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PesomMe. DHIOTeHHAsT OIIMOMIHAS CHCTeMa TIpeICTaBIcHAa OMOIOTMUYEeCKN aKTUBHBIMI MOJICKYJIaMU, KO-
TOpBICe IPUHUMAIOT YIaCTHE B PETYJISIHUY MHOTUX (DYHKIIWUI OpraHM3Ma, B TOM YHCJIC B PETYJISLIAN pado-
Tl UMMYHHOM CHCTEMBI. DHIOTCHHBIC OIMMOWIHBIC MENTUIBI BBIICIISTIOTCS IIPU CTPECCE U OCYIIESCTBIISIIOT
KOMMYHHKAIINU TTOCPEACTBOM OMUATHBIX PEIIETITOPOB, KOTOPHIC OOHAPYKEHBI Ha OOIBIIMHCTBE UMMYHHO-
KOMIIETEHTHBIX KIeTOK. OTHUM U3 BasXKHEHIIIMX MHCTPYMEHTOB PETYIISIIIMU ITPOIIECCOB MMMYHHOM CUCTEMBI
saBasgeTcs armonTod. Llenb nccienqoBaHnsT — OLICHUTD BIMSHIE pa3IMIHBIX BUIOB cTpecca Ha arronto3 CD4"/
CD8* mmM}pOoIUTOB B YCIOBUSIX OJI0KAIBI OITMATHBIX PEeIIeIITOPOB. OOBEKTOM MCCIICIOBAHMS CIIYKIIN OCIIbIC
OGeCITOpOIHBIC MBIIIN CaMIIbl, KOTOPBIX COACPKAIM B JJabopaTopHOM BuBapuu. Clemylolne BUIOBI cTpecca
ObUIM U3y4eHbl: MUMMOOMIN3aLMOHHBIN (6 4 B ITOJIOKEHUM Ha CIIMHE), POTALIMOHHbLIA (60 MuH: 10 MUH Bpa-
mieHue npu 78 06/MuH, 5 MUH OTOBIX), ABa BUaa OCTPOro xonomosBoro (10 mun wiu 60 mun npu -20 °C),
XpoHUYecKuii xomonoBoii (-4 °C mo 4 Jaca exXXeTHEeBHO, Ha MPOTSLKeHUH 7 CyTOK). OmuaTHBIC pelenTOPHI
OJIOKMPOBAJIN TTOIKOXHBIM BBEICHNEM HaJJOKCOHA rumpoxiopuna B mo3e 0,2 Mr/Kr 3a 20 MUH OO cTpecca U
gepe3 3 Jaca IMMOBTOPHO, IIPH IJIUTSIBHOCTU cTpecca 6osee 3 yacoB. CIICHOIIUTHI OKPAIINBaJIM MOHOKJITO-
HapbHBIME aHTHTeNIaMu PE anti-mouse CD4 u PE anti-mouse CDS8 (BioLegent, CIIIA), mocie nHKyOaIum
M OTMBIBKM OKpPAIIMBAJIM peareHTaMu I omnpeneiieHus amorro3a Annexin V-FITC/7-AAD kit (Beckman
Coulter, CIIIA) B COOTBETCTBUU C MHCTPYKIIMEN MTPOU3BOAUTEIISI. ATIONTO3 JTMMMOIIMTOB PETUCTPUPOBATIA
Ha nutoMeTpe CytoFLEX S (Beckman Coulter, CIIIA). YcTaHOBICHO, 9YTO UMMOOMIN3AIIMOHHBIN CTpecC
(IIpOaOIKUTEIBHOCTBIO 6 4) U OCTPbIi X01010B0M cTpecc (60 MuH -20 °C) He3aBUCHMO OT BBEACHUS HAJIOK-
coHa ycmymmBaroT aronto3 CD8' muMm@onnuToB celle3eHKM MBIIIN. XPOHUIECKU X01010Boi ctpece (-4 °C
4 gaca / 7 CyTOK) NpUBOINJ K CHIUKCHHUIO TIPOIICHTA alTONTOTUICCKUX JTUM(POIIMTOB CEIe3¢HKM TOJIBKO Ha
(doHe OJIOKaAbl OIMMATHBIX PEHENTOPOB. DPHEeKTOB pOTAIIMOHHOIO CTpecca U KPaTKOBPEMEHHOTO OCTPOTO
xomomoBoro crpecca (10 muH -20 °C) Ha IIpoliecch aIroITo3a 3aUKCUPOBaHO He ObLTIO. TaKmMM 00pa3oM,
IIBa BUAa CTpecca — MMMOOMIM3AIIUOHHBINA 1 OCTPBII XOJIOI0BOM — ycrmmBaian aronto3 CD8* mmMdbor-
TOB, SHIOTCHHAsI ONMMONIHAS CUCTeMa He MMPMHUMAJIA YIaCTHUsI B PETY/ISIIMHA 3TUX IIpolieccoB. B ycioBmsx
XPOHUYECKOTO XOJIOIOBOIO cTpecca Ha (DOHE BBEIACHUSI HAJJOKCOHA OTMEYaI0Ch YMEHBIIICHIE CBI3bIBAaHUS
aHHeKCHHA TUMQOIINTAMHU CEIC3CHKM MBIIIIH.
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Abstract. The endogenous opioid system is involved in regulation of many body functions, including immune
system regulation. Endogenous opioid peptides are released under stress and communicate with opiate receptors,
which are found on most immune cells. Apoptosis is one of the most important instruments in the regulation of the
immune system. The aim of this study was to evaluate effects of various types of stress upon apoptosis of CD4*/
CDS8* lymphocytes under conditions of opiate receptor blockade. The objects of this study were white outbred male
mice, been kept in laboratory vivarium. The following types of stress were studied: immobilization (6 h in the supine
position), rotational (60 min: 10 min rotation at 78 rpm, 5 min rest), two types of acute cold (10 min or 60 min
at -20 °C), chronic cold (-4 °C for 4 hours daily, for 7 days). Opiate receptors have been blocked by subcutaneous
administration of naloxone hydrochloride at a dose of 0.2 mg/kg 20 minutes before stress, and again 3 hours later,
with a stress duration of over 3 hours. Splenocytes were stained with PE-labeled monoclonal antibodies against
murine CD4, and antibodies against mouse CD8 (BioLegent, USA); after incubation and washing, they were stained
with reagents for determining apoptosis. V-FITC / 7-AAD annexin kit (Beckman Coulter, USA) according to the
manufacturer’s instructions. Lymphocyte apoptosis was recorded with a CytoFLEX S cytometer (Beckman Coulter,
USA). Results. It was found that immobilization stress (lasting 6 h) and acute cold stress (60 min -20 °C), regardless
of naloxone administration, enhance apoptosis of mouse CD8* lymphocytes. Chronic cold stress (-4 °C 4 hours / 7
days) led to a decrease in apoptotic spleen lymphocyte numbers only during the blockade of opiate receptors. The
effects of rotational stress and short-term acute cold stress (-20 °C, 10 min) upon apoptosis were not registered.
Thus, two types of stress (immobilization and acute cold) caused intensification of CD8" lymphocyte apoptosis;
endogenous opioid system seems not to participate in regulation of these processes. Under conditions of chronic
cold stress with naloxone injections, we have noted a decreased Annexin binding by spleen lymphocytes in mice.

Keywords: stress, apoptosis, T-lymphocytes, opioid system, naloxone, immune system

WUccnenoBanus IIpOBCACHbBI B paMKax rocyaap- 0JioKaza OnMuaTHbIX peuenTopoB USMEHACT AMHAMMU -

CTBEHHOTIO 3aaHusI, HOMEP rOCyIapCTBEHHOM peru-
crpauuu TeMbl Ne AAAA-A19-119112290007-7.

BeegeHve

DHIOoTeHHass OMMONAHAS CUCTeMa IIpeAcTaBIcHA
GU3NOTOTUYECKN aKTUBHBIMU OMOPETYJISITOPHBIMU
COEJIMHEHUSIMU, OCYIIECTBIISIOIIMMU KOMMYHUKA-
MU MEXAY HEPBHOM, SHIOKPUHHOW U UMMYHHOM’
cucteMamMu [5]. Dkcropeccusi ONMMATHBIX PeLEenTo-
pOB J0Ka3zaHa Ha OOJIbIIMHCTBE KJI€TOK UMMYHHO
cucteMbl. PazHooOpa3Hble BapuaHThI CcTpecca, a
TakXe WX pasjiMuHasl MpOJOJIKUTEIbHOCTb, MOTYT
3HAYUTEJIbHO OTJINYATHCS MO CTENEHU BbIpaXkKeHHO-
CTU DHAOKPUHHBIX UBMEHEHUN U, KaK CJIeACTBUE, C
pa3HOl HANpaBJEHHOCTbHIO BJIMSATH HAa UMMYHHBIH
oTBeT [4].

Panee HaMu ObLIO MTOKa3aHO, YTO pa3jidyHbIC Ba-
pUaHTBI cTpecca MOAYJUPYIOT MPOAYKLIUIO aKTUB-
HBbIX (hOPM KHMCI0pO1a, aHTUTEJIOTeHE3, Mpordepa-
LU0, MTPOAYKIIMIO IUTOKMHOB, TAKXKE MTOKA3aHO, YTO

Ky OTAENbHBIX MOKa3aTeseil, B YaCTHOCTU OTMEHSIET
BIWSIHUE CTpecca Ha aHTUTEJOreHe3, IMPOIYKIIWIO
IL-2, IFNy, nponudepatuBHbiii oTBeT [ 1, 2]. OnHuUM
13 BaXXHEUITNX MHCTPYMEHTOB PETYJISIIINU TIPOLIeC-
COB UMMYHHOU CUCTEMBbI SIBJISIETCSI aTllOMNTO3.

eab padoTel — M3YyYUTHh BIUSHUE PA3TUYHBIX
BapUaHTOB CTPECCOBOIO BO3JEWCTBUSI Ha amoITO3
CD4%/CD8* nuMdoLUTOB B YCIOBUSIX OJIOKaIbl
OMUATHBIX PELIENTOPOB.

MaTepmanbl N METObI

DKcnepruMeHTHI TTPOBEISHBI Ha OeNbIX MbIIIax-
caMuax Maccoit tena 21-23 r. ZKMBOTHBIE comepxka-
JINCh B JIaOOPATOPHOM BUBApUM MPU €CTECTBEHHOM
OCBEILUEHUM, HEOTPAHUYEHHOM JOCTyIle K BOAE U
KOpMaM. DKCIIEPUMEHTBI IIPOBEIEHbI B COOTBET-
CTBUM C 3TUYECKMMHU HOPMaMU M PEKOMEHIALUSIMU
110 TYMaHU3allMU padOThI ¢ 1abOpPaTOPHBIMU XKUBOT-
HBIMHU, OTPpakeHHBIMU B «EBpOIIeiiCKOI1 KOHBEHIINHN
10 3alllUTe ITO3BOHOYHBIX KMBOTHBIX, HCITOIb3ye-
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MBIX JUISI 3KCIICPUMEHTAIBHBIX W APYTUX HAyIHBIX
neneit» (Ctpacoypr, 1986).

B pabore mcrionb3oBaHbI Cleaylole BapuaH-
THI CTpecca: UMMOOWIM3AIIMOHHBIN (MBIt (UK-
CUPOBAJIM B MOJIOKEHUM Ha CIUHE B TeyeHue 6 u),
POTALIMOHHBIN (pOTaLlMsl MBIIIEH OCYIIEeCTBIISIaCh B
TeyeHue 1 yaca rmo 10 MUH ¢ mepepbIBaMU 5 MUH IpU
78 00/MUH), X0JIOOMOBOU B Tpex BapmaHTax (10 MuH
win 60 muH npu -20 °C, a TakKe XpOHUYECKUI XO-
JIONOBOM CTpecc — oxyaxaeHue Mbliiei pu -4 °C B
TeyeHue 4 4acoB exKeTHEBHO 7 CYTOK MOAPSI).

Bbiiokany onmmaTHBIX PElIETITOPOB OCYIIECTBIISUIN
MyTeM BBEIEHWSI HaJOKCOHA TMAPOXJIOpHUIa B 03¢
0,2 Mr/Kr nmoakoxHo 3a 20 MUH 10 Hayaja J0oro
BapMaHTa cTpecca, IIOBTOPHO Yepe3 3 yaca Mpu UM-
MOOWIN3aIINN, OIBAXKIBl €XKECYTOIHO IIPU XpPOHUYC-
CKOM XOJIOJIOBOM CTpecce.

ITocie oOKOHYaHMS CTPECCOBOIO BO3ACUCTBUS
>KMBOTHBIX BBIBOAWJIM U3 3KCIIepUMeHTa. B ciydae
POTAIIMOHHOTO M HWMMOOMJIM3AaIlMOHHOTO CTpecca
OlHa TIOJIOBMHA XKWBOTHBIX BBIBOIWJIACH M3 IKCIIE-
pUMEHTa HEMOCPEICTBEHHO MOcJe cTpecca, Apyras
MOJIOBMHA 4Yepe3 24 yaca IMocJie OKOHYaHUSI CTpec-
coBoro Bo3neiicTBus. CINIEHOIIMTHEI TOMOTOHE3UPO-
BaJI, SpUTPOLIUTHI Ju3upoBasim pactBopom NH,CI
¢ OTA, KneTku okKpallMBalu MOHOKJIOHAJIbHBIMU

aHtutesamu PE anti-mouse CD4 u PE anti-mouse
CDS8 (BioLegent, CIIIA) B Teuenue 20 MUHYT B CO-
OTBETCTBUM C HHCTPYKIIMEH MPOU3BOAMUTEIS, I1O-
cie yero kjetku otMmbiBaniu DPBS (Sigma, CIIA)
M OKpalllMBaJM C IIOMOIIBIO pPeareHTOB Annexin
V-FITC/7-AAD kit (Beckman Coulter, CIIIA) B
COOTBETCTBUM C MHCTPYKLUMEN NPOU3BOAUTEI, U
PETUCTPUPOBAIIN AIIOITO3 JUM(MOILIMTOB METOIOM
IPOTOYHOM IIMTOMETPUU Ha MTPOTOUYHOM IIUTOMITIO-
opumetpe CytoFLEX S (Beckman Coulter, CILA).
PesynbraTel mpeacTaBlieHbl B BUAE MPOIEHTa Kile-
TOK, CBSI3aBIIINX aHHEKCUH, OT BCEX CIUICHOIIMTOB.
CraTucTU4eCcKylo 00pabOTKy pe3yJabTaTOB ITPOBO-
IWIA C WCHOJB30BAHWUEM HEMApHOIo t-KPUTEPUsI
CrploneHTa.

PesynbTatsl 1 00CyxaeHue

Ilpu ouleHKe BIMSHUS pPA3JIMIHBIX BapUaAHTOB
ctpecca Ha anonto3 CD4* u CD8*T-nmumdonuToB
CEeJe3eHKM MBIIIU YCTAaHOBJIEHO, YTO WMMOOU-
JU3ALMOHHBIA CTpecc He3aBUCUMO OT OJ0Kaabl
ONMMATHBIX PELENTOPOB ycwiauBan amorro3 CD8*
JUM@OILIUTOB 1 HE OKa3bIBaJl BIMSHUS Ha aIloIlTo3
CD4*-knetok. PoTallMOHHBII CcTpecc Ha aronTo3
obeux cyorionmynsauuii T-ki1eTok He BausI (Tad. 1).

TABIULA 1. BMIAAHUE POTALIMOHHOIO N UMMOBUNU3ALIMOHHOIO CTPECCA HA ANOmnTO3 T-TMM®OLINTOB
CENE3EHKW MbILLUKX B YCNOBKUAX BNOKALbI OMUATHbLIX PELIENTOPOB, Mtm

TABLE 1. INFLUENCE OF ROTATIONAL AND IMMOBILIZATION STRESS ON THE PERCENTAGE OF APOPTOSIS OF T
LYMPHOCYTES IN THE SPLEEN OF A MOUSE UNDER CONDITIONS OF BLOCKADE OF OPIATE RECEPTORS, M+m

JKcnepuMeHTanbHoe Bo3gencTene
Experimental exposure

HpoueHT anonTU4YeCKuX KretTok
Percentage of apoptotic cells

CDh4* CD8*

KOHTpPOJb
control

16,75+0,90% 8,96+0,45%

POTaLMOHHBbIN CTpecc
rotational stress

19,38+1,73% 8,74+0,19%

POTALMOHHBLIN CTPecC + HaNoKCOH
rotational stress + naloxone

16,49+1,96% 9,33+0,71%

MMMOOUNM3aLUNOHHbIN CTpecc
immobilization stress

16,78+1,32% 13,25+0,52%*

MMMOOMUNM3aLUNOHHbIN CTPecc + HaNoOKCOH
immobilization stress + naloxone

19,16£1,89% 13,55+0,89%"

HaroKCoH
naloxone

13,87+0,66% 10,12+1,18%

HanoKCOH 2 pa3a
naloxone twice

10,67£1,91% 9,58+0,61%

Mpumeyanue. * — p < 0,05 k KoHTponto (n = 9).
Note. *, p < 0.05 to control (n = 9).
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TABINLA 2. BMUAHKUE PA3NUYHBIX BAPUAHTOB XONOAOBOIr0 CTPECCA HA AMOMNTO3 CD4*/CD8*T-IMM®OLIUTOB
CENE3EHKW MbILLKX B YCNOBUAX BNOKALbI ONMUATHbLIX PELIENTOPOB, Mtm

TABLE 2. INFLUENCE OF DIFFERENT VARIANTS OF COLD STRESS ON THE PERCENTAGE OF APOPTOSIS OF
T-LYMPHOCYTES IN THE SPLEEN OF A MOUSE UNDER CONDITIONS OF BLOCKADE OF OPIATE RECEPTORS, M+m

OKcnepumeHTanbHoe Bo3gencTeme
Experimental exposure

MpoLeHT anonTU4YeCKUX KreTok
Percentage of apoptotic cells

CcD4* cps*
i 16,75+0,90% 8,960,45%
jg g 18 e 19,38+1,73% 8,74x0,19%

-20 °C, 10 MMH + HaNoKcoH
-20 °C, 10 min + naloxone

16,49+1,96% 9,33+0,71%

-20 °C, 60 MuH
-20 °C, 60 min

16,78%1,32% 13,25x0,52%*

-20 °C, 60 MMH + HaNoOKCoOH
-20 °C, 60 min + naloxone

19,16x1,89% 13,55+0,89%"

+4 °C, 4 yaca B cyTku / 7 cyTOK
+4 °C, 4 hours a day / 7 days

18,36+3,94% 11,25+2,57%

+4 °C, 4 yaca B cyTku / 7 CyTOK + HarlOKCOH
+4 °C, 4 hours a day / 7 days + naloxone

12,98+0,97%* 9,59+1,18%

HarOKCOH
naloxone

17,45+0,89% 8,74+0,71%

HarloKCOH 2 pasa
naloxone twice

14,44+0,25% 10,82+1,47%

MpumeyaHue. CM. npumeyaHue kK Tabnuue 1.
Note. As for Table 1.

Yepe3 CYTKM ITOCTIe OKOHYAHMS POTALIMOHHOTO WJIN
MMMOOMIM3ALIMOHHOTO CTpeccoB 3(P@deKToB Ha
aronTo3 JUM@POLUTOB 3a(UKCUPOBAHO HE OBLIO
(maHHbIE HE TPUBOASTCS ).

Hanee nmpeacTaBieHbl pe3yJibTaThl BAUSHUS pa3-
JIMYHBIX BapUaHTOB XOJIOJOBOrO CTpecca Ha aIloll-
T03 CD4"/CD8*T-1nM(MOLIMTOB CeNIe3eHKN MBI
(Tabs. 2). YcraHOBJEHO, YTO B ycJaoBMSIX 60 MUH
XOJIOJJOBOTO CTpecca OTMEYajoCh HE3aBUCUMOE OT
HaJIOKCOHa ycujieHue arnonrto3a CD8* u He 3aduk-
cupoBaHo 3¢dekToB Ha amnonTto3d CD4*-kjeTok.
KpaTtkoBpeMeHHbIi1 ~ 10-MUHYTHBIM  XOJIOJO0BOI
CTPECC Ha INPOLECCHI IPOrPAMMUPYEMOI KIIETOUHOM
ruoemu CD4'/CD8'T-nuMdOLMTOB BIUSHHUS HE
OKa3bIBaJI. XpPOHUUECKHUU XOJIOIOBOI CTPECC TOJIBKO
Ha oHe OJI0KaIbl OMTMOUIHBIX PEIETITOPOB MPUBO-

INJI K CHIDKEHMIO CBSI3bIBAHMS ¢ aHHeKcuHOM CD4*
JUMQPOLIUTOB.

BbiBoapl

Takum o0Opa3oM, Kak BUIHO U3 TTOJTYYEHHBIX pe-
3ynbraTtoB, CD8*T-nmuMmdonuTe 60siee YyBCTBUTEb-
HbI K arnorTo3-uHAYLMPYIOILIEMY NeCTBUIO CTpecca.
AnonToTruyeckoe AecTBUE ObUIO 3a(UKCUPOBAHO
TOJILKO Y MoJieJieli UMMOOMJIM3alIMOHHOTO U 60-Mu-
HYTHOTO XOJIOJOBOTO CTpecca. DHIAOTeHHAasl OIU-
OWJIHasl CHCTeMa B PETYJSILMU ITaHHBIX MPOIIECCOB
HE y4acTBOBaJia, W TOJIbKO B CIy4ae XpOHUYECKOTO
X0JIONOBOTO CTpecca HabJI0AAIOCh CHUXKEHUE TTPO-
neHTa anonTto3a CD4* nuMmdonunToB Ha hoHE CTpec-
ca Mpu YCI0BUY OJIOKAIbl OMTMOUTHBIX PEIETTTOPOB.
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B paGotax npyrux aBTopoB ObLIO MOKa3aHO, YTO
XPOHUYECKUU TEIJIOBOM CTPeCcC CIOCOOCTBOBAJ BKC-
npeccur aHTUAMoONTO3HOTO (pakTopa B-kieTouHoit
anMdombi-2 (Bcl-2) 1 nHrnoémupoBas armornTo3 JIMM-
(GOIIMTOB B CEJIE3CHKE U CIM3MCTON O0OJIOUKE KU-
meuHrka. C 3TUM TIPOLIECCOM CBSI3BIBAIOT 3HAUM-
TeJibHOe yBequnueHue konmuectBa CD4*T-kieTok u
cooTHomreHuss CD4*/CD8*T-KJIeToK B celie3eHKeE.

Taxkske OTMEUAJIOCh ITOBBIIIICHUE COMEPKAHMS OeJrka
terutoBoro 1moka 70 (HSP70) [3], koTophlii MOXeT
MOBBIIIIATHCS W TIPU XOJIOA0BOM cTpecce. bosee mpo-
JMOJDKUATENIbHBIA MMMOOMIM3aLMOHHBIN cTpecc (110
12 4 B TeyeHUe 2 CYTOK) MPUBOIMJ K MOBBIIIEHUIO
CD-95 onocpenoBaHHOIO amonTo3a CIUIEHOLIUTOB,
KOTOPBIi MOT ObITh OTMEHEH BBEACHMEM HaJIOKCOHA
WIM HaJITpeKcoHa [6].
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