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B aKkcniepuMeHTax Ha KpbICaX UCCIEI0BAIOCHh YUacTUE CO-MEeIMaTOPOB CUMIIAaTUYECKO HEPBHOM CHCTEMBI B
YTHETAIOIIEeM BIIMSTHUM [TyOOKOTO OXJIaXKIEeHUs Ha aHTUTEI000pa3yolylo GYHKIINIO cele3eHKH. M3ydanocs:
1) Bo3aeiicTBUE NIyOOKOTo OXJIAXISHUS (CHMXKEeHME TTyOoKoit TeMnepatyphl Ha 3—4°C), 2) BBeneHWe Meaua-
TOpa CUMITATHYeCKOM HEPBHOM cucTeMbl HopanpeHannHa (HA, 1 mMr/mi), 3) ero co-menuaropa AT® (0.01 u
10 Mr/mn) u 4) 610KkaTopa P2X-nypuHeprudeckux peuentopoB PPADS Ha KoJTMueCcTBO aHTUTEI000pa3yIoix
KJIETOK CeJIe3¢HKH B OTBET Ha UMMYHM3allUI0 3puTpoluTamMu 6apaHa. [ltybokoe oxmaxnenue u AT® yraera-
JM, Torma kak HA ctuMynupoBai aHTUTel1000pa3oBaHue B cene3eHke. biokana P2X-mypuHepruuyeckux pe-
nenTopos ¢ moMoinbio PPADS ctumynupoBaia antuterooopazoBanue B HopMme. Ha ¢pone 6mokaner P2X-1my-
PMHEPTUYECKUX pelenTopoB yrHerawlee aciicteue AT® u m1yboKoro oxjaaxkaeHusl Ha aHTUTEI1000pa3oBa-
HUEe He MPOSBIISLIOCH. [lonydeHHBbIE Pe3yabTaThl CBUAETEIBCTBYIOT O Pa3HOHAIIPABICHHOM BIUSIHUU CO-
MeINaTOPOB CUMITATUYECKOM HEPBHOM CUCTEMBI HA aHTUTEJ000pa3oBaHUE B CelIe3eHKE U MO3BOJISIOT CUM-
TaTh, YTO YIHETAIOIIIee IeMCTBHE X0JIoAa Ha aHTUTEJI0O00pa3oBaHe B ceJie3eHKE IMTPOUCXOAUT ¢ yuactueM ATD
yepes P2X nmypuHepruyeckue pelenTophl.

Knrouesote crosa: Tirybokoe oxiiaxiueHue, HopaapeHainH, AT®, UMMyHHBII oTBeT, 6jiokaTop P2X nmypunep-
rudeckux peuernropon, PPADS
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BBEAEHUE

Peakiiust opraHru3ma Ha BO3I€MCTBYE TOTO WJIM MHOTO
dakTopa SABISETCS KOMOMHAIMEH OTBETOB Pa3IMYHBIX
(U3UOTIOTUYECKHX CHUCTEM opraHusMa. OxiiaxiaeHue
OKa3bIBaeT BJIMSHUE MpPaKTUYECKUM Ha Bce (hyHKIIMO-
HaJIbHBIE CHUCTEMbl OpraHW3Ma, BKJIIOYAas WUMMYHHYIO.
IMokazaHo, yTo IyOOKOE OXJIaXKAeHe MTPUBOIUT K yTHe-
TEeHUI0 UMMYHHOTO OTBETa Ha aHTWUIEH B CeJie3eHKe,
MPUYEM 3TO MPOSIBIISIETCS B YTHETEHUM KaK aHTUTEHCBSI -
3bIBaHUsI, TaK U aHTUTeI000pazoBaHus [ 1—4].

XOopoI1110 U3BECTHO, YTO XOJIOA0BOE BO3/ICHCTBIE HA
OpraHv3M BbI3bIBAE€T aKTUBALIMIO CHUMMOATUYECKON
HEPBHOU CUCTEMBI, KOTOPOE COMPOBOXIAETCS BBIOPO-
COM HOpaJpeHaJIMHAa B KPOBb W3 CUMMNATUYECKUX
HEPBHBIX OKOHYaHMI1 [5—8]. MexaHu3M peann3aluu
JIEUCTBYS HIOTEHHOTO U 9K30T€HHOTO HOpaIpeHaIu -
Ha Ha (DYHKUMIO pa3InYHbIX OPTaHOB 1 TKaHel Tpe/-
roJjiaraeT BOBJIEUEHUE Pa3IUUYHBIX TPYIN aJpeHope-
nenrTopos [9, 10].

K HacTosimiemMy BpeMeHU HAIISIIHO TPOJEMOH-
CTpUpOBaHA CUMIIATUYECKas! U IMypuHEeprudeckas co-
TpaHCMUCCUS, T.€. TIPU aKTUBALIMU CHUMITIAaTUUYECKUX

HEPBHBIX OKOHYAaHUWI BBIAEISIETCSI HE TOJLKO HOpa-
peHanuH (HA), HO 1 npyrre OMOJIOTUYECKU aKTUBHBIE
BeIIeCcTBa, B TOM YHCJIe W aneHO3WH-5'-Tpudocdar
(AT®) [11—15]. CuMnaruyeckasi HEpBHasl CHUCTeEMA,
WHHEPBUPYST UMMYHHEBIC OpTraHbl, BBIIEISICT CBOU CO-
TpaHcMutrepbl — HA u AT® — B HelmocpeacTBEHHOI
OJIM30CT OT UMMYHHBIX KJIETOK [16, 17]. AT®D, neii-
CTBYS KaK CUTHAaJIbHAsE MOJIEKyJia YU aKTUBUPYS ITypU-
HepTru4ecKre pelenTophbl, MOXKET Y4acTBOBAaTh B (hOP-
MUPOBAHUU UMMYHHOTIO OTBeTa opranusma [18]. AT®
B3aMMOJCUCTBYET C IIypUMHEPIrUYeCKMMHU pelenrTopa-
MU KJIETOK ¥ UHAYLIHMPYET UX pa3IndHbIC PeaKIIN.

CyliiecTBOBaHMEe CO-MeaUaTOPOB MperoaraeT Ba-
pyaluMyu MEXaHU3MOB HEWPOMOMYJISIIIUA WMMYHHBIX
npoueccoB. Ponbr AT®, kak HeitpoTpaHCMUTTEpA, B
¢hopMUpPOBAaHUU UMMYHHOTO OTBETA OpTaHM3Ma Ha XO-
JIOMOBOE BO3JIEUCTBHE HE HCCIEAOBalach. YUUTHIBaAs
TO, YTo ATD sIB/IsIETCSI CO-MEIMAaTOPOM HOpaJIpeHaIM -
Ha, BaXKHO TMOHSTh, Ha KaKWe COCTaBJISIIONINE UMMYH-
HOM peaklMy OKa3bIBaIOT BIUSIHUE KaXIBIA U3 3TUX
MEINaTOPOB, a TAKXKE Yepe3 KaKue TUIThl MypUHEepTU-
YeCcKUX pelenTopoB peanusyercsd BausgHue ATD. [1nsa
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M3y9eHUsT (PU3UOJIOTMUECKOM POJIN BeIlleCcTBa, MeiCTBY-
FOIIIETO Yepe3 pelleNTOPhI KJIIETOYHOM MeMOpaHbl, HE00-
XOIUMBI criel¢uieckre 6;10KaTopbl 3TUX PELIETTTOPOB.
IMokazano, uTo mupuaokcanbdocdar-6-azodpenmnn-2',4'-
nucynbdoHoBas kuciora (PPADS) GnoxupyeT mMoHO-
TporHbie P2X petientopel AT® [19, 20].

B HacrosiiieM ucclienoBaHWW TIPEANPUHSITA TI0-
MbITKA BBISICHUTD BKJIaJ MypPUHEPTUYECKOM CUCTEMBI B
MEXaHU3Mbl B3aUMOOTHOIIIEHUSI TEPMOPETYJISTOPHOI
Y UMMYHHOI CUCTEM B YCJIOBUSIX TIIYOOKOTO OXJIAXKIe-
HUSI opraHu3Ma. Mbl MOMBITAIUCH OTBETUTDH Ha CJIEIy-
[olIre Bonpockl: (1) Kakoit U3 co-MeanaTopoB CUMIIa-
TU4YecKou HepBHOM cuctemMbl HA wiu AT® oTBeTcTBE-
HEH 3a yTHETeHHe aHTUTeJIo00pa3oBaHusl B CeJie3eHKe,
KOTOpPO€ MPOUCXOAUT IIPU IIyOOKOM OXJIaXaeHUH, (2)
BBISICHUTH BO3MOXHOCTbh y4yacTusi P2X mypuHepruye-
CKux pelentopoB B addekrax ATP u 1iybokoro
OXJIZXKJIEHUSI HA aHTUTEI000pa3oBaHuUeE.

METO/1bl UCCIIEJOBAHUWA
Kusomnuwie

B skcniepuMeHTax MCIOJIb30BAIUCH KPBIChI-CAMIIBI
Bucrap maccoit 270—290 r, conep:kaBllrecsl B CTaH-
JAPTHBIX YCIOBUSIX BUBAPHsI CO CBOOOIHBIM TOCTYIIOM
K Boze U nuiie. Bee mpouenypsl, BKIo4as (pUKcamuio
TepMoTapbl, MOHO(DOpE3, OXJIaXKIeHNEe U UMMYHH3a-
LIMIO Ha MUKE OXJIAXICHMS, IIPOBOIMNINCH HA aHECTe-
3UPOBAHHBIX KpPbICAX, YTOOBI UCKIIOYUTH 3MOLIMO-
HaJbHYIO COCTAaBJISIIONIYI0O W IBWKECHHE >KUBOTHBIX.
Kaxkmoe X1BOTHOE UCITO/Ib30BaIOCh TOJIbKO OIUH Pas.

Beedenue AT®, HA u PPADS

HMNonodope3 OMOTOTMYECKU AaKTHMBHBIX BEIIECTB
AT® (Fluka, BioChemika) u HopagpeHanuH (HA)
(Sigma) mpou3BOOMJIN C MCITIOJIb30BAHMEM CUCTEMBI
JIOCTaBKW JIeKapCcTB (MEAULIMHCKUI TrajJbBaHU3aTOP
“ITorok”, Poccus); cuna Toka cocrasisuia 0.08 MA/cm?
Ha ruiowtanuy 25 cm? B redenue 20 muH. PPADS (Sigma)
BBOIWIM BHYTpUOpPIOIIMHHO. TemmepaTypa npuMeHsie-
MBbIX pacTBOpOB cocTanisiia 37—38°C. B oNbITHBIX IPyII-
Max >XKUBOTHBIM Tiepe/l OXJIaXkIeHUEM TTPOBOAMIIOCH BHY-
TPUOPIOIIMHHOE BBeAeHNE WX MOHO(Oope3 1 MII TOTro
WJIYM UHOTO BEIIIECTBA B KOXY XXKHWBOTa (00JaCTh Moce-
JYIOILIETO TPUIOKEHUS XOJI0I0BOTO CTUMYJIA).

Oxaaxncoenue

DKCIIEPUMEHTHI TMPOBOIMIIMCH IPU TEMIIEpAType
Bo3ayxa B momemieHuu 24—25°C. McXomHO ¢ MOMO-
IILIO BOIASHOTO TepMoOJAa U TepMOCTaTa MOIIepKUBa-
JIMCh TeMIlepaTypa Koxu xusBota 37.3 £ 0.13°C, pek-
TanbHas Temieparypa 38.1 + 0.11°C. Mcnonb3oBanach
MOJIEJIb OBICTPOrO OXJAXKIECHUS C BOBJIEYEHUEM TUHA-
MHYECKOl M CTaTUYECKOM KOMIIOHEHT aKTHMBHOCTU
KOXHBIX TEPMOpELeNTOpoB. OXJIaxIeHNe ITPOBOIU-
JIOCh C TTOMOIIBIO TEPMOJA M TepMocTaTa B 06JacTU
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JKUBOTa, MPEeNBapuUTEIbHO OCBOOOXIEHHON OT Iep-
ctu, co ckopocthio 0.1°C/c, muomans oxaaxkaaeMoi
IMOBEPXHOCTH cOCTaBIsuIa 25 cm?. Bo Beex cityyasix my-
OuHa oxJaXIeHUs XUBOTHBIX OblIa OIMHAKOBOI, 10
CHUXXEHUsI peKTaJbHOI TeMmriepaTypbl Ha 3—4°C. Jlns
KOHTPOJISI TTTyOMHBI 1 CKOPOCTU OXJIXKIEHUST PEKTATb-
HYIO TeMIlepaTypy U TeMIepaTypy KOXHU U3MEpSIN C
TMOMOIIIBIO TepMOMap U PErUCTPUPOBAIN C TIOMOIIBIO
cuctembl “BIOPAC” (Biopac Systems Inc., Goleta,
CA, CHIA).

QKcneleMeﬂma/leble ePYnnbvl HCUBOMHLIX

J11s1 BBISIBIIEHUSI UMMYHOMOIYIUPYIOMNX 3¢ddek-
TOB >XKMBOTHBIX TMOJIBEpPrajd >KCIIEPUMEHTATbHOMY
BO3ACUCTBUIO TI0 OOHOI M3 YKa3aHHEIX cxeM: (1) aHe-
CTe3usl, UMMYyHU3alus (KOHTpOJb, n = 19); (2) aHecTe-
3Usl, oXJIaXKIeHUEe, UMMYHU3alMsl Ha TIMKe OXJIaXje-
HUS (BAUMSIHUE OBICTPOro TJIyOOKOro OXJaXKAEHUS,
MPEIIECTBYIONIET0O UMMYHU3AllMU, HA UMMYHHBIN OT-
BeT (bI'O, n = 12); (3) aHecTe3usi, MoHO(Ope3 OMOIOTH-
YeCKW AaKTUBHBIX BEIECTB, MMMYyHM3alus (BIUSHUE
OMOJIOTMYECKU aKTUBHBIX BEILIECTB HA UMMYHHBIA OTBET
B TepMOHENTpaIbHBIX ycaoBUsX (ATD 0.001 mMr/mi, n =
= 13; AT® 10 mr/mi, n=11; HA 1 mr/Mn, n = 10; PPADS
0.001 mr/mn, n = 12; AT® 0.001 mr/mMn + PPADS
0.001 mr/™Mn, n = 12)); u (4) aHecTe3ust, HOHODOpe3 O1Oo-
JIOTUYECKM aKTUBHbBIX BELIECTB, OBICTPOE IITYOOKOE OXJ1a-
xnenue (bI'O), umvyHuzalus (BIASIHUAE OXJIAaXKACHUS
Ha (poHe OGMOJIOrMYECKN aKTUBHBIX BEIIECTB HA UMMYH-
Heiit otBer (HA 1 mr/mn + BI'O, n = 10; PPADS
0.001 mr/™mm + BI'O, n = 10; AT® 0.001 mr/mi + PPADS
0.001 mr/™mn + BI'O, n = 14).

Hmmynuzayus u 3a60p mamepuana

ZKMBOTHBIX UMMYHU3UPOBAIN 3PUTPOLIUTAMU Oa-
paHa (BHyTpUOpIOIIMHHOE BBeaeHue 5 X 108 apurpo-
mtoB Oapana B 0.5 mu 0.9%-Horo NaCl) Ha ke
OXJIAXKIECHWSI, B MOMEHT CHIKECHUS PEKTAIbHOIM TeM-
nepatypbl Ha 3—4°C. Ha nisiTble CyTKM IOCJIe MpoLeayp
oXJIaXXAECHUS 1 UMMYHMU3AIUU XKWUBOTHBIX HEKAITUTU-
poOBall U TIPOU3BOININ 3a00p CeAe3eHKHU 1T UMMY-
HOJIOTMYECKOTO aHaJIN3a.

Buvioenenue knemok cenesenxu

Cerne3eHKy 3a0upanu BO (pJIAKOHIUK CO CPEIIoi,
3aTeM BBIHUMAJIW, OUMIIAJIM OT KMpa U B3BEIIIUBaJIH.
M3 cepenmHBI celle3eHKU, 3aXBaThiBas BCE CJIOW,
HOXHUIIAMHM OTpe3ajn KycOodyeK, B3BEeIIMBalM Ha
TOPCUOHHBIX Becax, MoMelaiu B cpeay. Bec Kycou-
ka cocrtaBiasur 100—200 mr. PesynbTraThl B3BElIMBA-
HUS GUKCHUPOBAIN B KypHae.

B romorenmnsartop HaauBaiu 1.5 M1 cpeabl XeHKca U
TOMOT€HU3UPOBAJIM BBILIEYKA3aHHYIO YaCTh CEJIE3€H-
KM OBYMS TIaBHBIMM JIBWKeHUSIMU. JloGaBisuin enie
1.5 mn cpenwl, BcTpsixuBaiu. IlodydeHHyIO cMech
GuUIBTPOBAIM Yepe3 METAUINYECKYIO CETOUKY. Smpo-
Ne 6
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Control RDC

Puc. 1. Boussaue 6sicTporo rryooxoro oxaaxaeHus (bI'O,
RDC-Rapid Deep Cooling) Ha Toka3aresnv aHTUTe1000pa-
30BaHUs B cesie3eHKe y Kpbic. KoHTpoub puHsT 3a 100% —
MCXOIHBIE TTOKA3aTeN Y XXUBOTHBIX B TEPMOHEUTPATbHBIX
ycinoBusx 6e3 Bo3aeiicTBus xonona. * — p < 0.05 mo cpaBHe-
Huto ¢ KoHtpoiaeM. AFC (Antibody Forming Cells) — AOK
(aHTUTET000pA3YIONINE KIETKH).

coaepxXKaiiue KJIeTKH, eCIU ObIII0 HeOOXOOMMO 3HATh
X KOJIMYECTBO, MOICYUTHIBaIN B Kamepe [opsieBa.

Hmmynnas peaxuyus

AnturenooodpaszoBanue (AOK) B cee3eHKe OLieHU -
BaJIOCh IO KOJIMYECTBY OJISIIIIKOOOPa3yIONINX KIETOK C
MOMOIIbI0 MeTOJa JIoKajJbHOro remonusa [21, 22].
IMpuHuMIT MeTona 3aKJIlOYaeTcsl B CIAEAYyIOleM: UM-
MYHHBIE TUMQOIIMTEI MHKYOMPYIOTCSI C 3PUTPOILIUTA-
mu 6apaHa (BbB), KOTOpbIMU TIPOBOAWINM UMMYHU3A-
. CekpeTupyemble UMMYHHBIMU JUMMOLUTaAMU
aHTuTeNa TMPOYHIUPYIOT B OKpyXKarolllee IMpocTpaH-
CTBO U (DUKCUPYIOTCSI Ha 3puTpoumtax. lodbasieHue
KOMILJIEMEHTa BbI3bIBAET JIU3UC SPUTPOLIMTOB C TIPU-
COEIUHEHHBIMU aHTUTEJIAMU, U BOKPYT JUMGOIIUTOB,
BBIICJIMBIINX aHTUTeJIa, 00pa3yloTcs MPO3pavyHbIe 30-
HbI TeMOJIM3a, YMCJIO KOTOPBIX MOXXHO COCUUTATh.

Hnsa onpenenenuss AOK B XXnakoii cpelie TOTOBUIN
MHKYyOallmoHHyo cMech: 0.8 M1 pa3BeneHHoii B 50 pa3
KJIETOYHOI1 cycnieH3uu, 0.1 mut cycriensuu 9B (4 x 10°)
u 0.1 M1 pa3BefieHHOI1 B 1.5 pa3za CbBIBOPOTKH MOPCKOIA
CBUHKHM (MCTOYHUK KOMILIeMeHTa). KOMITOHEHTHI me-
peMelIMBaiu, CMECh 3aJIMBAJIM B CTEKJISTHHBIE KaMepbl
JJIs1 TIoficyeTa 30H remosin3a. O0beM KaMepbl (DUKCU-
poBaJics 115 TTOC/IeNYIOIIETro MoAcYeTa aHTUTe1000pa-
3YIOLIMX KJIETOK BO BCEU Cele3EHKE.

Pacuet AOK Ha cene3eHKy IPOU3BOAWIIU 110 CIIENY-
olIeil popmyiie:

A=—"1 9%V x M,
(0.8xV;) M,

I'me A — xonmuuectBo AOK B cene3eHke;
n — konuuectBo AOK B Kamepe;

V, — 00beM KaMephl;

S — pa3BeneHue;

V, — rcxonHblil 00beM;

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U OUIUOJIOTUU

M, — macca Bcell celle3eHKU;
M, — macca Kycouka ceJIe3eHKHU.

Cmamucmuueckuii aHaiu3

CTaTiCTUYECKYI0 00pabOTKyY pe3yIbTaTOB IIPOBOIM-
JIM ¢ TIOMOIIBIO TTakeTa IporpaMm Statistica 8 (Statsoft
Russia). IIpoBepky Ha HOPMaJIbLHOCTb pacIIpeaeicHIUs
MPOBOIWJIM C TOMoIIblo Kputepusi Koamoroposa-
CwmupHoBa. 7151 cpaBHeHUST UACHTUYHBIX ITOKa3aTeseii B
KOHTPOJIBHOI U 3KCHEPUMEHTAIBHOI TpyTax UCHoJb-
30Bau -kputepuii CtbioneHTa. JlaHHbIe TpencTaBieHbl
KaK cpelHee 3HauyeHUe T cTaHaapTHAas OlIOKa CpeaIHETO
(M = SEM). Kputuyeckuii ypoBeHb 3HAYMMOCTHU MIPH-
HuUMaIcs paBHBIM 5% (p < 0.05).

PE3VJIBTATbBI UCCIEAOBAHUA

bovicmpoe enybokoe oxnancoenue (BI'0) co CHUXKEHU-
€M peKTaJIbHOI TeMItepaTypbl Ha 3—4°C IIpUBOINIO K
VTHETCHHUIO aHTUTEI000pa3oBaHUS B CeIe3eHKE, KO-
JIMYECTBO aHTUTEJIOO0PA3YIOIINX KJIETOK B CeJle3eHKe
CHMXaJoch B JiBa pasa (p < 0.05) mpu ObICTpOM ITy60-
KoM oxytaxaeHuu (puc. 1). Yto moaTBepxKmaeT daH-
HbI€, paHee MoJydYeHHbIE HAMU U IPYTUMU UCCIIe0Ba-
Tensimu [4, 23, 24].

J1s1 BBISIBJICHMsI BeOyllero Meauaropa B adgekre
IIyOOKOro OXJaXISHUS Ha aHTUTEJIO00pa3oBaHUE
MMPOBOIWINCH CIEAYIOIINE UCCIIeTOBAHMUSI.

Honoghopemuueckoe s6ederue HA (1 Mr/min) BEI3BIBAIIO
CTUMYJISILIVIO aHTUTEJI000pa30BaHNs B Ccelie3eHKE B IBa
paza (puc. 2), T.e. apdpextr HA B maHHOM ciydyae OBLI
MPOTUBOITOJIOXHBIM 3(P()eKTy IIyOOKOIO OXJIaXKICHUS
(BI'O). I'ny6okoe oxnaxkaeHue Ha (poHe mpeaBapuTesIb-
Horo BBelneHUsT HA Takke MpUBOAWIO K YTHETCHUIO
YPOBHSI aHTUTEI000pa30BaHUS B Ceie3eHKe (YMCIO aH-
TUTEJI000PA3YIOIINX KIIETOK CEJIe36HKU — KOHTPOJIb!
349125.70 + 42928.28, n = 10; HA+ BbI'O: 160651.20 =
+55435.45,n="7;t=2.62, p < 0.05), KaK ¥ IpH1 OXJIAKIE-
HUM 0e3 BO3IeCTBYS BellecTBaMH (puc. 1).

Honogpopemuueckoe esedenue AT®, Kak B KOHLECH-
tpauuu 0.001 Mr/mi, Tak ¥ B KoHUeHTpauuu 10 Mmr/mn
MIPUBOIWIIO K YTHETEHUIO aHTUTEI000Pa30BaHMUS B Ce-
JIe3eHKe 6oJjiee, ueM B aBa pasa (puc. 2). Ddpdexr ATD
OKaszaJicsl OMHOHAIPaBJeHHBIM C ACHCTBUEM XOJ0/1a U
MIPOTUBONOJIOXHBIM 3(dekTy HA, KoTophlii BbI3bIBaJ
CTUMYJISIIIMIO aHTUTEI000pa30BaHMS.

Yuacmue P2X nypunepeuueckux peuenmopos 6 sgghex -
max AT® na anmumenoobpazosanue. bnokana P2X pe-
nenTopoB ¢ moMolipio PPADS B IpOTHBOIIONIOXHOCTE
AT® BpI3bIBaIa 3HAYUTEIBHYIO (B 2 pa3a) CTUMYJILIVIO
aHTUTEJI000pa30BaHMs B cele3eHKe (puc. 3).

Beenenue xxe AT® Ha ¢poHe 6okansl P2X penen-
TOPOB yX€ HE€ BbI3bIBAJIO CTATUCTUYECKM 3HAYMMBIX
M3MEHEHMI aHTUTEI000pa30BaHMs B CeIe3EHKE.

VrHerarollee BIMSIHME ITyOOKOro OXJIaxKIeHUS Ha
AHTUTEJIO00pa30BaHME B CEJIC3€HKE HE MPOSBIISLIOCH,
Ne 6
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Puc. 2. BausHue HopagpeHanvHa (HA 1mr/miu) u ATO
(0.001 n 10 Mr/™Mi1) Ha MOKa3aTeJn aHTUTEI000pa3oBa-
HUS B CeJIe3eHKe y KPbIC B TEPMOHEUTPATbHBIX YCIOBU-
sx. KoHtposb npuHsT 3a 100% — ucxomHble ITOKa3aTeau
Y XKUBOTHBIX B TEDMOHEMUTPAIbHBIX YCIIOBUSIX O€3 BO3IEii-
ctBud BemecTB. * — p < 0.05; ** — p < 0.01 mo cpaBHEHMIO C
koHTtpoiieM. AFC (Antibody Forming Cells) — AOK (aHTu-
TeJI000pa3yoIne KIEeTKN).

€CJIN oxXJIaXIeHUE ITPOBOIUIIOCH TTOCIIE TIPEeIBAPUTEIb-
Horo BBeneHus 610kaTopa P2X penentopos (puc. 4).

OBCYXIEHUWE PE3YJIIbTATOB

TTonydeHHBIe pe3ybTaThl ITOKA3aJIM, YTO JBa CO-Me-
AuaTopa CUMITIaTUYECKOM HEPBHOIM CHUCTEMbI MOTYT I10-
pa3HOMY M3MEHSITh XapaKTep aHTUTEIO000pa3oBaHUSI B
ceneseHke. HA mipenMyIliecTBEHHO CTUMYJIUPYET aHTHU-
TejiooOpa3oBaHue, Torma Kak AT® B mccienoBaHHBIX
03axX, HA00OPOT, YrHeTaeT. YrHeTaommnii 3ddexT mry-
OOKOT0 OXJIAaXKISHNS Ha aHTUTEI000pa30BaHNe, TTO-BU-
IMMOMY, cBg3aH UMeHHO ¢ AT®. O0 3TOM CBUIETENb-
CTBYIOT CJIENYIOIIE pe3yJIbTaThl, MOJIYyYeHHbIC B Ha-
CcTOSIIIIEM McclenoBaHMU. B TepMOHeNTpaTbHBIX
ycnoBusix HA cTumynmpyeTr aHTUTeII0oO0Opa3oBaHUE,
torma kKak AT® ero yrHetaet. [lrybokoe oxiaxxaeHue
Ha ¢oHe HA yrHeraer aHTHMTelI0OOOpa3oBaHUE, T.C.
npeaBapuTebHOe BBeaecHe HA He cHUMaeT yrHeTaro-
mero s dekra mrydbokoro oxnaxaeHuss. AT® yruera-
Iollle BJIUSIET Ha aHTUTEN000pa30BaHUE B TEPMOHE -
TpaldbHBIX YCIOBUSIX, NPU 3TOM IIpeIBapUTEIbHAsI
61okama mypuHeprudeckux P2X penenTtopoB nmpemor-
BpalllaeT 3To yrHertalomiee AciictBue AT®. YrHeTaro-
1iee AeiicTBUE MTyOOKOTO OXJIAXKIECHUS TaKKe He Tpo-
aBisieTcsT Ha ¢QoHe Omokagel P2X pelenTopos.
BDTO CBUACTEIIBCTBYET O TOM, YTO MMeHHO P2X penemn-
TOPBI BOBJICUEHHI B yrHeTatollee neiictsre ATD Ha aH-
TUTEJI000pa3oBaHNEe MpPU TIIYOOKOM OXJIAXKACHUMN.
B nuteparype MMelOTCS HEMHOTOUYUCIEHHbIE (haKTHhI,
CBUJIETENILCTBYIOIINE O CrielU(PUUIEeCcKOil TeMmeparyp-
HOM YYyBCTBUTEIILHOCTU MypuHeprudyeckux P2X3 pe-
LenTopoB [25, 26], u B3aumocssa3u P2X7 pelenTopos ¢
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Puc. 3. Biusaue AT® (0.001 mr/mut), 610KaTopa mypuHep-
ruueckux perentopoB PPADS u PPADS Ha ¢oHe npenBa-
putenbHoro BBeneHust AT®D Ha mokasarenn aHTUTEI006-
pa3oBaHUsI B CeJie3eHKE Y KpPbIC B TEPMOHEUTPAIbHBIX
ycnoBusx. Konrposas npunsr 3a 100% — mMcxonHble ITOKa-
3aTejid y XKUBOTHBIX B TEPMOHEUTPaIbHBIX YCIOBUSAX Oe3
BoszaeiicTBus BemecTB. * — p < 0.05; ** — p < 0.01 o cpas-
Henuto ¢ kKoHTposneM. AFC (Antibody Forming Cells) —
AOK (aHTHTEI000pa3yoNnIe KIeTKN).

peryJMpoBaHUEM TeMIlepaTyphl Tejla, 0OCOOEHHO TIpU
BocnajeHuwu [27, 28].

IMTonas B kpoBb, AT®, TOMMMO MMapaKpUHHOI pOJIN
KaK MEXKJIETOYHOTO MECCEH/IKEpa, BBHICBOOOXKTAEeMbIiA
KJIETKAMM, TaKXKe MOXKET JSHCTBOBAaTh ayTOKPUHHO, YTO
TMIOMOTaeT PeryJupoBaTh U HacTpauBaTh (PYHKIIUU KJie-
ToK [18, 29]. BeicBoOOXIeHNe AT® 13 UMMYHHBIX KJIe-
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Puc. 4. Biausinue 6bicTporo nirydokoro oxiaxnaenust (RDC)
rnocJie npenBapureibHoro BeeacHuss PPADS wiu couera-
Huss PPADS+AT® Ha aHTUTEI000pa30BaHKE B CelIe3eHKE
y kpbic. KonTpons mpunsT 32 100% — vicXomHble ToKa3aTe-
JIM 'y KUBOTHBIX B TEPMOHENTPATIbLHBIX YCIOBUSIX 06€3 BO3-
neiicTBus BelecTB win xoiona. ** — p < 0.01 mo cpaBHe-
Huto ¢ KoHTposieM. AFC (Antibody Forming Cells) — AOK
(aHTUTETI000pa3yIOIINE KIETKH).

ToM 59 Ne 6 2023



518 KO3bIPEBA, MEWTA

-
/‘?/ \
ir“ a CuMItaTuueckas

) ——)| HepBHas cucTeMa

& ;

Moar Q!
S8
LlenTpanbHbIe o ’s
\ TEPMOPELCNITOPEl & ,I qﬁ}»
(R
’ &
’Ion
-
e ™
KoxHbie Db dexTopbl
TEPMOPELETITOPHI

addepeHTHBIE
TEPMOUYYBCTBUTEIbHbIE
HEWPOHBI

s N
NE
OL-aJIPEHOPELIENITOPBI

¢ CokpallieHue
KPOBEHOCHBIX COCYI0B

B-anpeHoperenTopb

¢ YBeauueHUe akTUBHOCTHU
Oypoii XUPOBOI1 TKAHU

anp€HOPELENTOPbI

P2-nypuHoperienTopbl

TRPMS, TRPAI

o

Y
1

1
®

¢ VYBenuyeHue TerjioBoro
addekTa MBIIIIEYHOTO
COKpalLeHUsI

ATP

U P2-nypuHopeuentops

P2X
o VBennueHue MBIIIEYHOI
aKTUBHOCTHU
* Yraerenne AOK cese3eHkn

XoJon \_ J

Puc. 5. Cxema pa3BuTHUs peakiiuii opraHnu3Ma Ha BHEIIIHEee
oxnaxaeHue. [lepepadorano u goroaHeHo us3 [40]. @akThl,
YCTaHOBJIEHHBIC B HACTOSIIIIEM MCCIIETOBAaHUM, TOTYEPKHY-
Thl. AOK — aHTHUTE1000pa3yIolIe KISTKU.

TOK MPOUCXOAUT B CYOKJIETOYHBIX JOMEHaX, Tae JIOo-
KallbHO BBICBOOOXIaeMbIii AT® cTUMyIHpyeT mypu-
HEpPruyecKrue pelenTopbl, KOTOPBbIE PETYIUPYIOT
(GYyHKIMOHAIbHBIE KJIeTOUHbIe OTBeThl [30—32]. M-
MYHHBIE KJIETKM, HanpuMep, BbicBoOOXmaoT ATD B
OTBET Ha pas3jiuuyHble CTUMYJIbI U (OPMUPYIOT OKO-
JIOKJIETOIHBIe Topstarie Touku AT®, KoTopble aKTUBU-
PYIOT coceqHue TTypUHEPruIecKre pelenTophl, U TeM
caMbIM [TOMOTAOT UHULIMUPOBATH U YIIPABJISAThH MOCe-
JIyIOIIMMU QYHKIIMOHATbHBIMU KJIETOYHBIMU PEaKIIM -
SIMU, TAKMUMU KaK MUTpaIUsl KJIETOK, pacrio3HaBaHUe
aHTUTeHa U JpyThe BaXKHble 3aJauyu, HEOOXOIUMBbIE
JUIST 3alIuThl opranu3ma [33—35]. Takue Jokaliu3o-
BaHHbIE MypUHEPTUYECKUE CUTHAIbHBIE TOMEHBI 00-
HapyXXWBaIOTCSI Ha ITOBEPXHOCTU HeuTpodwuiaon, T-
KJIETOK M IPYTUX UMMYHHBIX KJIeTOK [36—38].

PaHee HaMu ObLIM TMOJy4YeHBI JaHHBIE 00 y4acTUU
HA u agpeHOpenienTopoB B MOAYJISIIINM (DYHKIIMW aH-
TUTeHCBSI3bIBaHUS [4, 9]. Bo3MOXHO, 4YTO IBa 3TU MpPO-
mecca, aHTUTE€HCBSI3bIBAaHNUE U aHTUTEI000pa3oBaHue,
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O-pa3HOMY pearupyioT Ha CO-MeIMaTOPbl CUMIATH-
YecKoi HepBHOM cucTeMbl. Hamu Ob110 ITOKa3aHo, YTO
Ipu HEnTyOOKOM OXJIAXKIEHWUU, KOoraa IIOBBILICHUE
KoHIeHTpauuu HA B KpoBM 3HAUYUTEILHO MEHBIIIE,
JyeM IpH TIIyOOKoM [5], HabmomaeTcs CTUMYIISIIINS aH-
TUTEHCBSI3bIBAHUSI C y4aCTHUEM O,-aIJpeHOPELEIITOPOB.
I1pu ryGoKoM oxJTaXKIeHUU U 0oJjiee 3HAYUTEIbHOM BbI-
opoce HA B KpoBb, TPOUCXOIUT YTHETCHE aHTUTEHCBSI-
3bIBaHUsI, HO YK€ C ydacTueM [3-ajpeHoperientopos [9].
AHTHTE1000pa30BaHue TIPU HEITYOOKOM OXJaxKACHUU
TaKkKe CTUMYJIMpPYETCs, a TP IIyOOKOM — YrHETaeTcs,
HO 3TO YTHETeHME, KaK ITOKa3bIBalOT pe3yJIbTaThl HACTO-
smIeil paboThl, cBsI3aHo yxke He ¢ HA, a ¢ AT® u P2X
nypuHeprudeckumMmu penentopamu. CiemoBaTeabHO,
MOXHO TIToJlaraTb, 4YTO NpPU aKTUBALIMU CUMIIaTUYe-
CKOIf HEpBHOII ccTeMblI ABa co-MenuaTtopa HA u AT®
MPEeUMYIIECTBEHHO PETYJIMPYIOT pa3Hble KOMIIOHEHTHI
MUMMYHHOTO OTBETa OpraHus3ma.

MHTepecHO TakKe OTMETUTD, UTO B MeXxaHU3Max op-
MUPOBaHUsI TEPMOPETYISITOPHBIX peakuuii, HA n AT®D
TaKKe PeryJMpyloT pa3Hble COCTaBJISIOINE TEPMOPETY-
JIITOPHOTO OTBeTa Ha xojon. HA mpeumyliecTBeHHO
BJIUSIET HAa COCYIUCTYIO PEaKIIUI0, HECOKPATUTEIbHbIN
TEPMOTeHE3 U MEPBYIO CPOUHYIO (hazy MEeTabOIMIYECKOTO
otBeTa, Torma Kak AT® oTBeTCTBEHHA 3a COKpaTUTEIb-
HbIi1 MBIIIIEUHBI TEpMOTeHe3 — NPoXb [39].

3AKJIIOYEHHME

Ha ocHoBaHMY MOTyYeHHBIX Pe3yJIbTaTOB U MPeIbl-
IYILINX UCCIeIOBAHMII, a TakKKe MaHHBIX JIMTePaTyphl
MOXKHO TIPEJICTaBUTD CACAYIONIYIO CXeMY Pa3BUTHUSI pe-
aKIIMM OpraHM3Ma Ha DIyOOKoe oxyaxaeHue (puc. 5).
BremrHee xonomoBoe BO3AeCTBIE aKTUBUPYET Itepuce-
pUYecKre KOXKHBIE TEPMOPELEIITOPHI Yepe3 TepMOUYYyB-
CTBUTEJIbHbIC WOHHBIE KaHajbl (Harpumep, TRPMS,
TRPALI). TepmoceHCOpBI MOCHUIAIOT CUTHAJI B CTPYK-
TypBI MO3ra, Tae popMupyetcs 3pdepeHTHBII CUTHAI,
KOTOPBIN CTUMYJIUPYET CUMIATUYECKYIO HEPBHYIO CH-
creMmy. Co-TpaHCMHUTTEPHl CUMIATUYECKON HEPBHOM
cuctembl HopaapeHanuH (HA) u AT® neiicTByloT Ha
a3 dekTopHbIe OpraHbl, BbI3bIBasi KOHCTPUKIIMIO KOX-
HBIX KPOBEHOCHBIX COCYIOB Uepe3 O-aIpeHOPELIEIITO-
pBI, YCUINBAas aKTUBHOCTb OYpOit XXUPOBOM TKAHU U
noBbilas 3P@eKT TerIoOBOro COKpallleHWs MBbIIIIII,
gyepe3 [-aapeHOpelenTopbl, YCUINBAsT TEPMOPETYJIsi-
TOPHYIO aKTUBHOCTb CKEJIETHBIX MBI (IpOXb) U
yrHeTasi aHTuTesloobpasoBaHue KiaeTok (AOK) cene-
3eHku 4epe3 P2X-peuentoprl. B To xe Bpemst HA u
AT® BO31eMCTBYIOT Ha KOXHbIE TEPMOYYBCTBUTEIb-
Hble acddepeHThl yepe3 P2X 1 anpeHopelienTopsl, 13-
MEHSISI MX YyBCTBUTEJILHOCTH K TeMIIepaType M OCy-
IIECTBIISISA, TAKUM 00pa3oM, 0OpaTHYIO CBSI3b C IEpU-
deprueckumu abhdepeHTaMu.

Takum oO6pa3oMm, U MpeKHUE JaHHbIE, U pe3yabTa-
Thl HACTOSIIIETO KMCCAECAOBAHUS NEMOHCTPUPYIOT HaIM-
YMe PasHbIX MyTEeH pean3alii y CO-MeIUaTOpOB CUM-
naTU4YeCKoi HepBHOM cucTeMsl, T.e. AT® 1 HA, Bo3neii-
CTBysI Ha pa3Id4YHbIe KOMITOHEHTBI, OOYCJIOBJIMBAIOT
Ne 6
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MEJUATOPbl CUMIIATUYECKOW HEPBHOWM CUCTEMbI AT®

KOMIUIEKCHYIO PETyIMpyeMyto 3(p(eKTOpHYIO peaKIIno.
YTouyHEeHUE POJIM KaXIOTO U3 CO-MeANATOPOB CIMITATH -

YyecKoit HepBHOIT cucTeMbl B 3((MEKTOPHBIX PeakIIUsIX
TpeOyeT HOMOTHUTETHHBIX NCCIICTOBAHMIA.
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MEDIATORS OF THE SYMPATHETIC NERVOUS SYSTEM ATP
AND NORADRENALINE IN THE MODULATION OF ANTIBODY
FORMATION DURING DEEP COOLING OF THE ORGANISM

T. V. Kozyreva** and E. S. Meyta**

“Scientific Research Institute of Neurosciences and Medicine, Novosibirsk, Russia
#e-mail: kozyrevatv@neuronm.ru;
#*o-mail: meytaes@neuronm.ru

In experiments on rats, the participation of co-mediators of the sympathetic nervous system in the suppressive
effect of deep cooling on the antibody-forming function of the spleen was studied. Studied: 1) the effect of deep
cooling (decrease in deep temperature by 3—4°C), 2) the introduction of the mediator of the sympathetic nervous
system norepinephrine (NE, 1 mg/ml), 3) its co-transmitter ATP (0.01 mg/ml and 10 mg/ml) and 4) P2X-puri-
nergic receptor blocker PPADS on the number of antibody-forming cells of the spleen in response to immuniza-
tion with sheep erythrocytes. Deep cooling as well as ATP inhibited, while NE stimulated antibody formation in
the spleen. Blockade of P2X-purinergic receptors by PPADS stimulated antibody formation in the norm. Against
the background of blockade of P2X-purinergic receptors, the inhibitory effect of ATP and deep cooling on anti-
body formation was not manifested. The results obtained indicate the opposite effects of co-mediators of the
sympathetic nervous system on antibody formation in the spleen and suggest that the inhibitory effect of cold on
antibody formation in the spleen occurs with the participation of ATP through P2X-purinergic receptors.

Keywords: cold, norepinephrine, ATP, immune response, P2X purinergic receptor blocker, PPADS
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