH 3 HeriponenTuagom (A) Ta 3 nonepefHbO 15-xBUNUHHOLK iHKyOGauieto (B) nepeg xonogo-
BUM CTpecoM (3abapeneHHst 3a PoMaHOBCHKMM-IM3010): @ — HOpMa; M — KIiTUHM 3 O3HaKamy anonTo3y; M — KITiTUHK
3 O3HaKaMW HeKposy. * — BIAMIHHOCTI 3HaudyLli MOPIBHAHO 3 BI4MOBIAHMM NOka3HUMKOM 6e3 JopaBaHHsA npenapary,
p < 0,05; # — BigMiHHOCTI 3Hauylli NOPIBHAHO 3 BIOMOBIAHMM MOKAa3HUMKOM Yy 3pa3kax 6e3 nonepedHbOi iHKyGauii 3
AanapriHom, p < 0,05.

Fig. 3. Dalargin effect on percentage of leukocytes with apoptosis and necrosis signs (after cold stress) without
pre-incubation of cells with neuropeptide (A) and with a previous 15-minute incubation (B) before cold stress (Roma-
nowsky-Giemsa staining): 0 — normal; = — cells with apoptosis signs; B — cells with necrosis signs. * — differences
are significant compared to the corresponding value without the drug adding, p < 0.05; # — differences are significant

compared to the corresponding value in samples without pre-incubation with dalargin, p < 0.05.

BaJld JI0 KIITHHHOI CYCIIeH3il Tepes XOJIOIOBHUM
cTpecoM, Jac ekcro3uuii ckianas 15 xB mpu 37°C.
3a JMaHUMH CBITJIIOBOI MIKPOCKOIIi BCTaHOBIEHO,
M0 MONePEIHS iHKYOaIist ISHKOIUTIB 3 HEHPONENTH-
JoM y KoHmeHtparii 10° Monwp/m TPUBOAUTE 10
3Hauymoro 3meHmenHs (p < 0,05) BigcoTka Kili-
THH 3 MOP(OJIOTIYHUMH 03HAKaMu aronto3y ((34,8 £+
+ 2,2)%) mopiBHAHO 3 BapianToM 0e3 momepen-
HBOI1 1HKYOaIlii KaiTHH 3 HeWpomentumoMm ((44,7 +
+ 0,9)%). HeoOxigHO BiA3HAYUTH TOW (haKT, IO
moTiepeTHs 1HKyOaIliss 3 HEHpONEenTHAOM HE BILIH-
Bajla Ha 3MIiHY KUIBKOCTI HEKPOTHYHUX KIITHH
(puc. 3).

Hdns  kpamoi  Bisyamizamii  MOp¢oJOTiyHHX
3MiH SIIEPHUX CTPYKTYp Ta BHSABJICHHS LIUTICHOCTI
MEMOpaHU JICWKOIMUTIB ICIs XOJIOJJOBOTO BIUIH-
By (pexuM 2) OJHOYACHO 31 CBITJIIOBOIO MIKpOC-
KOITI€}0 BHKOPUCTOBYBAIIM METOJ 3a0apBICHHS KJIi-
tuH (yopecuentHumu JJHK-6apsankamu Hoechst
33342 Tta mpomimito Homumy (PI) (puc. 4). Ilicns
Bukopuctanas Hoechst 33342 Oyma BcTaHoBIICHA
TEHNIEHIIISA, iMEHTHYHA /O BHINEBKa3aHoi (puc. 5).
Tak, B eKclepuMEHTANbHIA Tpymi 0e3 JomaBaHHS
Jajapriny 0 3pa3KiB JICHKOIUTIB ITICIS XOJIOIOBO-
TO BIUIMBY BIJICOTOK KJITHH 3 (pparMeHTAITIEIO sapa
ctanoBuB ((41,4 + 1,7))%. Ilicna nonaBaHHs 10 1HKY-
OariifHOTO CepeoBUIa HEWPOINENTHIy BiJICOTOK
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leukocytes showed no significant difference in the
selected experimental conditions between gradual
temperature rise and rapid transfer of cell suspension
from 0-2°C to 37°C.

Numerous data indicate that endogenous opioid
peptides affect cell apoptosis initiated by hypoxia,
ischemia, oxidative stress, efc. [8, 11-13, 16, 17]. It
should be noted that there is no information on the
antiapoptotic action of endogenous peptides under
cold stress. Therefore, in the next phase of research,
we investigated the effect of dalargin on the apoptosis
of cold-exposed leukocytes. The antiapoptotic effect
of the neuropeptide was studied depending on the
concentration (10, 107, 10® and 10 mol/l) on
donor blood leukocytes after cold stress according to
mode 2, which allowed to obtain the lowest percen-
tage of cells with the signs of necrosis regarding
apoptotic cells and the highest percentage of cells
with normal morphological features (33.6 + 1.3)%.
Fig. 2 demonstrates that the percentage of cells
with morphological signs of apoptosis and necrosis
compared to those obtained without the addition
of dalargin, decreased when the neuropeptide was
introduced at a concentration of 102 mol/l.

The results of the study performed by O.M. Olek-
sandrova et al. [3] to increase the effectiveness of
leu-enkephalin on human lymphocytes due to pre-
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Puc. 4. Jlenkountnn 3 mMopdonorivHMMKM O3HaKamMu anonTo3y nicrs xornogoBoro ctpecy: A — MikpodpoTorpadis cy-
CMEeH3ii NeNKoUuMTIB MNicnsi XOnogoBOro CTpecy, 3abapBrieHHs] €03MH-METUITEHOBUM CUHIM Ta a3yp-eo3nHoM. 36.: x1000;
imepcisa; B — mikpodoTorpadis cycneHsii nenkoumTiB Nicnsi XonogoBoro crpecy, 3abapeneHHs Hoechst 33342 Ta PI.
36. x630, imepcis; C — mikpodpoTorpadis HaTUBHMX NenkouuTiB, 3abapsneHHs Hoechst 33342 ta PI. 36. x630, imepcis.
1 — 6ne6iHr, 2 — dparmeHTauia sapa, 3 — NikHO3, 4 — HEKpPOo3.

Fig. 4. Leukocytes with morphological signs of apoptosis after cold stress: A — micrograph of leukocyte suspension
after cold stress, staining with eosin-methylene blue and azure-eosin. Magnification: x1000; immersion; B — micrograph
of leukocyte suspension after cold stress, Hoechst 33342 staining and Pl. Magnification: x630, immersion; C — micrograph
of native leukocytes, Hoechst 33342 staining and Pl. Magnification: x630, immersion. 1 — blebbing, 2 — nucleus

fragmentation, 3 — pyknosis, 4 — necrosis.

KIITHH 13 ()parMeHTaUi€lo sipa 3HadyIle 3MEHIY-
BaBcs ((22,7 £2,7)%) (puc. 5).

Pesynmbraté HOCHIMKCHHS JKUTTE3MATHOCTI JICH-
KOUUTIiB Tichst 3abapBnenHHs Pl Takox ysromky-
IOTBCSL 3 TIOMEPEJHIMH JTaHUMH BiJHOCHO MOpPQO-
JIOTIYHMX O3HAK HEKpOo3y. 3 pUC. 5 BHIHO, IO B
KOHTPOJIBHIM TPymi HEKPOTHYHI KJIITHHH CKJIaja-
ma (32,6 = 2,1)%, omHak TMmicls JOTaBaHHS HEH-
porientuay BoHU He nepeBumryBanu (10,8 + 1,3)%.

Takum 4YuHOM, Ofep)KaHI Pe3yNbTaTh y3TOIKY-
IOTbCSI 3 TIONICPENHIMH JaHWMH, SKI BKa3ylOTh Ha
301JBIIEHHS] KITBKOCTI aMONTOTHYHUX KIITHH B
yMOBax TEeMIEpaTypu HWxk4e ¢i3ioJoriyHoi, o
MoOXxe OyTH HacliIKOM MeTaOOoNiuHUX 3MiH y KIiTH-
HaX, IUTOCKEJNIETa, KIITUHHOTO IHKITY, TPAHCKPHII-
i Ta TPaHCHAIII y BINMOBIAb HAa XOJOMOBHH CTpEC
[8, 13, 15]. 3okpema, B poborti J.H. Fransen Ta cmi-
BaBT. [9] Takox OyJIO BCTaHOBJICHO, IO 2-TOAWHHA
iHKyOartis KmTuHHOI KyasTypu 32Dcl3 Ha apomy
3 TIOJIAJIBIIAM TTOBEPHEHHSIM 10 HopMmoTtepmii (37°C)
Bxke yepe3 30—90 XB micis BimirpiBaHHS MPU3BOIUTH
mo mosiBu 80-90% KIIiTHH 3 O3HAKaMH PaHHBOTO
amonTo3y (CIIBBIAHOIIEHHS annexin V-ITO3UTHBHI/
Pl-meraruswi). Ilicist momanbIoro KyJdbTHBYBaHHS
kynsTypu npu 37°C 1o 24 romuH BiICOTOK KIIITHH
30imbIryBaBcs (o 98%) Ha crajii Mi3HBOTO arom-
To3y (crmiBBigHOIICHHsS annexin V-mo3uTuBHI/PI-
NO3UTUBHI). Pesymbrat pmocmimpkeHbp micias BU-
KOPHCTaHHSI PI3HUX PEXKUMIB XOJIOJOBOTO CTpecy
MOKa3zajid, W0 TPUBAIICTh 1HKyOaWii cycmeHsii
kiitaH 1pu 0—2°C Ta MOBEpPHEHHS 10 YMOB HOPMO-
tepmii mpu 37°C BIUIMBAJIM HA IHIMIAINIO aIlOITO3Y
1 HEKpo3y KITHH. BcTaHOBIEHO, MO0 HaliMeH-
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incubation with peptide, were used in our further work,
namely the pre-treatment of leukocytes immediately
before cold exposure to prevent damage by sudden
changes in temperature (Fig. 3). For this purpose,
leu-enkephalin at a concentration of 10° mol/l
was added to the cell suspension before cold stress,
the exposure time was 15 min at 37°C. Owing to
light microscopy, it was found that pre-incuba-
tion of leukocytes with neuropeptide at a concent-
ration of 10~° mol/l led to a significant decrease
(»p < 0.05) in the percentage of cells with mor-
phological signs of apoptosis to (34.8 £ 2.2)%
compared with option without pre-incubation of
cells with neuropeptide (44.7 = 0.9)%. It should
be noted that the previous incubation with the neu-
ropeptide did not affect the change in the number
of necrotic cells (Fig. 3).

To better visualize the morphological changes
of nuclear structures and detect the integrity
of the leukocyte membrane after cold exposure
(mode 2) simultaneously with light microscopy
there was used the method of staining cells with
fluorescent Hoechst 33342 and PI DNA dyes
(Fig. 4). After using Hoechst 33342, a trend iden-
tical to the above mentioned results was found
(Fig. 5). Thus, in the experimental group without
dalargin adding to leukocyte samples after cold
exposure, the percentage of cells with nuclear
fragmentation was (41.4 + 1.7)%. After adding
the neuropeptide to the incubation medium,
the percentage of cells with nuclear fragmenta-
tion decreased significantly down to (22.7 + 2.7)%

(Fig. 5).
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Puc. 5. BigcoTok anonTOTUYHMX i HEKPOTUYHMX NenKouu-
TiB Mmicna nonepefHbOi iHKybauii 3 ganapriHoM B KOHLUEH-
Tpauii 10-° Monb/n Ta XonoAoBOro cTpecy 3a 4aHnmm cnyo-
pecueHTHOI Mikpockonii (3abapeneHHs Hoechst 33342
i PI): — KMiTUHM 3 O3HaKkaMu anonTosy; M — KNiTUHU
3 0O3HaKaMu HeKpo3y. * — BiAMIHHOCTI 3HauyLli NOpiBHSA-
HO 3 nokasHukom 6e3 gopaBaHHsi npenapaty, p < 0,05;
# — BiAMIHHOCTI 3Ha4yLLi NOPIBHSAAHO 3 KOHTponeM, p < 0,05.

Fig. 5. Percentage of apoptotic and necrotic leukocytes
after pre-incubation with dalargin at a concentration
of 10° mol/l and cold stress according to fluorescence
microscopy (Hoechst 33342 and Pl staining): — cells

*

with apoptosis signs; m — cells with necrosis signs. * —
differences are significant compared to the figure without
the drug adding, p < 0.05; # — differences are signi-
ficant compared to the control, p < 0.05.

WA BiJICOTOK HEKPOTUYHHMX KIITHH TIO BiTHOIICH-
HIO JTO KJIITHH 3 03Hakamu anonTosy ((17,3 £ 2,2)%)
OyB BHUSBICHUU IIiCIII BUKOPHUCTAHHSI PEKUMIB
2-5. 3a BUKOPHUCTaHHS IHIIMX PEXKUMIB TaHUIN
mokazHuK 3Hauyme (p < 0,05) 30imbIryBaBcs IO
(34,7 + 2,3)%, a y KIITHH 3 HOPMaJTbLHUMHU MOpP(HO-
JIOTIYHUMHU O3HaKaMHW BiH He mepesumtyBaB (11,4 +
1,3)%.

JlocmipkeHHST  aHTHAMIONTOTHYHOI  JIii  HEWpo-
MENTUTy Ha JICHKOLUTH JTOHOPCHKOI KPOBi JIFOJAVHU
MIiCNIs XOJIOAOBOTO CTPECY BHSBWIO HOTro MpOTEK-
TOPHUI BIUIMB npu KoHueHrpauii 107 mons/n. Pe-
3yABTaTd pPoOOTH IIOAO MONEpenHbOi 1HKyOamii 3
HEHpOMENTUAOM [0 BIUIMBY XOJOAOBOIO CTPECY,
SIKI KOPUTYIOTH 3 gociimkeHasMu O.M. Onekcana-
poBOi Ta cmiBaBT. [2], CBigYaTh IpO HEOOXIiTHICTH
MIPOBENICHHS JTAHOTO €TaIly IS ITiABHINEHHS edek-
THBHOCTI Aii Jei-eHKedariHy 3a pi3KuX 3MiH TeMIIe-
parypu.

TakuM dYHHOM, BCTAQHOBIEHO, IIO0 CHHTETHY-
HUI aHayor Jieii-eHKedaliHy AanapriH BIUIMBAa€E Ha
PO3BUTOK arornTo3y i HEKpPO3y KIITHH B yMOBax
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The investigations on the viability of leuko-
cytes after PI staining are also consistent with
preliminary data on the morphological signs of
necrosis. Fig. 5 shows that in the control group the
percentage of necrotic cells was (32.6 = 2.1)%, but
it did not exceed (10.8 £ 1.3)% after the addition
of the neuropeptide.

Thus, the obtained results are consistent with
preliminary data, which indicate an increased
number of apoptotic cells at sub-physiological
temperatures, which may be due to metabolic chan-
ges in cells, cytoskeleton, cell cycle, transcription
and translation in response to cold stress [2, 12, 14].
In particular, J.H. Fransen et al. [4] reported also
that 2-hour incubation of 32Dcl3 cell culture on
ice with subsequent return to normothermia (37°C)
after 30-90 min warming led to the appearance of
80-90% of cells with the signs of early apoptosis
(annexin V-positive / Pl-negative ratio). After fur-
ther culturing at 37°C for up to 24 hours, the
percentage of cells increased up to 98% at the stage
of late apoptosis (annexin V-positive / Pl-positive
ratio). The results of studies after the use of different
modes of cold stress showed that the duration
of incubation of cell suspension at 0—2°C and return
to normothermia at 37°C influenced the initiation
of apoptosis and necrosis of cells. It was found
that the lowest percentage of necrotic cells in relation
to those with the signs of apoptosis (17.3 +2.2)% was
detected with the use of modes 2—5. Applying other
regimens, this index significantly (p < 0.05) increased
to (34.7 £ 2.3)%, and in the cells with normal
morphological features it did not exceed (11.4 =+
+ 1.3)%.

The investigation of the anti-apoptotic effect
of the neuropeptide on human leukocytes of donor
blood after cold stress revealed its protective
effect at a concentration of 10° mol/l. The results
of this research on pre-incubation with the neuro-
peptide as for cold stress effect, consistent with the
reported studies of O.M. Oleksandrova et al. [3],
indicate the necessity of this step to enhance the
effectiveness of leu-enkephalin in sudden changes
in temperature.

Thus, the synthetic analogue of leu-enkep-
halin dalargin has been established to affect the
development of apoptosis and necrosis of cells
during cold stress, that is manifested in its pro-
tective effect. Further studies are needed to elu-
cidate the mechanism of this action of dalar-
gin, the results of which can be used to deve-
lop rehabilitation and conservation media contai-
ning these peptides to increase the functional
activity and viability of leukocytes after cold
stress.
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XOJIOJIOBOTO CTPECY, IO MPOSBISIETECS B HOTO TIPO-
TeKTOpHid nail. Jis 3°scyBaHHS MeXaHIi3My OIH-
caHoi Jii Janapriny HEOOXiIHi MOJaJIBIIl JOCTiI-
KEHHS, pe3yJabTaTd SKUX MOXYTh OyTH BHKO-
puCTaHi I PO3pOOKH peadiuTiTAIlifHUX 1 KOH-
CEpBYBAIBHUX CEPENOBHI i3 JaHUMH TENTHIAMH
3 METOIO MiJIBHINEHHS (DYHKIIOHATHHOI aKTHBHOCTI
Ta >KUTTE3JATHOCTI JIGHKOLIUTIB MICIS XOJOAOBOTO
cTpecy.

BucHoBku

1. JochmimkeHO CTyIiHb BIUIUBY XOJIOIOBOTO
CTpECY 3aJIeXHO BiJ TpUBAJIOCTI iHKyOawii cyc-
nen3ii kiitud npu 0—2 Ta 37°C Ha iHimiamiro amor-
TO3y i HEKpO3y 3a MOPQOJOTIYHUMHU O3HAKAMH KITi-
THH. BcTaHOBIEHO, MO MmichsA 15-XBHIMHHOT 1HKY-
Oamii mpu 0-2°C 1 MOmANBIIOTO TIOBEPHEHHS IO
yMoB HOpMoTepmii (37°C) npotsrom 15 xB 3apeect-
pOBaHO HAWMEHIUH BiICOTOK KIITHH 3 O3HAKaMHU
Hekposy ((7,2 = 1,2)%) 1 HalOimpImmii BiICOTOK
KJIITHH 3 HOPMaJbHUMH MOPQOJOTIYHUMH O3Ha-
kamu ((33,6 = 1,3)%).

2. JloBemeHo, IO IOETAIHE ITiIBHINCHHI TEM-
neparypu 10 37°C miciast XonoJoBoi Iii He BIUIMBAE
Ha BiJICOTOK JIEUKOUUTIB 3 MOP(OIOTiYHUMHU O3HAa-
KaMH afonTo3y i HEKpo3y MOPIBHAHO 31 MIBHIKUM
MTOBEPHEHHSM JI0 HOPMOTEPMii.

3. BcraHoBiEHO, IO TTONIEPEIHS 1HKyOAIis Jei-
KOILIUTIB 3 JajlapriHoM y KoHieHTpalii 10~° Mojb/i
MpU3BOANTH A0 3Hauymoro (p < 0,05) 3MmeHmeH-
HA KITBKOCTI JICHKOITUTIB 3 O3HAKaMH arloITo3y 1
HEKPO3y MICIIsl XOJIOA0BOTO CTPECY.

4. Pesympratd AOCTIIKCHHS MOP(OIOTIYHMX
O3HaK JeKonuTiB micis 3abapeneHHs PI Ta Hoechst
33342 y3romKyIoThCS 3 JaHUMH 1X BUBUCHHS METO-
JIOM CBITJIOBOT MiKPOCKOITii.
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Conclusions

1. The extent of cold stress influence depending
on the duration of incubation of cell suspension
at 0—2 and 37°C on the initiation of apoptosis and
necrosis on morphological characteristics of cells
was studied. It was found that after a 15-minute
incubation at 0-2°C and subsequent return to nor-
mothermia (37°C) for 15 min, the lowest percen-
tage of cells with signs of necrosis (7.2 = 1.2)%
and the highest percentage of cells with normal
morphological features 33.6 + 1.3%) were recor-
ded.

2. It has been proven that the gradual rise of
temperature to 37°C after cold effect does not
affect the percentage of leukocytes with morpho-
logical signs of apoptosis and necrosis compared
to the rapid return to normothermia.

3. Pre-incubation of leukocytes with dalargin
at a concentration of 10° mol/l was found to
result in a significant (p < 0.05) decrease in the
number of leukocytes with the apoptosis and nec-
rosis signs after cold stress.

4. The findings of morphological features
of leukocytes after staining with PI and Hoechst
33342 are consistent with the light microscopy
data.

References

1. Agranenko VA, Sukyasyan GV, Vorobyeva GS, et al. [Methods
for isolation of thrombo- and leucocyte concentrates from the
thrombocytic layer of the blood preserved in plastic bags].
Gematologiya i transfuziologiya. 1985; 30(11): 54—9. Russian.

2. Al-Fageeh MB, Smales MC. Control and regulation of the
cellular responses to cold shock: the responses in yeast and
mammalian systems. Biochem J. 2006; 397(Pt 2): 247-59.

3. Aleksandrova EN, Nasonov EL, Vinogradov VA, et al. Effect
of dalargin, a synthetic endogenous opioid analog, on natural
cytotoxicity of human lymphocytes. Bull Exp Biol Med. 1988;
105: 528-31.

4. Fransen JH, Dieker JW, Hilbrands LB, et al. Synchronized turbo
apoptosis induced by cold-shock. Apoptosis. 2011; 16 (1): 86—
93.

5. Fu D, Liu H, Li S, Chen L, Yao J. Antioxidative and antiapoptotic
effects of delta-opioid peptide [D-Ala2, D-Leu5] enkephalin
on spinal cord ischemia-reperfusion injury in rabbits. Front
Neurosci. [Internet]. 2017 Oct 31 [cited Jul 23 2018]; 11:603.
Available from: https://www.frontiersin.org/articles/10.3389/
fnins.2017.00603/full.

6. Gulevsky AK, Grischenko VI, Tereschenko OS, et al. The effect
of a (1-10 kD) brain fraction of Equus Coballus of Yakut region
on the kinetic parameters of Ca2+-transporting systems in
cardiomyocyte sarcolemma vesicles. CryoLetters. 1994; 15 (1):
27-32.

7. Gulevsky AK, Kleinbock IA, Tereschenko OS, et al. Effect of
1-10 kD polypeptide fraction from brain of hibernating ground
squirrel (Citellus undulates) on functioning of cat (Felis vulgaris)
thermoreceptors. Problems of Cryobiology. 1994; (2): 16—
20.

npobnemu Kpiobionorii i KpiomeanUMHN

problems of cryobiology and cryomedicine
Tom/volume 32, Ne/issue 1,2022



4. KopoTknHa PH, ®omunuenkos ElM, babkuHa HB, v ap. AHTMOKCK-
[aHTHOe AencTBMe AanapruHa Ha nevyeHb B YCIOBUSIX OCTPOro
xonecTa3a. Natonormnyeckas guanonorna n aKkcnepuMeHTarnb-
Hasa Tepanus. 1990; (4): 42—4.

5. NluxsaHues BB, NpebeHHukoB OA, LLanowwHmkos AA, n ap. ®ap-
Makorormyeckoe NPeKoHAMLIMOHVMPOBAHME: POSlb OMUOWUAHBIX
nentugos. Obwasa peaHumaronorus. 2012; 8 (3): 51-5.

6. Macnos J1H, JlnwmaHos OB, bapsax EW, un ap. Kapgnosacky-
napHble adpdekTbl D-Ala2,Leub,Arg6-aHkedanuHa (JanapruH)
CBSA3aHbl C aKTVBaL el nepudepnyecknx onnonaHbIX P-peLen-
TOpOB. JKCNepuMeHTanbHast U KnuHuyeckas apmakonorus.
2008; 71 (2): 21-8.

7. ConvH AB, Nawes KOL. BnusHue onnonaHbIX NENTUAOB Ha CO-
nepxaHve npoayktoB OJT 1 akTMBHOCTb aHTMOKCUMAAHTHOM
CUCTEMbI B NEYEHM KpbIC, NOABEPILUMXCH MMMOOMIM3aLIMOHHO-
My cTpeccy. bronneteHb akcnepumMeHTanbHon Guonornm n me-
avumHbl. 2012; 153 (6): 803-5.

8. Al-Fageeh MB, Smales MC. Control and regulation of the
cellular responses to cold shock: the responses in yeast and
mammalian systems. Biochem J. 2006; 397 (Pt 2): 247-59.

9. Fransen JH, Dieker JW, Hilbrands LB, et al. Synchronized turbo
apoptosis induced by cold-shock. Apoptosis. 2011; 16 (1): 86—
93.

10.Fu D, Liu H, Li S, Chen L, Yao J. Antioxidative and antiapoptotic
effects of delta-opioid peptide [D-Ala2, D-Leu5] enkephalin
on spinal cord ischemia-reperfusion injury in rabbits. Front
Neurosci. [Internet]. 2017 Oct 31 [cited Jul 23 2018]; 11:603.
Available from: https://www.frontiersin.org/articles/10.3389/
fnins.2017.00603/full.

11.Gulevsky AK, Grischenko VI, Tereschenko OS, et al. The effect
of a (1-10 kD) brain fraction of Equus Coballus of Yakut region
on the kinetic parameters of Ca2+-transporting systems in
cardiomyocyte sarcolemma vesicles. CryoLetters. 1994; 15 (1):
27-32.

12.Neutelings T, Lambert CA, Nusgens BV, et al. Effects of
mild cold shock (25°C) followed by warming up at 37°C on
the cellular stress response. PLoS One [Internet]. 2013 Jul
23 [cited 20.06.2019]; 2013; 8(7): €69687. Available from:
https://journals.plos.org/plosone/article?id=10.1371/journal.
pone.0069687.

13.Rauen U, Petrat F, Li T, et al. Hypothermia injury/cold induced
apoptosis — evidence of an increase in chelatable iron causing
oxidative injury in spite of low O,-/H,0, formation. FASEB J.
2000; 14 (13): 1953-64.

14.Rauen U, Polzar B, Stephan H, et al. Cold-induced apoptosis
in cultured hepatocytes and liver endothelial cells: mediation by
reactive oxygen species. FASEB J. 1999; 13 (1): 155-68.

15.Roobol A, Carden MJ, Newsam RJ, Smales CM. Biochemical
insights into the mechanisms central to the response of
mammalian cells to cold stress and subsequent rewarming.
FEBS J. 2009; 276 (1): 286-302.

16.Shenoy SS, Lui F. Biochemistry, Endogenous Opioids.
StatPearls [Internet]. Treasure Island (FL): StatPearls Publi-
shing; 2019 [cited 20.06.2019]. Available from: https://www.
ncbi.nlm.nih.gov/books/NBK532899/

17.Tang B, Zhang Y, Liang R, et al. Activation of the &-opioid
receptor inhibits serum deprivation-induced apoptosis of human
liver cells via the activation of PKC and the mitochondrial
pathway. Int J Mol Med. 2011; 28 (6): 1077-85.

18.Zhang Y, Chen X, Gueydan C, et al. Plasma membrane
changes during programmed cell deaths. Cell Res. 2017; 2018;
28 (1): 9-21.

npobnemu Kpiobionorii i KpiomeanUHNU
problems of cryobiology and cryomedicine

Tom/volume 32, N/issue 1,2022

8. Korotkina RN, Fomchenkov EP, Babkina NV, et al. [The
antioxidant action of dalargin on the liver in experimental acute
cholestasis]. Patologicheskaya Fiziologiya i Eksperimentalnaya
Terapiya. 1990; 4: 42—4. Russian.

9. Likhvantsev VV, Grebenchikov OA, Shaposhnikov AA, et al.
[Pharmacological preconditioning: role of opioid peptides].
Obshchaya Reanimatologiya. 2012; 8(3): 51-5. Russian.

10.Maslov LN, Lishmanov YuB, Barzakh El, et al. [Cardiovascular
effects of D-Ala2,Leu5,Arg6-enkephalin (Dalargin) are me-
diated by peripheral u-opioid receptor activation]. Ekspe-
rimentalnaya i Klinicheskaya Farmakologiya. 2008; 71(2): 21—
8. Russian.

11.Neutelings T, Lambert CA, Nusgens BV, et al. Effects of
mild cold shock (25°C) followed by warming up at 37°C on
the cellular stress response. PLoS One [Internet]. 2013 Jul
23 [cited 20.06.2019]; 2013; 8(7): e69687. Available from:
https://journals.plos.org/plosone/article?id=10.1371/journal.
pone.0069687.

12.Rauen U, Petrat F, Li T, et al. Hypothermia injury/cold induced
apoptosis — evidence of an increase in chelatable iron causing
oxidative injury in spite of low O,-/H,O, formation. FASEB J.
2000; 14(13): 1953-64.

13.Rauen U, Polzar B, Stephan H, et al. Cold-induced apoptosis
in cultured hepatocytes and liver endothelial cells: mediation by
reactive oxygen species. FASEB J. 1999; 13(1): 155-68.

14.Roobol A, Carden MJ, Newsam RJ, Smales CM. Biochemical
insights into the mechanisms central to the response of
mammalian cells to cold stress and subsequent rewarming.
FEBS J. 2009; 276(1): 286-302.

15.Shenoy SS, Lui F. Biochemistry, Endogenous Opioids. Stat
Pearls [Internet]. Treasure Island (FL): StatPearls Publishing;
2019 [cited 2019 Jun 20]. Available from: https://www.ncbi.nim.
nih.gov/books/NBK532899/

16.Solin AV, Lyashev YuD. Effect of opioid peptides on the content
of LPO products and antioxidant enzyme activity in the liver
of rats after restraint stress. Bull Exp Biol Med. 2012; 153(6):
828-30.

17.Tang B, Zhang Y, Liang R, et al. Activation of the &-opioid
receptor inhibits serum deprivation-induced apoptosis of human
liver cells via the activation of PKC and the mitochondrial
pathway. Int J Mol Med. 2011; 28(6): 1077-85.

18.Zhang Y, Chen X, Gueydan C, et al. Plasma membrane
changes during programmed cell deaths. Cell Res. 2017; 2018;
28 (1): 9-21.



