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B crarpe aHanu3upyeTcs exeJHEeBHOE H3MEHEHHE YPOBHSI UIMMOOMIBHOCTH y *KHUBOTHBIX B «Tecte [Topconra»
0[] BO3/ICHICTBHEM XPOHUYECKOTO HEMPEACKa3yeMOro YMEPEHHOI'0 CTpecca, a Takke Ha (oHe OJIOKUPOBAHUS
D,-nofo6HBIX  peuentopoB. YCTaHOBIEGHO, YTO IIACCHMBHOE IUIaBaHHE Yy KpPBIC XapaKTEPHU3YeTCs
MoJyHeeNbHbIMU (2,5-3,5 nHs1) U HepenbHbIMU (73 AHS) PpUTMHUUECKUMH U3MEHEHHUSMHU, OJHAKO, UMEHHO
Onokana D,-momoOHBIX PEelenTOPOB MPUBOAUT K MCYEC3HOBEHUIO THITMYHOTO Ui (DPU3MOJOTHISCKUX CHCTEM
MHOTUX JKUBOTHBIX 4-JHEBHOTO pPHUTMa, HO — BO3HMUKHOBEHHUIO 2-JHEBHOI'O PUTMA, KOTOPBIM NPHUHSITO
aCCOIIMMUPOBATh C BO3JCHCTBHEM CHJIBHBIX CTpecc-pakTopoB. TakuM o00pa3oM, XpOHHYECKYHO OJOKamy
D,-nofo6HBIX peLenTopoB MOXHO paccMaTpuBaTh B KaueCTBE MOIIHOTO CTPECCOpa, BBI3BIBAIOIIETO
JIETIPECCUBHONIONO0HOE TOBEACHUE y KpbIC, a caMy O0(aMHHEPTHYECKYl0 CHCTEMY — Kak 3HaYMMBbIHA
PEryssaTop BpEMEHHON TUHAMUKH JETIPECCHBHBIX CHMITOMOB.

Knwouegvle cnoea: nenpeccusi, XpOHWYECKHMH yMEpEHHBIH HeENpeACKa3yeMblii cTpecc, Ao¢aMmuH,
D,-penentopsl, OMOPUTMEL.

BBEJIEHUE

AddexTuBHOCTH AHTUACTPECCAHTHBIX BEIIIECTB B JOKIIMHUYECKHIX
SKCIICPUMEHTAIBHBIX TECTaX TMPHUHATO TMPOBEPSATh B KIIOUEBHIC JIHW, 3a4acTylo,
exeHeneNbHo [1, 2], mubo 1mo cxeme «mo-mocie» [3], He IpuHUMas B pacu€T eKSTHEBHYIO
JMUHAMHKY TIOBEJICHYCCKHX TIIOKa3areiei. TakoBBIC WCCIIECNOBAaHHUS XapaKTEPHEI, B
Oomnbiieli Mepe, A KIMHUKH WM TPAKTUYCCKH HE WMCIOT aHAJOroB IMPHU padoTe C
71a00paTOPHBIMH JKUBOTHBIMH. YUET TOTO, KaK KOHKPETHBIC METOJBI JICUCHUS JCTPECCHU
BO3MICHCTBYIOT HE TOJHKO KOJHYCCTBEHHO B OMPEACIEHHBIC ITHU, HO M KA4eCTBCHHO Ha
JUHAMHUKY CHMIITOMOB 3a00JIeBaHUSl B IIEJIOM, JacT BO3MOXXHOCTh YBHJETh KapTHHY B
o0111eM, JTy4Ilie TOA0UPaTh aHTHACIIPECCAHTHI U POTHO3UPOBATh UX () (HEKTHBHOCTD.

Nzyuenune (yHIaMEHTAIbHBIX OHOPUTMOJIOTMYECKUX OCOOCHHOCTEH MPOTEKaHUS
JICTIPECCUBHBIX PACCTPOMCTB SIBISICTCS BaXKHBIM BOIPOCOM €I U TOTOMY, YTO
SHJIOTCHHAS YaCTh CUCTEMBI OMOJIOTHUYECKUX YaCcOB MO3BOJISET MPOTHO3UPOBATE Oy IyIIve
CTPECC-BO3ICUCTBHSI M TOMEOCTATHIECKH PearnupoBaTh Ha HUX YIPEKIAIOIIE, a HE TOIBKO
peakTuBHO [4]. YCTaHOBIEHO, YTO ISl OpraHM3Ma >KHUBOTHBIX (B T.Y. U YEIOBEKa)
XapaKTepHbl PUTMHYECKUEC KoyieOaHWsl (YHKIIMOHAIBHBIX MapaMeTPOB, HapPYIICHUS
PUTMHUYIHOCTH KOTOPBHIX MOTYT NMPUBOANTH K CHIDKCHUIO aTanTaIlMOHHBIX BO3MOXXHOCTEH,

250



NWHOPAOWAHHAA PUTMUKA OENPECCUBHOMOAOBHOIO ...

Jle3aManTalid U PasBUTHIO PasTUYHBIX 3a0oieBanwii [5]. B coBpeMeHHO# nmTepaType
MIPHUCYTCTBYET psi paboT, JOKA3BIBAIONINX ydacTHe OMOPUTMOB B MATOTEHE3E EMPECCHU
[6-8] 1 HaNMMUYMEe PUTMHUYECKUX U3MEHEHUI B MIPOSBICHUN CUMITTOMOB 3TOTO 3a00JICBaHUS
[9-11].

MHoroe W3BECTHO W HAIMCAHO O MUPKAJHBIX PHUTMax, YTO MOCIOCOOCTBOBAIO
Jy4IIieMy TTOHUMaHHIO TOTO, KaK U3MCEHSETCS (PU3HNOJIOTHUS KHUBBIX OPTaHU3MOB B TCUCHHC
JBAJIATA YETHIPEX 4acoB. MeHee MOHATHO, M3MEHSIOTCA i (M Kak?) (u3nyYecKkue u
MICHXMYECKUE TIOKA3aTeIN Y KUBOTHBIX B OOJBIIEM BpeMEeHHOM Macmtade [12]. Jlums
HEJAaBHO CTaJl0 YAENSeTCS BHUMAaHUE H3yUEHHIO HE TOJBKO IUPKATHBIX (<28 9), HO U
Oonee AMUTENBHBIX WH(QPaIUAHHBIX OMOPUTMOB, YTO MEPCIEKTHBHO IS pa3paboOTKU
XPOHOOMOJIOTHYECKHUX IIOAXOJ0B K JHArHOCTUKE M KOPPEKIHH COMAaTHYECKHX U
ncuxuaeckux 3abomeBanmii [13]. bomee TOro, OONBITHHCTBO OHOPHUTMOJIOTHUSCKHX
UCCJICIOBAHNH TIOCBAIICHO OICHKE peakIUi opraHu3Ma Ha BO3JCHCTBUE Pa3IMYHBIX
(hakTOpOB METEOPOJIOTHYECKOH M TeOMarHUTHOW mpupoas!l [14], HO He ¢akTOpoB
MICUXUIECKOW M XUMHUUYECKON Tpupoabl. TakuM oOpa3oM, IEeIb0 JaHHOTO HCCIICIOBAHUS
ObUI0 M3ydyeHHE WH(QPaAJAUAHHOW PUTMHKH B TMPOTEKAHWU JIEIPESCCUBHOIIOIOOHOTO
MOBEJICHUST Y KPBIC, BBI3BAHHOTO XPOHUYECKHMH CTpeccopaMu (hapMaKOJOTHYECKOTO U
TICUXOCOLUATBHOTO TIPOUCXOXKACHHUS.

MATEPUAJIBI 1 METO/IbI

OKcnepuMeHThl TpoBeAeHbl Ha 60 kpblcax-cammax Bucrap maccoit 200-250r,
pasnenéHubx Ha 6 paBHBIX Tpynn (n=10): «KOHTPOIB 3», «CTpPECC 2», «TATOTEPHIION 2%,
«CTPECCHAMUTPUITUINH», «TaJONEPUAONI+AMUTPUNITIIINH» U «CTPECCH+TaNONEPUIO0I».
Taxke B UTOTOBBIH OMOPUTMOJIOTHMYECKHH aHanu3 OBbUTM BKJIIOYCHBl JaHHBIE U3
HpeAbIAYIUX UCCIEIOBaHUN, KOTOpbIE yXe ObUIM YacTUYHO OIyOsinKoBaHbl paHee [15,
16]: rpymmsr (n=10) «KOHTPONH 1», «KOHTPOIb 2», «CTpecc 1» U «ramonepumon 1» — ¢
LENBI0 MPOBEPUTH BOCIPOU3BOIUMOCTh JAHHBIX M CHU3UTH BEPOATHOCTH BIIHSHUS
CIIy4ailHbIX (HETUIMUYHBIX) QIIyKTyaldid Ha UTOTOBBIC BHIBOJBI.

I'pymma  «cTtpecc» ©Ha mnpoTspkeHuH 21 [gHS moaBepraigach XpPOHHYECKOMY
HEIpeaACcKa3yeMOMY YMEPEHHOMY CTPECCY, M0 ONKUCAaHHOM paHee MeToauke [16].

CenexktuBHBIE ~ Onmokatop  D,-penentopoB  ramomepunmon  («[amomepumorn»,
Mocxumdapmmpernapatsl uM. H. A. Cemamko, Poccust) BBommics B TeueHue 24 mHei
(3 1HA npenBapUTENIBHOIO BBEAEHUS AN JOCTMDXKEHHS BBICOKOTO % 3a0JO0KHPOBAHHBIX
peLenTopoB) B A03€ 2,5 MI/KT.

TpumukiInyeckuil aHTUAEHIPECCaHT aMUTPUNTHINH («Amitriptyline Hydrochloride»,
Sigma-Aldrich, CIIIA) BBogmics B Teduenue 21 qus B 103€ 15 MI/kr.

BemectBa pasBoamnnck B (pu3pacTBOpe U BBOJWINCH BHYTPUOPIOIIMHHO B 00BEME
0,2 mn/xuBoTHOE 3a 30 MMH 0 Hadana TecTHpoBaHus. KoHTponpHas rpynma mnomydana
¢u3pacTBOp B aHaTOrn4HOM 00BEMeE. [Ipn coueTaHHOM BBEIEHHMH JBYX BEIIECTB MEXKIY
WHBEKIFSIME TIPOU3BOIWIICS TTepephiB B 30 MUH.

Hauunast ¢ 4-ro qHsI 9KCIIEpUMEHTA, TIOBEACHUE JKUBOTHBIX €KETHEBHO HCCIEI0BAIN
B «Tecte Ilopconra», depe3 30 MUH TOCIIe WHBEKIHMHA. YCTaHOBKA TaHHOTO TeCTa
MIPEACTABIISIET COOON MPO3PAYHBIN IMIMHIP M3 OPTCTEKIIa BEICOTOH 45 CM W qTuamMeTpoM
20 cm (HIIK «Otkpeitas Hayka», Poccus). Llununpap 3anmonnsnu Ha 2/3 Bomoi

251



Yaiika A. B.

temriepatypoit +22+1°C. JITUTENhbHOCTh TECTHPOBAHUSA — 3 MHHYTHI (YKOpOUYEHHAas
nporemypa) [17, 18]; peructpupoBaiocs BpeMss HMMOOUILHOCTH B CEKYH/IaX.

JloCTOBEpHOCTh pa3iuuuii MEeXAy TPYINIIaMU OMPEAeIsIach C TMOMOIIBI0 KPUTEPHUS
ManHa-YutHu win Tecta CThIOJCHTA, COTJIACHO XapakKTepy pachpe/esicHUs JIaHHBIX.
Pacuérel m Busyanmsanus pe3ynbTaToB MpoBeneHsl B mporpamme GraphPad Prism 8.
PurMudeckuii KOMIOHEHT B AMHAMUKE JAHHBIX OIMPEEIUTA C TIOMOIIBI0 CIIEKTPaIbHOTO
ananu3a @ypsre B nporpamme STATISTICA 10.

PE3YJIbTATBI 1 OBCYKJIEHUE

Wzyuas rpaduku no auHamuke umMmoOmisHOCTH B «Tecre [lopconra», BeI3BaHHON
XPOHUYECKHUM CTPECCOM U 0JI0Ka0i D,-oJ00HBIX pElenTOpOB, CTAHOBUTCS OYCBHTHBIM,
YTO YPOBEHb ACMPECCHBHOCTH y KHBOTHBIX 00JIaaeT BBIPAKCHHOW MEPHOAUYHOCTHIO
(puc. 1-2).
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Puc. 1. /lunamuka BpeMeHH HMMOOUIIBHOCTH B TPYIIIAX «CTPECC 2» M «KOHTPOJb 2»
BO BTOPOM JKCIIEpUMEHTE.
Ilpumeuanue: 3BE3MOYKAMH OTMEYEHBI JOCTOBepHBIE oTmmums npu *p<0,05, **p<0,01,
*#*%p<0,001 Mexay TpyIIaMu «KOHTPOIb» U «cTpecc» (kpuTepuit CThIOIEHTA).

Jlst 9€TKOTO yCTaHOBJICHUSI TAHHBIX MEPHONOB OBUT HMCIIOIL30BaH aHann3 Dypbe.
[TorydenHbIe pe3yabTaThI IPEACTABICHEI B TAOHIIE.
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Puc. 2. Jlmmammka BpeMEHH HWMMOOWIBHOCTH B TpyIIax
«TaJONEPUAOI 2».
Ilpumeuanue: 3BE3M0YKAMM OTMEUEHBI JOCTOBepHble oTiauuus npu *p<0,05, **p<0,01, mexmy
rpynnamMu «KOHTPOJIb» U «TaJIoNepuao» (Kputepuil ManHa-YuTHM).

«KOHTPOJIb 3» H

Tabéanua
PesynbTarel anannza @ypbe
BoyeiicTaue Ipymnna OcHoBHbIe puTMBbI | JloMuHMpYyOIIME
(mHun) pUTMBI (JTHN)
3,67 (1285)*
Tanonepuoon 1 7,33 (1046)
2,44 (365
Baokana D,- 733 ((1 33 4)) 7,33
MOI00HBIX T'anonepudon 2 2’ 20 (366) 3,67
pelenTopoB : 2,20
7,33 (1086)
Tanonepuoon 1 + 3.67 (837)
Tanonepudon 2 2’20 (320)
Xponuueckuii 11,00 (3534)
YMepeHHbIi Crpece 1 2,75 (1389)
HenpeacKazyeMbli
cTpece 4,40 (861)
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IIpooonocenue Tabauyvl

XpoHUYECKHUIH Crpecc 2 7,33 (1196) 2,75
yMepeHHbI# 2,00 (723) 11,00
HeInpeaCcKa3yeMblii 2,75 (296) 2,00
cTpecc Ctpecc 1 + Ctpecc 2,75 (687) 4,40
2 2,00 (670)
11,00 (558)
4,40 (251)
Kountpoan Konmpons 1 7,33 (403) 2,44
3,67 (342) 3,67
2,44 (100) 7,33
Konmpons 2 2,44 (25) 11,00
4.4 (24) 4,40
11,00 (16,5)
Koumpons 3 11,00 (144)
4,40 (133)
2,75 (43)
Konmpons (1+2+3) 3,67 (66)
7,33 (49)
2,44 (31)
CMmenianHoe Crpecc + 7,33 (339) 7,33
AMUTPUTITUINH 4,40 (291) 4,40
2,75 (192) 2,75
2,00 (96) 2,00
lamonepumon + 2,44 (1843) 2,44
AMUTPUTITUINH 4,40 (667) 4,40
2,00 (504) 2,00
Crpecc + 2,00 (2115) 2,00
Tanonepumon 5,50 (1131) 5,50
11,00 (1105) 11,00
2,75 (978) 2,75

Ipumeuanue: (*) — B ckoOOOYKaxX yKa3aHbl 3HAUCHHUS NIEPUOJOTPAMMBI.

W3 5TUX maHHBIX CleAyeT, YTO NWHAMHKAa BPEeMEHH HMMOOWIBHOCTH B «Tecrte
TlopconTax:

1. Bo mMHOroM xapakrtepusyercs NOTYHEACTbHBIMU (2,5-3,5 AHsS) M HEACTbHBIMU
(743 aHs) pUTMUYECKUMU U3MECHCHUSMH.

W3BecTHO, UTO LENbIH psAf OMOPUTMOB JJIUTEIBHOCTBIO OT 2,74+0,24 no 7,20+0,30
JTHEH 0OYCIIOBJICH U3MEHCHHEM B CEKPEIIMU M DKCKPEIIMH TOPMOHOB HAAIMOYCYHHUKOB [5],
U KaTeXxoJIaMUHOB B 1iesioM [19], k xoTopbiM oTHOCUTCS U AodamMuH. OcoOEHHO YacTo
BCTpeUaeTcs 4-IHEBHBIA PUTM, KOTOPBIH TaKKe MPUCYTCTBYET W B KOJCOAHUAX YPOBHS
MenaTtonnHa [20]. PUTMBI IIMTENBHOCTRIO B 3—7 mHEH TakKe HAOIOMAIOTCS B YPOBHE
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JENPECCUBHOCTH U TPEBOXKHOCTU Yy Jtofei. IlpaBma 3T pUTMBI [0 3HAYMMOCTH U
pactpocTpaHEHHOCTH YCTYIAIOT 0oJiee KPYIHBIM (TIPOOIKUTEIIBHBIM) puT™Mam [21].

2. B rpymnmax «raJonepuaoil» U «CTPECC+HTANONEPHUIO0N», B OTIAMYUE OT OCTAIBHBIX,
He cogepxurca purMa 4,40 nHs.

B opranusme kpeic Buctap 4-cyTouHble mepuonbl XapaKTEpHbI NMPAKTUYECKU IS
BCceX (DM3MOJOTMYECKHX CUCTEM. BeposTHO, depeqoBaHHE MMOABEMOB U  CIAJOB,
HaNpsDKEHUsI W pacciabieHus] MEePHOAUYHOCTBI0O B 4 CYTOK 3(QEKTHBHO 3alIMIIaeT
OpraHu3M OT pa3IMYHBIX Teperpy3ok [22]. OObsicHeHme 3ToMy J(h(PEKTy MOXKET
3aKJIF0YAThCS] B TOM, YTO IOJ] IeHCTBHEM HEKOTOPBIX CTPECCOPOB ONpEleIEHHbIE PUTMBL
MoryT ucuesaTb [19]. Amurpuntunun Bo3Bpamaer put™M 4,40 Ha ¢oHE BBeOeHHUS
rajJonepua0ia, YT0 MOKET TOBOPUTH O €0 alaTOreHHOM 3 dekTe.

3. B rpymmax «crpecc», «rajonepuaoi», U OTYACTH «CTPECCHTaIONCPUAON» U
«CTpecC+aMUTPUITHIMH» APKO BBIpaKEHBI Ooyiee MHHBIE puTMBI — 5,50, 7,33 u 11,00
JTHEH.

N3BecTHO, 4TO pE3ynbTaTOM BO3IEHCTBUS CTPECCOPOB MOXKET ObITH YIUIMHEHHE
OMOPUTMOB, T.K. HEOOXOOUMO OOJbIIE BpeMEHH AJISI OTAbIXa M BOCCTAHOBJICHUS, M 3TU
MEPUOABI BBICTYNAIOT B POJIM «aMOPTH3aTOpPOB» [23]. YCTaHOBIEHO, YTO aKTHUBAIU
Jno(haMUHEPru4ecKol cUCTeMbl MeTaM(pEeTaMHUHOM YIJIUHSAET YJIbTpaJuaHHblE OMOPUTMBI
JBUraTeIbHON aKTUBHOCTH, a Osiokaza D,-OoJOOHBIX peLenTopoB rajonepuaoIoM —
yKopauuBaet [24]. Bo3aMoxHO, ¢ nHGpagrnaHHBIMI PUTMAMHU STOT MPUHIMI HEe paboTaerT.
EcTe ocHOBaHMS IpeAIonaraTh, YTo MPOUCXOANUT YIJIHMHEHHE OJHUX OMOPUTMOB Ha (hOHE
BO3HMKHOBEHHUSI Jpyrux — Oojee kopoTkuxX (2,00-2,20 nHA) m obmiee aeicTBhe
CTaHOBUTCS] MOIYJIHPYIOIIUM.

4. B rpymnmax co cTpeccoM H TaloNepHI0JIOM BCTpeyaroTcs 0ojiee METKHE PUTMBI
ITUTeTbHOCTRIO B 2,00 1 2,20 aHs, KOTOPBIX HET B KOHTPOJIC.

JlurepatypHble TaHHbIE KpailHEe CKYJHO OMMCHIBAIOT 3HAYMMOCTb dTHX PUTMOB, U B
KJIACCUYECKOW KJIaCCU(PUKALMU TaKMX PUTMOB BOOOILE HET: UUPKAIHBIE pPUTMBI
3aKaH4YMBAIOTCS Ha 28 yacax, a CIEeLYyIOLIUe 32 HUMU IOIyHEe/IbHbIC PUTMbI HAUUHAIOTCS
cpa3y MHHUMYM C 2,5 THEH.

CornachHo Teopun B. 1. UymakoBa u coaBT., 48-4acoBOi pUTM SIBJIAETCS CIEICTBHEM
UCKIIIOYUTEIBHO HEKOEro CHIBHOIO CTPECC-BO3ACHCTBHA Ha OpPraHW3M, U B HOPME HE
nposiBiIsieTcs. OTOT PUTM Hecnenupuueckui (TUMMYEH MUl PasHbIX CTPECCOPOB U
OpraHM3MOB pa3HOH CIO)KHOCTH OpraHW3alliu), SHIOTCHHBIM, W XapaKTepHU3yeTcs
NOJHBIM TeproaoM Konebanus (moxbém/cnan). Ilepas monoBuHa (MOJTYHNEPHOA) pUTMA
(moapEM) CBs3aHA C aKTHBHU3ALMEH CHMIATHYECKOM CHCTEMBbI, YTO BJIEUET 3a COOOI
yBEJIMUEHHE KOHILEHTPALUHN aJPEHOKOPTUKOTPOIIHOIO FOPMOHA, KOPTU30J1a, KOJIMYECTBA
JEHKOLMTOB, U3MEHEHNSI B YPOBHE HATpHs B IJIa3Me KpoBH U T.N. OJTHAKO, 3TO BHI3BIBACT
CHJIPHOE HAaIIpPsDKEHHME BCEX CHCTEM OpPraHu3Ma U He MOXKET JUINThCA JONI0, II03TOMY BO
BTOPOH TIOJIYIIEPUOA PHUTMAa IPOUCXOAUT CHaA — TOHYC CHUMIIATHYECKOM CHCTEMBI
CHIDKAETCS, a MapacUMIAaTUYECKON MOBBIIIAETCS, KOTOpasi BIMAET HA YPOBEHD TIIFOKO3BI U
KaJiusl B KPOBH, MPOHUIIAEMOCTh KaWLISAPOB U T.11. [25].

Jannbie @yphe aHan3a M0 TEKYIIEMY HCCIIEIOBAHUIO COTJIACYIOTCA C 3TOW TEOpHUEH:
2-THEBHBIE PUTMBI TEM spue BBIPAKEHBI, YeM CHIbHee cTpecc. [loaTtomy B rpymmne
«CTpecC+TaNIONEePUAOT» O3TOT PUTM JAOMHHUPYIOIIWH, a BBEACHHE aMUTPUNTHIMHA
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CHIDKAET €r0 3HAYMMOCTh, YTO B CIy4ae C XPOHHUYECKHM CTPECCOM, YTO B Clydae C
Otokamoit D,-1mof0OHBIX PEeLenTopoB.

Crpecc-¢hakTopbl MOTYT TaKKe BBI3BIBaTh U (Da30BBIC CIBUTH B HCCICIYyEMBIX
nokazareisax [19]. ITogoOHble n3MeHeHNs HaOMIOAAIUCh U B JAHHOM HMCCIIENOBAHUH, YTO B
TPYIIE «CTpecc» (pHC. 3), YTO B TPYIIIS «TaJOTICPUIOI».

20 — : : : . . . . . . . 120
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Puc. 3. ®a30BblIii CABUT yPOBHS HIMMOOMIIBHOCTH B TPYIIIIE «CTPECC.

3AK/IIOYEHUE

Xponndeckass Ojokaga D,-omoOHBIX pENenTopoB M3MEHSET aJanTaliOHHBIE
MEXaHU3MBl OpraHu3Ma KpbBIC: BO BPEMCHHON IWHAMHKE YpPOBHS HMMOOWILHOCTH B
«Tecte IlopconTa» wucYe3aeT THNUYHBIA JUISI (U3UOJIIOTUYSCKUX CHCTEM MHOTHUX
JKUBOTHBIX 4-THEBHBI PHUTM, HO BO3HHKAET CTpECC-BbI3BAHHBIA 2-THEBHBIM PHUTM, a
Takke HaOmojaeTcs (a3oBbId CIBUT B YPOBHE WMMOOWIBHOCTH TIO CPaBHEHUIO C
KOHTPOJIbHBIMH JKUBOTHBIMH. DTO XapaKTepU3yeT XPOHUYECKYIo Onokamy D,-1omoOHBIX
perenTopoB KakK MOIIHBIM cTpecc-(hakTop, BBI3BIBAIOIINN JIETIPECCHBHOMNOA00HOE
MOBEJICHUE Y KPBIC, M YKa3bIBaeT HA 3HAYUMBII BKJIAJ] IIEHTPATbHONW NO(haMHUHEPTHUECKON
CUCTEMBI B HH(PaJIMaHHYI0 PUTMHKY TaKOTO ITOBEICHUS.

Paboma  evinoamena ma  obopyoosanuu  LKII ®DPIAOY BO «KQY
um. B. U. Bepraockoeo» «DxcnepumenmanvHas puzuonocus u 6uo@Gusuka».

256



NWHOPAOWAHHAA PUTMUKA OENPECCUBHOMOAOBHOIO ...

10.
11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

Cnucok JuTepaTypsl

Wang J. M. BDNF and COX-2 participate in anti-depressive mechanisms of catalpol in rats undergoing
chronic unpredictable mild stress / J. M. Wang, L. H. Yang, Y. Y. Zhang [et al.] / Physiology &
behavior. — 2015. — Vol. 151. — P. 360-368.

Haraguchi A. Night eating model shows time-specific depression-like behavior in the forced swimming
test / A. Haraguchi, M. Fukuzawa, S. Iwami [et al.] // Scientific reports. — 2018. — Vol. 8, Ne 1. — P. 1081.
Guo J. Y. Chronic treatment with celecoxib reverses chronic unpredictable stress-induced depressive-like
behavior via reducing cyclooxygenase-2 expression in rat brain / J. Y. Guo, C. Y. Li, Y. P. Ruan [et al.] //
European journal of pharmacology. — 2009. — Vol. 612, Ne 1-3. — P. 54-60.

Miyake T. Reconstitution of organismal liver clock function requires light / T. Miyake, M. Doi // Trends
in Endocrinology & Metabolism. — 2019. — Vol. 30, Ne 9. — P. 569-571.

JuatponroB M. E. Mudpaguanneie OHOPUTMBI HU3MEHEHHS CTPYKTYPHO-(DYHKIMOHAIBHBIX 30H KOPBI
HaJAMOYEYHUKOB Y IIOJIOBO3peNbIX caMuoB Kpbic Buctap / M. E. luatpontos, M. B. Konnamesckas,
B. A. Mxwurapos // Knuauueckas v skcriepuMeHTanbHas mopdodorus. — 2014, — Ne 2. — C. 27-31.
Bunney J. N. Circadian abnormalities, molecular clock genes and chronobiological treatments in
depression / J. N. Bunney, S. G. Potkin // British medical bulletin. — 2008. — Vol. 86, Ne 1. — P. 23-32.
Leach G. Depression-like responses induced by daytime light deficiency in the diurnal grass rat
(Arvicanthis niloticus) / G. Leach, W. Adidharma, L. Yan // PLoS One.- 2013.- Vol. 8, Ne2.—
P.e57115.

Logan R. W. Chronic stress induces brain region-specific alterations of molecular rhythms that correlate
with depression-like behavior in mice / R. W. Logan, N. Edgar, A. G. Gillman [et al.] // Biological
psychiatry. — 2015. — Vol. 78, Ne 4. — P. 249-258.

Nutt D. J. Depression, anxiety and the mixed conditions / D.J. Nutt, C. Bell, J. Potokar. — London:
Martin Dunitz. 1997. — 72 pp.

Munytxo B. JI. Jenpeccus / B. JI. Munytko. — M.: T'DOTAP-Menua, 2006. — 320 c.

TroBuna H. A. CpaBHuTenbHas XapakTepUCTHKA KIMHUYECKHX OCOOCHHOCTEH JEeNpeccHd IIpH
ounomsipaoM addexruBHOM pacctpoiictse I n II tuma / H. A. TioBuna, 1. I'. Kopo6kosa // Hespomnorns,
Helporcuxuarpus, ncuxocomatuka. — 2016. — T. 8, Ne 1. — P. 22-28.

Barber C. F. A review and applications of monthly circadian rhythms / C.F. Barber // Journal of
psychiatric and mental health nursing. — 2010. — Vol. 17, Ne 3. — P. 274-279.

Panomnopt C. U. XponoOuonorus u xponomeauuuna / C. U. Panonoprt, B. A. ®ponos, JI. I'. Xeraryposa.
—M.: U3n. MHA, 2012. — 480 c.

Dudin S. A. Infradian rhythms in medical ambulance team dispatches // Izvestiya, Atmospheric and
Oceanic Physics. — 2012. — Vol. 48, Ne 8. — P. 810-817.

Yaiika A. B. Xponmdeckass Onokxama D,-perentopoB u moBeJeHHE HHU3KOJCHPECCHBHBIX KpBIC /
A.B. Yaiika, [I. P. Xycamnos, U.B.Yeperaee [u nxp.] // Poccuiickuii Qusnonormyeckuii
xypHai uM. 1. M. CeuenoBa. —2017. — T. 103, Ne 2. — P. 172-181.

Yaiika A. B. Tect [lopconira KaK JOHTUTIOAHBIA METOJ OLICHKH IWHAMHUKU SMOLMOHAIBHOTO COCTOSHUS
KPBIC B MOJENM XPOHMYECKOTO HENpeAcKa3yeMoro yMmepeHHoro crpecca / A. B. Yaiika,
E. B. Konomienko, /I. P. Xycannos [u np.] / Yuénsle 3anucku KpbiMckoro ¢genepaabHOT0 yHUBEpCUTETa
umenu B. U. Bepuajckoro. buonorus. Xumus. — 2018. — T. 4 (70), Ne 2. — C. 133-147.

Kanyes A. B. Ctpecc, TpeBoxHOCTh 1 oBenenue / A. B. Kaiyes — Kues: Dnurma, 1998. — 95 c.
Oponosa I'. A. Dronormueckue 3(¢GEeKTsl aHTUICTPOTEHHOTO W AHTHAHAPOTCHHOTO BO3JCHCTBUS Ha
CaMOK M CaMI[OB OeJbIX KPBIC, OTIMYAIOIUXCS 110 YpoBHIO aenpeccuBHocTH / I'. A. ©ponosa // Bectauk
Boponexckoro rocynapcrseHHoro yausepcutera. Cepus: Xumus. buonorus. @apmanus. — 2016. — Ne 4.
—P. 110-116.

umko E. FO. Wudpanmannas puUTMHKA CHMIATOAAPEHAIIOBOM CHCTEMBbI TPU THIOKHMHETUYECKOM
ctpecce / E. 10. Ilumiko, B. Y. Masbiruna // Yuéusie 3anucku KpsiMckoro ¢enepansHOro yHHBEpPCUTETa
nmenn B. U. Bepranckoro. buonorus. Xumust. — 2004. — T. 17, Ne 1 (56). — C. 108-115.

JuatponroB M. E. MuoronneBHble OHOpHUTMBI MOP(HO(YHKIMOHAIBHOTO COCTOSHHS TUMYCA, YPOBHS
MEJIaATOHMHA U KOPTHKOCTEepOHa y caMuoB kpelc Bucrap / M. E. [luatpontos, M. A. luarponTosa //
bromnerens CeBepHOToO rocyaapcTBEHHOIO MeIMIIMHCKOro yHuBepcurera. — 2013. — C. 111-112.

257



Yaiika A. B.

21. Eastwood M. R. Infradian rhythms: a comparison of affective disorders and normal persons /
M. R. Eastwood, J. L. Whitton, P. M. Kramer, A. M. Peter // Archives of general psychiatry. — 1985. —
Vol. 42, Ne 3. — P. 295-299.

22. JlmarpontoB M. E. UnbpaauanHas puTMHKAa MOKa3areneil (GHU3HOJOTHUSCKHX M  METabOINIECKUX
mporeccoB 'y camuoB kpeic Buctap / M. E. luarpontoB, M. B. Konnamesckas // Poccuiickuit
¢dmuonornaeckuii xkypHan uM. V. M. Ceuenosa. — 2012. — T. 98, Ne 3. — C. 410-416.

23. Ilypneiruaa A. B. OcHOBBI XpOHOOHOJIOTHH ¥ XPOHOMEIHMIMHEI B TAOIUIAX M CXEMaX: METOIMIECKOe
noco6ue / A. B. lllypmsiruna. — HoBocubupek: HI'Y, 2001. — 32 c.

24. BlumI. D. A highly tunable dopaminergic oscillator generates ultradian rhythms of behavioral arousal / I.
D. Blum, L. Zhu, L. Moquin [et al.] // Elife. — 2014. — Vol. 3. — P. e05105.

25. Chumakov V.I. Does the 48-hour biological rhythm exist? / V.I. Chumakov, A. A. Soldatov,
V. N. Dymochkin // Human Physiology. — 2000. — Vol. 26, Ne 4. — P. 488—493.

INFRADIAN RHYTHMS OF DEPRESSIVE-LIKE BEHAVIOR IN RATS

Chajka A. V.

Krasnolesie Crimean College of Olympic Reserve, Simferopol district, Russian Federation
E-mail: andrew.chajka@yandex.ru

It is customary to check the effectiveness of antidepressant substances in preclinical
experimental tests on key days, often weekly [1, 2], or according to the “before-after”
scheme [3], without taking into account the daily dynamics of behavior. Such studies are
typical, to a greater extent, for the clinic and practically have no analogues when working
with laboratory animals. Understanding how specific treatments for depression affect not
only quantitatively on certain days, but also qualitatively on the dynamics of symptoms of
the disease in general, will help to see the big picture and better select antidepressants and
predict their effectiveness.

The study of the fundamental rhythmological features of the course of depressive
disorders is also an important issue because the endogenous part of the biological clock
system makes it possible to predict future stress effects and to react homeostatically to
them proactively, and not only reactively [4]. It has been established that the organism of
animals (including humans) is characterized by rhythmic fluctuations of functional
parameters, rhythmic disturbances of which can lead to a decrease in adaptive capabilities,
maladjustment and the development of various diseases [5]. In the modern literature there
are a number of works proving the participation of biorhythms in the pathogenesis of
depression [6-8] and the presence of rhythmic changes in the manifestation of symptoms
of this disease [9-11].

Much is known and written about circadian rhythms, which has contributed to a
better understanding of how the physiology of living organisms’ changes over the course
of twenty-four hours. It is less clear whether and how physical and mental parameters in
animals change on a larger time scale [12]. It is only recently that attention has been paid
to the study of not only circadian (< 28 h), but also longer infradian biorhythms, which is
promising for the development of chronobiological approaches to the diagnosis and
correction of somatic and mental diseases [13]. Moreover, most biorhythmological studies
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are devoted to assessing the body's reactions to the impact of various factors of
meteorological and geomagnetic nature [14], but not factors of a mental and chemical
nature.

The experiments were carried out on 60 male Wistar rats weighing 200-250 g,
divided into 6 equal groups (n = 10): “control 37, “stress 2”, “haloperidol 27, “stress +
amitriptyline”, “haloperidol + amitriptyline” and “stress + haloperidol”. Also, the final
biorhythmological analysis included data from previous studies, which had already been
partially published earlier [15, 16]: groups (n = 10) “control 17, “control 27, “stress 1" and
“haloperidol 1” - in order to check the reproducibility of the data and reduce the likelihood
of the influence of random (atypical) fluctuations on the final conclusions.

The “stress” groups were subjected to chronic, unpredictable mild stress for 21 days,
according to the previously described method [16].

Selective  D,-receptor blocker haloperidol (‘“Haloperidol”, N. A. Semashko
Moskhimpharmpreparaty, Russia) was administered for 24 days (3 days of preliminary
administration to achieve a high % of blocked receptors) at a dose of 2.5 mg/kg.

The tricyclic antidepressant amitriptyline (Amitriptyline Hydrochloride, Sigma-
Aldrich, USA) was administered for 21 days at a dose of 15 mg/kg.

All substances were diluted in saline and injected intraperitoneally in a volume of
0.2 ml/animal 30 minutes before testing. The control group received saline solution in the
same volume. With the combined administration of several substances, a break of
30 minutes was made between injections.

Starting from the 4th day of the experiment, the behavior of the animals was
examined daily in the Forsed swim test (FST), 30 minutes after the last injection. Testing
duration — 3 minutes (shortened procedure) [17, 18]; the time of immobility was recorded
in seconds.

The significance of differences between groups was determined using the Mann-
Whitney test or Student's t test, according to the nature of the distribution of the data. The
calculations and visualization of the results were carried out in the GraphPad Prism 8. The
rhythmic component in the data dynamics was determined using Fourier spectral analysis
in the STATISTICA 10.

Studying the graphs of immobility dynamics in the FST caused by chronic stress and
blockade of D,-like receptors, it becomes obvious that the level of depression in animals
has a pronounced periodicity.

From these data, it follows that the dynamics of the immobility time in FST:

1. It is largely characterized by semi-weekly (2.5-3.5 days) and weekly (7 £ 3 days)
rhythmic changes.

2. In the groups “haloperidol” and “stress + haloperidol”, in contrast to the others,
there is no rhythm of 4.40 days.

3. In the groups “stress”, “haloperidol”, and partly “stress + haloperidol” and “stress
+ amitriptyline”, longer rhythms are pronounced — 5.50, 7.33 and 11.00 days.

4. In the groups with stress and haloperidol, there are smaller rhythms with a duration
of 2.00 and 2.20 days, which are not in the control.

Stress factors can also cause phase shifts in the studied parameters [19]. Similar
changes were observed in this study, both in the stress group and in the haloperidol group.
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Chronic blockade of D,-like receptors changes the adaptive mechanisms of the rat
organism: in the temporal dynamics of the immobility level in FST, the 4-day rhythm
typical for the physiological systems of many animals disappears, but a stress-induced
2-day rhythm occurs, and a phase shift in the level of immobility compared with control
animals. This characterizes the chronic blockade of D,-like receptors as a powerful stress
factor causing depression-like behavior in rats, and indicates a significant contribution of
the central dopaminergic system to the infradian rhythm of this behavior.

Keywords: depression, chronic mild unpredictable stress, dopamine, D,-receptors,
biorhythms.

The work was carried out on the equipment of the Centre of collective usage
«Experimental physiology and biophysics» of the V. I. Vernadsky CFU.
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