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CepOTOHMHOBAsI U1 HUTpepruyeckasi CUCTEMbl MEIMAIbHON MPedPOHTATIBHON KOPbI
(MITK) BOB/IeUeHBI B KOHTPOJIb FTeHEpaJIM3allMK CTpaxa, HO UX JIOKaJIbHOE B3anMOeii-
CTBHUE B X0Jle obecIieueHrsT 3Toi (DyHKIIMM uccienoBaHo Mao. Llenbio paboTsr 6bLTO
MU3YYUTH BIMSTHUE OJIOKAIbl 9HAOTEHHBIX HUTPEPTUYECKMX CUTHATIOB Ha BBIOPOC Cepo-
toHuHa B MI1K Bo Bpemst ¢opMupoBaHust ycioBHo# peakuuu crpaxa (YPC — monens
cTpaxa) M Ha IMHAMUKY ee TeHepaau3aiu. B uccienoBanusax Ha caMiiaX KPbIC TMHUUT
Cnper-Jloyayu MeTogaMy NPUXU3HEHHOTO BHYTPUMO3rOBOTO MUKPOIMUAIN3a U BBICO-
K03 GHEKTUBHOM XUIKOCTHONM Xpomarorpaduu c 3JeKTPOXMMHYECKON IeTeKIInei
ObUTO yCcTaHOBJIEHO, 4TO BBeneHUsT B MIIK uepe3 nmuanmsHyio KaHIOIIO WHTHOUTOpA
NO-cuHTa3bl N-w-Hutpo-L-apruauHa (NA, 0.5 MM) U celeKTUBHOTO MHTHOMTOpaA
HelipoHHO#t NO-cuHTasbl N-o-niponui-L-aprudiuHa (NPLA, 2MM) ymeHbIatoT 6a-
3aJIbHBIN YPOBEHBb BHEKJIETOUYHOTO cepoToHnHA B MITK 1 cHIKa0T (hyHKIIMOHATBHBI
MoabeM ITOTO MOKa3aTessi, BhI3bIBaeMbIii BbIpaboTKoit YPC (coueraHue yCIOBHOIO
curHayia (CS+) ¢ HensbGeraeMbIM OoJIeBBIM pasapaxkeHueM). Beenenust NA u NPLA
YBEJIMYMBAIM 3aMUpPaHUe XUBOTHBIX Ha muddepeHumpoBouHslii curHan (CS—), He
acCOLMMPYEMBbIil ¢ OOJIEBBIM pa3apaxkeHueM, TIpu MEePBOM TECTUPOBAHUU, TTPOBOIM-
MoM 4depe3 70 MuH mnocie BbipaboTku YPC Ha ¢dhoHe BBeAeHUs 9TUX MpernapaToB, HO
YMEHBIIIAJIA 3TOT MTOKa3aTesIb IPY MOBTOPHOM TECTUPOBAHUM Yepe3 CYTKH ITOCIe BBe-
JNIEHU, He U3MEHSISI 3aMUpaHMe TeX XK€ KMBOTHbBIX Ha MOTEeHIMAIbHO omnacHbIii CS+.
TMonyyeHHbIe JaHHbBIE CBUACTEILCTBYIOT 00 yyacTuu 3HAoreHHoro NO B aKTUBaLUU
BBIOpOca cepotoHnHa B MITK, BeI3biBacMoro ¢oopMrpOBaHUEM peaKIuu cTpaxa. Kpo-
M€ TOTO, OHM IOKAa3bIBAIOT, YTO OJIOKANa HAOTEHHBIX HUTPEPrUYECKUX CUTHAIOB
MITK, ycunuBarolasi epBoOHaYaIbHYIO FeHEpTM3aLMIO peaklliy CTpaxa, CIoCOOCTBYET
yracaHuIo TeHepaJM30BaHHOTO CTpaxa, BO3MOXHO, 3a CYET TOPMOXKEHHMsI BLIOpOCa CEpOTO-
HuHa B MITK.

Karoueguie cnosa: MmennanpHas pedpoHTaIbHASI KOPa, MPUXKU3HEHHBI BHYTPUMO3ro-
BOI1 MUKpOIUaiu3, BBIOpoc cepoTroHuHa, NO-cepOTOHMHOBOE B3aUMOJECTBUE, TeHEe-
panu3anys peakuy cTpaxa
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BBEAEHUWE

HeiipoMenuaTop CepOTOHUH SIBASETCSI OMHOMN U3 NPEBHEUIIINX CUTHAIBHBIX MOJIEKYJI
[cM. 1], mpoayuMpyeMbIX X)KUBOTHBIMU Pa3HbIX OMOJIOrnyeckux Tumnos [2]. B Mo3re ya6o-
PaTOPHBIX IPHI3YHOB CEPOTOHUHOBASI CUCTEMA MPEACTABIIEHA IEBITHIO TPYMNIIaMU CEPO-
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TOHUHEPTUUYECKHUX HEMPOHOB CTBOJIA MO3Ta, MHHEPBUPYIOIIMX MHOTHE, €CJIN HE BCE, OT-
nensl ITHC [3]. Takas mmpokass ”THHepBaILUs, a TAK:Ke aHATOMUYECKOE, HelipoXuMmJe-
CKO€ U 3JIeKTpo(U3NOJIOrMYecKoe pasHooOpa3ue CEpOTOHMHOBBIX HEWpOHOB [4, 5]
OOBSICHSIIOT y4aCTHE CEPOTOHUHOBBIX CUTHAJIOB B PETYJISILIMU OOJIBIIIOTO Ynciia hu3noso-
rudeckux pyHKImii [6]. BasxkHoe MecTo cpenn HUX 3aHMMAIOT peaKIIKi Ha CTpecC U KOH-
TPOJIb Pa3IUYHBIX ACHEKTOB cTpaxa [5, 7], BKiIoYass reHepaJin30BaHHbBIN CTpax (CTpax B
6e3oracHbIX 00cTosITeNbCTBaX) [8, 9] runepTpodUpPOBaHHO YCUIUBAIOLIUICS TPU MOCT-
TpaBMaTUUECKUX CTPECCOBBIX paccTpoiicTBax [10]. JJaHHBIE TUTEpaTypPhl M HAIIIW PE3YJib-
TaThl CBUIIETEJILCTBYIOT, UTO MenuaibHas ripedpoHTanbHas kopa (MI1K) u ee cepotoHun-
HOBasl cucTeMa, oopa3yeMasi BOJIOKHaAMU U3 TOPCATBHOTO U MEAMaHHOTO siaep 1miBa [7],
Y4acTBYIOT B KOHTpoOJe reHepanu3auuu ctpaxa [9, 11]. A uMeHHO, Mbl TTOKa3aJu, 4YTO
(YHKILMOHAJIBHBIN BeIOpOC cepoToHnHa B MIIK, HaGmomaeMblii BO BpeMsi BRIpabOOTKU
ycinoBHoI peakunu crpaxa (YPC — coueranue ycioBHOro 3BykoBoro curHaia (CS+) ¢
HensberaeMbIM 3JIEKTPOKOXKHBIM pa3ipa)kKeHUeM, MOJIe]Ib CTpaxa), SIBJseTCsl (DaKTOPOM,
BJIMSIIONIMM Ha TeHEepaM3alliio CTpaxa, MOCKOIbKY €ro (papMakoJoruyeckoe yCUuieHue
CeJICKTUBHO YCWJIMBAET 3aMUpPaHUs KpbIC (MTOKa3aTeb cTpaxa) Ha 6e3onacHbie nudde-
peHuupoBouHble curHaibl (CS—) uepes cyTku mociie Beipadotku YPC [9].

OmHUM U3 BO3MOXHBIX ITyTeil peryysinuy Takoro (pyHKIIMOHAJIbHOTO BhIOpOCa cepo-
ToHnHa B MITK sBISI0TCS TOKAJTBbHBIE HUTPEPIrUYSCKUE BIUSHUSI, TOCKOJIBKY HaKarlJIu-
BaloTCsl cBeieHMsI, uTo okKcun aszotra (NO), peryavpyroluii cepoOTOHUHOBYIO Heipo-
TpaHcMuccuio B pa3Hbeix otaenax LIHC [12, 13], B Tom uncie u B MIIK [14], MoxeT Bim-
SITh Ha MPOLIECCHl TeHepalu3aluu cTpaxa B HopMe [15] u mpu ncuxomnarosoruu [16]
yepes3 BO3[eiCTBMEe Ha aKTUBHOCTh CEPOTOHUHOBOI cUCTeMbl. B yacTHOCTH, 1O HAllIUM
naHHBbIM, nauTenbHas (210 muH) nHopy3us B MIT1K Bo Bpems BbipaboTku YPC noHopa
NO gustunamuH HoHoaTta (DEA, 1 MM), npuBosiiasi B Hauajie BBeAeHUSI K KpaTKOBpe-
MEHHOMY YBEJMUYEHMIO YPOBHsI BHEKJIeTOUYHOTO ceporoHuHa B MITK ¢ mocreneHHBIM
CHUXXEHUEM JTOTO ToKaszartelisi, TOPMO3UT (byHKIIMOHAJbHBIN BHIOPOC CEPOTOHMHA B
MIIK, BEI3BIBaeMbIii BeIpaboTkoii YPC, n depe3 CyTKM yMEHBIIIAeT 3aMUpPaHUe XUBOT -
HbIX Ha 6e3omnacHblit CS—, HO He Ha MOTeHIUaIbHO ornacHbIiit CS+ [15]. ODTu pe3ynbTarhl
CBUJIETEJILCTBYIOT O TOPMO3HOM BJIMSIHUM [JIUTEJIbHOU 3K30T€HHON HUTPEPruyecKoit
crumysinuu MITK Ha hopMupoBaHue 1/WIM KOHCOMMALIMIO TeHEPaJTu30BaHHOIO CTpa-
Xa, TIpoUcXofsiieM Ha hoHe TOPMOXEHUs (PYHKIIMOHAIBLHOTO BhIOpOCAa CEpOTOHMHA B
MIIK. BmecTe ¢ TeM HeM3BECTHO, HACKOJIBKO TaKMe 3aKOHOMEPHOCTH JICHCTBUS TOHOPA
NO aBisgioTcss GU3MOIOTUYSCKNA PEJIEBAHTHBIMM, U MOXeT 1 3HHoreHHbI NO, 1po-
NYKLUsT KOTOPOTro, MO HallMM JaHHbIM, yBeauuuBaercsd B MIIK npu dopmupoBaHuu
YPC [17], oka3bIBaTh IMoxoxue BIUsiHUsI. HacTosiiee ncciaemoBaHue MOCBSILIEHO BbISIC-
HEHUIO 3TUX BOMPOCOB.

Llens paboThl 3akiItoyanach B M3ydyeHUU 3PdEKTOB 6JI0KaIbl SHIOTEHHBIX HUTPEPTU-
YeCKMX CUTHAJIOB Ha BEIOpoc cepoTtoHnHa B MI1K B xone dopmupoBanus YPC u Ha reHe-
panu3anuio 3Toi ycaoBHOpeIeKTOpHOM peakiuu. st 3Toro 01O UCCIeI0BAHO, KakK
BBeaeHus B MIIK B xone BeipaboTku YPC unruouropa NO- cuntassl (NOS) N--HUT-
po-L-aprunuHa (NA, 0.5 MM) U CeIeKTUBHOIO MHrMOUTOpa HelpoHHOM NO-CUHTA3bI
(nNOS) N-w-niponuii-L-aprunnHa (NPLA, 2 MM) cka3sbiBaloTcsl Ha BBIOpOCE CepoTO-
HuHa B MI1K, Be3eiBaeMoMm Beipabotkoii YPC, a Takke Ha popmupoBanun YPC u Ha ee
reHepaau3aluu. Takux cBeIeHUil B IUTEpaType HET.

METOAbI MCCIIEJOBAHUA

B skcnieprMeHTax MCnoib30BaHbl KpbIChl-caMIlbl TuHUM Criper-Jdoynu maccoii 305—
420 r uz UKIT “Buokomnekuust U® PAH s ucciienoBaHusi MHTErpaTUBHBIX MEXaHU3-
MOB [IeSITEIbHOCTY HEepBHOM M BUcLepalbHBIX cucteM”’ (Cankrt-IletepOypr). 2KuBot-
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DAY 1
Training
) CFR ACQUISITION ) DIFFERENTIATION 1 )
OPEN 210 min w| SX[(CS+)+ US| 70 min = 5X[(CS-) 55 min
FIELD ! > > :
! BOX A BOX B !
| |
| |
: 2mM NPLA or 0.5 mM NA :
< A -
- Ll
DAY 2
Training
) DIFFERENTIATION 2 ) CFR ACQUISITION
PLUS 135min 5X[(CS-) 70min 5X[(CS+)
MAZE = -
BOX B BOX A

Puc. 1. Cxema skcniepuMeHToB. (CS+) — ycnmoBHbIM curHan; (CS—) — nuddepeHMpoBouHbIii curHait; US —

6e3yCIIOBHBII CTUMYJI (JIEKTPOKOXHOE pasiIpakeHHe Jalr).

HBIX, B3SITBIX B 9KCIIEPUMEHT, COIEPXaIU MHANBUAYAJIbHO B YCIOBUSIX CBOOOIHOTO 0~
CTYyIIa K BOJIE U CYyXOMY JJaGOpaTOPHOMY KOPMY.

Kpricam mon Hapko3oMm (pomerap, Spopha, Yemickasa Peciy6onuka, 1.4 mr/100 T 1 30-
netun, Virbac Sante Animale, ®panuus, 5 mr/100 r, BHyTPUMBIIIECYHO) YHUIATEPATbHO
B MITK BXUBJISUIM MUKPOIMAIU3HbIE KAHIONW KOHIIEHTPUYECKOTO THMa, KaK OMUCAHO
paHee [17]. CxeMa 3KCIIepUMEHTOB TpeAcTaBieHa Ha puc. 1. Yepes cyTku (3KCIepuMeH-
TaJIbHBIN JeHb 1) KpbIC TECTUPOBAIN B ycTaHOBKe “OTKphITOE Mosie” B TeueHue 10 MuH
IIJIST OLICHKM MCCIIENOBATEIbCKOM aKTMBHOCTHM JXMWBOTHBIX TTepel 9KcnepuMeHTaMu. Pe-
TUCTPUPOBAIM aMOYJIaINIo, OIICHMBAEMYIO TT0 YUCITY TIepecedeHU rpaHuIl CEKTOPOB, Ha
KOTOpbIe pa30uTa YCTAaHOBKA, M BEPTUKAILHYIO IBUTATEIbHYIO aKTUBHOCTH (ITO YMCITY
croek). Jlanee HaUMHAIM MUKPOAMATU3HbIE 9KCTIEPUMEHTBI, COUETABIIIMECS C TMMOBEACH -
YeCKHM TeCTUpoBaHUEeM. JleTaau 3KCIIEpUMEHTOB M UCITOJIb3yeMoe 000pyIOBaHUE OTU-
caHbl HaMu paHee [9]. Bkpartiie, Kpbicy moMelaiu B ATHEBHO GOKC €O CI0eM OIMTUJIOK U3
JMIOMaIIHe KJIETKU M HaYMHaIU nuanu3Hyto nepdysuo MITK nckyccTBeHHON CMTMHHO-
mosroBoit xuakocTeio (MCMXK, 1mxn/mMun). CoctaB UCMXK (MM): 147 NaCl, 4 KCl,
2 CaCl,, 1 MgCl,, pH 7.0). Cniyctst 1 4 HaunHainu coobupatb (HOHOBBIE 0Opa3LIbl AUaTu3aTa
(5 o6pazuosB no 15 mux). 3ateM KpbIc pasaeiasum Ha 3 rpynmsl: “NA” (n = 10), “NPLA”
(n="7) u “be3 BBenenus” (n = 10). Kpoicam rpynmer “NA” 8 UCMX nns nepdysun
MIIK no6asnsnu uaruourop NOS N-®-Hutpo-L-apruauH (NA, 0.5 MM, MP Biomedi-
cals, CIIIA), a kpbeicam rpynmbl “NPLA” — cenektuBHbIi nHruoutop nNOS N-m-npo-
mi-L-aprunuH (NPLA, 2 MM, Tocris, Benukodpuranus) 1 cobupanu 1o 5 o6pasion
nranusata (15 MuH Kaxaerit). C yaeToM 3¢ GEeKTUBHOCTH AUATU3HBIX KaHoNb (20%) nipu
ckopoctu Tiepdy3un 1 MKiI/MuH peanbHast koHueHTpausi NA B MIIK, cozmaBaemast
BBEICHUEM 3TOTO IIperapara, coctaBmsuia 0.1 MM, a peanpHast KoHOneHTpauuss NPLA —
0.4 MM. 3aTeM y (KMBOTHBIX 3TUX I'PYIII IPOBOIWIN BhIpaboTKy YPC ¢ nuckpuMuHamm-
OHHBIM KOMIIOHEHTOM, KOTOpas BKJIto4daja 2 3tana. Ha nepBom stane (BeipadboTtka YPC)
KaXIyl KpBICY TTEPEHOCUIN B YCIOBHOPE(MIEKTOPHYIO KaMepy A (KeJITble CTeHbI, pe-
1IeTYaToi MoJT) HA 5 MUH, TJe NMPEAbSBISIIM 3BYKOBOM YCIOBHBIN CUTHAJI — HETPEPhIB-
HbIi ToH yactoroit 1000 I (CS+, 10 ¢, 5 pa3, uatepBan 50 c), KOTOPBIf coueTanu ¢ He-
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n30eraeMbIM 3JIEKTPOKOXHBIM paznpaxkeHueM jamn (0.5 MA, 1 c¢). PeructpupoBanu miu-
TeJbHOCTh 3aMupaHust Ha CS+ (c), oTpaxkalolllylo oXuaaHue 60JeBoro pasapaxeHusl, a
Takke aMOyJIallMIo IO YMCITy TIepeceYyeHnit rpaHul] CEKTOPOB YCTAHOBKHU, U CTOWKHM, OT-
paxaroniue akTUBHbBIE TTOTIBITKU U30exkaTh 6oJieBoro pasnpaxeHus. [locie aToro kpeicy
BO3Bpalllajyd B AHEBHOI O00Kc 1 yepe3 70 MUH IIPOBOAMIIM BTOPOIi 3TaIl 00ydeHus — U@ -
depenHnupoBky 1. Kpricy momemianu B nuddepeHIIpoBoOUYHyI0 KaMepy B (6emblii mod,
OeJible CTEHbI) Ha 5 MUH U TNPEenbsIBIsIA 3ByKOBOU nuddhepeHIIMPOBOYHBIN CUTHAT —
npepeIBUCTHIN TOH yacToToit 1000 I't (CS—, 10 ¢, 5 pas, uarepsan 50 c¢) 6e3 31eKTpo-
KOXXHOTO pasnapaxkeHus. PerrcrpupoBanu Bpemst 3aMmupanust Ha CS— (c), oTpaxatoliee Iep-
BOHavYaIbHYIO TeHepaim3annio YPC. 3aTteM X1BOTHOE BO3Bpalllaii B THEBHOM OOKC 1
CITyCTsI 55 MUH ITIOMeIIaJv B HOBYIO KpyTiyio Kamepy (muametp 30 cM, BbicoTa 24 cM) Ha
10 MUH U ompenensuii YpOBE€Hb HCCIEIOBATEIbCKON aKTUBHOCTU Ha (pOHE BBEOSHUS
npenaparoB — amOyJaiuio (1Mo Yuciay nepeceyeHuit TpaHull CEKTOPOB) M YUCIO CTOEK.
[Tocie 3TOTo XKMBOTHOE BO3BpAalllajid B MTHEBHOI OOKC M MTPOBOJIMIIN “OTMBIBKY’ KaHIOJIU
oT (papMaKoJIOTUYECKUX MpenapaToB, Kak paHee ormcaHo [9]. ZKuBoTHble rpynmsl “be3
BBeNIEHUST” ObLUIM MOABEPTHYTHI TAKUM Ke TIpolieaypam, HO 6e3 n1o0aBIeHNsI UTHTUOUTO-
poB NO-cunTtaszsl B MCMK s nepdyzuu mITK.

Ha cnenyromuii neHp (3KCepuMeHTaIbHBINA IeHb 2) XXUBOTHBIX BCEX TPYIIIT TECTUPO-
BaJid B TEUCHHUE 5 MUH B IIPUIIOAHSATOM KPECTOOOpa3HOM JlabupuHTe [9], peructpupys
amOyJaiuio (110 YMCiTy TiepecedeHuii TpaHull CEKTOPOB) U BpeMsl peObIBaHUs (C) B 3aKPbI-
TBIX M OTKPBHITHIX pyKaBaX. 3aTeM BO300OHOBISUIN Auain3Hyio mepdysmio MITK MCMK.
Yepes 2 4 Bcex KPbIC TECTUPOBAIM CHavyajla Ha TPOsIBJICHUST TeHepaTn30BaHHOTO cTpaxa,
OLIEHMBAeMOTIO0 MO IJUTEIbHOCTU 3aMupaHust Ha CS— (c¢) B nuddepeHIupoBOYHOM Ka-
mepe B B xone nuddepeHIMpOBKY 2, KOTOPYIO MPOBOAWIM TakK Xe, Kak nuddepeHim-
poBky 1. Cniyctst 70 MUH KPBIC TECTUPOBaIM Ha TPOSIBJICHUST YCJIOBHOPEMIEKTOPHOTO
cTpaxa, ollcHHuBaeMoro 1o 3amupanuio Ha CS+ (c¢) B yclioBHOpedIEKTOpHOIT KaMepe A
BO Bpems peanusanuu YPC, KoTopyo IpoBOOWIN TaK 3Ke, KaK BeIpaboTky YPC, HO 6e3
9JIEKTPOKOKHOTO pa3npakeHus.

OnpeneneHue ypoBHsl cepoToHuHa B auanusate MITK ocyiecTBisiin METOIOM BbICO-
K02 EKTUBHOM KUIKOCTHOM XpoMaTorpaduu ¢ JIEKTPOXUMUIECKOi AeTekimei (Shi-
madzu, I'epmanus) [9]. Ucnonb3oBanu xpomaTorpaduieckyto KOJOHKY I 0OpalieH-
Ho-(da3Hoit xpomarorpaduu Luna “Phenomenex”, CILIA (150 % 2 MM, 3 Mmxm, Cyg) ¢ npenko-
JoHKO#t 2 X 4 MM, 3 MkM, Cjg, “Phenomenex”, CILIA. HanpsikeHue Ha paboueM
snekrpone — +0.61 B. [NoxgBuxHas ¢asa cogepxaina: 0.1 M NaH,PO,2H,0; 2 MM KCI;
0.5 MM DATA (Sigma, CIIIA); 0.26 MM okTuicyiabdoHara Hatpus (“Sigma”, CIIIA);
13.5% xapounomna; pH 5. ITorok — 0.18 mu1/MuH, naBieHue okojo 190 6ap ripu TeMmepa-
Type 35 rpagycoB. B KkauecTBe BHEIIIHETO CTaHIApTa MCIIOAb30BaIN TUAPOXIOPUI CEPO-
ToHuHa (Sigma, CI1IA), B KauecTBe BHYTPEHHEro craHaapra — 3,4-IUruapoKCUOeH3WIaMH
(Sigma, CIIIA). XpoMaTorpaMMbl perucTpUpOBaid U 00pabaThiBaIM B peKMME pealib-
Horo BpemeHU (MynbTuXpom 1.72, Amniepcenn, Poccust). KoHlleHTpaliio cepoToHU-
Ha B oOpa3nax Auajin3aTta BIpaXaiu B HM, a mocje 3Toro — B MPOIEeHTaX K COOCTBEHHO-
My cpenHemy ¢ony. [Ipouenypy aBTaHa3uM XKUBOTHBIX MPOBOJAUIIM TaK Xe, KaK OImyOIm-
KoBaHO paHee [15]. Mo3r usBnekanu u nomeinanu B 10%-Heblii pacTBop hopMaiiHa Ha
Heneo. 3aTeM U3roTaBiuBaiu GpOHTATbHbIE cpe3bl Mo3ra (40 MKM) ISl TPOBENEHUs
MOpPGOJIOTUYECKOTO KOHTPOJIS TomamaHuii. B cratuctrdeckyio obpaboTKy oTOMpanu
KpBIC C JoKau3anuei kaHwoab B MITK.

B otmenpHOIT cepun 3KCIepuMEHTOB MccienoBaiu BiausiHue BBeneHuil B MIIK NA u
NPLA Ha 4yBCTBUTEJIBHOCTh KPBHIC K 3JEKTPOKOXHOMY pazapaxkeHuio. 2KMBOTHBIM C
BXuBjieHHbIMU B MITK nuanusHeiMu KaHwoassMu B TedeHue 75 MuH BBoawiau 0.5 MM NA
(n=6) 1 2 MM NPLA (n = 6), 1o6aByisieMbIX B iepdy3UOHHBIN pacTBOp. YacTu XXUBOT-
HbIX (n = 7) nepdysuro MITK npoBoaunu MCMXK 6e3 nobaBieHust hapMaKoIorm4ecKmnx
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npenapaTtoB. Kaxaylo Kpbicy moMellaid B OOKC C pelleTyaTbiM MOJOM M OIpeaeIsiiu
MOpPOT BOBHUKHOBEHUS peakiiuu Ha TOK (MKA) [9].

st craTucTUYeCKOit 06paboTKM MPUMEHSIM CTaTUCTUYECKUi makeT SigmaStat (3.0).
JlaHHbBIe MIPEACTABIISUTN KaK cpenHee + craHmapTHas ommboKa cpenHero. CpaBHUBaeMBble
BBIOOPKY TTPOBEPSIIM HAa COOTBETCTBHUE HOPMaJIbBHOMY pactipeneiaeHuio (tect Kommoro-
poBa—CmupHoBa). Mcnonbp3oBanu omHO(MAKTOPHBIA M ABYX(aKTOPHBIN AUCIEPCUOH-
HbII aHanu3 (F Kputepuii, ¢hakTopsl BpeMs U/WIu TpyMIia) U r-Kputepuit boHbeppoHu
TSI MHOXECTBEHHOTO arocTepruopHoro cpaBHeHUs. [lormapHoe cpaBHeHUE MOBeaeHYE-
CKUX TTapaMeTPOB XWBOTHBIX OCYILIECTBIISUIM ¢ TToMollblo U Kputepusi MaHHa— YUTHU,
eclTi JaHHbIe He COOTBETCTBOBAIM KPUTEPUIO HOPMAJIBLHOCTH pacIpefeeHNs, U C UC-
MoJib3oBaHueM ¢ Kputepust CTbIOIEHTa, €CJIM COOTBETCTBOBAIIN. KICTIONIb30BaIM YPOBEHD
nocroBepHocTu p < 0.05.

PE3YJIbTATbI UCCJIEJJOBAHU

CopepxaHue cepoToHMHa B (OHOBBIX oOpa3uax nuanuiata MITK cocrasisiio B 3TUX
akcnepuMeHnTax 0.22 + 0.01 HM (n = 27).

B tecte “OTKpbITOE TT0JIe” TIepe HauaJIoOM MUKPOIUATU3HBIX 3KCTIEPUMEHTOB KPBICHI
rpynn “bes BBeneHus”, “NA” nu “NPLA” He paznuyanuch Mexay coboit 1o BeJIMYMHe
amOynauuu (F; o4y = 0.2, p = 0.8; yrciio nepecedeHuit coorBeTcTBeHHO 49 + 12, 44 + 10,
53 £ 12) u o umncny ctoek (Fp 4) = 0.9, p = 0.4; 3HaUEHUSA COOTBETCTBEHHO 5 + 2,9 + 3,
9+ 2).

Bripaborka YPC ¢ nucKpMMUHAIIMOHHBIM KOMITOHEHTOM, BKJIIOYAIOIIAsl TECThI “BbI-
pabotka YPC” u “nuddepeHunponka 1”, npuBoauia y XUBOTHBIX TpymnIibl "be3 BBene-
HUS” K TTobeMaM YPOBHSI BHEKJIETOUHOTO cepoToHuHa B MITK B Xone 060ux TeCTOB OT-
HOCUTENBHO (oHa (puc. 2; F3 17y = 17.3, p < 0.001), 4TO COOTBETCTBYET HALIUM MPEXK-
HUM pe3yiabTraTam [9].

Beenenue B MITK xuBoTHBIX Tpynmbl “NPLA” nHruoutopa nNOS NPLA (2 mM)
CHMXaIo 6a3aibHbIN YpOBEHb BHEKJIETOYHOTO cepoToHMHA B MITK oTHOCUTEIBHO 3TOTO
MOKa3areJisi epel BBeACHUEM nipenapara (puc. 2; F g s4) = 6.4, p <0.001) u Ha 3TOM (hO-
HE YMEHbIIAJIO MTOABbEMBI YPOBHSI CEPOTOHUHA, BbI3biBaeMblie BbipaboTkoilt YPC u nud-
depenumposkoii 1 (puc. 2; Fj3 219y = 1.8, p = 0.04, npu cpaBHeHuu ¢ rpynmnoit “bes Bee-
neHust” u Fiyg 108y= 4.7, p < 0.001 nmpu cpaBHEeHUH ¢ COOCTBEHHBIM (DOHOBBIM YPOBHEM).
A MMeHHO, y XKMBOTHBIX Irpymitel “NPLA” Habmonaicsa poct ypoBHs cepoToHnHa B MITK
BO BpeMs BbIpaboTKu YPC OTHOCUTENBHO YPOBHS CEPOTOHMHA MEPel TECTOM, CHUXKEH -
HbeiM BBeneHneM NPLA (¢ = 4.3, p = 0.006), HO He OTHOCUTENBHO (POHA Mepen BBee-
HueM NPLA (r = 1.9, p = 1.00). Bmecte ¢ Tem y kpbic rpynrbsl NPLA Bo Bpemst nudde-
PEHIUPOBKHU 1 He OBLIIO BBISBJIEHO JOCTOBEPHBIX U3BMEHEHU I YPOBHSI BHEKJIETOYHOTO Ce-
poronuHa B MIIK otHocurenbHo doHa nepen BBeneHueM NPLA (¢ = 0.47, p = 1.00), a
TakXe OTHOCUTENIbHO YPOBHSI CEPOTOHMHA HEIOCPENCTBEHHO Tepen TectoM (f = 2.04,
p = 1.00).

Beenenue kpricam rpynmsl “NA” uaruoutopa NOS NA (0.5 mM) B MIIK ToXe co-
MPOBOXIATOCH CHIXKEHHEM 0a3aJIbHOTO YPOBHSI BHEKJIETOUHOTO CEPOTOHUHA B 3TOM 00-
nactu (puc. 3; Fg )= 17.2, p <0.001), 4yTo moaTBepKAAET PE3yIbTATHI, MOTYYEHHBIE Ha-
mu paHee [14]. Yposens ceporoHuHa B MIIK xpric rpynmbl “NA” ocraBajcs CHUXKEH-
HbIM OTHOCHUTEJIbHO COOCTBEHHOro ¢oHa B xone OoJibllleld YacTu JaJbHEUIIero
9KCIepuMeHTa 110 Bbipabotke YPC ¢ TMCKpUMUHAIIMOHHBIM KOMITOHEHTOM, 32 UCKJIIO-
YCHUEM BPEMEHHBIX MEPUOIOB, NPUXOAAIIUXCS HA CaMU TeCThI (pUC. 3; Fig 162 = 13.7,
p <0.001). AumenHo, Bo BpeMs BeipaboTku YPC u nubdepeHunpoBku 1 ypoBeHb cepo-
ToHnHa B MITK XXuBOTHBIX rpyrnbl “NA” He oTrvajcs oT (QOHOBOTO YPOBHS Tepe/l BBE-
neHreM NA (1= 2.2, p = 1.00; t = 2.6, p = 1.00 cOOTBETCTBEHHO), HO ObLI BBIIIIE YPOBHS



BIIMAHUE MHI'MBUTOPOB CUHTA3bI NO HA BbIbPOC CEPOTOHMHA 1287

160 -
—a— NPLA + CFR Training (n = 7)

~-&-- CFR Training (n = 10)

(5
£

o 140 +

2]

<

e}

kS,

© 120

2100 - N o
F "+ INSE
= Y 4

: IRSsiss
S 80t . |

5} CFR Training

n NPLA Differentiation 1

60 | | [l [l [l [l [l [l [l I
0 30 60 90 120 160 180 210 240 270 300
Time, min

Puc. 2. UsmeHeHus ypoBHsT BHekieTouHOoro ceporonrHa B MITK B xone Beipabotku YPC (CFR Training) u
nuddepenunposku 1 (Differentiation 1) y kpoic ¢ BBenennem (NPLA + CFR Training) B MI1K 2MM NPLA n
6e3 BBeaeHust (CFR Training). [To ocu X — BpeMmsi, MUH; 110 ocu Y — YPOBEHb BHEKJIETOYHOTO CEPOTOHUHA, % K
¢oHy; pazdbpoc Ha rpaduKe — cTaHIApTHAs OIIKMOKA CPEIHET0; YePHbIE CTPEJIKU — MOBEIEHYECKUE TECThI; TO-
pU30OHTaNIbHAsI TMHUST — nepuon BBeneHust NPLA. * — p < 0.05; *** — p < 0.001 — npu cpaBHeHUU ¢ (HOHOM;
+ —p<0.05; ++ — p <0.01; +++ — p < 0.001 — npu MexrpynmnoBom cpaBHeHuu; # — p < 0.05 — ipu cpaBHe-
HUU C YPOBHEM CEpOTOHWHA Tiepen TecToM. OnHOGhAaKTOPHBINA M IBYX(MDAKTOPHBII AUCIIEPCUOHHBIN aHAIN3
(F xputepuii) u t Kputepuit bonbeppoHu.

CepOTOHUHA Tepel TecTaMu, u3MeHeHHoro BBeneHueM NA (1 = 7.0, p < 0.001; r = 7.0,
p < 0.001 coorBercTBeHHO). [IBYyX(paKTOPHBIN AMCIIEPCMOHHBIM aHAJIM3 MOKa3ajl, 4To
YPOBEHBb BHEKJIETOUHOTO ceporoHnHa B MITK >xuBoTHBIX rpynitsl “NA” ObLT HUKE OTHO-
CUTEJIbHO 3TOTO MoKa3aTesisi KpbIC Ipyniibl “be3 BBeaeHUs1” Tpu CpaBHEHUU BO BpeMsl U
nocsie BeipaboTku YPC, Ho He BO Bpema nubdepeHumposku 1 (puc. 3; Fj3 15y = 3.6,
p<0.001).

MexrpynnoBoe cpaBHEHUE He BBISIBIJIO pa3Idyvii B IMHAMUKE U3MEHEHUI ypOBHEN
BHekJieTouHoro ceporoHnHa B MITK B xone Bbipabotku YPC u nuddepeHumpoku 1
Mexny kpeicamu rpyri “NPLA” u “NA” (Fjg 135y = 1.2, p = 0. 3).

Bo Bpemst BeipaboTku YPC kpbicel rpynmn “NA” u “NPLA” He pasznuyaauch MexXmIy
coboii (puc. 4a; t = 0.4, p = 0.7) 1 He OTIMYANIUCh OT KpbIC rpynnbl “be3 BBemeHus”
(puc. 4a; coorBerctBeHHO 1 = 0.9, p =0.4u = 0.3, p = 0.7) N0 WINTETLHOCTH 3aMUPAHUSI
Ha CS+ (mokasarenb oXumaHUs 00JieBOro pasgpaxeHus). Takke He ObLIO BEISIBICHO
pazamauit Mmexxny Kpbeicamu ¢ BBemeHussMU B MITK NA 1 NPLA u skmBoTHBEIMU 6€3 BBeIe-
HUIA TIPETapaToB MO BEJIMYNHE TOPU3OHTAJIBHOM NBUTATEIBHON aKTUBHOCTH B XOJIE 3TO-
ro Tecta (puc. 4b; coorBerctBeHHO U = 74.5, p = 0.07 u t = 0.9, p = 0.4). Bmecte c Tem
Kpbichl, moasepruyToie BBeaeHUsIM NA u NPLA B MI1K, coBepiianu B xoae BEIpaOOTKU
YPC 6onbiiee konmuecTBo cTtoek (puc. 4c; U=77.5, p=0.04 u U = 14.0, p = 0.04 coot-
BETCTBEHHO) II0 CpaBHEHMIO C KpbIcaMu rpynnbl “be3 BBeaeHUS” M HE pas3iInyaliCh
Mekay co0oii mo aTomy mokasarento (f = 0.75, p = 0.47).

Bo Bpemst muddepenmpoku 1 (Tect Ha mepBOHAYaIbHYIO TeHepanu3anuioo YPC)
Kpeichl Tpynn “NA” u “NPLA” neMoHCTpupoBaiu OOJIbIINK YypOBEHb 3aMUpaHUs Ha
CS— (puc. 5a) 110 cpaBHEHUIO C (KUBOTHBIMM TpyTIibl “be3 BBeneHus1” (COOTBETCTBEHHO
U=177.0, p=0.045u U=11.0, p = 0.02), HO He pa3IUYAINCh MEXIy COOOI1 IO BEJIMYMHE
atoro napamerpa (1= 0.7, p = 0.5).
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Puc. 3. sameHenust ypoBHst BHekJieTouHOTro cepoTtoHrHa B MITK B xone Bbipabotkn YPC (CFR Training) u
nuddepenumposku 1 (Differentiation 1) y xpeic ¢ BBeneHuem (NA + CFR Training) B MITK 0.5 MM NA u 6e3
BBezeHus1 (CFR Training). ## — p < 0.001 — npu cpaBHEHUM C YPOBHEM CEPOTOHMHA Tepes TecToM. OcTab-
Hble 0003HaueHMsI, Kak Ha puc. 1. OnHodaKTOpHBIi 1 1ByX(haKTOPHBIN TMCIIEPCUOHHBIN aHAIU3 (F KpUTepuii)

u t kputepuit bondepponu.

(a) (b)

S0 rgNpLaGm=7 O0r
” NA (n=10) 20

~ 40 O No Treatment ‘zz 40 |-
+ (n=10) 2
& 5

2 30 + = 30 -
o

220} £ 20}
3 E

210} 2 10}
- =

0 0
CFR Training

Puc. 4. (a) — nmurenbHOCTh 3aMupanust Ha CS+, c; (b) — amOynauumst (Ambulation), mepeceueHust; (c) — YUCIO
croek (Rearing) Bo Bpemst BeipaboTku YPC (CFR Training) y kpebic ¢ BBeneHusimu B MITK 2 MM NPLA (NPLA),
0.5 MM NA (NA) 1 y XKMBOTHBIX, He TIOIBepTaBIIuxcs BBeneHUsIM mnperaparoB (No Treatment). (¢c) + — p <
< 0.05, — mpu cpaBHEHUM C KMBOTHBIMM Ge3 BBeZeHMsI TTperniapaToB (U kputepuit MaHHa—YUTHM).

B xome TecTupoBaHMS XXUBOTHBIX Ha MPOSIBIICHUS] TeHePAJIM30BAaHHOTO CTpaxa uepe3
cyTku 1tociie BeipaboTtku YPC (nuddepeHmpoBKa 2, 3KCIIepUMEeHTAILHBIN 1eHb 2) XK1-
BoTHbIe Tpyr “NA” u “NPLA” neMoHCTprpOBaId MEHBIIYIO JUIUTEIbHOCTh 3aMUPaHUST
Ha CS— mo cpaBHeHUIO ¢ KpbicaMu Tpymiibl “be3 BBenmeHus” (puc. 5b; cOOTBETCTBEHHO
t=21,p=0.049ur=4.8, p <0.001). He Ob1710 BbISIBJICHO IOCTOBEPHBIX Pa3TUUUNIT MEX-
ny rpyrinamu “NA” u “NPLA” o atomy nokasaresnto (= 1.9, p = 0.07).

[Ipu TecTUpOBaHUM Ha MPOSIBJIEHUSI cTpaxa Bo BpeMsl peanusauuu YPC (akcnepu-
MEHTaIbHBIN AeHb 2) )XuBoTHBIE rpyrn “NA” u “NPLA” He pasznnuyanuch Mexmy coboit



BIIMAHUE MHI'MBUTOPOB CUHTA3bI NO HA BbIbPOC CEPOTOHMHA 1289

(a) (b) (c)

B NPLA (n=17)

70 gNA(n=10) S0 70 -
@ | O No Treatment L
5O e a0t 60
8 S0F + 50 -
o 40 40
%‘J 30 30
S 20 20
L
. 10 10
0 0

Differentiation 1  Differentiation 2 CFR Testing

Puc. 5. lnutenpHocTth 3amMmupanust Ha CS— (a) — Bo BpeMs nuddepernupoBku 1 (Differentiation 1) u (b) — Bo
Bpemst nuddepenumposku 2 (Differentiation 2), a Takxke (¢) — mmmtenbHOCTh 3amupanus Ha CS+ B xone peanusa-
uun YPC (CFR Testing) y KpbIc, MonBepraBuiMxcsi B MepBblii JIeHb dKCepuMeHTOB BBeaeHusiM B MITK 2 MM
NPLA (NPLA), 0.5 MM NA (NA) 1 y XXuBOTHBIX Oe3 BBeieHMit npernaparoB (No Treatment). (a) + — p < 0.05 —
TIpY CpPaBHEHWH C XXMBOTHBIMU 0€3 BBeneHusI pernapaToB, U kpurepuit Manna—YutHu; (b)* — p < 0.05; *** —p <

< 0.001 mpu cpaBHEHUU € XKUBOTHBIMM O€3 BBEEHUSI IIPerapaToB, f Kputepuii CTblofeHTa.

o muTeabHocTy 3amupanus Ha CS+ (U= 43.0, p = 0.5) 1 He OTAUYaIUCh 10 ITOMY I10-
KasaTeJo OT KpbIC rpyniibl “be3 BBeneHus1” (puc. 5¢; cootBeTrcTBeHHO = 1.2, p =02 u
t=0.7,p=0.5).

TectupoBaHue MccienoBaTeIbCKOTO MOBEIEHUSI B HOBOUM KPYTIJIOil Kamepe B KOHIIE
9KCHEPUMEHTAJIBHOTO IHS 1 moKa3aio, 4To KMBOTHEIE rpynn “bes BBenenust”, “NA” u
“NPLA” He pa3zangaloTcss MexXIy co00ii 110 BeIUYrMHEe aMOyJIalliy, BeIpaxkaeMoil B Yrcie
repeceyeHrid rpaHul, CEKTOPOB YCTAaHOBKU (F(z, 4y = 1.1, p = 0.3; 3HaYeHUsT COOTBET-
ctBenHoO 11 £ 2,15 £ 4, 16 + 2) n no umciry croex (Fy, 24y = 0.3, p = 0.8; 3HaYeHMA COOT-
BeTcTBeHHO 2.7 + 1.2,4.2 £ 1.8, 3.1 = 1.1).

CpaBHeHUe TOBEACHUS KUBOTHBIX B MPUTOAHSATOM KPECTOOOPa3HOM JIAOMPUHTE Ue-
pe3 cyTku 1ocie BeipaboTku YPC (sKkcniepruMeHTaIbHBIN IeHb 2) TOXE HE BBISIBUIO HO-
CTOBEPHBIX pa3nnuunii Mexay kpbicamu rpymin “NA”, “NPLA” u “be3 BBeneHus” 1mo Bpe-
MeHHU TIpeObIBaHMS (PHC. 6a) B OTKPBITHIX (F2, 24y = 0.81, p = 0.45) 1 3aKPBITHIX (F(y 24y = 0.82,
p = 0.46) pykaBax JJaOMpUHTA, a TAaKXKe 10 BeJUUYMHEe amOyiaauuu (puc. 6b) B OTKPBITHIX
(F2,24y = 2.5, p = 0.1) 11 3aKkpbITHIX (F(5 24) = 2.9, p = 0.08) pykaBax 1abupuHTa.

He Ob110 0OHapyXeHO pa3iuuuii B MOPOrax YyBCTBUTEIBHOCTU K 3JEKTPOKOXKHOMY
pa3apakeHUIo KpbIC, He moaBepraBimxcs (rpymnia “be3 BBeneHUs”) 1 MOABEPTraBILIXCS
(rpyrmibel “NA” u “NPLA”) B TeueHue 75 muH BBeneHusiM B MI1K 0.5 MM NA u 2 MM
NPLA (puc. 6¢; F5 15, = 0.14, p = 0.9).

OBCYXIEHMUE PE3VJILTATOB

[aHHble TUTEpaTyphl, MOJYYEeHHbIE Ha JJaOOPATOPHBIX IPhI3yHAX, CBUIETEIbCTBYIOT,
YTO CTPECC aKTUBUPYET HUTPEPIrUYECKYIO HEIPOTPAHCMUCCHUIO B PSIIE MO3TOBBIX CTPYK-
Typ [18], BKiIIOYast mopcainbHoe siapo 1mBa [16] u MITK [17, 19, 20]. ITpu 3TOM CHIbHBIE
CTPECCOBbIE BO3MIEHCTBUS, MCIIOJB3yeMble B MOJIEJISIX TPEBOXHBIX M MOCTTpaBMaTHUye-
CKHMX CTPECCOBBIX PacCTPOMCTB, MPUBOIAT K JOJTOCPOYHOMY YCWIEHHUIO 3KCIIPECCUU
nNOS u K yBeuueHu1o 6azanbHoi mpoaykimu NO B 060oux atux otaenax [16, 19, 20], a
YMEPEHHBIN CTPECC XapaKTEepU3yeTCsl KpaTKOCPOYHOI aKTUBALIME HUTPEPTrUYECKOM Cr-
crembl MITK [17]. Tak, o HamIMM MPEXHUM AAHHBIM, 3JIEKTPOKOXHOE pa3apakeHue B
xoJie BbipaboTkn Y PC BbI3bIBaeT KpaTKOBpEMEHHBIN (25 MUH) nogbeM npoaykiuu NO B
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Puc. 6. (a) — Bpemst npeObIBaHMS, C, (b) — amMOynaLusi, mepeceyeHus, B 3aKPbITBIX U OTKPBITBIX pyKaBax Kpe-
CTOOGPA3HOro JaGUMpPUHTA, (C) — MOPOT YYBCTBUTEIIBHOCTHU K 3JIEKTPOKOXKHOMY pas3apaskeHUIO, MKA, y KPBIC C
BBeneHusiMu B MITK 2 MM NPLA (NPLA), 0.5 MM NA (NA) 1 y XUBOTHBIX 6e3 BBeneHMit rpernapatoB (No
Treatment). U kputepuit ManHa—YutHU U ¢ Kputepuii CTbIOACHTA.

MIIK, ouenuBaemsblit mo NO-cuHTa3a-3aBUCMMOMY YBEJIMUYEHUIO YPOBHS BHEKJIETOUHO-
ro uuTpyuHa (conpoaykra cuHTe3a NO) B aToit ob6iactu [17].

Ponb Takoit pyHKIIMOHaIbHOU HUTpepruyeckoii aktuBauuu MI1K, npenmnonoxurenb-
HO, CBsI3aHa C TOPMO3HOM peryisuueil HuTpeprudeckumu curdaiamu MITK niepBoHa-
yayibHOM reHepanuiainuu Y PC, ocKobKy ee BeJIMYrHa OTPULIATEIbHO KOppeJIrupoBaa
C 3aMHMpaHHEM XUBOTHOro Ha auddepeHIpoBouHblii curHaia (CS—) mpu mmepBoM Te-
CTUpOBaHUM, IIpoBoauMOM 4depe3 120 muH mocie Beipadbotku YPC [17]. Pe3ynbrars Ha-
cTosleil paboThl MOATBEPXKAAIOT 3TO TPEANOJIOXEHUE, NEeMOHCTPUPYs, YTO OJoKana
HUTpeprudeckoii Heiiporepenaun B MITK Bo Bpemst BbipaboTku Y PC noKaabHBIMU BBe-
neHussmu naruouropa NOS NA (0.5 MM) u uaruouropa nNOS NPLA (2 MM) ycunuba-
eT MmepBoHavallbHYI0 reHepanusanuuio YPC. DTo nposiBiisieTcss B YCWIEHUN 3aMUpPaHUsT
XKUBOTHBIX Ha CS— IIpu IIepBOM TECTUPOBAHUU, IIPOBOIVMOM B IeHb BEIpaboTku YPC
Ha ¢oHe BBeneHus nHruoutopoB NOS 1 nNOS (puc. 5a; muddepenuuponka 1). [Toka-
3aHHBIN 2 DEKT He SABJsIeTCs ClencTBueM usMeHeHus 1o aeictBueM NA u NPLA mo-
NBUKHOCTH XXKMBOTHBIX WJIM YYBCTBUTEIBHOCTU K OOJIEBBIM CUTHAJIaM, TTIOCKOJIbKY KpPbI-
ChI ¢ BBelleHUsIMU U 6e3 BBefaeHUit B MITK 3TuX mpenapaTtoB He pa3inyaliuch IO MoKa3a-
TeJISIM JBUTATEJIbHOW aKTMBHOCTU B HOBOM Kamepe W IO MOPOTy YyBCTBUTEJIBHOCTH K
3JIEKTPOKOKHOMY pasapaxeHuio (puc. 6¢). C yuetoMm cBeneHuit o6 yuactun NO B cu-
HanTtudeckKoit mwiactuaHocTu B MIIK [21], 3Tu maHHBIE TTO3BOJISIIOT TOBOPUTH O TOPMO3-
HOM BJIMSIHUM 3HAOTEHHBIX HUTPEPTrUUYECKUX CUTHAJIOB 3TOM 00JacTU KOpbl Ha camMo
dopMurpoBaHIe reHepaIn30BaHHOTIO cTpaxa, 3anyckaemoe B LIHC Bo BpeMst BEIpabOTKM
YPC u kourponaupyemoe MITK [cm. 22].

B pabote nokasaHo, 4yTo TiepBOHavYaIbHOE ycuieHue reHepanusaiuu Y PC, BbI3biBae-
Moe Ookanoit HuTpeprudyeckoi nepenauu B MITK, mpoucxoauno Ha ¢hoHe CHUXKEHUS
0OazajabHOro M (pyHKIMOHAJIBHOTO BBHIOpOCAa CEpOTOHMHA B 3TOM obiactu (puc. 1-—2).
OTOT (pakT, C y4UeTOM HellaBHUX JIMTEPATYPHBIX TaHHBIX O TOM, YTO YCUJIEHUE TeHEepaIu -
3allMy cTpaxa 0OCTAHOBKU B MOJEJIM MOCTTPAaBMaTUYECKOTO CTPECCOBOTO pacCTpOCTBa
COMPOBOXIAETCSI TOPMOXEHUEM 0a3aibHOl aKTUBHOCTH CEPOTOHUHOBBIX HEMPOHOB
saaep 1Ba [16], mo3BoJisieT penmnoiiaraTb BO3MOXKHBIM BKJIaJ CEPOTOHWHOBBIX MEXaHMU3-
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MoB MITK B mokazaHHy10 B padoTe NO-3aBUCUMYIO PETYJISILIMIO IEepBOHAYAIbHOM TeHe-
panuzanuu YPC.

BMecTe ¢ TeM XUBOTHBIE, MOABEPTHYThIE BO BpeMsi BoipaboTku YPC BBeaeHUSIM B
MIIK NA u NPLA, He TOJIbKO HE COXpaHsUIM Yepe3 CYTKU I10C/e BBEAEHUIA BBICOKMIA
ypoBeHb reHepanu3auuu Y PC (3amMmupanue Ha 6e3omacHblii CS—), HO JEeMOHCTPHUPOBAIA
CHUXXEHUE TaHHOTO MoKa3aTeJsisl 1T0 CPaBHEHUIO C KpbICaMM, He TToiBepraBinumMucs ¢dap-
MAaKOJIOTUYECKUM BO3AeUCTBUSAM (puc. 4b; nuddepenuuponka 2). [1pu aToM mmokasare-
JIM TPEBOXKHOCTHU (pHC. 6a) U IBUTATEIbHON aKTUBHOCTU (pHC. 6b) B MPUITOTHSITOM Kpe-
CTOOOpa3HOM JIAOMPUHTE, a TAKXKe MPOSIBJIIEHUS YCIOBHOPEMhJIEKTOPHOIO cTpaxa (3aMu-
panue Ha CS+) npu peanusauuu YPC (puc. 5¢) y TakmxX >XKMUBOTHBIX 3HAYMMO HE
u3MeHsuIuch. Bee 3To mokasbiBaeT, 4yTo orcpoueHHbIe ahdekTsl NA 1 NPLA cBsizaHbl ¢
YCKOPEHHBIM yracaHMeM reHepaain30BaHHbIX MposiBieHnit YPC, 4yTo, BO3MOXHO, BbI3Ba-
HO HapylIeHWeM KOHCOJIUAALMU NaMsTH O TeHEPAIM30BaHHOM CTpaxe Mojl BO3IeCTBU-
€M 3TUX TperapaToB. DTa TOYKa 3peHUs OMMpPAeTCsl Ha JaHHbIE TUTepaTypbl 00 y4acTuu
NO B IIHC B KOHCcOJMOaluu yracaHusl maMsiTu o ctpaxe [cM. 23] U O BOBJICUCHUU
MIIK [24] u ee HMJIA-penenTopos [25, 26] B 3TH NPOLIECCHI.

ITo HameMy MHEHUIO, TIPOAEMOHCTPUPOBAHHbBIE B pabOTE OTCPOYEHHBIC TOPMO3HBIC
a3 dexThl ToKanbHOI 6JI0Kanbl HUTpeprudeckoit nepenauu B MITK Bo BpeMst BHIpaboTKHU
YPC Ha ee nocnenyolyo reHepaan3aiuio ornocpeoBaHbl TOPMOXEHUEM BbIOpoca ce-
potonunHa B MIIK mox BnusiHueM a3Tux mpenapatoB. DTOT BbIBOJ MOMIEPKUBAIOT HAIIIU
MpeXHue NaHHbIe, YIIOMSHYTbIE BO BBEJEHNUU, TTOKa3aBIlIue, YTO aKTUBAIIUSI CEPOTOHU-
HoBoii cucteMmbl MITK Bo Bpemst BeipaboTku YPC sBisieTcss (akTopoM, YCUIMBAIOIIUM
yepe3 CYyTKU MPOSIBIIEHUS TeHepaIn30BaHHOTO cTpaxa [9], a TakKe JaHHbIE JTUTEPaTypbl
O TOM, YTO KPBICHI, HOKAyTHbIC MO TeHY TpaHCIIOpTepa CEpOTOHUHA (M, KaK CJICICTBUE,
o0Jragarolyie NOBHIIEHHBIM ypoBHeM cepoToHrHa B IIHC) xapakTepusyrorcst neduim-
TOM yTacaHMs IIaMSTHU O CTpaxe IO CPaBHEHUIO C JKMBOTHBIMU IuKoro tumna [27]. Cnemy-
€T TMOAYEPKHYTh, YTO B pabOTE TOJyYEHbI TOJHKO KOCBEHHbIE MOATBEPXKACHUS Y4acTUS
ceporonnHa MIIK B perynsiuu renepanuzamuu YPC HUTpepruyecKMMU CUTHaJaMU
9TOi1 00J1aCTU, U HYXKHBI IOMOJIHUTEJIbHbIE UCCIICTOBAHYSI, UTOOBI BBISIBUTh TOUHBIE MU~
weHu NO, BoBjieKaeMble B 3TU MTPOLIECCHI.

3HAYUMBII pe3yJibTaT pabOThl — B HEM BIIEPBbIE MPOJIEMOHCTPUPOBAHBI aKTUBAIIMOH-
Hble BAUSIHUS 9HIoreHHoro NO HeipOHHOTO MPOMCXOXIESHUST Ha 0a3ajibHbIN U BbI3bIBA-
eMblii BeIpaboTKoit YPC BeiOpoc cepoTroHnHa B MITK. O6 3ToM cBUAETEIBCTBYET CHIXKE -
HHE 000uX 3TUX IToKa3artenei rmpu BBeneHnn B MI1K B xone Beipabotku YPC uHrnéuro-
pa nNOS NPLA (puc. 2). Panee ¢ ucnonpzoBanuem BBeneHuii B MI1K nonopa NO DEA
(0.1—1 MM) MBI moKa3anu, 4To 3k3oreHHbIt NO Toxe yBeauunBaeT 6a3ajbHbIil ypOBEHb
BHeKJIeTouHOro cepotoHnHa B MIIK, Ho Takue 3¢hdheKThl SBISIOTCS 10303aBUCUMbBIMU
TOJIBKO B CaMOM HaydaJjie BBeaeHuit [14]. A nanee npu BBeneHun 1 MM DEA ypoBeHb ce-
poronuHa B MIIK mocrereHHo cHmXaercs [15], 4To, BO3MOXHO, CBSI3aHO C IECEHCUTH-
3anmei pactBopuMoil ryaHmraTuukiiassl [28], mumenu NO. IIpumyem Ha poHe Takoro
CHIDKeHMSI (DYHKIIMOHAIbHBIN BhIOpOC cepoTroHnHa B MIIK, BhI3BaHHBIN BBIPaOOTKOM
YPC, Toke CHUXKAETCsI, U 9TO NPUBOJUT Yepe3 CYTKM K TOPMOKEHUIO MPOSIBJICHUI reHe-
pajiu3oBaHHOTO cTpaxa [15], To eCTb IPOUCXOAIT UBMEHEHMSI, COBITaAalolMe 110 HalpaB-
JICHHOCTHU C TTIOKa3aHHBIMU B HacTosilel padbote achdekTaMu JoKaJIbHON 0J10KaIbl HUT-
pepruueckoii Heiporiepenaun B MITK. CorocTtaBiieHue 3TUX TaHHBIX MOKA3bIBAET, UYTO
IUTUTENIbHAsS 9K30TeHHast HuTpepruueckas ctumyissiuny MITK BbICOKMMY KOHLIEHTpalM -
samu noHopa NO, BUOAUMO, HE BCErIa MOXET ObITh MCIIOJIb30BaHA B KauyeCTBE MOJIEIHU
HUTpEePTrUYEeCcKoil akTuBalMu, oTpaxaroiieii NO-cepoTOHMHOBOE B3aUMOAECKHCTBUE B
MITK B HernaToJIorMuyecKux yCJIOBUSIX, XapaKTEpU3YIOLIMXCSI KPaTKOBPEMEHHOM U yMe-
PEHHOI aKTUBallUeil HUTPEPru4ecKoil HelipoTpaHcMuccuu. KoCBEeHHO TMOATBEPXKIAtoT
TaKylo TOYKY 3pEHUsI JaHHBIE TUTEPaTyphbl O KOHTPACTHBIX 3 eKTax BBICOKUX U HU3KUX
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KOHLIeHTpauuit 1oHopoB NO Ha BbIOPOC CEpOTOHMHA B siApax Ba [29], kKiao4yeBoi
CTPYKTYpP€ CEpOTOHUHOBOM CUCTEMBI MO3Ta.

B 1iesioMm, nostyyeHHbIe B paboTe HOBbIE JaHHBIE CBUACTEILCTBYIOT 00 aKTUBALIMOH-
HBIX BJIUSTHUSIX 9HI0TeHHOro NO HeiipOHHOTO TTPOUCXOXKICHUS Ha 6a3aJIbHBIN U BHI3BI-
BaeMbIii BeIpaboTkoii YPC BeiOpoc ceporonmnHa B MI1K. KpomMe Toro, oH1 moka3sIBaior,
yTO OJIOKaga S3HIOTeHHBIX HUTpeprudeckux curdanoB MITK Bo Bpems Beipabotku YPC,
yCWJIMBAIOIIAsi TIepBOHAYAILHYIO TeHepaau3alrio 3Toil yciaoBHOpehIeKTOPHO# peak-
LIVM, CITOCOOCTBYET TTOCJIeAYIOIeMY YracaHWIO MPOSIBJIEHW reHepaJTu30BaHHOTO CTpaxa,
BO3MOXHO, 32 CUET TOPMOXXEHUS BbIOpoca cepoToHnHa B MITK.
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Influence of NO Synthase Inhibitors on Serotonin Release in the Medial Prefrontal Cortex

during the Formation and Generalization of the Conditioned Fear Response in Rats

N. B. Saulskaya® *, M. A. Susorova’, and N. A. Trofimova?®

4 Pavlov Institute of Physiology, Russian Academy of Sciences, Saint Petersburg, Russia
*e-mail: saulskayanb@infran.ru

Serotonergic and nitrergic systems of the medial prefrontal cortex (mPFC) are involved
in the control of fear generalization, but their local interaction during this function has
been little studied. The aim of the work was to study the effect of blockade of endoge-
nous nitrergic signals on serotonin release in the mPFC during the acquisition of a con-
ditioned fear response (CFR — a fear model) and on the dynamics of its generalization.
In male Sprague-Dawley rats using intracranial microdialysis in vivo and high-perfor-
mance liquid chromatography with electrochemical detection, we found that the intra-
mPFC infusion through the dialysis probe of the NO synthase inhibitor N-®-nitro-L-ar-
ginine (NA, 0.5 mM) and selective neuronal NO synthase inhibitor N-w-propyl-L-argi-
nine (NPLA, 2mM) decreased the basal level of extracellular serotonin in the mPFC and
reduced its rise, caused by the CFR acquisition (a paired presentation of a conditioned
cue (CS+) and inescapable footshock). The intra-mPFC infusion of NA and NPLA in-
creased animals’ freezing to a differential cue (CS—) not associated with footshock,
during the first test, carried out 70 minutes after the CFR acquisition, but reduced it
during repeated testing a day after the infusion, without changing freezing of the same
animals to the potentially dangerous CS+. The data obtained indicate the involvement
of endogenous NO in the activation of serotonin release in the mPFC, caused by the
CFR acquisition. In addition, they show that the blockade of endogenous nitrergic sig-
nals of the mPFC, which enhances the initial generalization of the fear reaction, con-
tributes to the extinction of the generalized fear, possibly due to inhibition of the sero-
tonin release in the mPFC.

Keywords: medial prefrontal cortex, in vivo intracranial microdialysis, serotonin release,
NO-serotonin interaction, fear generalization
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