POCCUMCKUI ®U3NOJIOTUYECKU XKYPHAJI um. .M. CEYEHOBA 2020, Tom 106,
Ne 7, c. 823—842

OKCIHEPUMEHTAJIBHBIE CTATbU

BJIMAHUE PAHHETO ITPOBOCIIAJIMTEIIBHOI'O CTPECCA HA TPEBOXKHOE
N JETTPECCUBHO-ITIOJOBHOE ITOBEJIEHUE KPbIC PASHOI'O BO3PACTA
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PaHHMI1 MpOBOCAIUTENbHBINA CTPECC, CO3AaBaeMblii ITyTEM BBEICHMS JMIONOoIMcaxa-
puna (JITIC) (50 mkr/kT, 11/K) Ha 3-1 1 5-€ TIOCTHATaJIbHbIE THW, TIPUBOIWIT K CHIXKE-
HUIO JABUTATEbHON aKTUBHOCTU, YMEHBIIEHUIO MCCIEA0BATEIbCKOTO TOBEACHUS U
YBEJIMYCHUIO TPEBOKHOCTHU y KPBIC B MOAPOCTKOBOM Bo3pacte (1—1.5 Mec.) B Tectax
OTKPBITOTO TIOJISI ¥ TIPUTIOMHSITOTO KpecTooOpa3Horo abupunta. Hanbombime nsme-
HEHUSI B TPEBOXKHOM TOBEIEHUM MPOUCXOIUIIN y CAMIIOB IO CPABHEHUIO C CAMKaMMU.
Beenenue JITIC B paHHeM OHTOIreHe3¢ BBI3BIBAJIO B TTIOAPOCTKOBOM BO3pACTe TMOSIBIICHE
MMPU3HAKOB JETIPECCUBHO-TIOIOOHOTO TTOBEICHMS KaK Y CaMIIOB, TaK U y CAMOK, KOTOPOe
MPOSIBJISITIOCH B TECTE HA aHTEIOHUIO B YMEHbIICHWUHU MpeanodyTeHust 1%-Horo pactBopa
caxapo3bl M0 CPaBHEHUIO C KOHTPOJbHBIMU TpynIiaMu. TecT BBIHYKICHHOIO TlaBa-
HUSI BBISIBWJI TPU3HAKU IETTPECCUBHO-TIOO0OHOTO TTIOBEIEHUS Y CAaMIIOB, HO HE Y CAaMOK
TOJILKO MIPU IIEPBOM TECTUPOBAHUM. Y B3pOCIBIX KphIC (3—3.5 Mec.) mociie yCUIeHHOTo
X3HUIMHTa M BBIPAOOTKM IMUIIEAO0BIBATEIbHBIX Pe(IeKCOB yKa3aHHble U3MEHEHUS B
TPEBOKHOM U JIETIPECCUBHO-TIONO0OHOM MOBENEHUU TIPAaKTUIECKU ncue3aiu. BBeneHue
JITIC B paHHeM BO3pacTe TPUBOIUIIO y B3POCIIBIX CAMIIOB K yBeJIMueHu o ypoBHst IL-1[3
B CBIBOPOTKE KPOBMU IOCJI€ TTOBTOPHBIX CTPECCOBBIX BO3NEHUCTBUIA, a Yy CAMOK — K BO3-
pacTaHUIO cofiepXKaHUsI KOPTUKOCTEPOHA IO CPAaBHEHUIO C KOHTPOJbHBIMU XKUBOTHBI-
mu. [TosrydeHHbBIE pe3yabTaThl CBUAETEIBCTBYIOT 00 YBEJIUUEHUU MPU3HAKOB TPEBOX-
HO-IEMPECCUBHOIO MOBEACHUSI KPbIC MO BIUSIHUEM PaHHETO MPOBOCHAIUTEIbHOTO
cTpecca U HaJIMuMe TMOJIOBBIX PA3IMYMiA, a TAKXKE BO3MOXHOCTU KOPPEKIIUU HETaTUB-
HBIX TOCJIEICTBUI CTpecca B AaJIbHEUIIEN XXKU3HU.

Knroueguie croea: paHHUI NMPOBOCTIAIUTEBHBIN CTPECC, OTKPHITOE MOJIE, MPUITOAHSITHII
KpecTooOpa3Hblii JAOUPUHT, TECT HAa aHTeAOHMIO, TECT BIHYXKIEHHOTO TUTAaBaHUS, JI-
noroJiMcaxapu, Koprukocrepox, UJI-13
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M3BecTHO, UTO CTpecCUpylolle BO3ICICTBUS B pAaHHEM OHTOIEHE3€ CO3JaloT Ipe/l-
PACIIOJIOKEHHOCTb K Pa3BUTHIO PSila COMAaTUYECKMX U TICMXOHEBPOJOTMYECKUX 3a00J1e-
BaHUI1 y UeJIoBeKa, TaKUX KakK JIeTpeccusi, TPeBOXHbBIE PacCTPOIICTBa, ITOCTTpaBMaTHye-
CKHe CTpecCOoBBIe paccTpoiicTBa u mpyrue [1, 2]. BBISIBIIEHBI CYIIIeCTBEHHBIE TTOJIOBBIE pa3-
JIMUMST B YaCTOTE MPOSIBJIICHYSI TaHHBIX 3a00JIeBaHUM, KEHIIMHBI CTPAAaloT Aerpeccueit u
TPEBOXHBIMU PacCTPOMCTBAMM 3HAYMTEIBLHO Yalle, YeM MYyXX4YuHBI [3—5]. B akcnepu-
MEHTax Ha XXMBOTHBIX ObLIO IMOKAa3aHO, YTO BPEMEHHOE OTJIydyeHHE OT Marepu [6—8],
MpoBOCHAUTENIbHBIN cTpecc [9—12], 6oneBbie Bo3neiicTBus [13] v mioxue yciaoBUs CO-
nepxaHus [14] B paHHeM BO3pacTe OKa3bIBAalOT HEraTUBHOE BJIWSIHWE Ha JajibHeilee
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pa3BuTHE opraHusma. B HacTosilliee BpeMsl B KaueCTBe paHHEro CTPEeCCUPYIOIIEero Bo3-
NEMCTBUST TOCTATOYHO HIMPOKO MCMOJIb3YIOT MOJIE]Ib MPOBOCMATUTENBHOTO CTpeEcca, Co-
371aBaeMOro TyTeM BBeAeHUs GakTepuanibHoro sunomnonaucaxapuaa (JITIC) kpeicsitam B
pa3HBIe THU ITOCTHATAJIBHOTO pa3BUTHS [cM. 0030p 15]. Jlumomonucaxapuabl SIBISIOTCS
COCTaBHBIMM KOMITOHEHTAMU BHEITHEM YaCTU MEMOpPaHbI TPaMOTPHUIIATEIbHBIX OAKTePHIiA.
IlepBuunbiMu KineTkamu-mutneHs M st JITIC sBasiorcst parouuThbl, KOTOPhIE 3KCIIPeC-
CUPYIOT CBSI3aHHBII ¢ MemOpaHoii aHtureH CD14 (mCD14) u Toyui-4 peuenTopsl. [Tpote-
uH, cBs3biBaonuii JITIC, katanuzupyer nepexonm mMoHomepHoro JITIC u3 arperatHbIX
KOMIUIEKCOB K cBsi3biBatoiiemy perernropy CD14 (mCD14) Ha noBepxHOCTH (harouuToB,
5TO MPUBOIUT K BBICBOOOXKICHUIO OOJTBIIIOTO YMCIIa SHAOTEHHBIX ITPOBOCTIAIUTETLHBIX M-
IMATOPOB (LIMTOKUHBI, XeMOKUHBI U Ap.) yepe3 TLR4*MD-2 komruiekc [16].

BBenenue JIIIC BeI3BIBaeT Oosie3HEHHOE cocTostHUe (sickness behavior), misimeecst
HECKOJIBKO JTHEI M MpOsIBIISIONIeecs] B UBMEHEHUM TeMIlepaTyphl TeJla, Majloid TTOIBUXK-
HOCTH, CHIDKCHHUH alllleTUTa, CKYy9eHHOCTH XKMBOTHEIX U T.4. [17]. B murepartype nmeercs
HeMaJio cBeneHuii o ToM, To BBeaeHue JITIC B paHHEM OHTOreHe3e OKa3bIBaeT BJIUSHUE
Ha TPOSIBJIEHUS] TPEBOXHOTIO U JE€MPECCUBHO-TTOJOOHOTO MOBEACHMS, a TaKXKe U3MEHe-
HUSI YCTOMYMBOCTH K MOBTOPHBIM CTpeccaM y B3pOCJbIX KpbICc [cM. 0030p 18]. Tak, Ha-
npumMep, ObLIO TTIoKa3aHo, uTo BBeneHue JITIC B paHHeM Bo3pacte MpUBOAUT K yBeIUYES-
HUIO TPEBOXHOCTU U YMEHBIIEHUIO COLIMAJIbHBIX B3aMMOIIEHUCTBUI Y B3POCIBIX KPBIC,
YCUJICHHUIO IeTIpeCCUBHO-TI0H00HOro moseneHusd [10, 11, 19]. YBeaudeHue TpeBOXHOCTH
MPOSIBJISUIOCH MOCJIE TOTIOJTHUTEIBHBIX CTPECCUPYIOLIUX BO3IEHCTBUI Ha B3pOCIOE XK1~
BoTHOe [12]. BMecTe ¢ TeM nMeIoTcs1 faHHbIe, YTO MH(EKIIMY B paHHEM BO3PacTe MOTYT
3allMIIaTh OT CTPECCOB BO B3pocCioii xkn3HU [20] 1 MpUBOAUTL K CHUXKEHUIO YPOBHS Tpe-
BoxkHOCTH [21]. Bnusinue pannHero BeeaeHust JITIC paznuyanock y IMHUIA BBICOKO- U HU3-
KOTPEBOXKHBIX JKUBOTHEIX [22]. BBeaeHe SHIOTOKCHHA CaJTbMOHEJUIBI HA 3-if 1 5-i1 moCT-
HaTaJibHbIE THU TIPUBOAWIO K YBEJMYEHUIO PEAaKTUBHOCTU TUIOTAJIaMO-TUITO(MU3apHON
HaamouyeuyHukoBoi cucteMmbl (ITHC) Ha cTpecc 1 yMeHBIIIEHUIO HETaTUBHOI 0OpaTHOM
cBs3u Ha cuHTe3 AKTT [23]. XoTs1 uMeeTca MHOTO JaHHBIX O TOM, 4To BBeneHue JITIC B
paHHEM BO3pacTe MPUBOAUT K TPEBOXHOMY M JCIPECCUBHO-MOA0OHOMY TOBEACHUIO Y
B3POCJIBIX JKMBOTHBIX, TTOKAa YTO MaJI0O MU3BECTHO O MOJOBBIX PA3TUUMSAX BO BIMSTHUSIX
JITIC Ha Takoe noBeaeHue [15]. Ha aTOT cueT nMeeTcst Bcero JIMIIb HECKOJILKO pa6ot [ 10,
12, 21, 24, 26], pe3yabTaThl KOTOPHIX OKAa3aJIMCh HEOAHO3HAYHBIMU U JaxKe IIPOTUBOPE-
yuBbiMU. Hanpumep, B ofHUX cliyyasix peaKTUBHOCTb Ha PaHHUI MPOBOCHATUTEIbHbIN
cTpecc OblTa Gosbllle BuIpaxkeHa y camios [10, 12], a B apyrux — y camox [21, 26]. Bonee
OTYETJIMBbIE MOJIOBBIE pasnuuus B nevicteuu JINIC Habmonanucek nmpu BBeIeHUU Mpera-
paTa B3pOCJIbIM XUBOTHBIM HEMOCPEACTBEHHO 3a 24 U Tepe TeCTUPOBAaHUEM, TIPUYEM Y
CcaMII0B MPU3HAKU JIETIPECCUBHO-TIOIOOHOTO MOBEICHUSI MPOSIBIISUIMCH CUJIbHEE, YEM Y
caMok [25, 27, 28]. CyiiecTBeHHbIC ITOJI0OBBIC Pa3INIUsI ObLT OOHAPYKEHBI BO BIUSHUN
paHHEro MpPOBOCIMAIIMTEIBHOTO CTpecca Ha 00OpoHUTENbHOE noBeaeHue [9]. BeneHue
JITIC Ha 3-i1 1 5-1f THU OT POKIAESHMS TIPUBOAMIIO Y B3POCIBIX CaMIIOB K OOJIbIIEMY IIPO-
SIBJICHUIO YCJIOBHO-PE(JEKTOPHOIO CTpaxa 1 3aTPYAHEHMSIM B €ro yraiieHUM npu rnac-
CUBHBIX OOOPOHUTEJIBHBIX pedieKcax, HO 3aTPYIHSIO MPUOOPETEeHEe aKTUBHBIX 000pO-
HUTEJIbHBIX pediekcoB. B 1ieiom, mo xapakrepuctukam oOOPOHUTEILHOTO MOBEAECHUS
B3POCJIBIX JKUBOTHBIX CAMKH ObLIM 00Jiee YCTOMYMBBI K PAHHEMY TPOBOCIAIUTEIbHOMY
cTpeccy, YeM CaMIIbl.

Lenbio HacTosIIel pabOTHl ObUIO U3YUYEHME BIMSHUSI PAHHETO ITPOBOCITAIMTEIBHOTO
cTpecca Ha TIPOSIBIIEHUSI TPEBOXKHOTO U IETTPECCUBHO-TTIOI0OHOTO MOBEICHUS Y CaMIIOB U ca-
MOK KpbIC TuHIM BucTap B mogpoctkoBoMm (1—1.5 Mec.) 1 B3pocioM Bo3pacte (3—3.5 mec.).
PaHHUIT TPOBOCTTAIMTENIBHBIN CTPECC CO3MAaBAJIM MyTEM BBEICHMS KPBICATAM OaKTepU-
anbHoro JITTIC Ha 3-ii u 5-i1 IHM ToCTHAaTaJbHOM XXM3HU. B 3amauyu paboThl BXOIUIIO HU3Y-
yeHue BavsiHUS paHHero BBeneHMs JITIC Ha ypoBeHb TPEBOXKHOCTH Y KPbIC 0OOMX ITOJIOB
B TECTaX OTKPBHITOTO MOJISI U MPUMOAHSITOrO KPecTooOpa3HOro JJabMpUHTA, a TakKXke Ha
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YPOBEHb ACMPECCUBHO-IMOJOOHOIO MOBEAEHUS B TECTaX Ha IMPEANOYTEHNE caxapo3bl U
BBIHYXKJIEHHOTO TutaBaHus. KpoMme Toro, B 3agayu paboOTHl BXOAWJIA OLIEHKA BIUSTHUS
paHHEro CTpecca Ha COCTOSIHME TMITOTajlaMO-TUITO(GU3apHO-HAAIIOUEYHUKOBOM OCU U
CUCTEMBbI IPOBOCHAIUTEIBLHBIX LINTOKUHOB. [J1s1 3TOTO C MOMOIbI0 UMMYHO(GEPMEHTHO-
TO aHAJIM3a OTPEIEISUTA YPOBEHB CTPECC-TOPMOHA KOPTUKOCTepOHa U IuTokuHa IL-13 B
CBIBOPOTKE KPOBM B3POCIBIX KPbIC. [TOCKOJIBKY B JIUTEpaType UMEIOTCS JaHHBIE O TOM,
YTO XEHIUIMHT (TIpupydeHue), odoraileHHas cpelia, ABUratejibHas akTUBHOCTb OKa3bIBa-
eT aHTUCTpeccoBoe BiausHUe [36, 38, 39], TakKe UCCaEA0BAIM BO3MOXHOCTh KOPPEKIIUU
MOCJEACTBUI PAaHHEro MPOBOCIAIMTEIBHOIO CTpecca Ha Oyayllee MOBeIeHKUE C IMOMO-
LLIbIO YCUJICHHOTO X3HJIMHTA U BEIPAOOTKY MUILIET00BIBATEIbHBIX Pe(dIIEKCOB.

METOAbI MCCIIEAOBAHUA

O0bekT uccaenosanus. B onbitax yaacTBoBajio 126 kpbic tuHuu Bucrap B Bo3pacTe oT
25 mueit no 3.5 mec. (64 camiia u 62 camku). Kpeicsta (16 moMeToB) ObUTA BHIBEICHBI B
BuBapuu UBHJI u H® or ponureneii, noayyeHHbIX 13 dumana “Crondosass” @TBYH
HIBMT ®MBA, Poccust. Ha 3-it u 5-i1 qiau XXus3Hu y 37 KpbICAT (6 TOMETOB) BhI3bIBAIN
MpoBOCHANUTENbHbBIN cTpecc mmyTeM BBeaeHus JITIC Echerichia coli (ceporun 026:B6,
Sigma) B no3e 50 Mkr/kr B 06beMe 10 mxi1/t (rpyrnna JITIC). Bo BpeMst 3Toii mpoleaypbl
KpbICSITa OTJIyYaJIMCh OT Matepu Ha 15-20 MuH. 2ZKMBOTHbBIE B3BEIIMBAJIUCH HA JIEKTPOH-
HBIX Becax ¢ TOUYHOCTHIO 10 0.01 T 1 nmosryyayiu noaxkoxHyo nuHbekiuio JITIC B xonky ¢ nmo-
MOIIIBIO MHCYJIMHOBOTO MITIpUlia. 49 KpbicsitaM (5 TIOMETOB) B 3TOM K€ BO3pacTe MOIKOX-
HO BBOIWJIA (DU3MOJIOTHMYECKUIA pacTBOp B 00beMe 10 Mki1/T (rpyrima @13, KoHTposb 1).
40 xprIcAT (5 MOMETOB) OCTABAIMCh MHTAKTHBIMU, HO Ha 3-i 1 5-11 THM KM3HMU NX TaKXKe
3abupanu ot Matepu Ha 15—20 muH 1 B3BemmBaiu (rpyna MHT, xonTtpons 2). B Bo3-
pacte 25-Tu IHEei KPBICST OTJIy4aJiu OT MaTepu U pa3iesisijii Ha MOATPYIIIbl B 3aBUCUMO-
cTu OT nosa. B manbHeiileM XXUBOTHBIX COfepXXaayd B BUBApUM MPU OOBIYHOM 12-4yaco-
BOM CBETOBOM DEXUME B CBOOOIHOM AOCTYIIE K BOJE U CTAaHAAPTHOMY KOPMY B KJIeTKax
o 3—5 KpbIC, B OAHO KJIETKE HAXOAUINUCH KPBICHI OTHOTO T0JIa 1, KaK MpaBUJIo, U3 OJl-
Horo nomeTa. JlonogHuTenbHOE B3BEeIMBaHNE KPbIC TIpoBoauiIoch B 1 1 3 Mec. nepen te-
ctaMu Ha TpeBOXHOCTb. C 1.5 1o 3 Mec. KphICH y4aCTBOBAJIM B 9KCIIEPMMEHTaX C BbIpa-
OOTKOIi MUIIEBBIX YCIOBHBIX Pe(IeKCOB, BO BpeMsl KOTOPbIX OHU MOJIBEPraJIMCh MHOTO-
JMIHEBHOMY XOHAMUHTY. CTaaus 3CTPpaIbHOTO LIUKJIA Y CAMOK HE KOHTPOJMUPOBAJIACH.

B aKkcniepuMeHTax cOOIIONANM MPUHLIMITBI TYMAHHOCTU, U3JI0XEHHBIE B TUPEKTUBAX
Esponeiickoro Coo6uiectna (2010/63/EU) u nonoxenust UBHJI u H® PAH o pabote ¢
SKCIePUMEHTATBHBIMU KUBOTHBIMH.

TecTupoBaHue ypoBHsSI TPeBOXKHOCTH. B pabore msyyanu noBegeHue 51 KpBICH B IBYX
TecTax Ha TPEBOXHOCTb: B OTKpbLITOM ToJjie (OI1) u B mpunoaHsiToM KpecTooOpa3HOM Ja-
oupunte (ITKJI). IMepen mepBbIM TeCTUPOBAHUEM [IJISI CHUKEHUST CTPECCUPYIOIICd Ha-
TPY3KHU Ha XMBOTHBIX TPOBOIWIICS 15-TM MUHYTHBIN XOHIJIUHT (TTIpUpYYEeHUE) B TEUCHUE
4—5 nHe, TIpu 3TOM XUBOTHBIX Opajid B pyKH, TepecakuBajid U3 JOMaIllHe KIIETKU B
nepeHocKy 1 obpaTtHo. IlepBrIii pa3 Kpbeic TecTupoBain B Bo3pacte 30—35 mHeit (momd-
POCTKOBBII BO3pacT), BTOpoii pa3 — B Bo3pacte 90—95 nHeit (B3pocibie). Mcrnoib3oBanu
OOILIENPUHSATBIE pa3Mephl M KoHdurypanuu JadupuHta u OIl, koTopbie 6bUTH TOAPOOHO
onucaHbl paHee [29]. BpeMst HaOIOAeHNST B KaXJIOM TECTe COCTaBIIsIo 5 MUH. s puk-
CUPOBaHUS TPACKTOPUU ABUXKEHUSI KPBIC U 3JIEMEHTOB MOBEICHUST UCITOJb30BaIN TIPO-
rpammy Etho Vision, a Takke BuIeoperucTpannio. AHAIM3UPOBaId MMOKa3aTeJIn, OTpa-
KaloIIne TPEBOXHOCTh/CMEIOCTh KPhIC (BpeMst HaxoxaeHus Ha repudepuun OI1, guciao
W JUIMTEJILHOCTh BBIXOHOoB B 1ieHTp OIl, B otkpriThie pykaBa I1KJI), nBurateapHyio ak-
TUBHOCTb KpbIC (MTPOMIEHHYIO MMCTAHLMIO, CKOPOCTh JABUXKEHUS, BPeMsl JBHUXECHMUS,
yucio repexonoB Mexay pykaBamu B [TKJT), nccienoBaresibckoe mmoBeaeHue (CTONKM,
BBITJISIIBIBAHUS B OTKPBITHIE pyKaBa B [1KJI), moBeneHue 1o olieHKe prcka (CBeIIMBaHUs
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B I1KJI, BeITArMBaHUsI), 3J€MEHTHI 3aMeIalOIIero MoBeaAeHUs (YUCI0 U JIUTEIbHOCTD
TPYMUHTA), a TaKKe Psijl MoKasaresieid, OTpaxkalolux BereTaTuBHbIE peakiuu (YUCIIO Jie-
dekaimii 1 Mmouencriyckanuii). Becerna BHavyasie tectupoBasiv Kpbicy B OI1, uepes 2—3 nHst
B [1KJI. Tlepen momenieHrueM B KaMepy >KMBOTHOTO IPYTOTO MoJjia KpoMe OOBIYHOM BlaX-
HO#t M cyxoi y6opKu JabupuHT mpotupanu 20%-HbIM pacTBOPOM 3TUJIOBOTO CITMPTA.
JIJ1s mepeHOoCKM caMIIOB M CaMOK M3 BUBapUsl B 3KCNEPUMEHTAJIbHYIO KOMHATY W ISl
OXMJIaHUSI CBOEH oYepean UCIIOb30BaIN Pa3HbIe KJIETKMU.

TecT Ha npeanodreHne caxaposbl. s OLIEHKM AeNpPeCcCHBHO-ITOT00HOTO MOBEASHUS
MPOBOAVIJIM TECT Ha MPEAIIOUYTEHNE caxapo3bl Yy 72 KpbIc B Bo3pacTte 35—40 nHeit u 95—
100 gHeit. TecT MpoBOOWIM B TEYECHUE OTHUX WJIU IBYX CYTOK. B Ki1eTKy rmometianu 2 Oy-
TBIJIKU, OMHY — ¢ 1%-HBIM pacTBOPOM caxapo3bl, IPyrylo ¢ Bomoii. /IBa pa3a B CyTKHU
(YyTpoM 1 BeuepoM) OYTHUIKU B3BEIIMBAJIM W MEHSIIU MecTaMu. Onpenesyii 00beM BbI-
MUTOTO PacTBOpPA caxapo3bl U BOABI 32 CYTKM KaXIOi KPbICO, a Tak>Ke MPOLIEHT BbIMU-
TOIi caxapo3bl OT OOIIIEro oobeMa IMOTPEOIeHHOM XKUAKOCTH.

TecT BbIHYKIEHHOTO ILUIABAHUSA TTPOBOJIMWIM B LIMJIMHApPAX U3 OprcTekia guamerpom 20
1 BBICOTOI1 50 CM, KOTOpBIE 3aII0JIHSUIM BOLOM TeMItepaTypoii 25—26°C no yposHs 30 cM.
B Bo3pacte 40—45 nHeii B IepBbIii IeHb KPBIC ITOMEINIAINA B Boay Ha 15 MuH (ob0ydeHue,
BbIPaOOTKa MOBEAEHUYECKOTO OTYasiHYSI), BO BTOPOI1 IeHb XKUBOTHbBIE HAXOIUJIUCh B BOJIE
5 muH (tect). Bpems tectupoBanus B 100—105 mHeit coctapisuio S muH. [1pu 3aBucanum
(HEeTTOABUXXHOCTHM) KPBICHI OCYILECTBIISUIM JIMIIb CIa0ble ABUXEHUS JIallaMUd U XBOCTOM
TSI KOPPEKLIMU MOJIOXKEHUS TeJla OKOJIO OBEPXHOCTHU BoAbl. Bo Bpems ombITa MpoBoau-
u Buaeopeructpaumio. I'lpu o6padoTke 1aHHBIX MOJACYUTHIBAJIU BpeMS 3aBUCAHUST KPbIC
MOMMHYTHO M CYMMapHO 3a BECh OIBIT, JATEHTHOCTb TIEPBOT0 3aBUCAHMSI, YMCJIO BITU30-
IIOB 3aBUCAHUS U CPEAHIOI0 ITUTEJIbHOCTh TAKUX BTTU30/I0B 32 OTIbIT.

NmmyHnodepmenTHbIil anaamn3 kposu. [lepen 3a60poM KpoBU B Bo3pacTe 6 Mec. IPOBO-
JIVJTU TOTIOJIHUTEJIbHOE CTPECCUPOBAHME KPBIC B TECTE BHIHYKACHHOTO T1aBaHUs1. KpbiCh
HaxomuInch B Bode 5 MuH. Yepes 20—30 MuH mociie OKOHYAHMS TECTa KPBIC YMEPILBJIS -
JI AeKaIluTaluein U cooupaiu nepudepruieckyio KpoBb, KOTOPYIO LIEHTPUMYTrUpoBaIn
15 muH npu 4°C u 1500 g nj1s mosydeHus: CbIBOPOTKU. AJIMKBOTBI ChIBOPOTKU XpaHUJIU
npu —80°C o nmpoBeAeHUSI TMMYHO(MEPMEHTHOTO aHaINU3Aa.

st onpeaeneHust ypoBHSI KOPTUKOCTEPOHA B CBIBOPOTKE KPOBM MCITOJIb30BaId HAbO-
pbl 1t umMyHodepMmeHTHoro aHau3a (DRG, 'epmanust), ¢ TOMOIIIBIO KOTOPBIX IETEK-
TUPOBAJIN KaK CBOOOMHBIN, TaK U CBSI3aHHBIN C TPAHCITOPTHBIMU O€JIKaMU KOPTUKOCTE-
POH METOIOM KOHKYPEHTHOTO UMMYHOdepMeHTHOro aHanu3a. CoaepxkaHue TpoBocCIia-
JINTEJIBHOTO MHTEePJIeWKNHA- [} B CBIBOPOTKE KPOBH OIMPEAEIISUTN C TTOMOIIBIO HaGOpOB
npousBoacTBa R&D Systems (CIIA) cornacHo MHCTPYKLIMU TTpousBoauTesi. M3amepe-
HUe TpoBoawiIn Ha criekrpodoromeTpe Hidex 425-301 (PuHasHaMSS).

Cratucruyeckasi 00padoTka pe3yabTaToB. 1151 00pabOTKU pe3yIbTaTOB MCIIOIb30BaIU
crangaptHyio nporpammy STATISTICA 8.0. PacnipeneneHyie ncciiefOBaHHBIX ITapaMeT-
POB OBLIO MPOBEPEHO HA HOPMAJIBHOCTH o KpuTepuio Koimmoroposa—CmupHoBa (Basic
Statistics, pasmen Descriptive Statistics). Eciim aHanusupyeMplii mapaMeTp yIOBISTBOPSII
NAaHHOMY KPUTEPHUIO, TO TPU CPAaBHEHUM TPYII KPbIC UCIIOIb30BAIN IUCIIEPCUOHHBIN
ananu3 ANOVA, pasnen factorial ANOVA. Tlpu post-hoc aHanu3e NPUMEHSIJIU KPUTe-
puit Newman—XKeuls. Paznuuus cuntanu ctaTucTUdecku 3HauuMbiMu Tipu p < 0.05, oT-
mevanu Haauuue TeHaeHuuu rpu 0.05 < p < 0.1. Bo Bcex aKcrnepuMeHTax aHaIu3upoBa-
s Bnusinue ¢daktopoB “ITOJI7, “I'PYIITNA” u “BO3PACT” kpwic. [Ipu orcyrcTBUM
HOPMAaJIbHOCTH pacIipe/e/ieH!s] OBEeIeHYECKUX NTapaMeTPOB JIJISI BBISIBJIEHUST MEXTPYII-
MOBBIX pa3anauii ucrob3oBanu Kruskal—Wallis ANOVA, 3ateM mpu moImapHOM CpaBHE-
Huu rpymsl JITIC ¢ koHTpoabHBIMU Tpynmnamu IpuMmeHsin Mann—Whitney U Tect
(Nonparametric Statistics) ¢ nomnpaBkoii boHbeppoHU Ha MHOXXECTBEHHbIE CpaBHEHUS
(paz3nuyuusi CYUTAIM CTAaTUCTUYECKU 3HaYUMbIMU Tipu p < 0.05 : 3 = 0.017). JaHHbIe Ha
pPUCYHKaX U B TabJIMLIaX MIPEICTaBICHbBI B BUE CPEIHUX 3HAUCHUI T OIIMOKU CPeTHUX.



BIIMAHUE PAHHEI'O ITPOBOCITAJIMTEJIBHOTI'O CTPECCA

Ta6auma 1. Macca KpbIcIT pa3HbIX rpyiin B Bo3pacte 3 aHs (mo BBeneHus JITIC), 5 nHeit (repen

BTOPBIM BBeieHUEeM), B 1 u 3 Mec.

Table 1. The weight of rats of different groups at the age of 3 days (before LPS injection), 5 days (be-

fore the second injection), at the age of 1 and 3 month

Bospact I'pyrnina kpbic Macca cam1i0B, T Macca camok, r
Age Group of rats Male weight, g Female weight, g
3 nHs HWHT NAIVE 7.310.6 6.9+04
3 days ®U3 SALINE 7.84+0.3 7.8+0.3
JITIC LPS 7.8+0.3 7.5+£0.3
S nHeit HMHT NAIVE 11.8 £ 0.8 11.0 £ 0.7
5 days ®U3 SALINE 10.7+0.3 10.2+0.3
JITIC LPS 104 £0.3 10.3+£0.4
1 mec HMHT NAIVE 79.5 £ 2.8* 76.6 £2.6
1 month ®U3 SALINE 72.6 +2.2% 720+2.5
JITIC LPS 80.0+2.4 73.4+2.3
3 mec VHT NAIVE 302.2 +8.0° 227.1 +7.4%
3 months ®U3 SALINE 323.6 + 6.0° 230.5+7.1%
JITIC LPS 317.6 + 6.7 220.0+6.7%
*— CTATHCTUMECKH 3HAUMMbIE PA3/INMs MEXIY IPYIIaMU KDLIC B OIHOM BO3pacTe (p <0.017, Mann—Whitney

U Test). ® — pazanuust MexX1y caMLiaMy U CaMKaM{ BHYTPU TPYIIITbI. $
* — the significant differences between the rat’s groups at the same age (p < 0.017, Mann—Whitney U Test). ® — the
differences between males and females within the group.

PE3VJIBTATBI UCCIIEAOBAHUA

Biusinne paHHero mpoBOCHAJMTEIBHOTO CTpeCcCca HA Maccy Kpbic. Macca Tejia KpbIC B
rpymne JITIC He otnnyanacs ot rpynn MHT win ®U3 B Bo3pacTe 3 nHei (10 mepBoro
BBeneHus JITIC), 5 nHeit (mepen BTOpbIM BBeAeHUEM), B 1 U 3 Mec. mepen HayajloM TeCTH -
poBaHUs Ha TpeBOXHOCTH (Tabu. 1). Beenenue JIIIC wnu puszmosiormyeckoro pactsopa
BBI3BIBAJIO HEOOJIBIIIOE 3aMeJIeHUe MpupocTa Macchl. [IprbaBKa Macchl Tejia y KPBICAT
rpymasl JITIC B 5 gHeit o cpaBHEeHUIO ¢ 3-M qAHeM cocTtapisiia 2.6—2.8 r, rpymnnbsl @3 —
2.4—2.9 1, B To Bpems kak B rpyrnne MHT 4.1—4.5 r. OnHako u3-3a 6oJiblIoro pasopoca
MacChl KpBICAT B 3 THS BIUSTHAE GOJIEBOTO BO3ICHCTBUS U BOCITAJICHUS] HEe CKa3ajoCh Ha
CpeqHMX 3HAYEHMST MacChl TeJia B rpymnnax. B Bo3pacte 3 MecsiiieB MposBUINCH TTOJTOBbIE
pa3anyus B Macce Tejia XXUBOTHBIX, CaMIIbl BECUJI 3HAYMTEIbHO OO0JIbIIIE CAMOK.

BimsiHne paHHero MPOBOCHAJMTEIBHOTO CTPECCa HA NMOBeJAEHHE KPbIC B NMPUIOIAHITOM
KpecTooopa3HoMm JiadupunTre. HeoOX01MMO OTMETUTD, UTO TOJILKO HEKOTOPBIE U3 aHaIM-
3UpyEeMBbIX TTOKa3aTesIeil MOBEeICHUs UMEJIM HOpMaJIbHOE pacrpenesieHUe, pe3ybTaThl MX
aHanu3a ¢ nmomoupio Factorial ANOVA npencrasiieHsl B Ta0u. 2. BugHo, 4To pakTophl
T'PVIIIIA xpeic 1 BO3PACT oka3spIBaiv BIMSHIE Ha TOKAa3aTeIN IBUTATEIbHON aKTUB-
HOCTH (TIPOMIEHHYIO MTUCTAaHIINIO, CKOPOCTb U BPEeMs ABVIKCHUSI, YMCIIO TIEPEXOA0B Ue-
pe3 LIEHTP) U UCCIIeNOBaTeIbCKOM aKTUBHOCTU (BBITVISIABIBAHUST B OTKPBIThIE PyKaBa), a
Takke HabJIloJaja0ch B3auMoAeicTBue 3Tux ¢daktopoB. Post-hoc aHanu3 mokasani, 4To
MEXTPYIIOBbIC pa3nuus HAOIIOAAIMCh TOJBKO B IMOAPOCTKOBOM BO3pacre, HO HE Y
B3pocJIbIX KphIC. B Bo3pacTe 1 mec. y Bcex kpbic rpyrnbl JITIC 1o cpaBHEHMIO ¢ rpyIina-
mu ®U3 u UHT 6buta menbine (p < 0.05) mpoiiaeHHas IUCTaHIIMS, CKOPOCTh, BpeMs
nBrkeHMs (puc. 1C), 4nciio rmepexomoB Yepes eHTp (puc. 1B), IpoleHT BpeMEH! BBIXO-
1oB B oTKphIThie pykaBa I1KJI (puc. 14), BeIrIssabIBaHUi B OTKPBITEIE pyKaBa (puc. 1D).
CorocTaBjieHHe CaM1IOB U CAMOK MOKa3ajlo, YTO y CAMIIOB U3MEHEHUsI ObUIU OoJjiee BbI-
paXeHHbIe, TOJIbKO y CaMIIOB HaOJIONaJIMCh 3HAYMMBbIE MEXTPYIIOBBIE PAa3IUUUs T10
BpPEMEHU ABUXXEHUSI, YMCITY TIEPEX0I0B Yepe3 LIEHTP, YMCITY BITJIsiAbIBaHuWit (puc. 1B—D).
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Taoamua 2. 3HaveHus F u p npu ananuze ¢ noMolibio Factorial ANOVA HeKOTOpBIX MoKa3aTeeit
noseneHust kpoic B [TKJI u OIT

Table 2. The F and p values at the analysis by Factorial ANOVA of some parameters of rat’s behavior
in the elevated plus maze (EPM) and open field (OF)

®aktop Factor
Teer | nonencnns BO3PACT BOsPACT/
Test Behavioral BO3PACT T'PYIIIIA noJja
T'PYIITIA I'PYIIIA
parameter AGE GROUP AGE/GROUP SEX AGE/SEX/
GROUP
TMKJI % t BeIXOna B OP —* - - - -
EPM %! in open arms
ﬂl/lCTaHLll/lﬂ Fl,87 = 494 F2,87 =17.65 F2,87 =4.17 — —
Distance p = 0.029 p = 0.001 p = 0.019
CxopocTb Fig7=5.3 Fp87=7.59 Fyg7=4.13 - -
Velocity p = 0.024 p = 0.001 p = 0.019
t nBvXeHust, % Fi37=12.74 | F,37=8.42 | F,47;=3.94 — —
Movement time, % p = 0.001 p = 0.000 p = 0.023
Yuco nepexonos Fi37=3.82 | F,¢7=10.41 - — -
yepes HEeHTP p = 0.054 p = 0.000
Transitions
hrough the center
CaelMBaHus — - F,37=3.88 | Fg;=443 —
Head dipping p =0.024 p =0.038
BririsabiBanus Fi37=10.44 | F2,87=5.92 | F2,87=3.07 - -
Looking out p = 0.002 p = 0.004 p = 0.051
OI1 HI/ICTaHLII/Iﬂ F1,87 =41.5 Fz,gg =547 szgg =3.05 — —
OF Distance p = 0.000 p = 0.006 p = 0.052
CkopocTb Fig7=4L18 | Fpg3=35.03 | Fg3=3.00 - -
Velocity p = 0.000 p = 0.009 p = 0.055
t nBvKXeHus1, % F 1 g7=30.65 | Fy33=3.99 | F,g5=2.71 - -
Movement time, % p = 0.000 p = 0.022 p = 0.072
Croiiku F} g7 =20.51 - - - —
Rearing p = 0.000

* — [IPOYEPK CBUIETEIBLCTBYET O CTATUCTUYECKN HE3HAYMMOM BIUSTHUM (DakTopa.
* — a dash means the non-significant influence of Factor.

Puc. 1. BiusiHue paHHero MpoBOCMATUTENIBHOTO CTpecca Ha MOBEACHME KPBIC B IPUITOAHITOM KPecTooOpas-
HOM JIaGUPUHTE B IOAPOCTKOBOM U B3pOCJIOM Bo3pacte. [10 ropu30HTaIn — MOJI KPbIC, 10 BEPTUKAIN — 3HaUe-
HMSI pa3IMYHBIX MMOKa3arteneil moseaeHus. Naive — rpyrnmna MHTaKTHBIX KpbIC, Saline — rpyrmmna ¢ BBeAeHUEM
bu3noIOrNIecKoro pacTBopa B paHHeM oHToreHese, LPS — rpynma ¢ BBenenuem LPS. n — 4ncio Kpbic B TpyIi-
ne (camirbl/camku). OP — OTKpBIThIE pyKaBa JIJAOMPUHTA, { — BpeMsl. @ — CTaTUCTUIECKN 3HAUYUMBbIE Pa3TNIns
Mexny rpymmoit LPS u rpymmoit UHT, $ — mexuny rpymmoit LPS u Saline (p < 0.05, post-hoc ananus Factorial
ANOVA). Group — 3HaunMoe BiausiHue dakropa Group Ha KpbIC B TOIPOCTKOBOM BO3pacTe.

Fig. 1. The influence of an early proinflammatory stress on rat’s behavior in an elevated plus maze at the adoles-
cent and adult age. On horizontal line — the sex of rats, on vertical line — the values of different parameters of be-
havior. Naive — naive rats, Saline — a group of rats that received an injection of saline in early ontogenesis, LPS —
a group of rats that received and injection of LPS. n — a number of rats in each group (males/females). OP — the
open arms of a maze, ¢ — time. $ — the significant difference between LPS and Saline groups, @ — between LPS
and Saline groups (p < 0.05, post-hoc analysis Factorial ANOVA). Group — significant influence of factor group
on adolescent rats.
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Taoaumua 3. 3HaueHus F u p npu ananuze ¢ noMoibio Factorial ANOVA HeKOTOpbIX MoKa3aTeeit
MOBEIEHUST KPBIC B TECTE BBIHYXIEHHOTO TIJIaBaHUS
Table 3. The values of F and p at the analysis by factorial ANOVA of some parameters of rat’s behavior
in the forced swimming test

®axkTtop Factor
Bospact u neHp TPYIITIA/ T'PYIIIIA/
TECTHPOBAHHS BPEMSI noJ MOJI/BPEMSI|  T1OJT 110J1/
Age and day of testing TIME SEX SEX/TIME GROUP/ BPEMS
SEX GROUP/
SEX/TIME
1 Mec., 1 JCHb F4,646 =365.4 Fl =33 F4,646 =25 F2,646 = 99 —*
1 month, day 1 p = 0.000 p = 0.071 p = 0.041 p = 0.000
1 MecC., 2 JCHb F4,647 = 1098 F],647 =64 — — —
1 month, day 2 p = 0.000 p = 0.012
3 mec. Fy 570 =234.3 Fis570=22.4 Fy570=4.4 — -
3 months p = 0.000 p = 0.000 p = 0.002

* — IpOYEpK CBUIETENBCTBYET O CTATUCTUYECKN HE3HAYMMOM BJIMSIHUU (aKTopa.
*— a dash means the non-significant influence of Factor.

¥ cam110B B Bo3pacTe 1 Mec. Takxke HaOJIogalIuCh MEXIPYIIIOBbIe pa3iuyus MO YUCTY
croek (Kruskal—Wallis test: H (2, n = 23) = 6.1, p = 0.048), HaGiioganach TeHACHLIUS
CHIXeHUsI yucia ctoek y rpynmsl JITIC no cpaBHeHUIo ¢ rpyrmoit U3 (p = 0.020,
Mann—Whitney U Test) u rpyninoit MHT (p = 0.052, Mann—Whitney U Test).

Takum o6pa3zom, cyasi Mo TMOJy4YeHHBIM pe3yjibTaTaM, paHHUI MPOBOCHAUTENbHbBIMI
CTpecC MPUBOAMWI B MOAPOCTKOBOM BO3PAacTe K CHUKEHMIO IBUTATEbHOM U MCClIen0Ba-
TEJIbCKOW aKTUBHOCTH, & TaKXKe K YBEJIMYECHUIO YPOBHSI TPEBOXHOCTH, TMTPUYEM U3MEHE-
HUS TIPOSIBUJIMCH CUJIbHEE Y caMIloB, YeM y camMoK. Bo B3pociom Bo3dpacrte paznnyuii
mexay rpynnamu JITIC 1 KOHTpONbHBIMU TPYMIIaMU KPBIC YXe He HaOI101an0ch, YTO
CBUJIETEJILCTBYET 00 MCUYE3HOBEHWU BIUSTHUSI pAHHETO TTPOBOCTIAJIMTEILHOTO CTpecca Ha
noBeaeHue Kpoic B I1KJI B 3TOM Bo3pacTe.

BiusiHMe paHHEro MpoBOCHAMTEILHOTO CTPECCA HA MOBeJAEHHE KPbIC B OTKPBHITOM IOJIE.
[Mpu ananmuse ¢ nomolbio Factorial ANOVA moka3satelieii moBeIeHUsI, UMEIOIINX HOP-
MaJjibHOe pacrpeneneHue (tabi. 3), 6buto BoIsIBIeHO BiusHHe dakTtopoB I'PYIIIIA n
BO3PACT xprIc, a TakKe MX B3aMMOACUCTBUS Ha IMMOKA3aTeId IBUTaTeIbHOI aKTUBHO-
CTU KphIC (IMCTaHLIMSI, CKOPOCTh U BpeMs nBrkeHus ). Post-hoc aHanu3 mokaszai, 4To
MEXTPYIINOBbIE Pa3Nuus HAOMIOAATMUCh TOJIBKO B IMOAPOCTKOBOM BO3pacTe, HO HE Y
B3pociibIX Kpbic. B Bo3pacte 1 Mec. y Bcex Kpbic Tpymniibl JITIC Gbl1a MeHbIIIE TTpoiineH-
Hast nuctanuus (puc. 2A4), Bpems (puc. 2B) 1 CKOPOCTb IBUKEHUST, YeM Y KUBOTHBIX OJl-
HOI WM 00enX KOHTPOJIBHBIX TPYIII, TIOJIOBBIX PA3JIMYM 110 3TUM TT0Ka3aTesisiM He Obl-
JIO BBISIBJIEHO. AHAJIM3 OCTaJIbHBIX IMOKa3aTesell MOBeAeHUs, HE UMEIOIIMX HOPMaJIbHOTO
pacripenefieHus1, MokKasaj, YTO y CaMOK B IMOJPOCTKOBOM BO3pacTe UMEJIMCh MEXTPYTIO-

Puc. 2. BiusiHue paHHEro nMpoBOCMAIIUTENILHOTO CTPecca Ha MOBEACHNE KPbIC B OTKPBITOM T10JIe B TIOAPOCTKO-
BOM U1 B3pOCJIOM Bo3pacte. [1o ropu3oHTanu — noJj KpbIC, MO BEPTUKAIM — 3HAYSHUS pa3IMUHbIX [TOKa3areneit
MOBEICHUsI. @ — CTATUCTUYECKH 3HAUYMMBbIe pasinuusi Mexuny rpymmnoi LPS u rpymmoit Naive, $ — mexay rpyr-
noii LPS u Saline (p < 0.05, Ha A, B — post-hoc ananu3 Factorial ANOVA, Ha C, D — Mann—Whitney U Test).
Group — 3Hauumoe BiausiHUe dakropa Group Ha KpbiC B MOAPOCTKOBOM Bo3pacte. OcTajabHble 0003HAYEHUS
Kak Ha puc. 1.

Fig. 2. The influence of an early proinflammatory stress on behavior of rats in the open field at the adolescent
and adult age. On horizontal line — the sex of rats, on vertical line — the values of different parameters of be-
havior. $ — the significant difference between LPS and Saline groups, @ — between LPS and Naive groups (p < 0.05,
on C, V'— Mann—Whitney U Test, on A, B — post-hoc-analysis Factorial ANOVA). Group — significant influ-
ence of factor group on adolescent rats. The rest designations are the same as in the Fig. 1.
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BBIC pa3JINYusI IO YMCITY BbIXOA0B B LieHTp moJis (Kruskal—Wallis test: H (2, n =28) = 6.9,
p =0.031), mo BpeMenu HaxoxaeHwus B LieHTpe (Kruskal—Wallis test: H (2, n = 28) = 8.65,
p = 0.013), npu aTom nokazatenu camok rpyrmnbl JITIC 6t mensbiie (p < 0.017, Mann-
Whitney U Test) (puc. 2D), yem y rpynisl @U3. Bo B3pociioM Bo3pacTe MEKIPYIIIOBbIE
pa3IMYus 10 YKa3aHHBIM BBIIIE MOKa3aTeIsIM ucde3asiv. [1o 9uciay cToeK MeXTpyTmo-
BbIe pasnuuus He ObuIi oOHapyXeHbl HU B 1, HU B 3 Mmec. [lo maurenbHOCTH rpyMUHTa
MEKTPYNIIOBbIC a3 IM4us He HAOMI0IaIMCh B 1-M Mec., HO TTOSIBJISLIUCH Y CaMIIOB B 3 Mec.
(puc. 2C, Kruskal—Wallis test: H (2, n =28) = 6.92, p = 0.031), npu 3TOM y CaM1IOB IPYIIITHI
JITIC Bpemsi rpymuHTa ObLI0 GOsbIle, yeM y rpynmbl PU3 (p < 0.017, Mann—Whitney
U Test). Takum 06pa3oM, paHHU ITPOBOCITAIMTEILHBIN CTPECC IMIPUBOIMII B IOAPOCTKO-
BOM BO3pacTe K CHIDKEHUIO TBUTATeIbHOM akTUBHOCTH B OI1 y BceX KpbIC M K YBETMISHUIO
TPEBOXHOCTH y caMOK. Bo B3pocioM Bo3pacTe BIMsSTHHUE TTPOBOCTIAIMTEILHOTO CTPEcca UC-
4ye3aJio, TOJIbKO Y CaMIIOB HAa0II0AaIOCh YBEIMYEHKE 3aMEILAlONIeii aKTUBHOCTM.

BiMsiHMe paHHero nNpoBOCHAJUTEIHLHOTO CTPECCA HA NMPeANoYTeHHe caxapo3bl B TeCTe Ha
aHreioHMI0. Pe3ysibTaThl TecTa Ha MOTpebJIeHrWEe pacTBoOpa caxapo3bl Y KPbIC B pa3HOM
BO3pacTe TpeacTaBieHbl Ha puc. 34, B. Ha npolieHT noTpebieHnsT caxapo3bl OKa3bliBa-
s Bimstiue daktopel BO3PACT (F 13 = 34.4, p < 0.001) u T'PYIIIIA xpeic (F, 13 = 13.9,
P <0.001). BbL10 Takke 0GHapyXeHO 3HAYMMOe B3aumoneicTere 3Tux (hakTopos (F, 13 = 53.4,
p <0.001). Ha 06beM BBIIUTOM XKMAKOCTU 332 CYTKM OKa3bIBaJM BiusHue akTopsl BO3-
PACT (F, ;3 = 211.1, p <0.001) u I'PYIIIIA (F; 13, = 9.7, p < 0.001), HaGr01a10Ch TakKe
B3aumozeiicteue pakropoB BO3PACT x ITOJI (F; ;3 = 18.1, p < 0.001) u I'PVIIIIA X
X TTOJI (Fp13 = 3.2, p = 0.046). Post-hoc ananus mokasai, 4To B MOAPOCTKOBOM BO3-
pacte xuBoTHbIe rpynmnbl JITIC motpebasiiu cyiectBeHHO MeHble (p < 0.05) pacTtBopa
caxapo3bl, yeM xkuBoTHbie P33 u UHT rpynn (puc. 34), pa3HULBI MEXIy camMliaMU U
caMKaMM He HaOmonanock. Y camuoB rpyrmbl JITIC B onuH Mecsn o011l 00beM BBEIITATOMN
JKMIKOCTH 3a CYTKM ObUT 60Jiblie, yeM y Kpbic M3 u MHT rpymm (puc. 3B) (p < 0.05). Bo
B3pociioM Bo3pacTte KpbIckl rpynmnbl JITIC, Hao6opor, morpedisin 6ompire (p < 0.05)
pacTBopa caxapo3bl, yeM XuBoTHbIe Tpynibl ®U3 wiu MHT (puc. 24), ctaTUCTUYECKU
3HAYMMBbIE pa3aiuyus HaOaoaaauch y caMok. [1o 060bemMy BBIMUTON KMAKOCTHU 3a CYTKU
JKMBOTHBIE Pa3HBIX IPYMIT HE OTJIMYAIUCH B TpU Mecsiia (puc. 3B).

Takum obpa3oM, cyas IO pe3yabTaTaM TecTa Ha caxapo3y, Kpbickl rpymnbl JITIC B
MOAPOCTKOBOM BO3pACTE JIEMOHCTPUPOBAIM IIPU3HAKHU IEIPECCUBHO-IOI00HOIO MOBEe-
IIEHUSI, HO Y B3POCJIbIX JKUBOTHBIX 3TU MPU3HAKU UCUYE3aIN.

Biusinue paHHero mpoBOCHAJMTENLHOTO CTPECCA HA BPeMs 3aBUCAHMS B TeCTe BbIHYXK-
JIeHHOTO TUIaBanus. Pe3yabTaTsl aHaIM3a BpeMEeHU 3aBUCAHUS Y KPBICST B MOJIPOCTKOBOM
Bospacte (1-i1 1 2-it AeHb), a TakKe y B3pOCIIbIX KPhIC MPeaCTaBIeHbl Ha puc. 4 1 B Ta0OJI. 3.
B niepBbIii 1eHb TECTUPOBAHUS B MOAPOCTKOBOM BO3pAacTe HAMOOJbIIME Pa3Inyusl Bpe-
MEHU 3aBUCaHUS B 3aBUCUMOCTH OT I'PYIIIbI KPbIC U OT BpEMEHU MpeObIBaHUS B BOE Ha-
OJTI0IAJTUCh TOJIBKO B HaydaJie OMbITa, B JaJbHENIIIEM BpeMsl 3aBUCAHUSI OCTaBaJOCh IO~
CTOSIHHBIM, HE3HAUYUTEIbHO K0JIeOJisich 0KoJ0 50 ¢, TO3TOMY Ha PUCYHKE MpencTaBlieH
TOJIBKO TEPBBIM S5-MUHYTHBIM OTpPe30K M3 15-MuUHYTHOTO OombiTa. BmaHo, yTo dhakTop
BPEMZ u I1OJI oka3biBaiv BAUSIHUE BO Beex onbiTax (Tabdu. 3). BiusHue dakropa I10OJI
YBEJUUYMBAIOCH Y B3POCIBIX KPbIC, post-hoc aHan3 nmokasai, YTo HauboJbIINe Pa3Inyus]
MEX1y caMIlaMHi U caMKaMU HaOJII01aJINCh HAa MEPBO MUHYTE TECTUPOBAHMUSI, CaMIIbI 3a-
Bucayin Ha 6ogbiiee (p < 0.05) Bpemsi, yem caMku (puc. 4C). Bausinue dakropa BPEMSI
OBLJIO MaKCUMAaJIbHBIM B TIEPBbIii IeHb TECTUPOBaHUs Y MoapocTKoB. Ha nepBoit MuHyTe
BpeMsI 3aBUCAHUS He TIPEBBIIAJIO 5 ¢, K 5-it MuHyTe — Bo3pacTajo 10 50—60 c (puc. 4A4).
B nocnenyioliime n1HU yXe Ha MEepBOii MUHYTE TECTUPOBAHUS BpeMsl 3aBUCAHUSI ObLIO
3HauYuTebHBIM (puc. 4B, C). KpoMe TOro, ToabKO0 y MOJAPOCTKOB B 1-i1 IeHb ObLIO OOHA-
pyxeHo B3aumoneiicreue daktopoB 'PYTITIA/ITOJI. OHo nposiBUIOCH B 00JIbIIIEM Bpe-
MeHU 3aBucaHus y caMioB rpyrnbl JITIC 1o cpaBHEHUIO ¢ KOHTPOJIBHBIMY TPYTITIaMHU, U,
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Puc. 3. BausHue paHHero mpoBOCHaJIMTEILHOTO CTpecca Ha MoTpebiieHue caxapo3bl (A) 1 obliee moTpedIecHue
KUAKOCTH (B) B TeCcTe Ha MPEANOYTEeHUE caXapo3bl B TOAPOCTKOBOM M B3pOCJIOM Bo3pacTe. 1o ropuzoHTamm —
MOJT KPbIC, TIO BEPTUKAJIU Ha A — MPOLIEHT BBIITUTOTO PacTBOpa caxapo3bl OT 00IIero oobema MmoTpesIeHHOI
JKMIKOCTU B CYTKH, Ha B — o0LIMii 00beM BBINTUTOM XUAKOCTH B CYTKU (MJI1). @ — CTAaTUCTMUYECKU 3HAYMMbIE
pasmuuust mexy rpymmoit LPS u rpynmoit Naive, $ — mexy rpymnmoit LPS u Saline (post-hoc ananm3 Factorial
ANOVA). Group — 3HaunMoe BausiHue aktopa Group Ha KpbIiC B JaHHOM Bo3pacte. OcTanibHble 0003HaYe-
HUS KaK Ha puc. 1.

Fig. 3. The influence of an early proinflammatory stress on consumption of sucrose (4) and total liquid con-
sumption (B) in the sucrose preference test at the adolescent and adult age. On horizontal line — the sex of rats,
on vertical lines on 4 — a percentage of the consumed sucrose solution from a total amount of the consumed lig-
uid for 24 hours, B — the total amount of the consumed liquid for 24 hours. $ — the significant difference between
LPS and Saline groups, @ — between LPS and Naive groups (p < 0.05, post-hoc analysis Factorial ANOVA).
Group — significant influence of factor group. The rest designations are the same as in the Fig. 1.

Hao0OopOT, B MEHBIIIEM BpEMEeHU 3aBrcaHusl y camok rpyribsl JITIC mo cpaBHEHUIO ¢ KOH-
TposieM. Post-hoc aHanu3 mokaszan, 4yto B 1-ii JeHb Y CaMIIOB-TIOAPOCTKOB TPYIIIbI
JITIC BpeMs 3aBrcaHus Ha 2-1 1 4-11 MUHYTaX OBLJIO CTATUCTUYECKU 3HAYNMO OOJIBIIIE,
yeMm y camioB rpyrnnsl MHT u ®U3. ¥V camok-nionpoctkoB JITIC rpymnnbl B repBbiit
IeHb Ha 4-i1 MUHYTE BpeMsl 3aBHMCaHUs ObLIO, HA000pOT, MeHblile, yeM y camMok MHT u
®U3 rpymnn. [Ipu mociaenyomnx TeCTUPOBAHUSIX MEXTPYITIIOBLIX pa3Induii He GBUIO
obOHapyeHo. Takum oOpa3oM, TeCT BbIHY>KIEHHOIO IUIaBaHUS IToKa3ajl, 4YTO TOJbKO B
MEPBBIN IeHb B MOAPOCTKOBOM Bo3pacte caMiibl JITTC rpynribl mposiBisiiv MpU3HAKY e~
MPECCUBHO-TIONO0HOTO MOBENCHMS, TIPU MOCEAYIOIINX TECTUPOBAHUSIX YKa3aHHbBIE pa3-
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Puc. 4. BiausiHue paHHEro MpOBOCTIAIMTEILHOTO CTpEcca Ha BPEMsT 3aBMCAHMSI B TECTE BBIHYXIEHHOTIO TlaBa-
HUsI. A — BpeMsl 3aBUCAHMS 110 MUHYTaM B 1-ii JIeHb B IIOJAPOCTKOBOM Bo3pacTte, B — BO 2-ii IeHb B ITOIPOCTKO-
BOM Bo3pacte, C — BO B3pOCJIOM BO3pacTe. # — YMCJIO KPbIC B IpymIe (camiibl/caMKu). @ — CTaTUCTUYECKHU
3HAYMMBbIe pasIndus Mexmy rpyrmoi LPS u rpymmoit Naive, $ — mexumy rpymmoit LPS u Saline (p < 0.05, post-
hoc ananmm3, Factorial ANOVA). OctaiibHble 0003HaYeHUST KaK Ha puc. 1.

Fig. 4. The influence of an early proinflammatory stress on immobility time in the forced swimming test. 4 — a time
of immobility by minutes on the 15t day at the adolescent age, B — on the 2d day at the adolescent age, C — at the
adult age. n — a number of rats in a group (males/females). $ —the significant difference between LPS and Saline
groups, @ — between LPS and Naive groups (post-hoc analysis Factorial ANOVA). The rest designations are the
same as in the Fig. 1.

JINYUS B TOBeAeHUY ncuesaiu. ¥ camok rpymmsl JITIC nenpeccuBHO-TTOA0OHOE MOBEAE-
HUe He TIPOSBIISITIOCh HU B TIOIPOCTKOBOM, HU BO B3pOCJIOM BO3pacCTe.

Bummsinme JIIIC Ha ypoBenb KopTukoctepona u IL-1f. [TpoBeneHHbIi1 uUMMyHO(EPMEHT-
HBIM aHaJM3 CBIBOPOTKU KPOBU, B3sATOI yepe3 20—30 MUH mocCJie CTPECCOBOIO BO3IEH -
CTBUS (TECT BBIHYXKIEHHOTO IJIaBaHKS) Y KPBIC B BO3pacTe 6 Mec. rmokasai (puc. 54), 4to Ha
YPOBEHb KOPTMKOCTEPOHA CYLIECTBEHHOE BiusiHue okasbiBan (akrop IMOJI (F, 4, = 55.78,
p <0.001). Y caMOK Bcex IpyIln ypoBeHb KOPTUKOCTEPOHA ObUT BhIlLIe, YeM y caM1IoB (p < 0.05,
post-hoc ananuz). ®akrop 'PYTITIA kpbic oka3biBal ¢jiaboe BIUMSIHUE HA YPOBEHb KOP-
TUKOCTEPOHa B Bujie TeHaeHumMu (F, 4o = 2.71, p = 0.078). Tonbko y camok rpymnmnsi JITIC
YPOBEHb KOPTUKOCTEPOHA ObL BBIIIIE, YeM Y MHTAKTHOM IpyIbl (post-hoc aHanus).

Ha yposens IL-1[ Businue okasbisan dakrop IPYTITIA kpic (F, 33 = 3.81, p = 0.031).
Post-hoc ananu3 nmokasai, 4o y camiioB rpytis! JITIC yposers IL-1[3 GbL1 BbIlIIe, yeM y
CaMIIOB KOHTPOJIbHBIX TPy (puc. 5B). ¥ caMoK 3HAYMMBIX pa3nuuuii B ypoBHe IL-1By
Pa3HbBIX TPYIIT KPbIC HE ObLIO OOHAPYKEHO.

Takum 06pa3oM, paHHUI MPOBOCTIATUTEILHBIN CTPEeCcC OKa3bIBall pa3HOE BIUSHHUE Ha
OUOXMMMUYECKHE TTIOKa3aTeId CHIBOPOTKY KPOBU Y CaMIIOB M CAMOK: ¥ CAMIIOB B BO3pacTe
6 Mec. ocTaBajICs TIOBBIIIEHHBIM YPOBEHB ITPOBOCTIATMTEILHOTO IIuToKMHa [L-1B, a y ca-
MOK — YPOBEHb KOPTUKOCTEPOHa.

OBCYXIAEHME PE3YJIbTATOB

B HacTOSIIMX ONbITaX IPOBOCHAIUTENLHbII cTpecc, BhI3BaHHLIM BBeaeHueM JITIC Ha
3-i1 1 5-1 AHU KU3HU, TPUBOAMI K YMEHbBIICHUIO IBUTaTEIbHON U UCCIEO0BaTEIbCKOM
aKTUBHOCTH, YCUJICHUIO TPEBOXHOCTU U K IIpU3HAKaAM JEIPEeCCUBHO-TIONO00OHOTO MOBEIe-
HUS Y KPBIC B IOIPOCTKOBOM Bo3pacTe. YcwieHue TpeBoxxHocTU B Tecte I1KJI mposiBuiioch
B OOJIBIIIEN CTEIIEHM Yy caMIIOB, Torna Kak B Tecte OIl — ToibKo y caMoK. YcuieHue ae-
IPECCUBHO-TIOIOOHOTO MOBEICHUS Y KPBIC C pAHHUM ITPOBOCHAIUTEILHBIM CTPECCOM ObI-
JIO BBISIBJIEHO B TECTE MPEAINIOUTEHMSI CaXapo3bl B pABHOM CTEIEHU Y CAMLIOB U CAMOK, B TO
BpeMsI KaK B TeCT€ BBIHYXKIEHHOIO IJIABAHUSI — TOJILKO Y CAMILIOB B IEPBbIil IeHb 9KCIIEPU-
MeHTOB. Bo B3pociioM Bo3pacTe I1ociie BhIpaOOTKY MUIIEeT00bIBaTEIbHBIX pe(IEKCOB BCe
MEePEeUYMCIICHHBIC BbIILIE Pa3IUUMs B HOBEACHUMU KPHIC, TTOIYYaBIIMX MPOBOCIIATUTEIbHBII
CTpecc, ¥ KOHTPOJIBHBIX XKMBOTHBIX MCUYE3aJIM, 32 UCKITIOYEHMEM Pe3y/IbTaTOB TeCTa Ipe -
MOYTEHMsI caxapo3bl, B KOTOPOM caMKu, nonydasiive panHuii JITIC crpecc, moka3anu ga-
Ke OOJIbllIee MPEAIIOYTEHUE CaXapo3bl, YeM KOHTPOJIbHBIE KMBOTHBIE.

B nuteparype TpaguLMOHHO [IJIsI OLIEHKH IePECCUBHO-TIOJOOHOTO ITOBEICHUS Y TPhI-
3YHOB IIPUMEHSIIOT TECThI BBIHYXXIEHHOIO ITJIABAHUS U MPEANOYTeHUs caxapo3bl. OmHa-
KO 3TU TECThI OTPAXKAIOT pa3Hble aCIEKThl JAHHOIO BUIA MOBENEHUS U C 3TUM, MO-BUIN-
MOMY, MOTYT OBITh CBSI3aHBI HEKOTOpPbBIE PAa3JIMYUS B ITOJIydeHHBIX HAMM pe3ybTaTax I1o
3TUM ABYM TecTaM. TecT IpeanodYTeHus caxapo3bl OLICHUBAET CTEIIeHb aHTSIOHUM KM -
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Puc. 5. Bimsinye paHHero MpoBOCTIAJIMTEIBHOTO CTpecca Ha ypOoBHU KopTukoctepoHa (A) u UJI-1B (B) B cbiBo-
pPOTKE KPOBU Y B3POCIBIX CAMIIOB M CAMOK IIOCJI€ TeCTa BBIHYXICHHOTO TulaBaHMsl. [10 rOpu3oHTanu — moj
KpbIC. @ — CTAaTMCTUYECKHM 3HAYMMbIE PasInyus Mexay rpymmnoii LPS u rpynmnoii Naive, $ — Mexay rpymmoii
LPS u Saline (p < 0.05, post-hoc ananus Factorial ANOVA). OctaibHble 0003HaYeHMST Kak Ha puc. 1.

Fig. 5. The influence of an early proinflammatory stress on the levels of corticosterone (4) and IL-1B (B) in the
blood serum of the adult males and females after the forced swimming test. On horizontal line — the sex of rats. $ — the
significant difference between LPS and Saline groups, @ — between LPS and Naive groups (p < 0.05, post-hoc
analysis Factorial ANOVA). The rest designations are the same as in the Fig. 1.

BOTHBIX, T.€. YMEHbIIIEHNE YIOBOJLCTBUSI OT MOTPEOJICHUS CJIAIKOro pacTBopa. TecT Bbl-
HYXXIIEHHOTO TIJIaBaHMS, SIBJISTIOIIAICA YMEPEHHBIM CTPECCOTEHHBIM BO3neiicTBrEeM |19,
30, 31], oLieHMBAET CTENIEHb UMMOOUIBHOCTH, TTACCHBHOIO 3aBUCAHMS, CKITOHHOCTb XM~
BOTHEIX K “moBeneHYecKoMy oTdassHnio” [30]. KpoMe Toro, HeKOTOpble pa3indus B pe-
3yJbTaTaxX HalllMX OTBITOB B TECTAX BHIHYKIAEHHOTO TUIABAaHUS Y TIPEATIOUTEHUSI caxapo3bl
MOTYT OBITh CBSI3aHbI C pa3HO YYBCTBUTEJILHOCTBIO 3THX JIBYX TecTOB. PaHee oTmeua-
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JIOChb, YTO AHI¢AOHUs SBJISACTCH HauooJiee YYBCTBUTCJIBbHBIM MHIUKATOPOM ACIPECCUB-
HOTO MOBEJAEHUS TIocie XpoHUUecKoro crpecca [31]. B TecTe BBIHY>XIEHHOTO TIJ1aBaHUS B
MOIPOCTKOBOM BO3pacTe yBeJUUYeHUE BpeMEHU MMMOOWILHOCTH Y caM1IoB rpymniisl JITIC
HaOII01a]TM TOJILKO B MEPBBIN JeHb MPeObIBaHUS B BoJie. Y caMOK MPU 3TOM, HA000pOT,
Bpems 3aBucanus B JIIIC rpymnme ObUIO MEeHbIIIE, YeM B KOHTPOJILHBIX TpyIax. Bo BTo-
poil IeHb TECTUPOBAHUSI MEXTPYIIOBbIE Pa3JIMYMs CPelu CaMIIOB U CaMOK Hcue3aliu,
BCC€ )KMBOTHbIC, HAYNUHAas C ﬂCpBOﬁ MUWHYTHI, 3aBHCaJIM HA 3BHAYUTCIIBHOC BPEM#, YTO CBU-
JIeTeJIbCTBOBAJIO, MO-BUAUMOMY, O TOM, YTO KMBOTHBIE OOYYUJIUCh SKOHOMUTH CHJIbBI.
Taxkum obpazom, HanboJiee MoKa3aTeaeH ObLI MEPBbIM AEHb MPEeObIBAHUS KPbHIC B BOJE,
TOJIKO B 3TOT JI€Hb MOXHO OBLIO OLIEHUTH COpy-style, T.e. cmoco0, KakK >KMBOTHBIC
CTIPaBJISIIOTCS CO CTPECCOM, MPEATIOYTEHNE aKTUBHBIX WJIM MACCUBHBIX PeaKLMii Ha He-
n3beraeMelii cTpecc.

B nurtepatype numeercs psin paboT, B KOTOPBIX UCCIIEIOBAIN BIMSHUE TTPOBOCITAIUTEIb-
HOTO CTpecca B paHHEM BO3pacTe Ha TPEBOXHOE U JENPECCUBHO-MONO0HOE TIOBEICHUE Y
B3POCJIbIX KUBOTHBIX, TIPU 3TOM MMEIOTCS CYLIECTBEHHbIE Pa3iuyusl B 103€ BBOIUMOIO
npenapata (oT 50 mo 250 MKr/Kr) v Bo3pacTe BosneicTBUs. B ogHux pabGorax BBeacHUE
JITTIC npoBoauiioch B Bo3pacte 3-X U 5-tu aHeii [12, 19, 21, 22], B npyrux — 14-tu nHeii [11,
24, 32]. Bospact mo 9-tu mHeil paccMaTpuBaeTCs B JIUTEepaType KaK OCOOBI “CEHCUTHB-
HBII” Mepuo/ NMTOCTHATAJIBHOTO Pa3BUTUSI, KOTJIa U3-3a HU3KOTO YPOBHSI KOPTUKOCTEpOHA
elle He MPOsIBIIIeTCS aMUTaaio-3aBucuMoe ooydenue. Bospact ¢ 10-ro mmo 15-i1 neHsb pac-
CMaTpUBaeTCsl KaK OKOHYAHUE CEHCUTHMBHOIO TEepUOJa, KOrJa HAuMHAET TPOSIBISTHCS
aMUTIAI0-3aBUCUMOE OOydYeHUe Yepe3 BIMSHUE Ha MUHIAJIMHY TOPMOHOB cTpecca [33].
IMpu BBenenum JITIC Ha 3-ii 1 5-ii JeHb, TaK XXe KakK B Hallleil padboTe, HAOII01aJI0Ch YBe-
maeHune TpeBoxkHocTr y camioB B OI1 (y monpoctkoB) u B [TKJI (y B3pocibix) 1 Aemnpec-
CUBHO-TIOJIOOHOTO MOBEIEHUS B TeCTEe BbIHYKJAEHHOTO Tii1aBaHus [19]. YBenuueHue tpe-
BOXHOCTH U JIENTPECCUBHO-TOIOOHOTO MOBEICHUS Y MblllIeii caM1I0B, HO HE caMOK, B 35
u 70 nHeit Habmonanu nocie BBeaeHus JIIIC Ha 5-it u 7-it nau xu3num [10]. Dddekr ot
BBeneHus1 JITIC mor 3aBuceTh OT IMHUM KPBIC [22], Y BBICOKOTPEBOXHBIX KPHIC BBEICHIE
JITIC npuBOAMIO K CHYDKEHUIO TPEBOXKHOCTHU, a Y HU3KOTPEBOXHBIX, HA0OOOPOT, K €€
yBeanueHuto. MiMeroTcs naHHbIe, YTO paHHUI TIPOBOCTIAJIMTENIbHBIN CTPECC MOT HE MEHSITh
ypoBeHb TpeBoxKHOCTH B [TKJI u OIT y B3pocibix KpbIC, TOJIBKO AOTIOJTHUTEIbHBIN XPOHU-
yecKMii cTpecc (M30JISIUMS U OTpaHWYEHUE NBUKEHUSI) ¥ B3POCIBIX XKUBOTHBIX, paccMar-
pUBaeMbIii B Ka4eCTBe “BTOPOro yaapa”, BeI3bIBaJ yBeJIMUeHUE TpeBOXHOCTH [12]. BBene-
Hue JITIC B3pocCbIM XKMBOTHBIM 3a 24 4 10 TECTUPOBaHUS Aajio 0oJjiee OMHOPOIHBIE pe-
3yAbTaThl, OBLJIO MOKAa3aHO YBEJMYEHHE IEIPECCUBHONOAO0OHOIO mnoBeneHus [28],
MpUYEM CaMIibl J€MOHCTPUPOBAIM OOJBIIYIO YyBCTBUTEIbHOCTh, YeM caMKu. B nuTtepa-
Type MpU PacCMOTPEHUM MOJEKYJSIPHO-KJIETOYHBIX MEXaHU3MOB TeHe3a Nerpeccuu
OOJIBIITYIO POJIb OTBOMST IITIOKOKOPTUKOMIAM U InToKMHaM [34]. CoBceM HeIaBHO B pa-
oore [35] 6bUIO MOTYUYEHO TPAHCKPUIITOMHOE 10KA3aTeJIbCTBO TOTO, YTO paHHUM CTpecC
TMOBBIILIAET YYBCTBUTEIBHOCTh OpraHM3Ma K Oyayluum crpeccam. ABTOPbI UCITOJIb30BAIU
metonuky cekBeHupoBaHusi PHK (RNA-sequencing) B BeHTpajibHOI TerMeHTaJIbHOM
30HE, MpuJjexailieM sape U npepoHTaIbHON KOpe caMIIOB U CAMOK MBbIIIIEi, U TToKa3a-
JIW, UTO CTPECC Y B3POCIIBbIX XXUBOTHBIX, OTYETIIMBO MPEJCTABICHHBIN B TPAHCKPUIITOMAX
MO3Ta, 3aBUCUT OT MUCTOPUU PAaHHUX BIMSAHUI. OHU OOHAPYXUIN TPAHCKPUIIIITUOHHBIE
perynsTopbl 3M@dEKTOB paHHEro CTpecca Ha CTPEeCCUPYIOIMe BO3ACHUCTBUSI B 3pEIOM
Bospacte [35].

I1pu aHanM3e HalIMX JaHHBIX OCOOBII MHTEPEC BBI3bIBAET UCUE3HOBEHUE U3MEHEHU
B TPEBOXHOM U AENPECCUBHO-TIOAOOHOM TOBENEHUN KPBIC BO B3POCIOM BO3pacTe Mpu
COXpaHEHUU U3MEHEHHBIX OMOXMMUYECKUX MOoKazaTeseil chiBOpoTKU KpoBu. [lo maH-
HbIM JuTepatypsl [10, 19], BIusiHUE MTPOBOCIIAIUTENBHOIO CTpecca MPOsIBISIETCS B IIOBeE-
JIEHUU KPBIC HE TOJILKO B TTIOAPOCTKOBOM, HO 1 BO B3pOCJIOM BO3pacTe, PUYEM I10 OTIEIb-
HBIM ITOKa3aTeJIsIM MOBEIeHUS BIMSHIE CTpecca Y B3pOCIbIX gaxe ycunusaercs [19]. Io-
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JIydeHHbIE HaMU JaHHbIE O BO3MOXHOCTM KOPPEKILUM HETaTUBHBIX ITOCJIEACTBUMA
MPOBOCIIAJIUTESIBHOTO CTpecca Ha TMOBeAeHUE KPbIC TIPEACTABIISIOT OMpele/IeHHbIN MpaK-
THYecKkuii mHTepec. COrTacHO JaHHBIM JIMTePATypPhl CYIIECTBYET psif (DaKTOPOB, KOTOPHIE
MOTYT YMEHbIIIATh BIUSIHAE PaHHETO TTPOBOCHAIIUTEILHOTO CTpecca Ha MPOSIBIICHUST Tpe-
BOKHOTO U JIETIPECCUBHO-TTOA00HOTO TTOBEACHUS Y B3POCIIBIX XKMBOTHBIX. K HUM OTHOCSAT-
cs1 XoHIIUMHT [36], mpeacKa3yeMblii yMEpEHHbBIN XpoHUYecKuii crpecc [37], oboraieHHast
cpena [38], dusnueckue yrnpaxkHeHUsI U YCWIEHHasl JABUTraTebHasi akTUBHOCTH [38, 39].
BT (hakTOPBI OCIAOISIOT HEHPOBOCHATUTEIBHBIN MPOLIECC MYyTeM YMEHbILIEHUS MPOIYyK-
LIVM TIPOBOCITATTUTEIbHBIX IIUTOKWHOB M TOPMOXKEHHMS aKTUBAIIM MUKPOIIMK. B HalreM nc-
ciienoBaHuM Mexy TepBbiM (B 1—1.5 Mec.) u moBTopHbIM (B 3—3.5 Mec.) TecTUpOBaHUEM
JKMBOTHBIE ObUTH MCITOJIb30BaHbBI B OTBITaX C BHIPAOOTKOM MUIIET0OBIBATEIBHBIX YCIOB-
HBIX pedIeKCOB, BO BPeMsI KOTOPBIX OHU TMOABEPraIMCh KOMOMHUPOBAHHOMY BO3McHi-
CTBUI0O — MHOTOAHEBHOMY XCHIJIMHTY, MPEObIBAHUIO B OOOrallleHHOI cpeie W JBUra-
TEJIbHOUM Harpy3ke, YTO MOIJIO YMEHBIIUTb MPU3HAKN TPEBOXKHOTO U IETTPECCUBHO-TI0-
no6Horo noBeneHus y rpynmsl JITIC. Bo BesikoM ciydae, mist 6ojee IIOJIHOTO OTBeTa Ha
MOCTaBJICHHBII BOIPOC, KaKOe BO3ICHCTBHE M3 BBIIIETIEPEYNCICHHBIX OKa3aJlo TaKoe
MOJIOXKUTETHLHOE BIMSIHUE, HEOOXOIMMO TTPOBECTHU CIIEIIMAIbHOE UCCIIeTOBaHKE.

Cyns 110 MOJIyYeHHBIM B HACTOsIIIE paboTe JaHHBIM, y CaMIIOB, TMOJy4YaBIINX TMPO-
BOCTIAJIUTEILHBIN CTpecC B paHHEM BO3pacTe, M0 HEKOTOPBIM TTOKa3aTe M TPOsBICHIE
TPEBOXHOTO U IeTIPECCUBHO-TTOA00HOTO TTOBEIeHUS HAOIIONAIOCH B OOJIbIIEH CTeTIeHH,
yeM y caMoK. B nuteparype ecth Touka 3peHust [40], 4T0 mpoBoCHaIUTEIbHBINA CTPECC B
paHHEM BO3pacTe aKTUBUPYET MUKPOTIUIO (3¢hheKT NpaliMMHTIa, priming), KoTopas cTa-
HOBUTCS 060J1ee YYBCTBUTEIBHOM K MOCIEAYIOIIUM CTpeccaM. DTo sIBJIeHHE MPOXOIUT He-
OIMHAKOBO y CaMILIOB U caMOK. B TO BpeMmsi Kak y caMII0B CTpecC U MOCeNylollee BBele-
Hue JITIC BenyT K MOBHIIIIEHUIO PEaKTUBHOCTH MUKPOTJINU, KOTOPasl yBEININBAET KC-
npeccuto nmtoknHa WMJI-1B, y caMOK peakTHBHOCTb MUKDOTIMKM He MeHsiercst [41].
B ombITax Ha MBIIIaX ¢ UIIEMUYECKHUM TTPOBOCHAIMTEILHBIM CTPECCOM, BBI3BAHHBIM Ha
9-ii IeHb XXKU3HU, Y CAMIIOB B OTJIMYHE OT CAMOK HaOII0AAIOCh YBEIUYEHUE aKTUBHOCTH
MUKPOIJIMKM U MaKpodaros, MosiBjiecHUe aMeOoruIHONH MOP(hOJOrMM 1 YBEIUYEeHUE SKC-
npeccuu reHoB 6enkoB TNFo u ptgs2 (Cox-2) [42]. [Toka3aHo, 9YTO AEPECCUBHO-IIO-
JIOGHOE MOBEICHNE Y CaMIIOB M CAMOK peain3yeTcs Yepe3 pa3Hble MOJIEKYJISIpHbIC MeXa-
HU3MBI B rurioTajgamyce [43]. ¥ caMok oHO 0oJIbllle CBSI3aHO C YBEINMYEHIE BEICBOOOXKIIE -
HUSI KOPTUKOTpONMHA B Tumotajamyce, cHmkeHueM BDNF, pocrom akTtmBHOCTU
SIMEPHBIX TIIOKOKOPTUKOMIHBIX periennTopoB U yBenudeHneM NFkB u 20 kDa C/EBPp.
Y caM110B, B OTJIMUME OT CAMOK, BMECTE C POCTOM KOPTUKOJIMOEpUHA MPOUCXOIUT YBE-
smyeHue ypoBHs1 COX-2, NIIOKOKOPTUKOUIHBIX PELIETITOPOB B IIUTOIUIa3Me, SIIEPHOTO
38 kDa C/EBP u NFkB [43]. [Ipu HelipoBOCa€HNH, BEI3BAHHOM WIIIEMIIECKIUM MH-
CYJIBTOM, y CAMOK T10 CPaBHEHUIO C CaMIIaMM TOBBIIIAETCS MTPOAYKIIUS TTPOTUBOBOCTIA-
nurenbHoro nurokuHa 1L-4, a Takke yBeImunBaeTCsl IKCIpeccus peuentoposB K 1L.-4 u
1L-10 Ha rmuanbHbIX KaeTkax [44]. B HacTosux ornbiTax Mbl 00Hapy>kKwiu B rpyrire JITIC
MOBBIIIEHHBI YPOBEHD MPOBOCHIAIUTENLHOTO IIuToKKMHA [L-1[ y caMI0B (HO He caMOK)
MO CPaBHEHUIO C KOHTPOJBHBIMU XUBOTHBIMU, YTO CBUIETEJILCTBYET O CEHCUTU3AIIUUN
BOCTIAJIUTEILHOTO MpOoILiecca y CaMIIOB.

Ocoboe MecTO B peaklMsX Ha CTPEeCC U MPOSIBJICHUSIX TPEBOXHOIO U JEeMPECCUBHO-
MOI0OHOTO MOBEACHUST MPUHAIEKUT 3CTPOreHaM. DCTPOreHbl 001a0al0T BhIpaskeHHBIM
MPOTUBOBOCHIAJIUTENILHBIM JACHCTBUEM, YTO ObLJIO MOKA3aHO M Vitro Ha KyJIbType MUKDPO-
TJIMAIBHBIX KJIETOK C BBeleHueM 17f-acTpammonia, KOTOpoe MPeaoXpaHsio OT MOpho-
(GYHKIIMOHATBHBIX U3MeHeHU, BhI3biBaeMbIX JITIC, M COMYyTCTBYIOIIETO CMHTE3a TpPO-
BOCHAJIMTEJIBHBIX IIMTOKMHOB [45]. DddeKThl 3cTpaanosa CBsI3aHbl ¢ MOAYJISILeil BOC-
MaJIUTEIAbHbIX peaKuMﬁ 4yepe3 IJIMaJIbHbIC KIICTKU U pCFyﬂHuMCﬁ BblCBO60)K,£leHl/lF[
MPOBOCTAJUTEIbHBIX [IMTOKUHOB I XEMOKWHOB [46], MpU 3TOM CYUTAETCS, YTO BCTPO-
TEHHBIE PELIETITOPHI alibtha UTPAIOT OoJIee CYIIIECTBEHHYIO POJIb B YMEHBIIIEHUU BOCITAIN-
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TeAbHBIX 3((PEKTOB MUKPOIJIMU, YEM 3CTPOT€HHBbIE pelieNnTophl 6eTa. OBaprUO3IKTOMUS Y
TPBIZYHOB TPUBOAWIIA K OOJIbIIIEMY BOBJIEYEHUIO MUKPOTJIMY B HEMPOBOCTATUTEIbHbBII
MpoLEeCcC U YCUJICHUIO Perysiiuu OOJIbIIIEro YKcia MapKepoB PeaKTUBHOCTU MUKPO-
IJIAM, BKJTIOYask pELENTOPEI TSI IIPOBOCIIAIUTEIbHBIX CUTHAJIOB U (paromuTo3sa [47]. BBe-
NIEHWE 3CTPaanoia Tepes; 0BApUOAKTOMUEH OJIOKMPOBAIO aKTUBALIMIO MUKDPOTJIUU, 3TO
CBUJIETEJILCTBYET O TOM, UTO UMEHHO OTCYTCTBUE 3CTPOT€HOB MPH OBAPUO3IKTOMUU CBSI-
3aHO C YCWJIEHHMEM HEMPOBOCHATUTEIbHBIX MPOLIECCOB. DCTPOTEHBl YCUJIMBAIOT TaKXkKe
CEpPOTOHUHEPIMYECKYI0 aKTUBHOCTb Yepe3 OOJIbIIOE YKUCIO 3CTPOTEHHBIX PELENTOPOB
Oera, pacrojiokeHHbIX Ha HeiipoHax sinep 1iBa [48]. [To-BunumMomy, Giarogapsi mpoTH-
BOBOCTIAJIUTEILHOMY nelicTBUIO 3cTporeHoB y caMok JITIC rpynmbl B Haleit pabote He
HabII0MAIOCh MOBBIIeHUS YpoBHST UJI-1P 0 cpaBHEHMIO ¢ KOHTPOJIBHBIMU TPYIIITAMU
1ocJjie TOMOJIHUTETBHOTO CTPECCUPOBAHMS.

BbIBOJbI

1. PanHuit mpoBocaIUTEIbHBIN CTpecc, co3naBaeMblil myteM BBeaeHus JIIIC Ha 3-ii
M 5-11 mocTHaTabHBIC THU, TIPUBOIMII K CHUKEHUIO IBUTATEIbHONM aKTUBHOCTH, YMEHb-
LIEHWIO UCCIEA0BATEIbCKOTO TTOBEIEHUSI U YBEJIMUCHUIO TPEBOXHOCTU Y KPBICST B MO/ -
POCTKOBOM BO3pacTe B TeCTaX MPUIMOAHSITOrO KpeCTOOOpa3HOro JIJAOMPUHTA U OTKPBITOTO
nosisi. Haubopiime nusMeHeHus1 B MOBEICHUU MPOMCXOAUIN Y CAaMIIOB MO CPaBHEHUIO C
camkamu. Bo B3pociioM Bo3pacte mociie BbIpabOTKM MULLEA00bIBATEIbHBIX pedieKcoB
yKa3aHHbIC U3MEHEHUS MMPaKTUISCKU UCYE3aITH.

2. PaHHMIT TPOBOCHAIIMTENBHBINA CTPECC BBI3bIBAJI IEMPECCUBHO-IIONO0HOE MOBEIE-
HHE y CAMIIOB X CaMOK B IIOAPOCTKOBOM BO3PACTe, KOTOPOE MIPOSIBIISIIIOCH B YMEHBIICHUY
npennoyteHust 1%-HOro pacTBopa caxapo3bl IT0 CPABHEHUIO ¢ KOHTPOJIbHBIMU TPYIIa-
Mu. Bo B3pociioM Bo3pacTe NMprU3HaKK aHTeIOHUH HCUYE3alIN.

3. B Tecte BBIHYXI€HHOTO TIJIaBaHUsI TIPU3HAKU AETIPECCUBHO-TION00OHOTO TTOBEIEHUS B
OTBET Ha paHHMII MPOBOCHATUTEIbHBIN CTPECC Y CaMIIOB MPOSIBUIUCH TOJLKO B 1-ii I1eHb
TECTMPOBaHMSI B IOAPOCTKOBOM BO3paCTe; MPU MOBTOPHBIX TECTUPOBAHMSIX BO 2-ii NEHb U Y
B3pOCBIX KpbIC OHM Mcue3anu. Y camok rpynmbl JITIC BpeMst 3aBucanust 66u10, HAOO0POT,
MEHbIIIE, YeM Y KOHTPOJIbHBIX TPYIII B OJAPOCTKOBOM BO3PACTE, Y B3POCIIbIX Pa3IMUMSI UC-
ye3au.

4. Beenenue JIIIC B paHHeM Bo3pacTe IIPUBOIWIIO Y B3POCIIBIX CAMIIOB, HO HE CaMOK,
K yBenmueHnto ypoBHs IL-1B B KpoBU IMOCie TTOBTOPHBIX CTPECCOBBIX BO3MEHCTBUIA TI0
CpPaBHEHUIO C cCaMIlaMU KOHTPOJILHBIX TPYII. Y caMOK, HO He Y CaMIIOB, ITOCJIe BBeIEHUS
JITIC Bo3pacrasio coaepxaHue B KpOBU KOPTUKOCTEPOHA.

5. ¥V camiioB o CpaBHCHMUMIO C CaMKaMM paHHI/Iﬁ HpOBOCHaHI/ITCJIbeIfI CTpPECC OKa3bI-
Bajl OoJbliiee BJIUSHUE Ha TPEBOXKHO-ACIIPECCUBHOC IMOBCACHUE MU BbI3bIBaJI 6OJ1bLLIy}O
AKTUBALUIO ITPOBOCITAJIUTECIIBHOIO CUTHAJIMHTA.

ABTOpPBI BhIpaxaloT oiaronapHoctb OHydpueBy M.B u MouceeBoii }0.B., corpynHu-
KaM jabopatopuu GYHKIMOHAIBHOM 6oxumMun HepBHOiT cuctembl MBH 1 H® PAH,
3a TIOMOIIb B MPOBEAEHUY UMMYHO(hEPMEHTHOTO aHaT13a.
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MpU Matoyoruu” (HOMEp rocynapcTBeHHOM peructpaiiu AAAA-A17-117-92040002-6) u nipu
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The Influence of Early Proinflammatory Stress on Anxious
and Depressive-Like Behavior in Rats of Different Age

N. D. Broshevitskaya?, 1. V. Pavlova® *, M. 1. Zaichenko?,
V. A. Gruzdeva“, and G. A. Grigoryan?

4 Institute of Higher Nervous Activity and Neurophysiology, RAS, Moscow, Russia
*e-mail: pavlovfml@mail.ru

An early proinflammatory stress produced by administration of LPS (50 mcg/kg, sc) on
3 and 5th postnatal days led to decrease of locomotor and search activity and increase
of anxiety in rats at the age of 1 month in the tests of an open field and elevated plus
maze. The males showed more anxious behavior than females. Administration of LPS in
early ontogenesis produced the signs of depressive-like behavior in males and females in
the test of anhedonia by decrease of preference of 1% sucrose solution in comparison
with control groups. The forced swimming test showed the signs of depressive-like be-
havior in males, but not in females at the first day of testing at the age of 1 month. At the
age of 3 months the all mentioned changes in anxious and depressive-like behavior were
practically disappeared. The data obtained point out to the sex differences in the effects
of early proinflammatory stress on anxious and depressive-like behavior in rats.

Keywords: an early proinflammatory stress, an open field, an elevated plus maze, a forced
swimming test, lipopolysaccharide, corticosterone, IL-1[3
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