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B skcniepyMeHTax Ha KpbICax MCCIIeIOBaIOCh Y4aCTUE CO-MEIMAaTOPOB CUMITAaTUYECKOM HEPBHOI CUCTEMBI B
YTHETAIOIEeM BIMSTHUM TITyOOKOTO OXJIAKIEHMS Ha aHTUTE1000pa3yoliyto GYHKIIMIO cene3eHku. M3ydanocs:
1) Bo3neiicTBUe IITyOOKOI0O oXJaxaeHus (CHIKeHUe nIyooKoit Temneparypbl Ha 3—4°C), 2) BBeneHUE Meana-
TOpa CUMITATUYECKOM HEPBHOM cucTteMbl HopaapeHaiauHa (HA, 1 mr/mn), 3) ero co-menuatopa AT® (0.01 u
10 mr/min) 1 4) 61okaTopa P2X-mmypuHeprudyeckux periernropoB PPADS Ha KoinyecTBO aHTUTEI000pa3yIOIIUX
KJIETOK CeJIe36HKM B OTBET Ha MMMYHM3AIIUIO 9pUTpoluTaMu 6apaHa. [iybokoe oxmaxaeHne u AT® yraera-
s, Torna kak HA ctumynupoBan aHTUTe1000pa3oBaHue B ceie3eHKe. biiokama P2X-nypuHepruyeckux pe-
nenTopos ¢ momoinbio PPADS ctumynupoBaia antutesiooopazoBanue B Hopme. Ha ¢pore 6mokamer P2X-1my-
PUHEPIUYECKUX pelenTopoB yrueratoiee aciictBrue AT® u nryboKoro oxjaxKiaeHUsl Ha aHTUTEI000pa3oBa-
HUe He MPOSIBIIsUIOCh. [lonmydeHHBIe pe3yibTaThbl CBUIETEILCTBYIOT O Pa3HOHAIIPABICHHOM BIUSHUU CO-
MEIMAaTOPOB CUMITATUYECKOM HEPBHOM CUCTEMBl Ha aHTUTEJI000pa3oBaHUE B ceie3eHKE U ITO3BOJISIIOT CUM-
TaTh, YTO YTHETAlIOIIee NeMCTBHE X0JIoa Ha aHTUTEJI000pa3oBaHe B CeIe3eHKE MPOUCXOAUT ¢ yuactTrueM ATD
yepe3 P2X mypuHepruyeckue peluenTophl.

Knroueswie crosa: Tnybokoe oxnaxneHve, HopaagpeHainH, AT®, UMMyHHBII oTBeT, 6JiokaTop P2X mypuHep-
rudeckux peuerntopon, PPADS
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BBEAEHWE

Peakiiust opraHu3ma Ha BO3I€MCTBYE TOTO WU MHOTO
dakTopa SBISIETCSI KOMOMHALIMEN OTBETOB Pa3TAYHBIX
(bU3UOTOTUYECKMX CUCTEM opraHusma. OxyiaxaeHue
OKa3bIBAET BJIMSHUE MPaKTUYECKU Ha Bce (PYHKIIMO-
HaJIbHBbIE CHUCTEMBl OpraHM3Ma, BKJIIOYash MMMYHHYIO.
IMokazaHo, 4To NTy6OKOE OXJIaXkKIeHEe MPUBOAUT K YTHe-
TEHUI0 MMMYHHOIO OTBE€Ta Ha aHTWUIEH B CEJIE3€HKE,
TIPUYEM 3TO MPOSIBIISIETCSI B YTHETEHUU KaK aHTUTEHCBSI-
3bIBaHMSI, TAK U aHTUTEI000pa3oBaHus [1—4].

XOpOolIo U3BECTHO, YTO XOJIOA0BOE BO3AECTBIE HA
OpraHu3M BBI3bIBAaeT AKTUBALIMIO CUMIIATUYECKOI
HEPBHOI CUCTEMbI, KOTOPOE COMPOBOXIAETCS BHIOPO-
COM HOpaApeHaIWHa B KPOBb M3 CUMITATUYECKUX
HEepBHBIX OKOHYaHM [5—8]. MexaHu3M peanm3annu
JIEeMCTBUS DHIOTEHHOIO U 9K30T€HHOI0 HOpaJapeHaJ K-
Ha Ha (YHKIIMIO Pa3INYHBIX OPraHOB U TKaHEM mpej-
roJjiaracT BOBJICUEHUE PA3JIUUYHBIX TPYIIN aIpeHope-
nenTopos [9, 10].

K HacrosiieMy BpeMEHM HaNISIIHO IIPOJAEMOH-
CTpUPOBAaHA CUMMATUYECKAsI U IypUHEPrudeckast co-
TpaHCMUCCHS, T.€. TIPU aKTUBALMU CUMITATUYECKUX

HEPBHBIX OKOHYAHUI BBIACISIETCS HE TOJIbKO HOpad-
penanuH (HA), HO u npyrue 6MO0I0rMYeCKy aKTUBHBIE
BelleCTBa, B TOM YMCJIE M aleHO3MH-5'-Tpudocdar
(AT®D) [11—15]. CumnaTudeckasi HepBHasl cUcCTeMa,
WHHEPBUPYSI UMMYHHbBIE OPTaHbl, BbIAEISIET CBOU CO-
tpancMutTepbl — HA u AT® — B HemmocpeacTBEHHOI
GJIM30CTU OT UMMYHHBIX KJIeTOK [16, 17]. AT®D, neii-
CTBYSl KaK CUTHaJbHasi MOJIEKyJia U aKTUBUPYS MypU-
HEpruyeckue pelernTopbl, MOXET yyacTBOBaTh B (hop-
MUPOBaHUY UMMYHHOTO OTBeTa opraHusma [18]. ATD
B3aMMOJENUCTBYET C MypUHEPTrUUECKMMU pelieTniTopa-
MU KJIETOK Y UHIYLUPYET UX PA3JIMUHbIE PEAKIIVU.

CylllecTBOBaHME CO-MEAUATOPOB MperoiaraeT Ba-
pUalMi MEXaHU3MOB HEUPOMOMYISIIUU WMMYHHbBIX
npoueccoB. Ponbr AT®, Kak HellpoTpaHCMUTTEPa, B
¢dbopMHUpOBaHMU UMMYHHOTO OTBETa OpraHU3Ma Ha X0-
JIOMOBOE BO3MIEWMCTBHE HE MCCIEAOBAJIACh. YUUTHIBAS
TO, 9T0 AT® SIBIAETCS CO-METNATOPOM HOPaIpeHATM -
Ha, BaXKHO MOHSIThb, HA KAKU€ COCTABJSIONIUE UMMYH-
HOW peaklMy OKa3bIBAIOT BIMSHUE KaXKAbIA U3 ITHUX
MEeIMaTopoB, a TaKXKe Uyepe3 KaKue TUITbl ypUuHepTu-
YyeCKMX pelenTopoB peanusyercd BausHue AT®. dng
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M3y4eHUsT (PUBHOJIOTMYECKOI pOJU BellleCTBa, AeHCTBY-
IOIIETO Yepe3 peLlenTOPhl KISTOYHOI MeMOpaHbl, He00-
XOIUMBEI crielprIecKue 6I0KAaTOPhI 3TUX PELEIITOPOB.
ITokaszaHo, yto nupunokcanbdochar-6-azodpenmi-2',4'-
mucynabdoHoBas kuciaora (PPADS) Giokupyer MoOHO-
TporHbie P2X peuenropet AT® [19, 20].

B HacrosileM uccienoBaHUU MPEANpPUHSTA TO-
MbITKA BBISICHUTD BKJIa[ MyPUHEPTUYECKO CUCTEMBI B
MEXaHU3Mbl B3aMMOOTHOILIEHUS] TEPMOPETYJISITOPHOM
1 UMMYHHOM CHUCTEM B YCIOBUSIX ITTyOOKOTO OXJIaXK/e-
HUS opraHu3Ma. Mbl MOMNBITAUIMCH OTBETUTD Ha CJIeIy-
1olIre Bonpockl: (1) Kakoit 3 co-MeauaTopoOB CUMIIA-
TU4yecKoi HepBHoOM cuctembl HA unnu AT® oTBeTcTBe-
HEH 3a yTHETeHHEe aHTUTeJIo00pa30BaHusl B CEJIe3€HKE,
KOTOPO€ MPOUCXOAUT IIPU INIyOOKOM OXJIaxaeHuu, (2)
BBISICHUTh BO3MOXXHOCTh yyacTusi P2X mypuHepruye-
CKux peuentopoB B addektax ATD u 11yGoKoro
OXJIAXIEHUSI HA aHTUTeJI000pa3oBaHue.

METO/1bl UCCIIEJOBAHMUA
Kusommnuwie

B akcrniepuMeHTax UCIOJb30BAIMCH KPbIChI-CAMIIbI
Bucrap maccoit 270—290 r, conepkaBlivecss B CTaH-
TMAPTHBIX YCIIOBUSIX BUBAPUS CO CBOOOMTHBIM JOCTYITOM
K BoJie ¥ nulle. Bee mpouenypsl, BKIIo4ast pukcauuio
TepMoTapbl, MOHODOpE3, OXTaXKICHNE W UMMYHH3a-
IIMIO Ha ITMKE OXJIAXKIAEHUS, TPOBOIMIINCEH HA aHeCTe-
3UPOBAHHBIX KpbICAX, YTOObI HCKIIOUUTH SMOIIUO-
HAJIBHYIO COCTABIISIIONIYI0O M IBWXEHHE >XWBOTHBIX.
Kaxnoe ;knBOTHOE MCITOIb30BAJIOCH TOJIBKO OIWH pas.

Beedenue AT®, HA u PPADS

HNoHodope3 0OMOIOrMYecKr aKTUBHBIX BEIIECTB
AT® (Fluka, BioChemika) u HopaagpeHanuH (HA)
(Sigma) mpousBOAMIU C WCIIOJb30BAHUEM CUCTEMBbI
JIOCTaBKU JIeKapCcTB (MEIUIIMHCKUI TajlbBaHM3aTOP
“ITotox”, Poccus); cuina Toka cocrasisia 0.08 MA/cm?
Ha 1wiowany 25 cm? B reueHue 20 mud. PPADS (Sigma)
BBOIWJIM BHYTpUOpIONIMHHO. TemriepaTtypa npuMeHsie-
MBIX pacTBOpPOB cocTanJsiia 37—38°C. B oNbITHBIX IpyIi-
Max XXKMBOTHBIM Mepe/ OXIaXIeHUEM TTPOBOANIOCH BHY-
TPUOPIOIIMHHOE BBeAeHUE UM noHOdope3 1 M1 Toro
MJIM UHOTO BEIlIeCTBa B KOXY XXUBOTa (00JIaCTh MOCIe-
JIYIOIIIETO MPUIOKEHUS XOJIOA0BOTO CTUMYJIA).

Oxaaocoenue

DKCIIEpUMEHTHl MPOBOIUJINCH HPH TeMIIEpaTrype
Bo3ayxa B nmomelneHun 24—25°C. McxomHO ¢ MOMO-
LILI0 BOASHOTO TepMoJaa U TepMocTaTa MoaaepKruBa-
JIMCh TeMmIiepaTypa Koxu xuBoTa 37.3 + 0.13°C, pek-
TanbHaga Temnepatypa 38.1 = 0.11°C. Mcnoab3oBaiach
MoJIeJIb OBICTPOTO OXJIAXKIESHUS C BOBJIEYCHUEM TUHA-
MUYECKOl M CTAaTUYECKO KOMIIOHEHT aKTUBHOCTU
KOXHBIX TEpMOpeLEenTopoB. OxjlaxkaeHue MPOBOIU-
JIOCh C TTOMOIIbIO TEpMOJAa M TepMoOcTaTa B 00JacTu

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3SUOJIOTUU

KMBOTA, TMPEIBAPUTEILHO OCBOOOXICHHOI OT Iep-
ctH, co ckopocThio 0.1°C/c, muoianb oxiaaxkaaeMoi
MOBEPXHOCTHU cocTasisIa 25 cM2. Bo Beex ciyyasx ny-
OuHa OXJaXKIeHWsI XKMBOTHBIX Oblla OMMHAKOBOI1, 10
CHIXXEHUSI peKTaJbHOM TeMItepaTypbl Ha 3—4°C. [lns
KOHTPOJISI TTTyOMHBI 1 CKOPOCTH OXJIAXKICHUST PEKTATb-
HYIO TeMIlepaTypy U TeMIlepaTypy KOXU U3MEPSUIU C
TMMOMOIILIO TePMOIIAp U PETUCTPUPOBAIN C TIOMOIIBIO
cucteMbl “BIOPAC” (Biopac Systems Inc., Goleta,
CA, CHIA).

9}ccnepwweﬂma/1 bHble epYNnNnbl HCUBOMHLIX

151 BBISIBJIEHUSI UMMYHOMOIYJIMPYIOIUX 3hdeK-
TOB >KMBOTHBIX TMOJIBEpPrajd >KCIIEPUMEHTATLHOMY
BO3ACMCTBUIO TI0 OAHOI M3 YKa3aHHBIX cxeM: (1) aHe-
CTe3usl, UMMYyHU3alus (KOHTPOJb, n = 19); (2) aHecTe-
3Usl, OXJIAXKIEHUEe, UMMYHU3AlIMs Ha TUKe OXJaxie-
HUS (BIUSHUE OBICTPOTO TJIYOOKOTIO OXJIaXKICHUS,
MPEAIIeCTBYIOIIET0 UMMYHU3aIlM1, HA UMMYHHBIM OT-
BeT (BI'O, n = 12); (3) aHecTe3ust, noHOMOpe3 OMOIOTH -
YeCKM AaKTUBHBIX BEIIECTB, MMMYyHM3alus (BIMSHUE
O1OJIOTMYECKU aKTUBHBIX BEIIECTB HA UMMYHHBII OTBET
B TepMOHENTpaTbHBIX YcIOBUSIX (AT® 0.001 Mr/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/mn + PPADS
0.001 mr/mm, n = 12)); u (4) aHecre3ust, noHO(POpEe3 O1o-
JIOTMYECKM aKTUBHBIX BELIECTB, OBICTPOE IITYOOKOE OXJI1a-
xneHue (bI'O), uMMyHMu3auus (BIUSHUE OXJIAXKICHUS
Ha (poHe OMOJOTMYECKU aKTMBHBIX BEIIECTB HA UMMYH-
Heiii otBeTr (HA 1 mr/mn + BI'O, n = 10; PPADS
0.001 mr/mn + BI'O, n = 10; AT® 0.001 mr/mn + PPADS
0.001 mr/ma + BI'O, n = 14).

Hmmynuzayus u 3a60p mamepuana

KUBOTHBIX UMMYHU3UPOBAIU DPUTPOLIMTAMU Oa-
paHa (BHYTpUOpIOLIMHHOE BBeaeHue 5 X 108 apurpo-
mToB OapanHa B 0.5 miu 0.9%-noro NaCl) Ha muke
OXJIAXXIECHUSI, B MOMEHT CHVXXEHUSI PEKTAIbHOIN TeM-
nepatypsl Ha 3—4°C. Ha risiTble CyTKHM ITOCJIe IPOLEIyp
OXJIAXICHUS 1 UMMYHU3ALNU XUBOTHBIX JeKATTUTH-
pPOBAJIM ¥ IPOU3BOIWIIN 3a00P CEJIE3eHKU IS UMMY-
HOJIOTMYECKOTO aHaJIn3a.

Bobioenenue xaemox cenesenxu

CeJie3eHKy 3a0upaiu BO (pJaKOHUYUK CO CPEIoi,
3aTeM BBIHMMaAJIM, OYUIIAJIM OT XK pa Y B3BEIIMBAJIN.
M3 cepenmHbl cele3eHKM, 3aXBaThIBasi BCE CJIOU,
HOXHHUIIAMU OTpe3aju KYyCOYeK, B3BEIIMBaJIM Ha
TOPCUOHHBIX Becax, moMellaiu B cpenay. Bec kycou-
ka coctaBistn 100—200 mr. Pe3yapTaThl B3BEIIMBA-
HUS (UKCUPOBAIM B KypHaJie.

B romoreHmn3aTop HanuBaau 1.5 M1 cpeabl XeHKca U
TOMOTE€HU3UPOBaAIN BbIIIIEYKA3aHHYIO YaCTh CEJIe3EH-
KU IBYMSI MJIaBHBIMU ABVDKCHUSIMU. JoOaBisuin ele
1.5 mn cpenpl, BcTpsxuBaau. IloaydeHHyIO cMmecCh
GMIBTPOBAIN Yepe3 METAUTMYECKYIO CETOUKY. Snapo-
Ne 6
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Control RDC

Puc. 1. Biusinue 6picTporo nrybokoro oxiaxaeHust (bI'O,
RDC-Rapid Deep Cooling) Ha 1ToKa3aTesi aHTUTEI000pa-
30BaHUs B celie3eHKe y Kpbic. KoHTpoib mpuHsT 3a 100% —
HMCXOAHBIE TTOKAa3aTeNn y XXKMBOTHBIX B TEPMOHEUTPAIbHBIX
ycioBusx 6e3 Bo3aeicTBust xonoaa. * — p < 0.05 mo cpaBHe-
Huto ¢ KoHTposieM. AFC (Antibody Forming Cells) — AOK
(aHTUTEI000pa3yIOIINe KISTKH).

coacpXKamue KICTKU, €CIn ObLIO HEOOXOOUMO 3HATh
X KOJIMYECTBO, IMMIOACYUTHLIBAJIN B KaME€PEC FOpHCBa.

Hmmynnas peaxyus

AnturenooodpaszoBanue (AOK) B cene3eHKe OLieHU -
BaJIOCh 1O KOJIMYECTBY OJISIIIIKOOOPA3yIOLINX KIIETOK C
MIOMOIIILIO MeToda JIOKaJlbHOro remonmsa [21, 22].
IMpuHuMN MeTona 3aKiaoyaeTcs B CIAEAYIOLIEM: UM-
MYHHBIE JTUM(POLIUTBI UHKYOUPYIOTCSI C 3pUTPOLIMTA-
mu 6apaHa (OB), KoTopbIMU ITPOBOAMIIM UMMYHHU3a-
uu. Cexkperupyemble UMMYHHBIMU JUMQMOLUTAMU
aHTuUTeNa IMPOYHIUPYIOT B OKpyXKalolllee IMpoCcTpaH-
CTBO M (DUKCUPYIOTCS Ha 3puTpouuTax. JlobasieHue
KOMIIJIEMEHTA BBI3BIBAET JM3UC IPUTPOLIUTOB C TIPU-
COCAVHEHHBIMU aHTUTEIaMU, Y BOKPYT JUMGOIIUTOB,
BBIIEJIMBIINX aHTUTEJIa, 00pa3yoTCs MPO3pavyHbie 30-
HbI TEMOJIM3a, YUCJIO KOTOPBIX MOXXKHO COCUUTATh.

Hns onpenenenus AOK B xkunkoii cpene roTOBUIN
WHKYOaIMOHHYI0 cMech: (.8 M1 pa3BeaeHHoI B 50 pa3
KJIETOUHOIA cycrieH3nu, 0.1 mu cycnieHzuu Db (4 x 10°)
u 0.1 M pa3BeneHHOI B 1.5 paza CBIBOPOTKM MOPCKOIA
CBMHKM (MCTOYHUK KOMILIeMeHTa). KOMITOHEHTHI me-
peMelIBaliu, CMeCh 3aJIMBAJIM B CTEKJISTHHbBIE KaMephl
IUTSl moficyeTa 30H remosin3a. O0beM KaMmepbl (DUKCU-
poBaJics 1151 TIOCJIeIYIOIIETrO MOACYETa aHTUTEI000pa-
3YIOIIMX KJIETOK BO BCEll ceie3eHKe.

Pacuer AOK Ha cene3eHKY MPOU3BOAWIIU T10 CIIEIy-
forieit popmyne:

A=LXS><VIX%

(0.8xV;) M,
T'me A — xommuectBo AOK B ceJte3eHKe;
n — xomuuectBo AOK B Kamepe;
V, — 00beM KaMephl;
S — pa3BeneHme;
V| — ucxonHblii 00beM;

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3UOJIOTUU

M, — macca Bceli cesle3eHKU;
M, — macca Kycouka ceJIe3eHKU.

Cmamucmuueckuil ananu3

CratucTuyecKyo oopaboTKy pe3yJIbTaTOB MPOBOOM-
JIU C TOMOIIIbIO MaKeTa mporpaMm Statistica 8 (Statsoft
Russia). IIpoBepky Ha HOPMaIbHOCTb pacIIpeaeIcHUs
MPOBOAMUJIM C TOMoIlIbl0 Kputepusi Konamoroposa-
CMmupHoBa. JIj1s1 cpaBHEHUST MIEHTUYHBIX [TOKAa3aTeiei B
KOHTPOJIbHON M 9KCIIEPUMEHTAJIbHO IrpyIIax UCrHojb-
30Bau -kputepuii CteiogeHTa. JlaHHbIe IpeaCTaBICHBI
Kak cpefiHee 3HaueHue T cTaHaapTHas OlIMOKa CpeTHEero
(M £ SEM). Kputnueckuii ypoBeHb 3HAYNMOCTHU IIPH-
HUMaics paBHbIM 5% (p < 0.05).

PE3YJIBTATbI MCCIIEAOBAHUA

bovicmpoe enyboxoe oxnaxncoenue (bI'0) co CHUXEHU -
€M peKTaJIbHOU TeMnepaTypbl Ha 3—4°C npuBOIMUIO K
YTHETCHUIO aHTUTEI000pa30BaHUSI B Celie3eHKE, KO-
JIMYECTBO aHTUTEJIOO0pA3YIOIIUX KJIETOK B Cele3eHKe
CHIKaoCh B 1Ba pasa (p < 0.05) npu 66ICTpOM TiTybO0-
KoM oxnaxaeHuu (puc. 1). Uto moaTBepXngaeT gaH-
Hble, paHee MOoJydeHHbIC HAMU U APYTMMU UCCea0Ba-
Tensmu [4, 23, 24].

Jl1s BBISIBJIEHUSI BeOylIero mMemuaropa B 3ddekTe
INIYOOKOIo OXJaXJCHUsSI Ha aHTUTeJIo00pa3oBaHUe
MPOBOIWINCH CIEAYIONINE UCCIIETOBAHMSI.

Honoghopemuueckoe s6edenue HA (1 Mr/mit) BEI3BIBAIIO
CTUMYJISILIMIO aHTUTEI000pa30BaHUs B CeIe3€HKE B JIBa
pa3a (puc. 2), t.e. apdpekt HA B gaHHOM ciiyyae ObLI
MPOTUBOITONIOKHBIM 3(PHEKTY IIIYyOOKOTO OXJIAXKICHUS
(BI'O). I'my6okoe oxyaxkneHue Ha (hoHe mpenBapuTesIb-
Horo BBeAeHUs1 HA Takke NPUBOAWUIO K YTHETEHUIO
YPOBHSI aHTUTEJI000pA30BaHUS B cele3eHKe (YMCIO0 aH-
TUTEJI000PA3YIOIINX KIIETOK CeJIe3eHKU — KOHTPOJIb:
349125.70 + 42928.28, n = 10; HA+ BI'O: 160651.20 =
+55435.45,n="7;1=2.62, p <0.05), KaK 1 TIpy OXJ1aKIC-
HUM 0e3 BO3IEMCTBUS BellecTBaMu (puc. 1).

Honogopemuueckoe gedenue ATD, Kak B KOHILICH-
tpauuu 0.001 Mr/mi, Tak ¥ B KOHUeHTpauuu 10 Mmr/mn
MPUBOAWIIO K YTHETEHUIO aHTUTEJI0O00pa30BaHus B ce-
Jie3eHKe 6oJjiee, yeM B JiBa pasa (puc. 2). Ddpdexr ATD
OKas3aJICsl OMHOHAIIPABIIEHHBIM C AEMCTBUEM XOJI04a U
MPOTUBOMNOJIOXKHBIM 3(pdekTy HA, KOTOpBIN BRIZBIBAT
CTUMYJISIUIO aHTUTET000pa30BaHMS.

Muacmue P2X nypunepeuneckux peuenmopos 6 3ggher-
max AT® una awmumenoobpazoeanue. bnokama P2X pe-
nenTopoB ¢ nmoMonipio PPADS B mmpoTHBOITOIOKHOCTH
AT® BpI3bIBa/Ia 3HAYUTEIBHYIO (B 2 pa3a) CTUMYJISILIMIO
aHTUTEJI000pa30BaHMs B celle3eHKe (puc. 3).

Bsenenue xxe AT® Ha ¢oHe Ookaasl P2X penern-
TOPOB Y€ HE€ BbI3bIBAJIO CTAaTUCTUYECKM 3HAYMMBIX
M3MEHEHUI aHTUTEJIO00pa30BaHUs B CeJIE3EHKE.

VYrHerarolee BIMSHUE IIYOOKOro OXJIaXKICHUS Ha
aHTUTEJIOO0pa30BaHME B CeJIe3eHKE HE MPOSIBIISIOCH,
Ne 6
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Puc. 2. Biausnue HopanpeHanvHa (HA 1mr/min) u ATO
(0.001 u 10 Mr/mi) Ha mokasaTejlu aHTUTeJI000pa3oBa-
HUs B CeJIe3eHKe y KPbIC B TEPMOHEUTPATbHBIX YCIOBU-
six. Kontposbs mpuHsT 3a 100% — ucxomHbie oKazaTeJn
Y XKMBOTHBIX B TEPMOHEMTPAIbHBIX YCIOBUSIX 6€3 BO3ACI-
ctBud BelecTB. * — p < 0.05; ** — p < 0.01 mo cpaBHEHMIO C
koHTposieM. AFC (Antibody Forming Cells) — AOK (aHTu-
Te1000pa3yIolIre KJIETKHU).

€CJIV OXJIAKICHUE IIPOBOIUIOCH ITOCJIE TIPEABAPUTETb-
HOro BBeAeHUs 0jiokaTopa P2X peuentopos (puc. 4).

OBCYXIEHMUE PE3YJILTATOB

IMonyyeHHBIE pe3yJbTaThl TIOKA3aJIM, YTO IBa CO-Me-
JIMaTopa CUMIATUYECKOU HEPBHOM CHUCTEMBI MOTYT I10-
pa3HOMY M3MEHSTh XapaKTep aHTUTEeJI000pa3oBaHUs B
cenedeHke. HA mpenMyIiecTBEeHHO CTUMYJIMPYET aHTH-
TeJlooOpa3oBaHue, Torma Kak AT® B McciemoBaHHBIX
JI03aX, HA00OPOT, YrHeTaeT. YrHeTalluii 3PdeKT nry-
OOKOro OXJIaXKICHUSI Ha aHTUTEJI000pa30BaHUE, MO-BU-
IMMOMY, cB3aH UMeHHO ¢ AT®. O0 3TOM CBUAETEIIb-
CTBYIOT CJIEIyIOIIHE pe3yJibTaThl, MOJYyYEeHHbIC B Ha-
CTOSIlIEM McclenoBaHuM. B TepMoOHeNTpanbHBIX
yciaoBusix HA ctumynupyer aHTUTEI000paszoBaHUE,
torma Kak AT® ero yrHetaet. [Trydokoe oxnaxxaeHue
Ha ¢oHe HA yrHeraeT aHTUTel000paszoBaHUE, T.C.
npeaBapuTeIbHOE BBeAeHe HA He cCHUMaeT yrHeTaro-
mero addexra myookoro oxnaxaeHus. AT® yraera-
I01lle BJIMSIET HA aHTUTEJI0O00pa3oBaHNE B TEPMOHEH-
TPaJbHBIX YCJIOBUSX, MPU ITOM TpeaABaApUTEIbHAS
O6sokana mypuHepruyeckux P2X peuentopos IpenoT-
BpalaeT 3To yrHeralolee neiictBue AT®. Yrueraro-
1iee aeiicTBUE IITyOOKOTO OXJIaXXKIeHUS TaKXKe He TIPO-
gaBisieTcs: Ha ¢QoHe Omokamel P2X penenTopos.
OTO CBUAECTEILCTBYET O TOM, UTO UMeHHO P2X peuern-
TOpPBI BOBJICYEHBI B yrHeTalollee aeiicteue AT® Ha aH-
TUTEJI000pa3oBaHUE TIpU TDIIYOOKOM OXJIAXKIECHUU.
B nmutepatype MMeIOTCSI HEMHOTOUYMCICHHBIE (DaKTHI,
CBUJIETEJILCTBYIOIIME O CrielIn(PUIECKOi TeMIeparyp-
HOIl YYBCTBUTEJIbHOCTU mypuHepruueckux P2X3 pe-
enTopos [25, 26], u B3anmocss3u P2X7 pelientopos ¢
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Puc. 3. Bmusuaue AT® (0.001 mr/mur), 6J10KaTopa mypuHep-
rudeckux peuentopoB PPADS u PPADS Ha ¢oHe npenBa-
putenbHoro BBemeHuss AT® Ha rokaszaTesin aHTUTENI000-
pa3oBaHUs B Celle3eHKe Y KPbIC B TEPMOHEUTPaIbHBIX
ycaoBusix. Konrposnb npussT 3a 100% — MCXOmHbIE MTOKa-
3aTeIM y XXKUBOTHBIX B TEPMOHEUTPAIbHBIX YCIOBUSIX 6e3
Bo3zeicTBus BeulecTB. * — p < 0.05; ** — p < 0.01 o cpas-
HeHuto ¢ KoHTposeM. AFC (Antibody Forming Cells) —
AOK (aHTHTE1000pa3yIONINE KIIETKHN).

pETYIMpOBaHUEM TeMIIepaTyphl Tejla, OCOOCHHO TpU
BocnasieHnn [27, 28].

ITonas B kpoBb, AT®D, NOMUMO TTApaKPUHHOM PO
KaK MEXKKIIETOYHOTO MECCEHIKepa, BBICBOOOXKIAEMBIiA
KJIETKaMU, TakKKe MOXET JIeiCTBOBATh ayTOKPUHHO, YTO
TIOMOTaeT PeryJMpoBaTh U HacCTpanuBaTh (DYHKIINU KITe-
ToK [18, 29]. BeicBoOOXneHue ATMD 13 UMMYHHBIX KJie-
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Puc. 4. Biusinue 6picTporo niryookoro oxiaxaeHust (RDC)
noce npeaBapuTesibHOro BBeneHuss PPADS unu couera-
Hust PPADS+AT® Ha aHTUTE1000pa3oBaHuUE B CeIe3eHKE
y Kpbic. KoHTposb npuHsT 3a 100% — ucxonHble rokasare-
JIA Y KUBOTHBIX B TEPMOHEMTPATBHBIX YCIOBUSIX 6€3 BO3-
NeUCTBUS BelleCTB Wiu xojona. ** — p < 0.01 o cpaBHe-
Huio ¢ KoHtposieM. AFC (Antibody Forming Cells) — AOK
(aHTUTEI000pa3yIOIINE KIETKH).
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Puc. 5. Cxema pa3BuTusl peakiinii opraHM3Ma Ha BHeEIlIHee
oxnaxaeHue. [lepepaborano u gorosaHeHo us3 [40]. @akThl,
YCTaHOBJICHHbBIE B HACTOSIILIEM MCCIIETOBAHUN, TOMYEPKHY-
Thl. AOK — aHTHTET0006pa3ylolye KIeTKH.

TOK MPOUCXOAUT B CYOKJIETOUHBIX AOMEHaX, Iae Jio-
KaJIbHO BBICBOOOXIaeMblili AT® cTUMYIUPYET MypU-
HEepruyeckue pelenTopbl, KOTOpbie PEryJIupyloT
(GyHKIMOHAIbHBIE KJIeTOuHble OTBeTHI [30—32]. UMm-
MYHHBIE€ KJIETKM, HalpuMep, BbicBoOOXIaloT AT®D B
OTBET Ha pPa3IMIHBIC CTUMYJIBI U (DOPMUPYIOT OKO-
JIOKJIETOYHBbIE Topsiune Touku AT®, KoTopble aKTUBU-
PYIOT coceiHue MypUuHEepruieckKrue peluenTopbl, U TeM
CaMbIM [TIOMOTAIOT MHUIITMHUPOBATh U YIIPABJIATH IOCIIE-
IYIOIMMU (PYHKIIMOHATBHBIMU KJIETOYHBIMU peaKIiv-
SIMM, TAKUMU KaK MUTPAIIMsT KJIETOK, paciio3HaBaHIe
aHTUTeHa W Jpyrue BaXKHbIe 3aJauyM, HEOOXOAUMBIC
IUIst 3aiuThl opraHusma [33—35]. Takue nokaiuzo-
BaHHBIE MyPUHEPTUIECKIE CUTHAJIBHBIE TOMEHBI 00-
Hapy>XUBalOTCS Ha MOBEPXHOCTU HelTpoduios, T-
KJIETOK U JPYTUX UMMYHHBIX KJIeTOK [36—38].

Panee HaMu OBLTH TTOJTyYeHBI TaHHBIC 00 yJ4acTUU
HA u agpeHopenienTopoB B MOIYISILIMU (PyHKLIMU aH-
TUTeHCBA3bIBaHUs [4, 9]. Bo3MOXHO, 4TO ABa 3TU MPO-
1ecca, aHTUTEHCBSI3bIBAHUE W aHTUTEJI000pa3oBaHMeE,
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MO-pa3HOMY pearupyioT Ha CO-MeauaTOpbl CUMIATH-
yecKoii HepBHOIi cucTeMbl. HaMu ObLI0 MOKa3aHO, 4YTO
IIpU HEDIYOOKOM OXJIaXIEHWM, KOIla IOBHIIICHUE
KoHueHTpauun HA B KpoBM 3HAYUTEIHLHO MEHBIIIE,
yeM MpU IITyOoKoM [5], HabromaeTcss CTUMYIISILIAS aH-
TUTSHCBSI3BIBAHMS C YYaCTHUEM O-aIpEHOPELIEIITOPOB.
ITpu rmy6okom oxytaxkaeHur 1 6oJiee 3HAYUTETLHOM BbI-
opoce HA B KpoBb, ITPOUCXOIUT yTHETEHE aHTUTCHCBSI -
3bIBAHMsI, HO YK€ C yJacTheM [-aipeHoperenTopos [9].
AHTHTET000pa30BaHNe TP HETITYOOKOM OXJIaKICHIN
TaKKe CTUMYJIUPYETCsI, a TIPU IIyOOKOM — yTHeTaeTcs,
HO 3TO yTHETeHHE, KaK MTOKa3bIBAIOT PE3yJIbTaThl HACTO-
s1ei paboTel, cBig3aHo yxe He ¢ HA, a ¢ AT® u P2X
MypUHEprudyecKumMu penentopamu. CleaoBaTelbHO,
MOXHO IIoJIaraTh, YTO IIPY aKTUBALIMM CHUMIIaTUYE-
CKOil HEpBHOI1 crcTeMbl 1Ba co-Meauaropa HA n AT®
MPEUMYILECTBEHHO PETYJIUPYIOT pa3Hble KOMITOHEHTHI
MMMYHHOTO OTBETa OpraHu3Ma.

HMHTepecHO TakKe OTMETUTD, YTO B MeXaHM3Max (pop-
MUPOBAHUSI TEPMOPETYISATOPHBIX peakiuuii, HA n AT®
TaKKe PeryJIMpyIoT pa3sHble COCTABJISIONINE TEPMOpETyY-
JIATOPHOTO OTBeTa Ha Xojod. HA mpenmyiiiecTBeHHO
BJIMSIET Ha COCYIHCTYIO PEaKIIUio, HeCOKPATUTETbHBII
TepMOTIeHe3 1 MEPBYIO CPOYHYIO (hazy MeTabOINUECKOTO
OTBeTa, Torma Kak ATd oTBeTCTBEHHA 3a COKPATUTEITb-
HbII1 MBIIIIEYHBII TepMOTeHe3 — IPOXb [39].

SAKITIOYEHHWE

Ha ocHoBaHMY MTOJTy4YeHHBIX PE3YJIbTATOB U MPEAbI-
IYIIUX UCCIACAOBAHMUI, a TaKKe JAaHHBIX JIUTEPaTypPhI
MOXHO TIPEICTaBUTD CIAEAYIOLIYIO CXeMY PAa3BUTUS pe-
aKIIMM OpTaHM3Ma Ha IIyOOKoe oxjiaxmeHue (puc. 5).
BuenrHee xononoBoe Bo3neiiCTBUE aKTUBUPYET TTeprde-
pUUYecKre KOXHbIE TEPMOPELENITOPhl Yepe3 TepMOUYB-
CTBUTE/IbHBbIE MOHHBIE KaHanbl (Hampumep, TRPMS,
TRPA1). TepmoceHCOPBI MOCHUIAIOT CUTHAI B CTPYK-
TYpBI MO3ra, rae popmupyetcs 3(phepeHTHBINA CUTHA,
KOTOPBIN CTUMYJUPYET CUMINIATUYECKYIO HEPBHYIO CU-
cremy. Co-TpaHCMHUTTEPHI CUMITATUYECKOIl HEPBHOM
cuctembl HopaapeHanuH (HA) u AT® neiicTByIoT Ha
s dexTopHble OpraHbl, BbI3bIBasi KOHCTPUKIIUIO KOX-
HBIX KDOBEHOCHBIX COCYJOB UYepe3 Ol-aipEHOPELIENTO-
pBbI, YCUIUBasi aKTUBHOCTbL Oypoil XKMPOBOM TKaHU U
noBbias 3(p@eKT TEerIoBOro COKpalleHUsT MBI,
Jyepe3 -aapeHopelenTopbl, YCUINBas TePMOPETYJisi-
TOPHYIO aKTUBHOCTb CKEJETHBIX MBIIIIL (IpOXb) U
yraeTtasi aHTuTesI000pa3zoBaHue Kietok (AOK) cere-
3eHKM 4depe3 P2X-peuenrTopnl. B To ke Bpemss HA u
AT® BO3MEHCTBYIOT Ha KOXHbIE TEPMOYYBCTBUTEb-
HBIe adpdepeHTH yepe3 P2X 1 anpeHOpenenTophl, N3-
MEHSS1 UX YYBCTBUTEIBHOCTh K TeMIlepaType U OcCy-
IIECTBIISIS, TAKUM 00pa3oM, 0OpaTHYIO CBSI3b C TIEpU-
depuueckuMu appepeHTaMM.

Takum o6pa3zoM, U IpeXHUE JaHHBIE, U pe3yJIbTa-
Tbl HACTOSIIETO MCCIIENOBAHUSA IEMOHCTPUPYIOT HAJIU-
4ue pa3HbIX IMyTEU peain3aliii y CO-MEeIUaTOPOB CUM-
HaTU4eCKO HepBHOM crcTteMsbl, T.e. AT® 1 HA, Bo3neii-
CTBYSl Ha pa3jIdyHble KOMITOHEHTBI, OOYCJIOBIUBAIOT
Ne 6
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MEIWATOPBI CUMITATUYECKOW HEPBHOW CUCTEMBI AT®

KOMIUIEKCHYIO PETyIUpyeMyIo 3(p(PeKTOPHYIO peakIInio.
VTouHEeHMe poIu KaxKI0ro U3 CoO-MeIuaTOpOB CUMITATH -

YeCKOM HEPBHOM CUCTEMBI B 3((MEKTOPHBIX peaKIINsIX
TpeOyeT HOIMOTHUTETLHBIX NCCIICTOBAHMIA.

COBJIIOJEHUE 5TUYECKUX CTAHOAPTOB

Bce mpumeHuUMBIE MeXIyHapomHbIe, HallMOHAJIbHbBIC
1/VJIM UTHCTUTYIMOHAIbHBIE IIPUHITUITHI YX0a ¥ UCTIOJIb30-
BaHMSI XXMBOTHBIX ObLIM cOOJIIOeHbI. Bee mpolienyphl, BbI-
TOJIHEHHbBIE B UCCIIEIOBAHMSIX C y9aCTHEM KMBOTHBIX, COOT-
BETCTBOBAJIM 3TUYECKHM CTaHIapTaM, YyTBEPKIAEHHbBIM MTpa-
BoBbIMU akTamu P®, npunuunam bazenbckoii Aekinapanuu
U peKoMeHIauusm aTndeckoro komurera HUU HeitpoHayk
U MeAULMHBL, TPoToKo Ne 3-O ot 18 mapra 2021 1.

NCTOYHUKHN OPUHAHCUPOBAHU A

HccrenoBanne GbUIO ITOMIEPKAHO 33 CUET OIOIKETHOIO
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BaHuit (Tema No 122042700001-9).
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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®#

4Scientific 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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