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OueHMBaIN NOCAEACTBUSI TOTAILHOTO raMmMa-oonydeHust (4 I'p ¢ MourHocThio 10361 0.6 I'p/MuUH) 1 0011y~
YEHUSI TOJIOBbI X)KUBOTHOTO ITyYKOM MPOTOHOB (¢ 3Heprueii 150 maB B no3e 4 I'p u moHocThio 0.8 I'p/MMH)
Ha MHTEHCUBHOCTb U BpeMEHHBIE TTapaMeTphl pa3BUTHS CYIOPOKHBIX MIPUITAIKOB ayTUOTEHHOM TSI~
CHUU Y KPBIC CEJICKTUPOBaHHOM MHOpenHoit uHun KpymmHckoro—MosnonkuHoii. B cepuu ¢ raMmma-o0s1y-
YeHHEeM ObLIO TECTUPOBAHO MTOBEIEHUE B TECTAX «OTKPBITOTO MOJIS» , TPUTIOTHSITOTO KPeCTOOOpa3HOTO Jia-
OupuHTa ¥ BoIHOTrO JabupuHTa Moppuca. [Tocie ramma-o6ydeHust He ObUIO BBISIBJIEHO U3MEHEHUI MO0~
KazaTeJsieit aymTMoreHHBIX CYAO0POKHBIX TOHUYECKHX MPUTATKOB (MMEIOIINX JTOKAIM3AIIUIO B CTBOJIE MO3Ta)
MpU MEPBOi IKCMO3ULUU NEHCTBUIO 3ByKa mocye ooiydeHus. [Tociie obiydeHusI MpOTOHAMU OTMEUYEHO
HECKOJIBKO 6oJiee MeIJIEeHHOE HavyaJlo MPUIAIKOB U OOJIBIINIA JIATEHTHBIN MIEPUO pa3BUTHS TOHUYECKOM
¢as3bl MPUIMAAKOB MPU CEPUHNHOM €XKEeITHEBHOM TMOBTOPEHUM 3BYKOBOI aKco3uuunu. OTMeueHa MeHbIast
IJTATETLHOCTh ayTUOTEHHBIX MUOKIIOHMYECKHUX CYI0POT, KOTOPbIE pa3BUBAIOTCS B XOE €XKeTHEBHBIX 3BY-
KOBBIX 9KCMO3UIUN (M UMEIOT MepPeIHEMO3TOBYIO JIOKAIN3aLIUI0), XOTSI UHTEHCUBHOCTb 3TUX CYIOPOT Y
BCeX TPyMIl ObUIa MaKCUMaIbHOM. B TecTtax Ha MoBeneHe OTMEUYEHO HEKOTOPOEe YCUIIEHUE TPEBOXHOCTH
SKMBOTHBIX, TTOJTYYUBIINX OOJIyYeHUE.

Knrouesvte croea: eamma-u3ay4ernue, nponoHbsl, ayaUOZEHHa}l onuiencus, N0Komoyus, peakuyus 3amupanus,

Kkpoicol aunuu Kpywunckoeo—Moaodxkunoil.
DOI: 10.31857/50006302920040201

I[TpoGiaemMa MOATOTOBKM TMOJETOB YejoBeKa B
IaJbHUI KOCMOC TpeOyeT ucciienoBaTh 3P(eKThI 00-
JiyueHus (TIPOTOHBI U JIp.) Ha peaklMIo MO3ra, KOTO-
pble MOTYT ObITh UHBIMU, Y€M TaKOBBIE TIPU OKOJIO-
3eMHBIX BKcrenuiusx. [TpoToHbl, Hampumep, co-
CTaBISIOT  3HAYUMYK  4acTh  KOCMMWYECKOTO
U3JIy4eHUs, U UX BJMSHUE HAa OPTaHM3M HEOOXOIUMO
KUCCIeN0BaTh, WUCHOJNb3YSd pa3Hble OMOJIOTUYECKUE
mozenu [1]. MHdopManuio o0 BIUSIHUU HOHU3UPYIO-
LIUX U3JTyYeHU I pa3HOTO TUIIA HA OPTraHU3M B 11€JIOM
U Ha MO3T, B YaCTHOCTH, MOJIY4YaloT PU aHAJIU3€E TO-
CJIEICTBUIA JTydeBOli Tepanuu [2—5], u3y4das mocje-
cTBUs KatacTpod [6], a TakKe myTeM IIPOBEIEHUS
CHEeLMAJIbHBIX 3KCIIEPUMEHTOB Ha J1abopaTOPHBIX

Cokpauwjerue: AD — aymOTreHHas SITUJICTICHS.

KUBOTHBIX ([5—10] u mp.). Jag oneHKU pyHKUIMU
LEHTpaJIbHOM HEPBHOM CHUCTEMblI MJIEKOIMUTAIOLIUX
IocJie BO3IOEHCTBUS OOJIydeHUSI HEOOXOOUMO Olle-
HUTh M3MEHEHHE CYIOPOXHOM TOTOBHOCTHU MO3Ta,
YTO BaxKHO TaKXKe M IIOTOMY, YTO COOTBETCTBYIOIIIE
9KCIEepUMEHTaNIbHEBIC JaHHBIE JOCTATOYHO IIPOTUBO-
peuussl [2, 11, 12]. OnHoit M3 IIepCHEKTUBHEIX TeHE-
TUYECKUX MOJEei 1JI TaKOTO UCCIeI0BaHUS SIBISI-
eTcsa ayguoreHHas smaiericust (AD) kpwic [13].
ITomMyMO BBICOKOIT BOCHTPOM3BOAMMOCTU STUICTITU -
(OPMHBIX CYTOPOXHBIX MPUITAAKOB, V >KUBOTHBIX,
CEJIEKTUPOBAHHBIX Ha MPEapacoI0KeHHOCTb K AD,
MOXHO OLICHMBATh pa3BUTUE BIWICTITU(GOPMHBIX
SIBJICHUI, MMEIOIMX Pa3HyI0 MO3TOBYIO JIOKaIM3a-
1o (CTBOJI WM MepeaHuii Mo3r, [14]). YcraHosie-
HO, YTO ayAWOT€HHBINA 3NuaenTU(hOPMHBII IIpUIIa-
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ITOJIETAEBA u np.

Puc. 1. y-o6iyyeHue kpbIc Ha yctaHoBKe Pokyc-M.

JIOK CBSI3aH C Pa3BUTUEM IaTOJIOTUYECKOTO BO3OYX-
JIeHUsI, KOTOpO€ HayMHaeTCsd B CIYXOBbIX sApax
MPOAOJATOBATOrO MO3Ta U MOCTYIIAET B CPEAHUI MO3T
(3axBaTbIBasi yeTBepoxojmue). KiaoueBoil CTpyKTy-
poii 11 TIpeoOpa3oBaHUsI TAKOTO BO30YKICHUS B CY-
JIOpOTH, T.€. IS aKTUBALMU 3(h(HEPEeHTHBIX HEUpO-
HOB CTBOJ1a, SIBJISIETCS HYKHee aByxonmue [ 15]. I1pu-
nagok AD HauMHAEeTCsl CO CTaluU JBUTaTeIbHOTO
BO30YyXIeHUs (MJIN «KJIOHUYECKOTO Oera»), KoTopast
MepexXoaUT cCHavasla B KJIIOHUYECKUE, a 3aTeM B TOHHU -
YecKre CyIOPOTM BCEeX MBI (3aXBaThIBaIOIIME TY-
JIOBUIIE U KOHEUHOCTU). Y TPBI3YHOB JIUHUI, Mpe-
pACIIOJIOKEHHBIX K AD, Hapsily CO <«CTBOJIOBHIMU»
CYIIOPOXXHBIMU TIpUTIaAKaMU OOHapYKMBaIOTCS U CY-
JIOPOTHY IpYyToro Tura (Tak Ha3blBaeMble MUOKJIOHM-
YecKre CyIopoTU — KOPOTKHUE MOAEPTUBAHUS MBIIIILL
MOD/IbI ¥ TOJIOBBI, MHOT/1Aa 3aTParuBaloIe U MbIIIIIbI
KoHeuyHocTei). OHU (hopMUPYIOTCS B pe3yabTaTe IMo-
BTOPHBIX €XKEeTHEBHBIX KCITO3ULIMI AeHICTBUIO 3ByKa
(10—18 cyrok). B otimume oT mpuItagka ¢ IOCaem0-
BaTeJIbHBIM pa3BUTUEM ero (a3, 3aKaHYMBAIOIINXCS
TOHUYECKOU (ha30il, MUOKIIOHUYECKUE CYIOPOTH,
KOTOpbI€ HOCSIT TakKXXe Ha3BaHUE «KUHIJIUHI» (Kin-
dling, packauka), pa3BUBaIOTCS B MEpeIHEM MO3Te
(MMMGUYeCcKoii cucteMe, HeoKopTekce) |14, 16].

3amadeit HaCTOSIIEN padOTHI OBIJIO OLIEHUTD BN -
sSITHUE WOHM3UpYIolIel paguanuu (o0aydeHue IIyd-
KOM TIPOTOHOB B NMKe bparra u ramma-ooiydyeHue)
Ha 1okazarenu AD y Kpbic JuHuKM KpymmHckoro—
MononkuHOM, IpeapacioloxXeHHoi K AD [13, 16], a
TaK>Ke Ha MoKa3aTeJIu UX ITIOBEICHUS B pSIIie TECTOB.

MATEPUAJIBI U METOJbI

DKcnepuMeHTAJIbHbIE JKHBOTHBIE. B pabore ObLIM
WCITOJIb30BaHbl KPBICHI MHOPEAHON CeIeKTUPOBaH-
Hoi nmuHun KpylmmHCKOro—MOoOJ0IKMHOM C BBICO-
KOM TIpeIpacItoioKeHHOCThIO K AD. CpenHnit BO3-

Puc. 2. O6Gmmii BUI paCIIOJIOXKEHUSI KWUBOTHBIX IS
00JIy4EHMSI TOJIOBBI ITYYKOM

pacT ocobeil CoCTaBIISI MATh-1IECTh MECSILIEB, CPE-
Hasg Macca — 280 T.

OOnyyeHre NMPOBOOWIM Ha ycTaHOBKax Jlabopa-
TOpUN sgnepHBIX mpobnmem wuMm. B.I1. JIxeimermoBa
(OUSAN, Hdyona MockoBckoil o6iactu). bbpuin
MPOBEJCHbI TPU cepuu obydyeHuii. B onHol 13 HUX
JKMBOTHBIX MOABEPraid TOTAJIbHOMY ramMma-o0Jyue-
HUIO (CyMMapHO B OIBIT€ C TaMMa-o0JydeHUeM
ucroyib3oBaHbl 20 XXMBOTHBIX). B IByX Apyrux skc-
MeprMeHTax TIOJABEpPrajii OOJYYEHUIO TPOTOHAMU
00J1aCTh TOJIOBBI KPbIC (CYMMapHO B 9KCIIEPUMEHTaX
Cc 00JlydeHrWeM MPOTOHAMM OBIJIM MCIIOJIb30BaHBI 17
U 18 KpBIC COOTBETCTBEHHO).

TotanbHOE 00syYeHUEe KpbIC (1 = 7) MPOBOAWIN

Y-KBaHTaMU 0Co na YCTaHOBKE 11 AUCTAHIIMOHHOM
aydeBoil Tepanum «Pokyc-M» (AO «PaBeHCTBO»,
Canxkr-ITetepOypr) (puc. 1) B no3e 4 I'p ¢ MoIlIHO-
ctbio mo3bl 0.6 I'p/MuH. C 3KCIIepuMEHTaTbHBIMU
KMBOTHBIMMU TIPOBEJIU CJIECAYIOIINE TECTHI: OTIpeaee-
HUE MHTEHCUBHOCTH CyIOpOTr AD, TeCT «OTKPHITOE
ToJie» , TIPUITOTHATHIN KpeCTOOOpa3HbIN JaOMPUHT 1
BOIHBIN TaOUpUHT Moppuca.

OO06JTydeHMe TOJIOBBI KPBIC IIPOTOHAMM C SHEprueit
150 m3B B no3e 4 I'p u MoutHocThio 0.8 I'p/MUH (110
IISITh W IIECTh KUBOTHBIX B ITIEPBOI U BTOPOI1 cepusixX
COOTBETCTBEHHO) TPOBOAWIIM Ha TepareBTUYECKOM
MMPOTOHHOM TIy4Ke MeauKo-TeXHUYECKOTO KOM-
IUIEKCA, WCIIOJIb3YEMOTO IJisl MPOBEICHUST JTy4eBOI
TepaliMd OHKOJIOTUYECKUX OOJIbHBIX Ha (ha30TpoHEe
Jlaboparopun smepHbIX ITpodiieM OUAN. XKupor-
HBIX 00JTyJalii MapTUSIMU 110 TPU OCOOHU 3a OIUH Cce-
aHC C IpeaBapuTeNbHON huKkcanmeit (puc. 2).

B nepBoM omnkblITe ¢ 00JIydeHMEM NPOTOHAMM OBLIIN
MIPOBEASHBI TeCTUpPOBaHUE AD 1 BhIpaOOTKA ayano-
TeHHBIX MUOKJIOHUYECKUX CYAOPOT; BO BTOPOM 3KC-
IepUMEHTE OLEHMBAJIM MHTEHCUBHOCTH AD B pas-
HBIE€ CPOKH ITOCJIE BO3IEHACTBUS.

BUODPU3NKA Tom 65 Ned 2020



BIIMAHWE MOHU3UPYIOIIEIO OBJIYYEHUA

B xaxmoMm skcrnepuMeHTe MCHOIb30BalIu MO IBE
TPYIIIBl KOHTPOJBHBLIX KphIC. ?KUBOTHBIX TPYIIIEI
«koHTpob—yOHa» nepeBo3mwan 3 Mockssl B J1y0-
HY 1 006paTHO BMeCTe C TPYMIIOi, MOIyJYaBIleii 06y~
yeHue (n = 7, npu OOJYyYEHUU Y-KBAHTAMU; 1 = 5,
MIPY TIEPBOM OOJIYYEHUH IIPOTOHAMMU; # = 6, IPU BTO-
poM oOmydyeHuM IpoTroHamu). OHM NOABEPrajnCh
¢duUKcalM B crielIMaJbHBIX KOHTeHepaxX AJisl 00JIy-
YyeHHusI, HO He o0Jydaauch. DTa TpyMma CIyKujia
KOHTPOJIEM JIJISI OLICHKU BO3MOXHOT0 3 deKkTa pas3-
BUTHUSI CTpaxa U cTpecca OT MePeBO3KMU U (DUKCALIUH.
I'pynmna «koHTpoib» (MockBa) octaBaiach B MOCKBe
(cymmapHo # = 20).

TecTupoBaHue ayIMOT€HHOMH 3MUJIENCHUA TTPOBOIU -
JIM B OpO3payHOil 3BYKOINPUIIyLIAIOIE Kamepe.
3BYK (ayaAuTOpHBIN 3BOHOK, 120 n1b) BKIOYanu 1mo-
cJie TIOMEIEHUS KPBICHI B KAMEPY U BBIKJTIOYAIN TTPU
pa3BUTUU TOHMUYECKOM (a3bl mpunanka. MHTeHCHUB-
HOCTb MNpHUIagKa OLEHUBAJIU B YCJIOBHBIX Oajliax.
Onu ObM cienyomuMu: «0» — OTCYTCTBHE peak-
UK, «1» — KJIOHWYEeCKUl 6er (KOTOphIii B HEKOTO-
pBIX CIy4yasx TIpepbIBajicsi Ha HECKOJbKO CEKYH]
«TOPMO3HOI1 May30§i»), «2» — KJIOHUYECKHE CYI0pO-
T'Y B 1103 Ha KUBOTE, «3» — CyIOPOTH C TTaIcHUEM Ha
0OK M HayaJoM 3KCTEH3WU 3aTHUX KOHEYHOCTEW,
«4» — TOHWUYECKHE CYAOPOTrY C MOJHOUM 3KCTeH3UEH
MepeIHuX U 3aJHUX KOHEYHOCTel. PeructprupoBain
(Bpy4HY10) BpeMsl (JJaTeHTHBII mepuoa) Havaia da-
3bl «1» 1 (pas3sl «4». I1JIsT BBIPAOOTKM MUOKJIOHUYE-
CKHX CYHOpOTr KpbIC MOABEpraiv AECUCTBUIO 3BYyKa
€XeIHEBHO B TeueHue 15 cyrok. OT™Meuanu AeHb nep-
BOTO MOSIBJIEHWSI MUOKJIOHUYECKUX CYyIOPOT, UX WUH-
TEHCHUBHOCTH («1» — B3mparuBaHue yIieil, «2» — cy-
JIOPOTY MBIIIIIL JIMLIEBOU YacTH yepena U 1eu, «3» —
MUOKJIOHUYECKUE CYIOPOTrY KOHEUHOCTel ), a TaKxkKe
WX IJTUTETbHOCTbD.

TecT «OTKpbITOE MOJie». ApeHa YCTaHOBKU (Iua-
MeTp 1.5 M) OBIJIa pacyepuyeHa Ha KBagpaThl CO CTOPO-
Hoit 20 cM. JInuTeabHOCTh TecTa — 3 MUH. B mosyaB-
TOMATUIECKOM PEXMUME PETUCTPUPOBAIN YHCIIO TIe-
pecedeHHBIX KBaIpaToB Ha Tepudepun (Kak
IToKa3aTesib YPOBHS JIOKOMOTOPHOI aKTUBHOCTHI) U B
IIEHTPe apeHbI (KaK MoKa3aTe)Ib UCCIIeI0BaTeIbCKOMN
peaky W HH3KOM TPEBOXHOCTHU), YHCIO CTOEK,
SIIN300B 3aMUpPaHUs 1 3MMM30I0B TPYMUHTA, a TaK-
K€ YpOBEeHbB JeeKalliu.

TecT NPUNOIHATOr0 KPeCTOOOPA3HOTO JIAOMPHHTA.
TectupoBaHue MOBeIeHUST KPHIC B TECTE TTPUITOIHSI-
TOT'0 KpecTooOpa3Horo nadbupuHTa [ 17] ocyiiecTBirsi-
1u B TedyeHue 3 muH (cM. padory [18]). JlabupuHT
OBbL1 BBIMOJHEH U3 YEPHOTrO IUIACTUKA, MPUIOMTHSIT
HaJ ypoBHEM Moja Ha 73 c¢M, pa3Mep PyKaBOB —
50 X 10 cm, ueHTpanbHO# miomagku — 10 X 10 cMm,
BBICOTAa CTEHOK 3aKpPBITEIX pyKaBoB — 38 cM. Bpyu-
HYI0O OTMEUaJIM YMCJIO BHIXOAOB KPBICHI B OTKPHITHIE
pyKaBa, BpeMsl IIPeObIBAaHUS B CBETJIBIX YACTSIX MPU-
MOJHATOIO0 KpPEeCTOOOpa3HOro JabUpUHTA, YUCIIO
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CTOEK B 3aKpBITBIX pyKaBax. [JJIMTeIbHOCTh TECTA —
3 MUH.

TecT Boanoro sadupunra Moppuca. DKCIIEpUMEH-
ThI MPOBOJIWIN B 3aIIOJITHEHHOM 3aMYTHEHHOM BOJIOM
(26—27°C) OGacceitne (mmamerpom 150 cm) [19]. B
OacceiiHe pasMellald HEBUIMMYIO ILIaTHOpMY
(14 X 14 cm, 3 cM HUXE YPOBHS BOIbI), KPHICY BbI-
MyCKaJIM B BOJY KaXXAbIii pa3 U3 HOBOI1 TOYKU TIepU-
MeTpa (BBIOpaHHOM B CIydyaiflHOM IOpsiake) M (hpuK-
CUPOBAJIM BpeMsI OThICKaHUsI IaT(OPMBI, IJTUHY ITy-
TH, CKOPOCTb, a TakKXe BpeMsl, IPOBEeICHHOE
KMBOTHBIMM B KaXXIOM 13 YETBHIPEX KBAIPAaHTOB ape-
Hbl. B TeueHue mepBBIX TpeX CYyTOK dKCHEepUMEHTa
KPBICHI JOJKHBI ObLIA OTHICKATh MJ1aThOpMy, KOTO-
past HaxoIWJIaCh B OTHOM M TOM Xe MecTe (IISITh I10-
MBITOK B IeHb). Ha yeTBepThie CyTKU TEM KMBOTHBIM,
KOTOpBbIC HAyYWJIMCh HAaXOAUTh CKPBITYIO miaTdop-
My, YOUpaal €e U PEerucCTPUPOBAIN TEpeIBIKCHNE
KpBICH B TedyeHne 60 ¢. DTO IMO3BOISIET BBIIBUTD, UC-
MOJIB3YIOT JIM KMBOTHBIE TIPU MOMCKE TIaT(HOPMBI
JIVCTAaHTHBIC 3pUTENbHBIE OPUEHTUPHI (IIPOCTpaH-
CcTBeHHas crparerusi). B aTot ke neHp yepe3 30 MuH
MPOBOAMJIN JOTOJHUTEIbHBIM KOHTPOJIbHBIN 9KCIIe-
PUMEHT, B KOTOPOM MOJIOXKeHH1e IUIaT(hopMbl 000-
3HAYaIU «CUTHAJIOM» — (DJIAXKKOM, PACOJIOXECHHBIM
BbIIlIE YPOBHS BOABI. Perucrpainio TpaeKTOpUU XKU-
BOTHOI'O OCYIIECTBJISJIM C ITOMOIIBIO BUASOKAMEPHI
Computar (SImoHus1) M1 KOMIbIOTEPA C TUIATOM BUIAEO-
BBOJa n3oopaxkenus Picolo. I[Tporpamma EthoVision
ver. 3.0 (Noldus, HunepnaHapl) 1O3BOJISIJIa cOXpa-
HSTh, a 3aTEM aHAIM3UPOBATh TPASKTOPUIO TIEpeMe-
IIEHUS X)KUBOTHOTO B BUJIe KOOPJAUHAT, peTUCTPUPYE-
MBIX ¢ yacToToii 12.5 kanapoB/c.

CratucTuyeckyo o0padoTKy JaHHBIX MPOBOIUIU
C WCIIOJIb30BAHUEM OJHO(AKTOPHOTO aHajiu3a
ANOVA c post hoc tectom LSD (1o ®@uinepy) u Kpu-
Tepusi MaHHa—YUTHU; TpPU YPOBHE 3HAYUMOCTHU
p <0.05 paznuuus CUYMTANNUCh JOCTOBEPHBIMU.

PE3YJIbTATbBI 1 OBCYXIAEHHUE

Bo Bcex akcrieppMeHTax o0JIydeH1e He BBI3BIBAJIO
YXyalIeHus O6].Ll€l"0 COCTOAHMS )KUBOTHBIX, UBMEHE-
HUII B IOTPEOJICHUN THILM, B COCTOSSHUU KOXHBIX
IMOKPOBOB U Beca TeJia B IIepuo BIJIOTh 10 6 Mec. TT0-
CJi€ BO3EUCTBUIA.

I'amMma-o00sydyeHne, ayaMoreHHble CyAOpOru. DKC-
MO3ULIUS KPbIC TpeX rpynr («ob0JydeHHe», «KOH-
Tposib—{yOHa» U «KOHTPOJIb—MOCKBa», YUCIO XKU-
BOTHBIX — 7, 4 1 6 COOTBETCTBEHHO) IEMACTBUIO 3ByKa
He BbISIBUJIA BJIMSTHUS OOJIydeHUs] HU Ha MHTEHCHUB-
HOCTb CyJIOpOT, HY Ha BpeMsl pa3BUTHSI TTpUIIaIKa.

TI'amMma-00J1y4eHne, TeCT «OTKPbITOE noJie». B aToM
TecTe (depe3 Mecsill IocJie BO3ASUCTBUSI) Yy TPYIIIbI
«kKoHTposb—/lyOHa» ObLIa OOHApyXeHa 0oJiee BhICO-
Kasl ABUTaTeIbHasi aKTUBHOCTh B LICHTPE apeHbl (10-
croBepHO, p < 0.05), a TakKe MOBBIMIEHHOE YUCIIO
BePTUKAIBHBIX CTOEK B 3TOM TECTE; YMCJIO KBampa-



776

g @ o ©
B g
i 8-
5 14 5
g 12+ o
510— E o
& & i
g 8t g
& 2 4t
2 6r e
= * g
5 4r 5 ot
2l i
O ]
1 2 3 0 2 3

ITOJIETAEBA u np.

(B)

10

N ) o2}
T T T

Yucao cToek, MIT.

[\S]
T
*
KonmgecTBo snm30108B, MIT.

0

1 2 3

['pymmb! )KUBOTHBIX

Puc. 3. [1oka3arenu TecTa «OTKPBITOE I0JIe» Y KPbIC TPEX IPYIII 3a 3 MUH TecTa CyMMapHO: I — 00JIydeHHBbIE KPBICHI (TEMHBIE
CTOJIOLIBI), 2 — TpyIIa «KOHTPoJIb—/lyOHa» (cepble cToOLbI), 3 — TpyIIna «<KOHTPOJIb—MOocKBa» (Oesbie cToO1bI). Buasl rmo-
KazaTeseii: (a) — YMCJIO KBaIpaToB, MEPeCEeYeHHBIX B LIEHTPE apeHbl; (0) — YMCJI0 KBaapaToB, IepeceYeHHbIX Ha Iepudepun
apeHbl; (B) — YMCJIO BEPTUKAJIBHBIX CTOEK; (T) — KOJIMYECTBO 3MMM3010B 3amupaHus. * — JloctoBepHoe oTimuue (p < 0.05) ot

rokasareJisi TPYIIbl «<KOHTPoJb—/lyOHa»,
(kputepuit MaHHa—YUTHM).

TOB, IIepeceYeHHBIX Ha Tepudepun apeHbl, TaKxXKe
OBLJIO BHILIE Y KPBIC 3TOM IPYIIITBI, HO HEIOCTOBEPHO.
MOXKHO MPEAIIOI0KUTh, YTO MePEeBO3Ka XXUBOTHBIX B
Jyo6ny n 06paTtHO B MOCKBY, a TaKKe IIpeObIBaHNE B
(GUKCUPOBAHHOM COCTOSIHUM B YCTAaHOBKE IJIsT O0JIy-
YeHUS M3MEHWJIO UX MoBelaeHue (YCUJIMUB, IO BCEM
BUIUMOCTM, UX arousal-peakiiuio, T.e. Hecnielupu-
YecKyI0 peakIMIio akKTuBaluu). B To ke Bpems B
rpymrme o0JIydeHHBIX XKMBOTHBIX 3TOI aKTUBAalLIUU HE
OBUIO (BO3MOXHO, B CBSI3M C COOCTBEHHO 3 (peKTOM
raMmma-o0aydeHus). Yucio KBaapaToB, MepeceueH-
HBIX B LIEHTPE apeHbl, OBLJIO Ha YPOBHE MaJIOAKTUB-
HBIX KPBIC TPYHITHl «<KOHTPOIb—MockBa». K Takomy
Xe 3ddeKxTy cienyeT OTHECTH M TOCTOBEPHO MEHb-
LM YpOBEHb JIOKOMOLIUY Ha nepudepuu apeHhbl, a
TaK>Ke TTOBBILIEHHOE YKCIO 3MU30J0B 3aMUPaHUS Y
OOJIydeHHOM TpyIIILI (B 3TOM CJiydae — ITO0 CpaBHE-
HUI0O C OOCUMMU KOHTPOJBHBIMM TpPYyIIIIaAMH, CM.
puc. 3). Peakuus 3amupaHusi y KpbIC OOJIyYeHHOM
IPYIIIBI ObLIa BhIpaXkKeHa OYEHb YETKO, IJIMIACH IO
HECKOJIbKO CeKYH]I, (TaHHbIE He IPEACTaBICHBI) U Ha-
IMMOMMHAJIa COCTOSTHIE KaTaleTICUM, XOTS IToKa3aTelb
MOCTUKTaJIbHOUN KaTajiericuu (cMm. padoty [20]) mpu
TECTUPOBAHUU ayJIMOTeHHOM 3MUJICTICUU Y KPBIC 00-
JIyYEHHOM TPYIIIILI HE OTJINYAJICS OT KOHTPOJIS.

B ne1oM moBemeHMe KpBIC OOTYYeHHOM TPYIITBI
MOXHO OXapaKTepu30BaTh KaK HECKOJbKO Oosee
TPEeBOXHOE, YeM TaKOBOE KMBOTHBIX KOHTPOJIbHBIX
TpYIIIL.

I'amma o0sydeHue, TeCT MPUNOAHITOTO KpecToo0-
pa3Horo JadoupuHTa. Bpemsi, mpoBeeHHOE B OTKPbI-
TBHIX pyKaBax JJabupuHTa (IToKa3aTejab OOSI3HU OCBe-
IIIEHHOTO OTKPHBITOrO IMIPOCTPAHCTBA, T.€. TPEBOXHO-
CTH) y OOJYYEeHHBIX KpBIC OBLIO 3aMETHO (HO

— noctoBepHoe oTinuue (p < 0.05) oT mokasaTesneit 00erx KOHTPOJbHBIX TPYIII

HEIOCTOBEPHO) KOpOYe, YeM Y KOHTPOJIS: Y OOJTydeH-
HBIX — 63.3 = 12.3 ¢, y KOHTposst (CyMMapHO) —
90.4 £ 18.4 c. Ilo mpyrum mokazaTejsiM OTIMYWIA
MEXIy IpyniiaMu BBISIBICHO He ObL10. MHBIMU CITO-
BaMM, «3HaK» U3MEHEHUI MOBENEHUS Y KPbIC 00JTy-
YEHHOM I'PYIIIbI ObLJI TAKMM Xe, KaK B TECTE «OTKPbI-
TOE TOJIE».

I'amma o0srydeHne, TecT BOIHOrO Jadupunra Mop-
puca. B a3ToM onbITe MPOBOAMIN CpaBHEHME MOBEIE-
HUSI OOJIydEeHHO# TpyImbl M TPYIIIbl «KOHTPOJIb—
JyoHa». CpeaHsIsI CKOPOCTh IJIaBaHUSI B 9TOM TECTe
U CpelHss JUCTaHLMS, IOKpPHITasl IO TOCTUKEHUS
m1aTopMbl WIXM IO MCTEUYEHUSI CpoKa TecTa, ObLIU
CXOOHBIMHU II0 BEJIMYUHE y TPYHIl OOJYy4EeHHBIX U
KOHTPOJILHBIX KphIC. YH1CI0 CiydyaeB OTHICKAHUST He-
BUIMMOM TJIaT(OPMEI OBLJIO OAMHAKOBBIM Y KPEIC
00euX I'PYIIIL, a CpeHee BpeMsI OTEICKaHUSI TUIaThop-
MBI BO BTOpPbIE U TPETbU CYTKU 3TOTO 3KCIEPUMEHTA
ObLIO HECKOJIBKO JI0JbIIE Y O0JTyYEeHHBIX KpbIC. B TO
XKe BpeMs B ITOCICOHUI IeHb TecTa, KOorma MeHSIIN
MOJI0KeHNE M1aTPOpPMBI, OOJIydeHHBIE KPBICHI I1J1aT-
dopMy He Haxomwin. Majoe 4YMCIIO XWUBOTHBIX B
rpymIe He MO3BOJISIET OLIEHUTDH JOCTOBEPHOCTh pa3-
JIMYW — BBISIBJICHA JIUIIb TeHAeHINSA. UTHBIMU CJ10-
BaMU, HEIb3s MCKIIOYNUTh HEKOTOPOIO CHIDKCHUS
CIIOCOOHOCTH K IIPOCTPAHCTBEHHOM OpMEHTALUU Yy
KpBIC JaHHOM 00 TydeHHOM TPYIIIBI. DTO MOXKHO, O~
HAKO, OTHECTHM 3a CYET HECKOJIbKO IOBBIIIEHHOTO
YPOBHSI TPEBOXKHOCTU >KMBOTHBIX 3TOM Ipymnnbl (110
JIAHHBIM T€CTa «OTKPBITOE I10JIE» ).

O0JyyeHHe MPOTOHAMM, TEPBBI IKCIEPUMEHT. Y
STHUX XUBOTHBIX aHAJTU3UPOBAIN ITapaMeTphl ayaIuo-
TeHHOTO SIMMWICNTU(OPMHOTO CYIOPOXKHOTO TIpH-
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Puc. 4. JlnuteabHOCTh (OCh OpAMHAT, C) MUOKJIOHUYE-
CKMX CyIOpOT B TMOCJeNOBaTeIbHBbIC MTHU SKCITO3UIIAMN
JKMBOTHBIX IEMCTBUIO 3ByKa. OOIydeHHbIE KPBICHI — Yep-
HbIe CUMBOJIBI, TPYIIa <«KOHTPOJb—/lyOHa» — cepble
CHUMBOJIBI.

rajKa Ipy IepBOM ITpUMEHEHUHU 3ByKa, a TAaKXKe TIpU
BBIPA0OTKE MUOKJIOHUUECKUX CYAOPOT.

MakcumaibHass UHTEHCUBHOCTD MpUNaaka y oo-
JIydeHHOM I'pyHIibl (4epe3 TpU HelleIU Mocye 00JIyde-
HUSI) W TPYIIIbI «KOHTPOJIb—/lyOHa» OblTa HECKOJb-
KO (HO HEIOCTOBEPHO) CHMXEHa IO CPaBHEHUIO C
JIaHHBIMU TeCTa, NMPOBEAEHHOTO 3a IoJTopa Mecslia
JIO0 DKCIepUMeEHTa, KOrjaa oHa Obljla MaKCUMaIbHOI
(yCnoBHBIM 6ai1 — «4»). Takum odpa3oM, o0JrydeHHE
MPOTOHAMMU HE W3MEHWJIO MHTEHCHUBHOCTb ayauo-
TEHHOTO MPUMAaaKa ITPU MePBOI SKCIMO3ULIMU KUBOT-
HBIX IeHCTBUIO 3ByKa.

JlareHTHBIE TIepronBl Havaja (as3bl «KIOHUYE-
ckoro G6era» (2.1 = 0.5 ¢ — oOJy4YeHHBIE KPBICHI,

(a)

10 -

JlarenTHBII IEpHOA, C

0 1 2 3 4 5 6 7
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1.75 £ 0.8 ¢ — «kourpomb—AyoHa», 3.42 * 0.3 ¢ —
«KOHTpPOJIb—MOCKBa») M TOHMYECKMX CYIOpOT
(11.5+0.8¢, 12.0+ 1.2 ¢, 10.0 = 1.1 ¢ cooTBETCTBEH-
HO) TaK3Ke JOCTOBEPHO HE Pa3InYaJIuCh.

B mpomecce BeIpabOTKM MUOKJIOHUYECKHUX CYIO-
por (15 exxeqTHEBHBIX 3ByKOBBIX 3KCIO3UIINI1) TTOTUO-
JIN JBE KPBICHI U3 TPYIIIBLI MOCe OOJIydeHUsI U IBE
KPBICHI M3 TPYIHIBI «<KOHTPOIb—AyOoHa». [1benb aTnx
JKMUBOTHBIX, TI0 BCEif BUAUMOCTHU, ObLIa CBSI3aHa C Te-
PEBO3KOM XUBOTHBIX U C MAHUITYISIIUSIMUA TTOJATO-
TOBKHU K 001y4eHU10. bonee moapoOHEI aHATU3 pe-
3yJITaTOB MO BHIPAOOTKE MUOKIIOHUYECKUX CYI0POT
ObLJ1 TIPOBEAEH C CYMMUPOBAHUEM JAHHBIX MO KOH-
TPOJIBHBIM KpbICAM TPYMIT «KOHTpOIAb—J/lyOHa» u
«KOHTpOoJIb—MocKBa» (MeXIy KOTOPBIMM pa3jInuyure
OTCYTCTBOBAJIO) BBUAY MAJIOTO YMCJa KWUBOTHBIX B
STUX rpyMIIax.

MHTEeHCUBHOCTh MUOKJIIOHUYECKHX  CYIOPOT,
MPOSIBUBLIMXCS Y )KUBOTHBIX BCEX IPYIIIT HA ICBSATHIC-
OAVMHHAALATbHIE CYTKU MOCIEA0BATEIbHBIX €XXeIHEB-
HBIX 3BYKOBBIX 3KCIO3ULIVI, OblIa MaKCHUMAaJIbHO
(3a UCKITIOYEHHUEM OTHOM KPBICHI U3 TPYMITbI 00TyYe-
HUST U OOHOM KpPBICHI M3 TPYIIBI «KOHTPOIb—
MockBa»). JlaTeHTHBIE TIEpUOOLI HAayajla ayIuOTreH-
Horo mpuctyna (¢a3bl «KJIOHUYECKOTro Oera») U Ha-
yajia TOHUYEeCKUX CYAOPOI PErMcTpUpOBaId B XOJe
«BBIPAOOTKH» MMOKJIOHUYECKUX CYyIOpPOr — BO BCeEX
clIydyassx OHM OBIIM OOJIbIlIe Y OOJMy4eHHBIX KPBIC
(puc. 4).

JTUTEeTbHOCTh MUOKJIOHUYECKUX CYAOPOT Y KOH-
TPOJIBHBIX KPBIC TIPU MOCJIENOBATEIBHBIX KCIO3U-
LIMSIX JOEUCTBUIO 3ByKa OblJla BO MHOTUX CJydasix
0oJbliie (HO HEIOCTOBEPHO), YEM Y KPbIC OOJIydeH-
HOW TPYIIIbI.

Bropoii 3KcnepuMeHT 1Mo 00Jy4EeHHI0 NMPOTOHAMH
Kpbic JuHun Kpymmuckoro—MosoakuHoi (OKTA0pb

(6)

—_ — [y} N
S W S W
T T T T

JlaTeHTHBI nepuoxn, ¢

(93]
T

R B B S

Okcno3unus, cyT

Puc. 5. JlareHTHBIE TTIepUOABI (OCh OPAVHAT, C) IPOSIBIEHUS (Da3 ayTUOTEHHOTO MPUITAIKA B CEPUU €XKETHEBHBIX SKCITO3UIIUI
NIEUCTBUIO 3ByKa (J10 MOSIBJIEHUSI MUOKJIOHUYECKUX cynopor). (a) — JIaTeHTHBII Nepro/1 Havyasia ayiMoreHHoro rpucryna (¢a-
3Bl «KJIOHMYECKOTO Oera»), (0) — JIaTeHTHBIN Tepuo pa3BUTUSI TOHUYECKUX Cynopor YepHble poMOBI — rpyIimna KpbiC, 00-
JIyYEHHBIX MTyYKOM MTPOTOHOB, Cepble KBaIpaThl — OObEAMHEHHAs! TPYIa KOHTPOJIbHbBIX XKUBOTHBIX.
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778 ITOJIETAEBA u np.

2018 r). DddexT obmydeHUs TPOTOHAMU Ha OOIITYIO
WHTEHCUBHOCTh ayOIWOTEHHOTO IIpUIagka He OBLT
BBISIBJICH JTaXKe dyepe3 IeCTh MECSIIeB TTocie 0omyde-
HUS (IaHHBIE HE TIPEICTaBICHDI).

SAKIIIOYEHHME

OO6aygeHUe KpbIC, TIPOBEACHHOE B TPEX IKCIEPH-
MEHTax (raMMa-u3JjydeHue, o0JydeHre roJIOBHI ITy4-
KOM MpPOTOHOB B NMuKe bperra), He BbI3BaJIO JOCTO-
BEpPHBIX M3MEHEHUI B IOKa3aTelsiX ayauoTeHHOTro
SIMIIETTU(GOPMHOTO CYOOPOXKHOTO IIpUMagkKa y
Kpbic TMHUK KpyimrmHckoro—MostonkuHoi. JlaHHast
JIMHUS KPBIC 00JagaeT BHICOKOM ITPEApacIIONOXeH-
HOCTBIO K CyIOPOTraM, BBI3BAHHBIM CUJIBHBIM 3ByKOM
[16], n oGHapyxXuBaeT (KaK U ApyTUe TUHUU, CEITeK-
TUPOBAaHHBIE 110 3TOMY TIpU3HAKY [14, 21]) nBa TUma
CYIOPOKHBIX IPUITAAKOB. I1epBhIii — 3TO reHepain-
30BaHHBIN CYIOPOXHBIN TPUIMATOK C YETKO BbIpa-
KEHHBIM «TOHUYECKUM» KOMIIOHEHTOM, a BTOPOIi —
MUOKJIOHUYECKUE CyIOpOTU (IMPU CEPUNHONM DKCITO-
3ULIMK JECTBUIO 3ByKa B TeUeHUE psiga mHeii). Paz-
BUTHE TOHMYECKUX CYIOPOr CBSI3aHO C IaTOJIOrnye-
CKOIf aKTUBallMeil CTPYKTYp CTBOJa MO3Ta (IIPOI0JI-
rOBaTHIi MO3T, YeTBEPOXOJIMHE, YUePHAS CyOCTaHIIMA,
PETUKYJISIpHBIE Siipa cpenHero moara) [15], oTkyma
CYJIOPOKHASI aKTUBHOCTb PACIIPOCTPAHSIETCSI B CIIUH-
HOIT Mo3r (M B cTpuaTym [22]). B To ke BpeMst Muo-
KJIOHUYECKHE CYIOPOTU CBsI3aHbI C Pa3BUTHEM M-
JIENITU(POPMHOM aKTUBHOCTU B CTPYKTYpax nepeaHe-
ro mo3sra (HoBas Kopa, TMIIIIOKaMII, MWHOAJMHA)
[12]. ITo maHHBIM, IIOJIy4eHHBIM B HacToOsIIIeit pabo-
Te, MoKa3aTeJI TOHUIYECKUX ayIMOTeHHBIX IMpUITal-
KOB MOCJI€ BO3AEUCTBUS MOHU3UPYIOLIE pagualini
MPaKTUUECKU HE M3MECHMWJINCH, TOIJa KakK B BbIpa-
KEHHOCTU MUOKJIOHUYECKUX CYIOPOT OBLIIN OOHApPY-
>KeHbl HEOOJbIIINEe, HO YCTONYMBBIC MO 3HAKY OCO-
OEHHOCTU — HECKOJIbKO MEHbIasl IJIUTEIbHOCTD
MUOKJIOHUYECKUX CYIOpOT Y OOJbIIWI JaTeHTHBIN
Iepuod Hadaja CyJOPOXHOIO MpUIlafKa Yy KphIC
TPYMIIBI IOCJIE O0JIydeHUsI. DT OCOOSHHOCTHU 3IIH-
JIETITOT€HE3a, CBSI3aHHOIO C BOBJICYEHUEM B IIaTOJIO-
rM4eckoe BO30OYXIeHME IEepeaIHMX OTISJIOB MO3ra,
MOXKHO COITOCTaBMTh C BBISIBJIEHHOI B HAIIIMX OTBITaX
C raMMa-o00JIy4eH1EeM MOBBIIIEHHON TPEBOXKHOCTHIO
KpbIC OOJIydeHHOM TpyMIibl, a TakKXe CO 3HaKaMu
YXYILIEHUs TPOCTPAHCTBEHHOI OpHEeHTAllMY B TECTE
Moppuca. [TocKOJBbKY U IIPOSIBJICHUSI TPEBOXHOCTH,
U IIPOCTPAHCTBEHHOE IIOBEICHME XMBOTHBIX CBSI3a-
HEBI ¢ (pyHKILIME CTPYKTYp IepeaHero Mmo3ra (MUHIa-
JIMHA Y TUIIIOKAMII, COOTBETCTBEHHO), MOXHO MIpe-
MIOJIOKUTh, YTO O0JIy9eHUE B MCIIOJIb30BAaHHBIX 103aX
BBI3BAJIO HapylIeHUs (PYyHKIMU MMEHHO MepenHe-
MO3TOBBIX CTPYKTYP, YTO HaXOAUT TTOATBEPXKIACHUE B
jutepatype [23].

OPUHAHCHUPOBAHUME PABOTHI

Pa6ota BeInmosiHeHa Mpy (pUHAHCOBOU MOAAEPXKKE
Poccuiickoro ¢poHma ¢pyHIaMeHTaJIbHBIX MCCISI0BA~
Huit (rpantel Ne 17-29-01001-ODPH u Ne 18-015-
00173) u 'ocymapcTBeHHOM TporpamMmMbl NAAA-A16-
11602166005-1.

KOH®JIMKT MHTEPECOB

ABTOpBI 3asIBIISIIOT 00 OTCYTCTBUM KOHQJIMKTA
MHTEPECOB.

COBJIIIOAEHUE STUYECKHNX CTAHIOIAPTOB

Bce NPUMCEHUMBIC MEXKIYHAPOAHBIC, HALIMOHAJIb-
HbIe 1 THCTUTYLIMOHAJIbHBIE TIPUHLIUITHI YXOOAa U UC-
MOJIb30BaHMS KMBOTHBIX IIPU BBIIIOJIHEHUN PaOOTHI
ObLIU COOJIIONICHHBI.
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Influence of Ionizing Radiation on Audiogenic Seizure Pronones and Behavior
in Krushinsky—Molodkina Rats

L.I. Poletaeva*, O.V. Perepelkina*, G.M. Nikolaev*, N.A. Ogienko*, 1.B. Fedotova*,
M.G. Pleskacheva*, 1.V. Koshlan**> ***_  Yu.V. Bogdanova**, N.A. Koshlan**,
G.V. Pavlova****, and A.V. Revishchin****

*Biology Department of the Lomonosov Moscow State University, Leninskie Gory 1/12, Moscow, 119234 Russia

**Joint Institute of Nuclear Research, ul. Jolio Curie 6, Dubna, Moscow Region, 141982 Russia

***Dubna State University, Universitetskaya ul. 19, Dubna, Moscow Region, 141982 Russia

** %% [nstitute of Gene Biology, Russian Academy of Sciences, ul. Vavilova 34/5, Moscow, 119334 Russia

We have studied the effects of whole body gamma-radiation (4 Gy, dose rate 0.6 Gy/min) and proton beam
head irradiation (with an energy of 150 MeV, 4 Gy, dose rate 0.8 Gy/min) on the intensity and timing of
audiogenic seizures in rats of Krushinsky—Molodkina selected strain. In experiments using gamma rays the
rat behavior had been tested in the open field, elevated plus maze and Morris water maze. No changes in
audiogenic tonic-clonic seizures (originating in the brain stem) were found during the first exposure to
sound after gamma-irradiation. The slower development of seizures and larger latency of tonic seizure
phase have been found following serial daily exposure to sound in rats after proton irradiation. It was also
noted that audiogenic myoclonic seizures (which developed in the forebrain) in irradiated rats exposed daily
to sound had shorter duration, while the intensity of these seizures was maximal in all groups. The
behavioral tests reveal the moderate increase of the animal anxiety after radiation exposure.

Keywords: gamma irradiation, proton beam irradiation, audiogenic epilepsy, locomotion, freezing reaction, Kru-

shinsky-Molodkina rat strain
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