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Hacrosimee uccrienoBaHye IMOCBSIIEHO BIMSHHIO MOJEKYISIPHOIO BOJOpOJa Ha CTpecC HHIYLHPYeMoe
TIOBBIIICHHNE UHJIEKCA TPEBOXKHOCTU KpbIc caMok juHun Wistar. ViccienoBaHue nmpoBeeHo Ha ABYX IpyMITax
JKUBOTHBIX BO3PacToM 7 MecsleB: KOHTpoidb — 9 ocobeit m «Bomopom» — 8 ocobeil. Kpricel rpynmsi
«Bogopox» moMemaiichk Ha 20 MHHYT B BOZOPOAHYIO Bofy ¢ Temmeparypoii 31-32°C (Boma Hachlmamack
BOJIOPOJIOM € IIOMOIIIBIO BOJOpOAHOTO OanbHeo-reHeparopa SuisoMed SMT-1). Kpbicsl KOHTPOIBHOM IPYIIIBI
HOMELIATUCh B OOBIYHYIO BOAY M BCE HCCIIEOBATEIBCKUE MEPONPHATUS ObUIM HMACHTHYHBI C IPYNIOi
«Bomopon». BBIIBIEHO, YTO MOJNEKYISIPHBI BOMOPOR CIIOCOOEH CHIDKATh BEIPAXEHHOCTh CTpPECC
HMHTyIIUPOBAHHOTO MOBBIICHUS YPOBHS TPEBOXKHOCTU JKHBOTHBIX, HO IIOJIHOCTBIO HE IPEMATCTBYET ITOMY
a¢dexty. BozmoxHO, pH yCIIOBHO CpeIHEM M MajloM YpOBHE cTpecc (haKTopa MOJEKYISIPHBI BOZOPOX
Oyznet criocoOeH 0Ka3bIBaTh 0oJIee BRIPAKCHHOE CTPECC MPOTEKTOPHOE BIIMSTHUE.

Knrouesvle cnosa: MonekynspHbIi BOJOPOA, MHAEGKC TPEBOKHOCTH, CTPECC IIPOTEKTOPHOE BIIHSHHUE.

BBEJEHHE

B moBcegHEBHBIX YCIOBHSAX COBPEMEHHOTO HWBHIIM3AIMOHHOTO PA3BUTHUS YEIIOBEK
CTAJIKMBACTCS C XPOHUYCCKAMU CTpecC (pakTopaMu pa3indHON MPUPOIBI, TPAKTHICCKH, B
€XEIHEBHOM pexxuMe. B pe3ynbrare OT KaXI0ro U3 Hac TpeOyeTcs CYIISCTBEHHBIN 3amac
aJaNTHBHOTO TOTEHIMAja W BHYTPEHHUX PECYPCOB AJI MPOTHUBOJCHCTBUS TEPEX0ay B
COCTOSIHHE [JHCCTpeca C BEPOSTHBIM HCTOIIEHHEM U  KpailHe HeraTHBHBIMU
nociuencteuamMu. Ho fgaxke B CTaguM COMPOTHUBICHUS CTPECC BO3JCUCTBUS BBI3BIBAIOT
U3MEHEHUE MHOTHX MCUXO(HU3HOIOTHUECKUX TTOKa3aTelIel YeloBeKa U JKUBOTHBIX, B TOM
YHUClle, VYBEIWYHBACTCA YPOBEHb arpecCHy, YCHIMBAIOTCS AETMPECCHBHOINOIO0HEIE,
TPEBOXKHBIC TPOSBICHUS;, TIEPECTpanBacTcsl O0JieBas YYBCTBUTEIBHOCTD, IMOAABISIOTCS
KOTHUTHUBHBIC (PYHKIMU W T.JO. B CBSA3UM ¢ 3TUM, OcTaeTcs KpallHE aKTyalbHBIM ITOHCK
€CTeCTBEHHBIX W  MaKCHMalbHO  O€30MacHBIX  CpPEACTB, KOTOpPBIE  CIIOCOOHBI
MPOTUBOJICHCTBOBATh HETATUBHBIM 3(PPEeKTaM pa3IMyHBIX CTPECCOPOB U CIIOCOOCTBOBATH
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paCIIMpPECHUIO aJanTUBHOTO TOTEHIIMAjJa dYelOBeKa ©W OJKWUBOTHBIX. OmHAM U3
MEPCIEKTUBHBIX (PAKTOPOB SBISIECTCS MOJEKYJSIpHBIA Bojopoa (H:), koToperii oOmamaer
JIOKa3aHHBIM aHTUOKCHUIAHTHBIM Bo3zaeiicTBueM [1-3]. Takxke, mpOAEMOHCTPUPOBAHBI
MPOTUBOBOCHIATUTENbHEIN [3, 4], HeilponpoTekTopHbIX [3, 5] U, maxe, HOOTpOHHBIN [6]
addexTei. B mcciaemoBaHHMAX — pa3IMYHBIX  aBTOPOB  MPOJACMOHCTPHUPOBAHO, HUTO
MOJICKYJIIpHBIA  BOIOpoaA 3 (deKkTuBeH B 00phOe € OKHCIUTENBHBIM CTpeccoM [7],
HelipoBocnanernneM [3] m oOnamaeT OONBIIMM TEPANCBTHYSCKUM MOTEHIMAIOM IPU
JIEYCHUM IIMAPOKOTO CIIEKTpa 3a00JIeBaHWI TOJIOBHOTO MO3ra, BKJIOYas OO0JIe3Hb
Anprreiimepa u IlapKkuHCOHA, CHIDKAET BBIPAKCHHOCTh TPEBOXKHBIX M JICTIPECCHUBHBIX
pacctpoiictB [3, 5]. B, uccnenoBaHMsIX Ha >KMBOTHBIX IOKAa3aHO, YTO MOJICKYJISPHBIN
BOZIOPOJI CHIMKAET YPOBHH CTPECCOBBIX TOPMOHOB M BOCTIAIUTEIHHBIX ITATOKMHOB, TAKHX
KaK KOPTHKOCTEPOH, aJpeHOKOPTUKOTPOITHBIN TOPMOH, HHTEPIICHKNH-6 1 (haKTOp HEKpo3a
OITyXOJIM-(l, YTO CIIOCOOCTBYET MOBHIINICHUIO YCTOMYUBOCTH K cTpeccy [8]; oTMedaercs u
yioydllleHHe KOTHUTHUBHBIX  (QyHKkuumd [9]. Taxoke, MONEKYISIpHBIA  BOAOPOX
MIPOJIEMOHCTPHUPOBAT CTPECC TMPOTCKTOPHYIO AaKTHBHOCTH Ha KJIETOYHOM YPOBHE IIpH
crpecce ['ompmxu [10].

B omucannol nmpobnemaTrke 0co00¢ BHUMAaHHE 3aCITyKUBAIOT TCHJICPHBIC OTIMYMS B
CHJIy TOTO, YTO Yy JKEHIITMH M CaMOK >KMBOTHBIX HAOJIOMAIOTCS CYIICCTBEHHBIC BapHaIlud
FOPMOHAJBHOrO ()OHA M TEKYIIEro ICHXO3MOIMOHAIBHOIO COCTOSHMs. IloaTomy
PEaKTUBHOCTD )KEHCKOT'O OpPraHu3Ma M CaMOK XHUBOTHBIX Ha Pa3IMYHbIE CTPecC (haKTOPHI
U CTpecC TPOTEKTOPHBIC areHTBI MOXET HWMETh CHEIUu(UIEeCKHe OCOOCHHOCTH U
OTIIMYATBCSA OT PEAKIUA MYXYHMH K CaMIIOB JKHUBOTHBIX. B CBsf3m c 3TEM Oblla
chopMyupoBaHa CJEIyrOINas IeTb KCCIICI0BATCIbCKONW pPa0OThI: BBISCHUTH BIUSHHUC
MOJIEKYJIIPHOTO BOJOPOJAA HA CTPECC MHAYLIUPYEMOE MOBBILICHUE UHAECKCA TPEBOKHOCTHU
KpBIC caMOK JTuHUK Wistar.

MATEPHAJIBI 1 METO/bI

Jns mpoBeneHus wuccnenoBanus B Tecte «OTkpeiToe mmone» (OO0 «OTkpeITast
Hayka», Poccus) ObLIM 0TOOpaHB! 17 KpBIC caMOK BO3pacToM 7 MecsIeB nuHuu Wistar.
JKuBoTHBIE OBLIN pa3/IeNeHbI HA ABE PABHBIC TPYIIITHL:

e I'pymma 1 — 9 ocobeit — KOHTPOIIb;

e [I'pymma 2 — 8 ocobeit — «Bomopom»;

Bce XMBOTHBIE TECTHPOBAIUCh B YCTaHOBKE «OTKPBITOE II0JIe», B KOTOPOM
orieHMBaIOCh (oHOBOE 3HaueHWe wmHuekca TpeBoxkHocTH (MT). UT paccumteiBancs 1mo
hopmyie (tosmee—rtor)/tosmees THE togmee — BPEMS TECTUPOBAHUS B YCTAHOBKE — 5 MHH, topy —
CyMMapHOE BpeMs HaXOXJACHUS B OTKPBITHIX 30HaX TECTOBOM YCTaHOBKH. J{Jisl OTKPBITOTO
MOJIA tyy — OTO CyMMapHOE BpeMs B 30HaX 1 (1ieHTp) U 2 (IPOCTPaHCTBO BO3JIE IEHTPA,
puc. 1). CMbICIOBOM NOIXOJ TaKOro pacuera JOCTATOYHO HPOCTOM: YEM JOJbIle
>KUBOTHOE HAXOJUTCS B OTKPBITBIX 30HaX, TEM MEHBIIE YPOBEHb TPEBOXKHOCTH.
CrnemoBaTeNnbHO, €CIHA top=tosmees TO UT MHUHUMAaNIEH W paBeH HYIIO0 M, HA0OOPOT, €CIu
ton=0 — U'T MakcuMaseH u paBeH SIUHUIIE.

Bpewmst HaxoxeHUs KaKIOM KPBICHI B TECTOBOM YCTAHOBKE COCTABISIO 5 MHHYT.
OTOT OTpPe30K BpPEMEHH 3allMCBHIBAJICS BHEOKAMEpPOW BBICOKOTO pa3pelIeHHs], 3aTeM
BHJIEO3AMMCh aBTOMAaTHYECKH aHAJIW3WpOBajach B MporpaMMHOM Komiuiekce Noldus
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EthoVision 12 (Noldus Information Technology, Hunepnauzsr).

File Edit

Experiment Explarer B X arens settings

@ Setup (3G A 2 O 7] 4 O O @ M| M actotabel Zone L Add Zone Label | 47 Add Point | & ¥

jj Experiment Settings
[ Manual Scoring Settings
& Arena Settings (1)

E Arena Settings |
EE Trial Control Settings (1)
Egg Detection Settings (1)
[EJ Trial List

B Acquisition

& Acquisition (8 acquired)
E—’j Track Editor
5 Track Smoothing Profiles (1)

_E Analysis

(33 Data Profiles (1)
EQ Analysis Profiles (1)
[53 Results
B Statistics & Charts
m Track Visualization
&} Heatmap Visualization
B4 Integrated Visualization
& Export
E@ Raw Data
BBl Statistics
52 GLP Log

Puc. 1. Pa3zneneHue TeCTOBOrO MNPOCTPAHCTBA YCTAaHOBKH «OTKPBITOE IMOJNE» B
nporpammHoM nakete Noldus EthoVision.
Ilpumeuanus: 1 — ueHTp; 2 — NPOCTPAHCTBO BO3JIE LEHTPA; 3 — NPHUCTEHOYHOE MPOCTPAHCTBO;
JBOWHOW CTPENKOW OTMedeH KaaumOpoBO4YHBINH oTpe3ok 100 cM; aHMIOSM3BIYHBIN  JIEHOT
COOTBETCTBYCT O6H.[eMy OPOCTPAHCTBY OUCKA JKUBOTHOTIO.

Yepes 10 mHeit mocne GOHOBOTO TECTHPOBAHMS TPYMIIBI KPhIC CAaMOK JHHUU Wistar
MOJIBEPTAINCH 3alUIAHUPOBAHHOMY JKCIIEPUMEHTAIHHOMY BO3AEUCTBHIO. KpBICHI-cCaMKu
rpymmnsl «Boopoa» MoMemanuch B BOJOPOAHYIO BOAy ¢ Temmeparypoit 31-32°C ma
JIBaJLATh MUHYT B €MKOCTh 1O 4eTelpe ocobu. Boma mpeasapurenbHO (2 MUHYTHL 10
pa3MemieHrss KpbIC) HACBIIANACh BOAOPOAOM C IIOMOIIBIO BOJOPOAHOTO OallbHEO-
redepatopa SuisoMed SMT-1 (OOO «A3sus Menukan», Poccusi) ¢ motokoM Bomopoja
4000 ma/MuH, ynctoTa Bogopoaa: 99,99 %, KoHUEHTpalus MOJIEKYIIPHOTO BOAOPOAa A0
10 000 PPB (pucyHok 2), KOTOpbI MpOJOIKal IOTOKOBOE HACHIIICHUE BOJBI
MOJIEKYJIAPHBIM BOJOPOJIOM Ha mpoTshkeHnH BceX 20-tu muHyT. CremoBaTenbHO, IS
KpBIC CaMOK rpymnibl «Boxopoa» ogHOBpEMEHHO MOAEIMPOBAIOCH M CTPECC BO3ACHCTBHE
Y MHTEPBEHIIMS MOJICKYJIIPHOTO BOJIOPOJa, KOTOPBIE OCYIICCTBIUINCH 1O CXeMe: 5 THer
BO37IeiicTBHE — 2 NHA NpephiBaHue — 5 nHed BozzaeicTBue. [lo wcredennn 20-Tv0 MUHYT
KPBICHI HM3BIMAaJNCh, OOCYIIMBAINCh W TECTHPOBAIUCH B OTKPHITOM TIOJ€ Ha TEPBBIH,
MATHIN U IE€CSTHIN JHU ONTMCAHHOTO BO3ACHCTBUS.
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Puc. 2. BHennwmii U BoopoiHOTO OanbHeo-reHeparopa SuisoMed SMT-1 (cneBa)
1 KPBICHI CAMKH B EMKOCTH C BOJOPOIHON BOJIOH (CIIpaBa).

KppiCcBl KOHTPONBHON TPYNNBl MOMEIIANKACH B OOBIYHYIO BOAY C TEMIIEpaTypoi
31-32°C Ha 20 MHHYT B €MKOCTb 1O YeThIpe 0co0H. HeoBXOMMMO OTMETUTh, UTO B 3TY
€MKOCTb ITOMEIIAINCh JIEMEHThl BOJOPOAHOr0 OajbHEOreHepaTopa, HO caM Ipubop He
3amyckaincs. Bce ocranpHbIE MCCIE€NOBaTEIbCKUE MEPONPUSTHUS ObUIM HAEHTUYHBI C
rpynmoi «Bomgopos».

Hdanee Ha wUIOCTpalMsX W B TeKcTe A yaoOcTBa OyAeT HCIONb30BaHA
KOHCTpyKIus oT 1-ro 1o 10-ro AHA BO3AeCTBHA, IOApa3yMeBas ABYXIHEBHBIH MEPEPHIB.

CTaTuCTHUYECKUI aHAIW3 BCEX MAaCcCHUBOB ocylecTBisuics B mporpamme GraphPad
Prism 8.0. [Ing aHanW3a NPUMEHSUIUCh METOBI OMHCATEIHHON CTATUCTUKHU, IMPOBEpPKa
HOPMAJIBHOCTHU PAcIpeiesICHUs] OCYIIECTBIIUIACh C IOMOIIBIO 00JIee TOUHOIO OIpe/IesIeHUs
COOTBETCTBHA pacIpeliefiecHnss MaccuBa JaHHBIX 3akoHy [aycca — Residual Gaussian
Process, koTopsblif, B ToOM u4ucie, MpenycMmarpuBaeT npuMmeHeHHe Brown-Forsythe test,
Bartlett's test u Normality of Residuals test [11]. Bo Bcex cimy4asx HpHUCYTCTBOBAIN
MacCHUBBI C HEapaMeTPUUECKUM pacIIpeAeIeHHEM JaHHBIX, [I09TOMY U1 MHO)KECTBEHHOTO
cpaBHeHuUs npuMeHsuics Metoll Kpackerna-Yomeca u kpurepuid Jlana.
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PE3YJIBTATBI U OBCYXXJIEHUE

IlepBoHagambHO TPEACTaBUM pE3yJIbTATHl, KOTOpPBIE OBLTM MONYy4YEHBI B TPYIIIIE
«Bogopon». Htak, KpbICBI-CAMKM JTOW TPYMIBI JECATh pPa3 TMOABEPralluCh CTPECC
BO3JICUCTBUIO C JBYXJHEBHBIM IE€PEPHIBOM IOCEPEIUHE BPEMEHHOTO OTpEe3Ka, HO B
MOMEHT CTpPecC BO3JEUCTBUS HAXOAWINUCh B «BOJOPOJAHON Bojae». MI3menenue MT camok
9TOM TPYIIIEI MPEACTaBICHO Ha pucyHke 3. @oHoBas BeauuanHa T KphIC caMOK TPYIIITHI
«Bonmopon» mo menuane coctaBmsuia 0,80 (0,78; 0,82) y.e.,, mocime mepBOro cTpecc
BozaeiictBus — 0,99 (0,99; 0,99) y.e. npu p=0,00002 mo cpaBHEHHIO ¢ (DOHOBBIM
3HAQUYE€HHUEM, IOCNE MATOr0 BO3JeHcTBHA MokasaTesnb WUT mpakTUyeckn HE U3MEHsUICA U
ocTtaBajcs cymecTBeHHO nosbimeHHbM 0,98 (0,89; 0,99) y.e. mpu p = 0,0113.

Hokkk *
1.00-

y.e. A
0.95-
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0.85+

0.80

0.75 T T T
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B *okkk

115 T T T
1 neHb 5 neHb 10 AeHb

Puc. 3. Unaekc TpeBOKHOCTU KPBIC CAMOK B YCIIOBHUSIX JACCITUKPATHOTO BO3JACUCTBUS
«BOJOPOAHO-BOJHBIX BaHH» (Ipymma «BOAOPOI»).
Ipumeyanus: A — tpadudeckoe OTOOpaKEHHE 3HAYCHHA WHICKCA TPEBOXKHOCTH, IPEICTABIICHBI
memuana u kBaptimi (Q1; Q3); b — mpencraBnensr Menuanbl B %, 3a 100 % npussTel (OHOBBIE
nokazareny; (o — (GoHOBOE 3HaUeHUE; | JeHb — 3HAYCHUE Ha MTEPBbIN AeHb BO3ACHCTBUS «BOJOPOIHO-
BOJIHBIX BaHH»; 5 IeHb — 3HAUCHHE HA MATHIN IeHb BO3JEUCTBUS «BOJOPOIHO-BOJAHBIX BaHH»; 10 1eHb —
3HAUCHUC HA JICCATHIN JICHb BO3JCHCTBHS «BOJOPOTHO-BOIHBIX BaHH»; **** — OTIIMUMSA OT (POHOBBIX
niokazateneit mpu p<0,0001; * — orumst oT poHOBBIX NMOKazaTenei npu p<0,05.
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Tonmpko mOCHE JEcSTOro COBMECTHOTO MOJIEIMPOBAHUS CTPECC BO3ACUCTBUS U
BIIMSTHHSI MOJIEKYJIAPHBIM BOJIOPOJIOM Y KPBIC CAMOK HaOIO1aI0Ch HEKOTOPOE CHIDKEHUE
srauenus UT go 0,97 (0,88; 0,98) y.e. mpu p = 0,0837 mo cpaBHeHHIO ¢ (DOHOM, T.€.
YPOBEHBb TPEBOKHOCTHU KPBIC CAMOK HE OTIMYAJICS OT (POHOBOTO 3HAUCHHSI.

BaxHo oTMeruthb, 4TO mociie JAecsaToro «ceanca» MT Kpblc He oTiMYalcs U OT
3HAUEHUM, KOTOpBIE PErHMCTPUPOBAIUCH HAa MEPBBIM W IMATHI THU BO3ACHCTBHS. DTOT
SKCIICPUMEHTANBHBIN (DAKT TO3BOJIIET TOBOPUTH JIHMINL O YACTUYHON KOMIICHCAIIUU
MOJIEKYJIAPHBIM BOJIOPOJIOM CTpECC JIMMHUTHPOBaHHOTO MoBbIIeHns T kpbic caMok.

s Gonee ynobHoro BusyasibHoro Bocrpustus UT Ha pucyHke 3 MpeacTaBieH U B
NPOLIEHTHOM BbIpakeHuH. Ha 3Toil wactu pucyHka yetko BuzaHo, uto MT moctemeHHO
CHIDKAETCS, HO HE JOoCTUTaeT BenmmuuHbl Onm3koi k 100 %: 123,33 % Ha mepBbIi IeHb,
121,14 % wa nareii u 119,14 % Ha pgecaTelii JHH OSKCHEPUMEHTAILHOTO CTPECC
BO3/ICHCTBHS COBMECTHO C MOJICKYJISIPHBIM BOJIOPOJIOM.

Hanee Ha pucynke 4 npexncrasieH aHanu3 UT Kppic caMOK KOHTPOJIBHOHM TpyIHIIbI,
HAallOMHUM, 49YTO O3TH JKMBOTHBIC IIOJIBEPTAIHNCHh JECATUKPATHOMY IIOMEUICHHIO B
UACHTHYHYIO CTPECC MOAETb, HO YKe ¢ OOBIYHOW BOJOH.

*kkk

1.00-
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Puc. 4. Unaekc TpeBOKHOCTU KPBIC CAMOK B YCIIOBHUSIX JCCITUKPATHOTO BO3JACHCTBUS
«BOJHBIX BaHH» (KOHTPOJIbHAS CPYIIMA).
Ipumeuanusn: ** — ormaus oT GOHOBBIX Mokazatenei npu p<0,01; ocranbHbIe 0003HAYCHHUS, UTO
¥ Ha pUCYHKE 3.
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®onHoBas BenuunHa VT KpbIic caMOK KOHTPOJIBHOM TPYIIbI 110 MEJIMaHE COCTaBJIsiia
0,80 (0,77; 0,82) y.e., mocie mepBoro crpecc Bo3acicTBus — 0,99 (0,98; 0,99) y.e. mpu
p=0,0028 1o cpaBHEeHHIO C ()OHOBBIM 3HAYCHUEM, TIOCIIC MATOTO BO3ACHCTBUS ITOKA3aTENb
UT no meauane pasuscsa 0,99 (0,98; 1,00) y.e. mpu p = 0,000025; u nocne necaroro
MOJACIUPOBaHUS cTpecc BosaeicTBus 3HaueHne UT cocrasisuio 0,98 (0,96; 0,99) y.e. mpu
p = 0,0158 mo cpaBHEHHUIO ¢ HOHOM, T.€. YPOBEHb TPEBOXKHOCTH KPBIC CAMOK JOCTOBEPHO
OTIUYAJCH OT POHOBOT'O 3HAUCHUSI.

B npouentHom BhipakeHUH T KOHTPOJBHON TPYIIbI KPBIC CAMOK Ha MEPBBIN JICHb
paBasuics 122,21 %, wa nateiid nenb 123,31 % w Ha mecATHI AeHB CTpecC BO3IACHCTBUS
121,90 % ot hoHOBOTO YPOBHS.

Takum oOpa3oM, B KOHTPOJBHOW TpPYyMIIE KPbIC CaMOK HabmiomaeTcs JOCTATOYHO
ycTOH4YMBOE TMOBbINIeHHOE 3HadeHue MT Ha mpoTsHKEHUH BCEro 3KCIEPUMEHTabHOIO
MepUoIa.

Ha pucynxke 5 npencrasneno cpaBHeHue T TpeBO)KHOCTH KpbIC cCaMOK KOHTPOJIBHON
rpymmsl 1 rpynmnsl «Bomopoa». OtMeruM, uto GoHoBoe 3HaueHne T KppIic caMOk 000mx
TPYNI HE OTJIMYACTCS, a CJICJOBATEIBHO, HAa «CTAPTE» JKUBOTHBIC OBLTH HICHTHYHBI 110
YPOBHIO TPEBOKHOCTH.

3 KOHTpoOnb

= "sogopos”
1.0 : : o :_ : —___p=0,0675
y.e. 3 : N
0.94 : : :
1 1 M=i: : :
0.7 - - -
®doH 1 AeHb 5 neHb 10 aeHb

Puc. 5. CpaBHeHUE MHIEKCA TPEBOKHOCTH KOHTPOJIBHBIX KPBIC CAMOK U >KUBOTHBIX
TpyINbl «BOAOPOI».
Ilpumeuanue: KOHTPOJIb — 3HAUCHUE UHJEKCA TPEBOXKHOCTH B KOHTPOJIBHOHN IpyMIE KPBIC CaMOK;
«BOJIOPOJ» — 3HAUEHHE UH/EKCA TPEBOKHOCTH B PYIIE KPBIC CAMOK, KOTOPbIE HAXOAUIIUCH B BOJE
C MOJIEKYJIIPHBIM BOAOPOAOM; * — OTIMYMSI OT OKa3aTene KOHTpoabHO rpynmsl mpu p < 0,05.

Ilocne mnepBoro Bo3zaeiicTBUA Ha Kpblic UXx WT mnoBbIIaeTcss MPaKTUYECKHA 10
MaKCHUMyMa U HE JEMOHCTPUPYET JOCTOBEpPHOro ypoBHA oTivunil. Ha nsareiii nenp UT
KpBIC caMOK rpynnsl «Bogopon» mocroBepHo MeHble npu p = 0,0285 mo cpaBHEHHIO C
KOHTPOJbHBIM 3HaueHueM. Ha pnecsteiii aeHs BoszaeictBuss UT kpbic camMok rpymnmbl
«Bogopon», B 1ei0M, MeEHbIIE MO cpaBHEHHIO ¢ WT KOHTPOJBHOM TpyMIbl, HO
JIEMOHCTPHUPYET OTINUYHUE TOJIBKO Ha YpOBHE TeHAeHIMH nipu p = 0,0675.
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Takum oOpa3oM, TIpOBEJEHHOE CpaBHEHHE €IIe pa3 [MOATBEPXKIAeT, HYTO
MOJIEKYJIAPHBIA BOJOPOJ CIIOCOOCH CHMXKATh BBIPAKEHHOCTh CTPECC MHIYIIMPOBAHHOTO
MOBBIIICHUS YPOBHSI TPEBOXHOCTH KUBOTHBIX, HO MOJTHOCTBIO HE MPEMATCTBYET ATOMY
a¢dekry. Bo3MOKHO, TpU YCIOBHO CpeIHEM W MaJlOM YPOBHE cTpecc (hakTopa
MOJICKYJIAPHBI BOJOpOA OyIeT CHOcOOCH OKa3plBaTh 0O0Jiee BBIPAKEHHOE CTPECC
MPOTEKTOPHOE BIUSHUE.

Pe3ynbTaThl TEKyILIEro MCCIEIOBAaHUS MPOAECMOHCTPUPOBAIN MOTECHLHAIHHYIO
BO3MOKHOCTH MPHUMEHEHHUSI MOJIEKYJISIPHOTO BOJOPOJA B KA4eCTBE CTPECCIPOTEKTOPHOTO
(akTopa, KOTOPBII CIIOCOOEH CHIDKATh HETaTWBHBIC MOCIECTBUS XPOHUYECKOTO CTpECC
Bo37ciicTBUA. OOpaTM BHUMAaHHUE Ha TO, YTO CTPECC MOJECIH C IPUMEHEHHUEM 3JICMCHTOB
BBIHY)K/IEHHOTO TUIaBaHUS IJISl TPHI3YHOB W, B YACTHOCTH, KPBIC SIBISIOTCS MOJIENISAMHU C
MOIITHBIM (CHJIBHBIM) CTpecC (aKTOpPOM COUYETAIONTUMH B ceOe AMOIMOHAIBHBIA CTPEeCC U
a’poOHO-aHa’pOOHYI0 ¢u3nueckylo Harpy3ky [12]. HmeHHO mno3TOMy B HamieMm
WCCJICIOBAHUN MBI HCIIOJIb30Ba HEKOTOPBIE METOIWYCCKUE IMPHEMBI, KOTOPbIE OBLTH
HamnpaBleHbl HAa CHI)KEHHE BBIPAKEHHOCTH CTpecC BO3ACWCTBUA: TeMIlepaTypa BOJBI
31-32° C, a me knaccuueckue 24° C wu Gonee pacipocrpanennsie 25-27° C [13]; Taxxe,
KPBICHI XBOCTOM COIPHUKACATUCH C JHOM €MKOCTH. TaKkne METOUIEeCKUE U3MEHEHHSI ObLITH
MPUMEHEHBl B CHJIY BBIOPAaHHOTO CMocoba BBEACHHS MOJEKYISIPHOTO BOAOPOJA:
ypecKokHOe (OaTbHEOJOTHYecKOe) B TEYCHHWH JecsTH ceaHcoB. CreoBaTeNbHO, s
KPBIC 3TO SBISJIOCH OJJHOBPEMEHHO 3HAUMMBIM CTPECC BO3ACUCTBUEM (CTPECC MOJAECIBIO) U
CIOCOOOM «JIOCTaBKM» B OPTaHU3M MOJIEKYISIPHOTO BoJoponaa. IMEHHO MO3TOMYy MBI H
NPEANPUHSIA PSJ] OTIMCAHHBIX MEp MO CHKEHUIO BBIPAXKEHHOCTH (akTopa crpecca, TeM
Oonee, B pexuUMe XPOHHUYECKOro Bo3jeiicTBus. OmHAKO, CUYUTaeM, YTO HE CMOTpS Ha
MPUMEHEHHBIC CITOCOOBI CMATUYCHHSI CTPECC BO3JICHCTBHS, MOJCIH COXpPaHHUIA BBICOKUI
YpOBEHBb CTPECCOTCHHOCTH JUISI KPBIC B 3()(PEKT MONEKYISIPHOTO BOJOPO/IA, CKaKEM Tak,
OKa3aJicd Ha YpPOBHE CMSTYCHUS HETaTUBHBIX ICUXO3MOIIMOHANBHBIX MOCIEICTBUN
XPOHHYECKOTO CTpecca. B kauecTBe paboueil TWIOTE3BI, MpeanojaraeM, 4YTO TIpH
HCITOJIb30BAaHUU MOAENeH ¢ Oosee «cladbIMu» cTpecc (hakTopaMu CTPECCHPOTEKTOPHBIN
3hdexT MOJEKYISIpHOTO Bomopoda Oymer Oosiee BBIpaXCHHBIM. BbICKa3aHHOE
MPEIoNIoKeHUE TpeOyeT NabHEHIINX IETATLHBIX UCCIICIOBAHUM.

OTMeTuM, 4YTO TpU TMOTPYKEHHMH KpPBHIC B BOJOPOJHYIO BOIY, KOHEYHO,
OCYIIECTBISUIOCH HE TONBKO UYPECKOKHOE TMPOHMKHOBEHHWE, HO W, OYEBHUIHO,
WHTAJSIIMOHHOE (BOJOPOJ JIETYY W JOCTATOYHO MHTEHCHBHO MUGQYHIUPYET U3 BOJTHOUN
cpeibl), TaKKe JKUBOTHBIC MEPUOAMYECKH 3ariiaThlBald BOJOPOAHYIO Boay. Ecmu
MEPEHOCUTh JTOT CIOCOO BBENEHUS MOJEKYJISIPHOTO BOAOpOJa Ha 4UeJIOBeKa, TO,
OJTHO3HAYHO, COXPAHATCS JIBa BapHaHTA: YPECKOKHOE W MHTATSIMOHHOE TIPOHUKHOBEHUE
MOJIEKYJIIPHOTO BOJIOPOJa B OpraHu3M 4enoBeka. KOHEUHO, MOKHO OTAEIEHO 000raiaTh
MOJIEKYJIAPHBIM BOAOPOJOM IHUTHEBYIO BOAY U YIOTPEONATH €€ OJHOBPEMEHHO C
0abHEOJIOTHYECKON TPOLEAYypO, HO BOCHPOM3BOIWTH 3Ty BapUAIMI0 CUHUTAEM
HEIeJIeCO00pa3HbIM, T.K. BO MHOTHX HCCIICIOBAaHHUAX TOKa3aHa Hu3Kas 3()(ekTUBHOCTH
YHOTpeOICHUST UMEHHO TIHTHEBOM BOBI, 000TAMEHHON MONEKYISPHBIM BoAopoaoM [14].
Bricokast crerneHb 3QQEKTUBHOCTH TMOKa3aHa JIIsl MHTAISIIMOHHOTO CII0C00a BBEICHHUS
MOJIEKYJIIpHOTO BojopoAda [14, 15], coueTaHHOE B HAIllEM UCCIEIOBAHUU C YPECKOKHBIM
MPOHUKHOBCHHEM, YTO JAcT HAM OCHOBAaHHUS I0OJIaraThb O BBICOKOH (DYHKIIMOHATBHOMN
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3 PEKTUBHOCTH OANTBHEOJOTHIECKOTO CITOCO0a «IOCTaBKM» MOJEKYJISIPHOTO BOJOpOAA,
0e3 HEOOXOIUMOCTH COMYTCTBYIOMIETO YITOTPeOICHHS BOAOPOAHON BOIbl. KoHedwHO,
OOIIIEU3BECTHBIM SIBIIIETCS TOT (DaKT, YTO MPOHUIIAEMOCTh KOXHBIX ITOKPOBOB KPEIC
3aMETHO BBIIIC [0 CPABHEHUIO C 4eloBeKOM [16]. IMeHHO, MOATOMY KPBICHI SIBISIFOTCS
yIOOHOW MOJENBIO IS OIEHKH YPECKOKHBIX BO3JCHCTBUI, HO OIHOBPEMEHHO JTOT
Ouosornueckuii (DakT HAKIAIBIBACT W PsJi OTPAHUYCHUI: MPH TEPEXOJC Ha UYCIOBEKa,
4acTo, HEOOXOJMMO  YBEIMYWBATH JUIMTEIBHOCTh  BO3JCHCTBHSA,  HapalluBaTh
KOHIICHTPAIIMIO aKTUBHBIX KOMIOHEHTOB M Ap. CauTaeM, 4To B CIIy4ae MOJEKYJISIPHOTO
BOJIOpPOZa BHOBas pa3HUIA B TMPOHHUIIAEMOCTH KOXHBIX ITOKPOBOB HE OYIET CTOJb
3HaYUMBIM ()AaKTOPOM B CHJIy MaJIOTO pa3Mepa MOJEKYJIbl W JIOCTATOYHO BEICOKOTO
3HaueHus kodpdunuenTa Auddys3un Bogopoaa B pazindHbiXx cpenax [17]. HecomuenHo,
JKUBBIE CHCTEMBI O0JIAJAIOT PSAAOM CHeluDUIecKuX 0COOEHHOCTEH, B TOM YHCIe, U 0
MPOHUIIAEMOCTH ¥ 3P (PEKTUBHOCTh UYPECKONKHOTO BEICHUS MOJEKYJISIPHOTO BOJOPOJA
MIPUMEHUTEIIEHO K YEIOBEKY, BCE-TaKH, TPEOYET MaIbHEHIINX JCTANBHBIX UCCICAOBaHUN
Ha JIIOJISX.

BriOpanHas cxema SKCIIEpUMEHTAIBHBIX BO3JICUCTBUI: 5 nHEH Bo3MeHCTBUE — 2 ITHS
mpepeiBaHue — 5 IHEH BO3IEHCTBHE (IOJPOOHOE OMHCAHWE MPEJCTABICHO B pa3jieic
«Marepuaisl 1 METOABI») ChOpMHUpPOBaHA HE CITydaitHO. B conmmanbHOM CTPYKType JKU3HU
yesoBeka npeobiaasnaeT IMEHHO MPeICTaBICHHAs CICTeMa MHTEPBAIOB, KOTOpasi CBS3aHa
C NATHIHEBHOW pabouell Hemenei. B CBA3M C 3TUM MHOTHE MOBCEIHEBHEIC CTPECCOPHI
UMEIOT CXOXKYI0 CHCTeMy TmpepbiBaHus. Kpome Toro, B opraHuzamusx, KOTOpPBIE
OKa3bIBAIOT MEANIMHCKNE, PEaOMINTAIIIOHHBIEC U IPYTHE YCIYTH Yy IIepCOHaNa, He PEJIKo,
chopMupoBaHa TATHIHEBHas pabovast Hedens. KoHeyHo, Hama MOJelb HE
pacnpocTpaHseTcss Ha CHUCTEMY IIECTHUJIHCBHOM palOodell Hemenw; HE YYHUTHIBACT
BapHallny, HalIpUMep, TaK HA3bIBAEMOT0, CTPECCa BHIXOAHOTO JTHS U IEJIOTO PSia APYTUX
(haktopor. Ho, eme pa3 oOpaTUM BHUMaHWC YUTATENS: B HACTOSIIEM HCCICIOBAHUH MBI
MPUMEHWIM MOJISNIb TIPEPhIBAHUS, KOTOpas XapakTepHa Ui MATHUIHCBHON paboueit
HEJeNH, W Ha BBIXOAHBIX [HAX YEJIOBEK IIOMAgaeT B CUTYalWI0 OOJBIIETO
TICUXO03MOIIMOHAIBHOTO KOoM(opTa C OTCYTCTBHEM II€JIOTO psfa CTpeccopoB. B
JATBHEUIIIEM BUIUM aKTYaJIbHOCTh HCCJICJOBAHUS CTPECCHPOTCKTOPHOTO BIIASHUS
MOJIEKYJIIPHOTO BOJIOPOJIa B CXEMaxX C WHOW WHTEPBAIBHOCTHIO W, B TOM YHUCIE, TPU
HENPEPHIBHBIX BO3IEHCTBUSX.

3AK/IIOYEHUE

Takum o00pa3oMm, HacTOfAIee HCCIEIOBaHNE OSKCIEPHUMEHTAIbHO ITOATBEPIKIACT
MOTEHITHAI MOJIEKYJIIPHOTO BOJOPOJA B KAa4eCTBE HOBOTO M MEPCIEKTHBHOTO CPENCTBA
JUIS. TPOTUBOACHCTBUSL CTPECCUHIYIIMPOBAHHBIM HU3MEHEHUSM YPOBHS TPEBOXHOCTH,
JIEMOHCTPHUPYS TEPCIEKTHBY MAallbHEHINEH pa3pa0OTKU HOBBIX METOIOB KOPPEKIUU
TICUXO03MOITMOHAIBHBIX COCTOSHUM Yy JKUBOTHBIX W yenoBeKka. [ Gojee 0ObEeKTHBHOM
OIIEHKH CTPECCIPOTEKTOPHOTO TOTEHIMANAa MOJIEKYJIAPHOTO BOAOpoAa TpeOyroTcs
JaJbHEHIINE NeTalbHbIe UCCIEIOBaHUS, KaK Ha )KMBOTHBIX, TaK U Ha 4yeloBeke. B pamkax
HAIlIUX TUIAHOB B caMoe OJrpKaiiiiee Bpems OyneT IpoBeIeHO HISHTHYHOE HCCIIeJOBaHNE,
HO Ha KpbIcax cammax. [Ipeamomnaraercs moaydnuTs Oojiee YCTOWYUBBIN W OJHO3HAYHBIN
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3¢ ekt MONEeKyIIPHOTO BOAOPOJA B CHIy OTCYTCTBHSA Yy CaMIIOB KpPBIC JOCTAaTOYHO
IIMPOKOTO JUara3oHa TOPMOHAIBHOTO (hOHA, KOTOPBIN XapaKTepeH KpbIicaM CaMKaM.

Paboma evinoanena na obopyoosanuu I[[KII «Oxcnepumenmanvras @usuonocus u
ouogpusurxa» u HKI] « Texnonozuu 300posbs u peabuiumayuit» 8 pamkax UHUYUAmMueHou
memwvt Noe AAAA-A21-121011990099-6.
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CHANGES IN ANXIETY INDEX OF FEMALE RATS UNDER THE INFLUENCE
OF MOLECULAR HYDROGEN IN CONDITIONS OF CHRONIC STRESS

Husainov D. R.", Lukashevich E. D.?, Aidinov I. D.", Rybka A. S.”, Tumanyants K. N..,
Khoma P. N.', Mushta Y. A."
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Chronic stress has become an inherent part of modern technological civilisation,
influencing many psychophysiological indicators in humans and animals, including an
increase in depressive-like and anxious manifestations. The growing prevalence of such
stress-induced psycho-emotional changes underscores the urgent need to find highly
effective and safe stress protectors that can be used both as a supportive measure and even
preventively. From this perspective, the application of molecular hydrogen as a stress-
protective factor appears promising, demonstrating antioxidant, anti-inflammatory,
neuroprotective, anxiolytic, and other effects [1-10]. It is noteworthy that the reactivity of
female organisms to various factors may exhibit significant distinguishing features
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compared to males. In light of this, the following aim was set for the study: to investigate
the impact of molecular hydrogen on stress-induced increases in the anxiety index of
female Wistar rats.

A total of 17 female Wistar rats, aged 7 months, were selected based on a similar
anxiety index (Al), calculated using the formula (tiw—topen)/tiora, Where tiow is the testing
time in the "Open Field" setup (LLC "Open Science", Russia) — 5 minutes, and type, 1S the
total time spent in the open areas of the testing apparatus. The behavioural responses of
the animals in the testing setup were recorded using a high-resolution camera, and the
video was subsequently analysed automatically with the Noldus EthoVision 12 software
package (Noldus Information Technology, Netherlands).

The 17 animals were then divided into two groups: control — 9 individuals and
"Hydrogen" — 8 individuals. It should be noted that the baseline Al of female rats in both
groups was not significantly different, meaning that at the "start", the animals were
identical in terms of anxiety levels. After selection, the animals in the formed groups
remained in standard vivarium conditions for 10 days. Following this period, the female
rats in the "Hydrogen" group were placed in hydrogen water at a temperature of 31-32°C
for 20 minutes in groups of four. The water was pre-saturated with hydrogen using a
hydrogen balneogenator SuisoMed SMT-1 (LLC "Asia Medical", Russia) with a hydrogen
flow of 4000 ml/min, purity of hydrogen: 99.99 %, and molecular hydrogen concentration
of up to 10,000 PPB (Figure 2), which continued to saturate the water with molecular
hydrogen throughout the 20 minutes. After 20 minutes, the rats were removed, dried, and
tested in the "Open Field" setup on the first, fifth, and tenth days of exposure. The stress
exposure and simultaneous impact of molecular hydrogen were implemented according to
the scheme: 5 days of exposure — 2 days of interruption — 5 days of exposure. For
convenience, the illustrations and text will use the terminology from the 1st to the 10th
exposure, implying a two-day break.

The control group rats were placed in regular water at a temperature of 31-32°C for
20 minutes in groups of four. It is essential to note that elements of the hydrogen
balneogenator were added to this container, but the device itself was not activated. All
other research activities were identical to those of the "Hydrogen" group.

The baseline Al of female rats in the "Hydrogen" group had a median of 0.80 (0.78;
0.82) units, after the first stress exposure — 0.99 (0.99; 0.99) units with p=0.00002
compared to the baseline value. After the fifth exposure, the Al value hardly changed,
remaining significantly elevated at 0.98 (0.89; 0.99) units with p = 0.0113. Only after the
tenth joint modelling of the stress exposure and the effect of molecular hydrogen did the
Al in female rats show a slight reduction to 0.97 (0.88; 0.98) units with p = 0.0837
compared to the baseline, indicating that the anxiety level of the female rats was not
different from the baseline value. It is important to note that after the tenth "session", the
Al of the rats did not differ from the values recorded on the first and fifth days of
exposure. This experimental fact suggests only a partial compensation by molecular
hydrogen for the stress-induced increase in Al of female rats.

The baseline Al of female rats in the control group had a median of 0.80 (0.77; 0.82)
units, after the first stress exposure — 0.99 (0.98; 0.99) units with p=0.0028 compared to
the baseline value. After the fifth exposure, the Al median equalled 0.99 (0.98; 1.00) units
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with p = 0.000025; and after the tenth stress modelling, the Al was 0.98 (0.96; 0.99) units
with p = 0.0158 compared to the baseline, indicating that the anxiety level of the female
rats in the control group was significantly different from the baseline value.

Thus, the control group of female rats exhibited a relatively stable elevated Al
throughout the experimental period.

When comparing the Al of the control rats and the "Hydrogen" group, it was found
that after the first exposure, the Al of the female rats in both groups increased nearly to the
maximum and did not show a statistically significant difference. After the fifth exposure,
the Al of the female rats in the "Hydrogen" group was significantly lower at p = 0.0285
compared to the control value. After the tenth exposure, the Al of the female rats in the
"Hydrogen" group was generally lower compared to the control group, but showed a
difference only at the trend level with p = 0.0675.

Molecular hydrogen has the potential to reduce the intensity of stress-induced
increases in anxiety levels in female rats, but it does not entirely prevent this effect. It is
possible that under conditionally moderate and low levels of stress factors, molecular
hydrogen could exert a more pronounced stress-protective influence. Further detailed
studies are required to assess the stress-protective potential of molecular hydrogen more
objectively, both in animals and in humans.

Keywords: molecular hydrogen, anxiety index, stress protective effect.
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