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Bo3MoxHble dYyTOUMMYHHbI€ M€XaHU3Mbl peryndauunu
noeeaeHnAa KpbiC B TeCTe «0TKpbITOe none»"

B.A. batypuH, 3.B. beep, M.B. batypuHa

CraBponobCKNUI rocyAapCTBEHHBIN MeAMLIMHCKUIA yHuBepcuTeT, CraBponob, Poccus

AxTtyanbHocTb. B nocnegHue rogbl BHUMaHWe ucciefoBaTenie NMPUBMEKAT ayTOMMMYyHbIe MeXaHu3Mbl perynsiuum ¢u-
3M0M0TMYECKUX MpoLieccoB. B oTBeT Ha noBpexaeHue uv aKcnpeccuio 6eNKoB MPOMCXOAMT YBENMYEHWE YPOBHEN ayToaHTy-
Tesl, KoTopble 0becneunBaloT BOCCTAHOBMIEHWE HapYLUEHHOTO paBHOBecKs.. BbiCOKWe ypOBHM ayToaHTUTEN 0BHapyKuBatoTCs
Mpy MHOTMX 3ab0neBaHusX.

Llenb — oLeHUTb YPOBHW ayTOAHTUTEN B CbIBOPOTKE KPOBYU Y IKCMEPUMEHTANbHBIX UBOTHBIX C OLEHKOW WX NOBELEHUS
B TECTE «OTKPbLITOE MOSIEN.

Matepuansl n Metoabl. M3 32 Kpbic-camuoB chopmupoBaHo Age rpynnbl: 1-9 — He noaBepraBLUasca U 2-9 — nof-
BepraBLUascs CTPECCMPOBaHUI0 B TeyeHWe 7 JHeN NMyTEM HaOXEeHWs 3aXMMa Ha KOXHYI0 CKNafKy Ha 15 MUH exefHeBHo.
Yepes 3 cyT nocne nocnefHeii cTpecc-npoLeaypbl NPOBOAMNM TECTUPOBaHWE B OTKPLITOM nosie. llocne oLeHKM NoBefeHus no-
JIy4anu CbIBOPOTKY KPOBM 1 OMPEAENSIM YPOBEHb ayToaHTUTEN K AodaMuHoBbIM peuentopaM (DR 1 n DR2), NMDA-peuentopam
(NR1, NR2A, NR2B).

Pe3ynbtathl. Kpbichl 2-1 rpynnbl No cpaBHeHMIo ¢ 1-i pexe moceLlany LieHTpasbHble 30HbI Nonis, bbina HUXe BepTU-
KasibHas aKTMBHOCTb, OHM PeXe COBEpLUanu aKTbl yMblBaHWA. Bo 2-1 rpynne 6binm Bbile ypoBHM ayToaHTuTten K DR1 n DR2,
HO HKe K NR2B. KoppensiuMoHHbIV aHanmu3 BbISIBAT, YTO Y KPbIC 2-M Tpynnbl ypoBeHb ayToaHTUTen K DR2 cBA3aH ¢ ropu-
30HTanbHOM aKTUBHOCTLHO (r=—-0,60). Y Kpbic 1-# rpynnbl ycTaHoBNEHa CBA3b YPOBHA ayToaHTuTen K NR2B 1 konmuyectsa
npo0eKeK Yepe3 LeHTpasbHble 30HbI nons (r = +0,68).

3aknoueHune. YunTbiBas BbISBMIEHHYIO CBA3b YPOBHA ayTOAHTUTESN C AKTUBHOCTLID B OTKPLITOM MOJIE, MOXHO Npeamnono-
XWTb, YTO CTeNeHb MOBbILIEHNA TUTPOB MMMYHOrobynuHa G (IgG) B KpoBu K peuentopam DR2 otpaxaeT BbipaeHHOCTb
CABUIOB B MOBELEHUN XMBOTHBIX Npu cTpecce. C Apyron CTOPOHbI, B CBA3M C NOSBMBLLUMMMCS JaHHBIMUA O BO3MOXKHOCTM Mpo-
HWKHOBeHMs! IgG yepe3 rematosHUedannyeckuii bapbep, MOXKHO NPESMoNoXMUTb U BAMSHWUE ayTOAHTUTEN Ha peLenTopbl 40-
(aM1Ha roloBHOM0 Mo3ra C orpaHUYeHNeM aKTUBHOCTU J0(MaMUHEpPruyecKoii CUCTEMI.

KntoueBble cioBa: KpbIChl; TECT «OTKPLITOE MOJE»; ayToaHTUTENa; peLenTopbl AodamuHa; NMDA-peuenTopbi.
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Possible autoimmune mechanisms of regulation
of rat behavior in the “open field” test

Vladimir A. Baturin, Edward V. Beyer, Maria V. Baturina

Stavropol State Medical University, Stavropol, Russia

BACKGROUND: In recent years, researchers have demonstrated interest in the autoimmune mechanisms of regulation of
physiological processes. In response to damage or protein expression, the levels of autoantibodies increased to ensure the
restoration of the disturbed balance. Levels of autoantibodies are high in many diseases.

AIM: The aim of this study was to assess the levels of autoantibodies in the blood serum of experimental animals and evalu-
ate their behavior in the “open field” test.

MATERIALS AND METHODS: Of 32 male rats, two groups were formed: group 1 was not exposed to stress, whereas group
2 was subjected to stress for 7 days by applying a clamp on the skin fold for 15 min daily. Three days after the last stress pro-
cedure, testing was conducted in the “open field.” After assessing the behavior, blood serum was obtained, and the levels of
autoantibodies to dopamine receptors (DR1 and DR2) and NMDA receptors (NR1, NR2A, and NR2B) were determined.

RESULTS: Compared with group 1, group 2 visited the central zones of the field less often, had lower vertical activity, and
less often performed acts of washing. In group 2, the levels of autoantibodies to DR1 and DR2 were higher, but to NR2B were
lower. Correlation analysis revealed that in group 2, the level of autoantibodies to DR2 was associated with horizontal activity
(r=-0.60). In group 1, a relationship was established between the level of autoantibodies to NR2B and the number of runs
through the central zones of the field (r = +0.68).

CONCLUSIONS: Taking into account the revealed relationship between the levels of autoantibodies and activity in the open
field, the degree of increase in blood IgG titers to DR2 receptors may reflect the severity of changes in the behaviors of animals
under stress. Conversely, in connection with the emerging data on the possibility of IgG penetration through the blood-brain
barrier, the effect of autoantibodies on brain dopamine receptors with a limited activity of the dopaminergic system may be
considered.
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HEMPOMCUXOMAPMAKONO/A

AKTYAJIbHOCTb

B nocnenHme roabl BHUMaHWe UccnenoBarteneli NpuBeKa-
10T ayTOUMMYHHbIE MEXaHWU3Mbl PerynaLum GU3N0IorMYecKUX
npoLieccoB. B oTBeT Ha noBpexaeHWe UK aKcnpeccuto ben-
KOB MPOMUCXOAMT YBENIMUEHUE YPOBHE ayTOAHTUTES, KOTOpbIE
obecrneynBatoT BOCCTAHOB/IEHME HapYLLEHHOM0 pPaBHOBECHS.
BbicoKue ypoBHM ayToaHTUTEN 0OHApPYKMUBAKOTCA NPU MHOTUX
3aboneBaHusx. Tak, Npy HapyLLIEHMAX MO3roBOro KpoBoobpa-
LLIeHWS BbISBIAIOT BbICOKME YPOBHM ayToaHTUTeN K beniky S100,
0cHoBHoMy benky MuennHa, NMDA-peuentopaM [3]. ObHapy-
JKEHO MNOBBILLIEHUE COAEPXKAHMSA ayToOaHTUTEN, 0COBEHHO Hel-
pocneunduryecku, y nauueHTos, nepeHectumx COVID-19 [1].
lokasaHo, 4To y 60bHBIX LLIM30PPEHNUEN YBENMYEHO KOMYe-
CTBO ayToaHTUTen K fodamuHobiM 1 NMDA-peuenTopam [4].
PaHee HaMu Bbiio YCTaHOBNEHO, YTO ANUTENbHOE BBELEHME
AHTUMCUXOTUYECKUX CPeacTB (ranonepuaosn, pUcrepuioH)
KpbICaM TaKKe MOXET CYLLECTBEHHO MOBbILLIATbL YPOBHM ayTo-
aHTMTeN K aodamuHoBbIM peuentopaM, NMDA-peuenTopaM,
nodamuny, 6enky S100 [2]. B cBA3M C 3TUM BbINIO BbIABMHYTO
MpesmnonoXeHNe 0 BOBMIEYEHUN ayTOUMMYHHBIX MEXaHU3MOB
B peanu3aumio (hapMaKonor1ieckoro LercTBus NCUXoTpon-
HbIX npenapaToB. COOTBETCTBEHHO MOXHO Oblfo Mpenno-
naratb yyactue Helipocneunduyeckux ayToaHTUTeN B pery-
naumu nosefeHus. Mo3toMy NpeacTaBnsNoCh MHTEPECHBIM
OLLeHWTb YPOBHU ayTOAHTUTEN B CbIBOPOTKE KPOBW Y 3KCre-
PUMEHTaNbHBIX KMUBOTHBIX C OLIEHKOW X MOBEAEHMS B TeCTe
«OTKpbITOE None».

MATEPWUAJIbI U METObI

WccnepoBanue BbINOMHANOCH B COOTBETCTBUM C MOMOXE-
HusaMn HeHeBcKol KoHBeHuMM 1985 r. «MexayHaponHble
MPUHLMMbI BUOMEOUUMHCKMX WUCCe0BaHUA € WUCMOMb30-
BaHMEM XMBOTHbIX» W XeNbCUHKCKOWM Aexnapaumv 2000 T
0 NyMaHHOM OTHOLUEHUM K KMBOTHbIM, a Takxke [lpukasa
MuHucTepcTBa 3apaBooxpaHeHns Poccuiickon Qepepaumnn
N2 1991 «06 yTBEpKAeHUM NpaBuUN 1abopaTOPHOI NPaKTUKU»
ot 1 anpens 2016 1.

OnbiThl 6b1AM BbINOAHEHBI HAa 32 Kpbicax MHUKM BucTap,
camuax, Maccoi Tena 270-320 r. }nBoTHbIE COAepKanuUchb

Tom 13, N 3, 2022

[NcrxodapMaronoris v DVNOrMYECKas HapKONoris

B YCNOBMAX BMBapua CO CBOOOAHBIM [OCTYNOM K MNuLie
v Boge. bbinu cdopmupoBaHbl ABe rpynnbl: 1-9 He nogsep-
ranacb cTpecc-Bo3nencTamio (20 KpbiC; JKUBOTHbIX 2-1 rpyn-
nbl (12 KpbiC) NoaBepranm cTpeccy B TedeHue 7 AHen, QUK-
CUpYS KpbIC 3aMMOM 3a KOXHYI0 CKNagKy Ha 15 MuH.
Yepes 3 cyT nocne nocnefHen cTpecc-npoLeaypbl NpoBo-
LWIN TeCTUpOBaHWe B OTKpbIToM nosne. OueHuBanu B Te-
YeHWe 3 MWUH YUCNIO MPOMAEHHBIA KPaeBbIX 30H, @ TaKKe
KOJIMYECTBO MepeXof0B Yepes LieHTpasbHbIA CEKTOp 0cBe-
LLleHHOro nons. PernctpmpoBany YMcno BepTUKabHbIX CTO-
€K, a TaKXKe KonnyecTBo 06cnefoBaHHbIX OTBEPCTUI B MOy
apeHsl. [loacunTbIBaNM TaKKe KONMYECTBO aKTOB YMbIBaHUS
(LMTENbHBIA TPYMUHT). B CbIBOPOTKE KPOBM OLEHMBaNM
KOHLIEHTpaUuIo ayToaHTuTen (MMMyHornobynuH G, 1gG) K ao-
(aMuHoBbIM pelienTopaM 1-ro U 2-ro TMNOB U A0(paMuHY,
a Takke K NMDA-peuentopaM (NR1, NR2A, NR2B) ¢ no-
MOLLbK TECT-CUCTEM MMMYHODEPMEHTHOrO aHanm3a (MDA,
000 HMO «MmMyHoTake», Poceus). MccnenoBaHue nposoay-
JIM Ha aBTOMAaTMYeCKOM MMMyHO(EPMEHTHOM aHanm3artope.
CraTUCTUYeCKWI aHanu3 NONYYeHHbIX pe3ynbTaToB U3Mepe-
HWWA NPOBOAMICA C NPUMEHEHUEM NPUKIIAAHBLIX NPOrpamMM
Statistica (StatSoft Inc., CLUA). C nomolbto kputepus LLa-
NUpo — YWiKa oLeHMBaNM HOPManbHOCTb pacnpefeneHus.
YunTbiBas, 4To 6bIN BbISBNEH HEHOPMASIbHBIN XapaKTep pac-
NPpeaeneHns, ANs CPaBHEHUA TPYNN NPUMEHANN KpUTEpUii
MaHHa — YuTHW. Pasnuuna mexnay rpynnamu CYMTanuchb
pocToBepHbiMK npu p < 0,05. MNpoBoaumncs Takxe Koppens-
LMOHHBIN aHanu3 no CnvpmeHy.

PE3Y/IbTATbI

loBefeHWe B OTKPLITOM MoJie TPYMMbl KPbIC, KOTOPbIX
NoABEpranM NoBTOPHOMY CTPECCUPOBaHMIO (2-1 rpynna), oT-
JMYaNoCh HU3KMM KONWYECTBOM MOCELLEHMIA LEHTPabHOrO
CEKTopa apeHbl, @ TaKXKe CYLLLeCTBEHHbIM OrpaHNYeHNEM KO-
JMYeCTBa aKTOB YMbIBaHWA (Tabn. 1). BepTukanbHas aKTvB-
HOCTb Oblla HUXKE, 3TU KPbICbl 3aMETHO peXe CoBepLuanu
aKTbl FpyMMHra (yMbiBaHusl). [ofo6HbIe pa3nnuus no3BonstoT
nonaratb, 4YT0 CTPECCUPOBAHHbIE KPbIChl UMEKT bonee BbiCo-
KU1 ypOBEHb TPEBOXHOCTU.

Tabnuua 1. OueHKa noBeieHNs B OTKPLITOM MoJie M YPOBHEIA ayTOaHTUTEN K peLienTopaM B CbIBOPOTKE KPOBY KpbIC
Table 1. Assessment of open field behavior and levels of autoantibodies to receptors in the blood serum of rats

MokasaTtenu noeeaeHus Tpynna 1 (Ge3 ctpecca)

CraTMcTMyecKas 3HaYMMOCTb
Ipynna 2 (cTpeccupoBaHHbIe)

B OTKPbLITOM nosie pasnuumi, p
lepeceyeHne KpaeBbIX 30H 18,0 (15,5-21,5) 14,4 (2-27,5) > 0,05
MepeceyeHue LEHTPaNbHOM 30HbI 3,5 (3,0-4,0) 0 0,00002
MccnepoBatenbckas aKTUBHOCTb 2,0 (1,0-3,0) 1,5 (1,0-2,0) > 0,05
Yucno BepTUKanbHbIX CTOEK 5,0 (4,0-6,5) 3,5 (2,0-6,5) 0,0009
Yncno aKToB rpyMuHra (yMbiBaHWM) 3,0 (2,0-4,5) 0,5 (0-2,0) 0,0002

[Mpumeyanue. NpeacTaBneHbl MeauaHsbl U 3HaueHus 025-Q75 %.
Note. Medians and Q25%—-Q75% values are presented.
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Tabnuua 2. MokasaTenu ypoBHeN ayToaHTUTEN K PELIENTOPaM B CbIBOPOTKE KPOBY KPbIC
Table 2. Levels of autoantibodies to receptors in the blood serum of rats

YpoBeHb ayToaHTUTeN K peLientopam Mpynna 1 (6es crpecca)

CraTucTMyeckasl 3Ha4MMOCTb
lpynna 2 (cTpeccupoBaHHbIe)

Me[unaTopoB B CbiIBOPOTKE KPOBU paanuquﬁ, P
JNodammn D1 5,4 (4,1-10,9) 171 (16,3-32,0) 0,000008
DNodamun D2 4,3 (2,9-6,9) 21,2 (19.0-24,3) 0,000001
Peuentopsl NMDA NR1 1,5 (0,9-2,0) 1,8 (1,6-1,9) > 0,05
Peuentopbl NMDA, cydbeanHuua NR2A 1,3 (1,0-2,5) 1,5 (1,4-1,8) > 0,05
Peuentopsl NMDA, cybbeamHuua NR2B 1,3(0,8-1,9) 2,2 (2,0-3,8) 0,0003

[pumeyanue. NpencTaBneHbl MeauaHbl U 3HaueHus A25-75 %.
Note. Medians and Q25%-Q75% values are presented.

YposeHb aytoaHTuten K DR1 1 DR2, a Takke K NR2B B cbi-
BOPOTKe KPOBY OblN CYLLECTBEHHO BbILLE Y KPbIC 2-1 rpynMbl
(tabn. 2). Mpwn 3TOM cofepKaHue ayToaHTUTEN K CyObeANHU-
uam NMDA-peuentopos (NR1 1 NR2A), 6bino conoctaBumo
B 0Demx rpynnax.

KoppenaunoHHbIN aHanu3 faHHbIX XWBOTHbIX 1-/ rpynnbl
06Hapy»un, 4To MMeeTCA NONOXUTENbHAS CBA3b MEX[y Co-
LepxaHueM B kpou aytoantuten K NR1 v uucnom nepece-
YeHHbIX nepudepuyecknx 3oH (r = +0,52; p < 0,05), ypoBHEM
aytoaHTuTen K NR2B 1 KonM4ecTBOM 3aX00B B LLEHTPasIbHbIN
cektop nons (r = +0,68; p < 0,05). Y Kpbic 2-1 rpynnbl, noa-
BepraBLUMXCS BO3AEWCTBMIO CTpecca, YCTaHOBNeHa OTpuLa-
TeNbHas CBA3b MEX[y COAEpPXHaHWeM ayToaHTUTEN B KpOBU
K DR2 v uncnoM nepeceyeHHbIX nepuepuyeckux CEKTopoB
nons (r = -0,6; p < 0,05). CneayeT 0TMETUTb, YTO NPOCNEMU-
Baslacb YMepeHHast CBA3b ayToaHTuTen K DR2 ¢ KonnyecTeoM
BEPTUKaNbHbIX cToeK (r=-0,43) n uncnom obcnenoBaHHbIX
oTBEpCTMIA B nony apeHbl (r=—0,5). BnpoueMm, ctatnctuye-
CKast 3HaUMMOCTb KOppensALMM He MoATBepAanach.

Takum 0bpa3oM, nosyyeHHble CBEAEHUS B MeEPBYIO Oye-
pefb MHTEPECHBI TEM, YTO XPOHUYECKOE CTPECCUMPOBAHME M-
BOTHbIX COMPOBOXAETCS MOBbILIEHNEM YPOBHS ayTOAHTUTEN
B KPOBY K J0(aMUHOBLIM peLientopaM. [1pu 3ToM BhbisBNsieTcs
B3aMOCBA3b MEX/Y COAEPXKaHNEM ayToaHTUTEN K Helpope-
LLenTopam 1 U3MEHEHNAMM NOBELEHNS XUBOTHBIX B OTKPLITOM
none. BeposATHO, 3T0 MOBbILLIEHME ayTOAHTUTEN HOCUT afan-
TaLMOHHbIN XapaKTep, KaK 0TBET Ha CTPECC-MHAYLMPOBaHHYH0
aKTMBALMIO CUMMATMYECKOro OTAeNa BereTaTUBHOW HepBHON
cUCTeMbI M ee [OhaMUHEPTUYECKUX MEXaHU3MOB. YuuThbIBas
BbISIBNIEHHYH CBSA3b YPOBHS ayTOAHTUTEN M aKTUBHOCTM B OT-
KPbITOM MoJie, MOXHO MPELNoN0XUTb, YTO CTeNeHb MNOBbI-
wenus TuTpo. IgG B KpoBM K peuentopam DR2 otpaxaer Bbl-
PAXEHHOCTb CABWUIOB B MOBELEHUM UBOTHBIX MPU CTPECCe.
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C npyron CTOPOHbI, B CBA3X C NOABUBLUMMUCA AAHHBIMM
0 BO3MOXHOCTWU NMPOHUKHOBEHUs IgG Yepe3 remato3HLe-
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1 NOTeHUManbHbIX KOHQIMKTOB MHTEPECOB, CBA3aHHBIX C MybnnKa-
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