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C€HETHKA M (PM3HOJIOTHS MHOTHE JICCSTUIICTHS

CBOETO Pa3BUTHSI TOYTH HE CONTPUKACAIIICH, HE

B3aHMO[leI>1CTBOBaJ'IH, KaxJaas U3 HUX 11Jj1a CBO-
UM MyTeM. | eHeTHKa 3aHuMasach HaclaeA0BaHUEM
MIPU3HAKOB OpPraHu3Ma, (pU3HOIIOT s — peryssiuei
cucTeM, o0ecriedeHeM roMeocTasa i MexaH|3Ma-
MM OBe/IeHNs. B HacTosee BpeMst COBEPIIEHHO
SICHO, YTO OpPraHu3M — eIuHoe 1ernoe. Bes ¢usmo-
Jlorusa, CTpECCOPHLIC, TOPMOHAJIbHBIC, IICHUXO-
SMOIMOHAIIBHBIC MPOABICHUS 0a3UPYIOTCS Ha
HAacJIeACTBEHHOH OCHOBE, HO M (DYHKIIMY T€HOB, NX
HKCHPECCHSI TAKIKE 3aBUCST OT HEHPOI'yMOPaJIbHBIX
U JIpyTUX (PU3MOJIOTUYECKUX PETyIATOPOB, AaXKe
TaKUX KaK pa3psAHasi akTHBHOCTh HEHPOHOB (CM.,
Hanpumep, crareio J[.A. JIaHIakoBa u ap. B 9TOM
BhITycke). KommexcHas Hayka prsnonormaeckas
TEHETHKA MCIONb3yeT (PU3NOJI0THIECKUE U MoJIe-
KYJSIPHO-TEHETHYCCKHUE TTOIXObI JJIs1 MIeHTH(DU-
Kalllu ¥ U3y4eHUs! (PyHKIHY T€HOB, y4aCTBYIOIINX
B peaju3aluu (U3NOIOTHYECKUX MPOLECCOB
u 1oBesieHus. MeToabl (U3HOJIOTHYECKON TeHe-
TUKHA BapbHUPYIOT OT OMOMH(DOPMATHKH, aHAIN3a
PETYISIIAY TEHOB ¥ IPOTEOMHKH 70 HCCIIEJOBAHUS
(usnonoruu nesnoro opranusma. [IpencrasneHHble
CTaThH WILUTIOCTPUPYIOT HEKOTOPBIC ACTICKTHI ITON
OOIIMPHON HayKH pe3ysIbTaTaMH, KOTOpBIE MOITy-
4eHbI ucclienoBaresiMu HoBocubupceka, MOCKBBI,
Canxkr-IletepOypra, Bymanemra, bepnuna, I'anHo-
Bepa u [eitnenpoepra.

AHanu3 TeHETHYCCKUX OCHOB (hHU3HOJIOTHYEC-
CKUX (DYHKINI ¥ IOBEACHUS OOBITHO HAYMHACTCS
C BBISIBJICHUS HACIIE/ICTBEHHOTO pa3HOO0pas3ust 1o
9THUM IPU3HAKAM U UX OTBETaM Ha BHCUIHUEC BO3-
JeHcTBUSL. DTOT MOAXO[ MPEICTABICH CTaThIMU
TIepBOTO pa3Jierna Belycka «HacieacTBennsie oco-
OCHHOCTH (PU3MOIOTMYECKUX (QYHKIUII», OXBa-
THIBAIOIIMMHU ITUPOKHUH CIIEKTP NPU3HAKOB: OT
perymsinun notpednenus nmumy (E.H. Makaposa
u ap.), otanona (P.B. Koxxemsikuna u ap.), ycTou-
YUBOCTH K 3apaxkeHuto mapasutamu ([1.D. Apry-
CTMHOBHWY | JIp.) U BIIOTH /10 MAaTepPHHCKOTO I10-
BCIACHUA U Heﬁpo:)H[lOKpHHHOFO OTBCTA IIOTOMCTBa
Ha ctpecc (FO.2. I'epbex, O.A. AmenbknuHa U Ap.).

l'eHeTHKO-PU3MOIOTHYECKHUE MEXaHU3MBI
AKTHBHO BBISACHAIOT TAaKXKE IIYTEM aHajiu3a BJIU-
STHUSL Pa3HOOOPA3HBIX (PaKTOPOB Ha IKCIIPECCHIO
TCHOB-KaH/IM/IaTOB, MOTCHIMAIBHBIX YYaCTHHKOB
9THUX MEXaHMW3MOB. BakHblil perymnstop dyHKImii
U TIOBE/ICHUs — IICHTPajbHAs HEPBHAsI CHCTEMA.
Bropoii pazaen Belrycka « OKCIpeccust KITFOUEBBIX
reHOB (pu3uoNorniecKkux QyHKIMi» MpeacTaBiser
MU3MEHEHHS SKCIPECCHU Psiia TEHOB B TOJIOBHOM
MO3Te TOJI BIHMSIHHEM (aKTOPOB, COMPSIKEHHBIX
¢ xocmuyeckuM nonerom (A.C. L{p16ko u np.),
aynuoreHHeIME cynoporamu (H.A. Jlopodeena
U 1p.), NeWCTBHEM BOCHAIUTEIBLHOTO CTpecca
(J.N. Ieperyn u ap.), IMIOKOKOPTUKOUIHBIX TOp-

monOB ctpecca (I T. Illnmxura u H.H. [Iprano; E.B. Cyxa-
peBa u 1p.), a TAK¥KE Pa3HOOOPa3HBIX (PAaKTOPOB, BIHSIOIINX
Ha 9KCIPECCHIO U (PYHKIIMOHAIBHYIO aKTUBHOCTb peLienTopa
ceporornHa (B.C. Haymenko u ap.).

KiroueByro mo3unuio B MHTETpaliyl HEPBHBIX M TOPMO-
HaJIbHBIX BIMSIHUN Ha Pa3HOOOPAa3HbIE IEHTPaJIbHBIE U ITEPH-
(heprueckue MpOIIeCChl B OPraHU3ME 3aHUMAET THIIOTaIaMycC.
VIMeHHO 1TOATOMY HCCiIeI0BaHUE TeHETHKO-(DH3NOITOTHIECKIX
ACIEeKTOB (DYHKI[MH €r0 TOPMOHOB, TAKHX KaK OKCHTOLUH
Y Ba30TPECCHH, TMPHUBICKAIO U MPOJOIKAET HHTEPECOBAThH
yuenbIx. B paznene «I'enetnka QyHKINI rOPMOHOB THIIOTA-
JaMyca» JAaH aHaJIN3 BO3MOXKHOM POJI OKCUTOLIMHA B MUKPO-
9BOJTIOLMOHHOM IIPOIIECCE JOMECTHKALUH ANKNX JKUBOTHBIX
(FO.3.Tepbex, P.I. I'ynesuu u ap.). Kpome Toro, paccMoTpeHsI
3¢ deKThI 5K30reHHOTo Ba30IIPECCHHA Ha CHCTEMY PEryJIsILiuK
BOJTHO-3JIeKTpoanTHOTO TomMeoctasza (JI.H. VBanosa u ap.),
a TaKKe TOCIEACTBUS TEHETHYECKUX HapyIICHUH cHHTE3a
9TOr0 TOPMOHA TUIoTaaMmyca ais kanueporenesa (.M. Xe-
raif) u cepaeuHo-cocyaucToit cuctemsl (/. 3enena).

YcraHoBICHNE HYKJICOTHIHBIX TOCIIEI0BATEIBHOCTEH Te-
HOMOB 3HAYMTEIBHOIO YKCIIa BUIOB, B TOM YHCIIE YeJIOBEKa
U 7a00PaTOPHBIX KUBOTHBIX, JIAJIO MCCIIEA0BATEISIM HOBBIH
3¢ PeKTUBHBINA «MHCTpYMeHTapuii». B pazznene «Iloctrenom-
HBIE TTOJX0/1bI (PU3HNOIOTUYECKOI TeHETHKI MPECTaBICHbI
BO3MOYKHOCTH ITOJTHOTCHOMHOTO aHaJIM3a TPAHCKPUITOMOB
(IT.H. Mensmanos u H.H. Jlpirano), ananusa ¢usnonornye-
CKHUX MOCJIEACTBUH SIIMT€HETHYECKUX MOAN(DHUKALIUI reHOMa
(JL.H. I'puakeBuy u ap.). CBeOeHHUS O CTPYKType T€HOMOB
Y METO/IbI TEHHOI HHYKEHEPHH JICTITN B OCHOBY ()OPMUPOBAHUS
HOBOM 00JIACTH UCCIIE0BAHUS — OoNTOreHeTuku. OIMH U3 Tiep-
BBIX IIPUMEPOB PEaTN3aIN 3TOTO METOIMUECKOTO MOAX0/a
B Poccun npuBeneH B ctatbe JI.A. JlaHIakoBa ¢ KOJIJIEraMu.

BaxxHbIM MMIIYJIbCOM pa3BUTHS B HAIIECH CTpaHE HOBOI'O
JUISL CEPEIMHBI MTPOIILIOTO BEKA M CTAHOBSILETOCs Bce Oomee
AKTyaJIbHBIM B TOCTTEHOMHYIO 3Py HAIPABJICHUS MEANKO-O1O-
JIOTHYECKOM HayKH, (PH3HOJIOTUUECKON TEHETUKH, CTAJI0 HHH-
IIMMPOBAHHOE aKkageMuKkoM Jmurprem KoHcTaHTHHOBHUYEM
BbenseBeiM B Hadane 1970-X rogoB BXOXKJIEHHE HECKOIBKHUX
(uznonornyeckux Jadoparopuii B cocraB MHCTUTYTA IIUTO-
norun u reHetnkn CO PAH. [lepBonavansHas 1esb paboThI
9THX J1a0OPATOPHIi COCTOSIIA B BBIICHEHUN MEXaHNU3MOB IITH-
poKoMacITaOHBIX M3MEHEHUH (PU3HOIOTHYeCKUX (YHKIIMH
¥ TIOBEZICHUSI, IPOUCXO/SIIINX B XOJI€ O/IOMALTHUBAHUS TUKUX
JKUBOTHBIX, SIBIISIOLIETOCS, 110 CyTH, MOJICITBIO MUKPOIBOJIIO-
IIHOHHOTO Iponecca. Kirouesast poib B 3TOM IpoIecce, co-
rnacHo JI.K. bernsieBy, npuHaiie:;KuT CHUKEHUIO CTPECCOPHON
HEeWPOropMOHAIBEHOM PEaKTHBHOCTH IMKHUX )KHUBOTHBIX B XOJIE
CeJIEKIIMU Ha JIOMECTHKAIlMOHHBIM THII IOBEACHUS B CPEAE,
KOTOPYIO CO3/1aJI Il HUX uenoBek. [ eneTnko-dusnonornye-
CKH€ MCCIIeIOBaHMS TOMOIJIH BBISICHUTH HEHPOropMOHaJIbHBIE
ACTIEKTHI 3TOIO ITpoLiecca, MPEKAE BCET0, Ha MOJEIIH CENIEKIHU
JIMCHII Ha IOMECTHKAIIMOHHBIN TUI TIoBeaeHUs. lIMeHHO mo-
9TOMY pyYHas JINCHIA TI0 TIPaBy MpeCTaBIeHa Ha OOJIOXKKE
JKypHaia.

Hayunvwuii peoaxmop svinycka
unen-koppecnondenm PAH H.H. /lvicano
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Peryasiuys nmoTpeobjaeHus MUILN B IIepuo
6epeMeHHOCTU U JIaKTaLl V MbIIIeli CO CHI>XKeHHOII
AKTUBHOCTbBIO MEeJIaHOKOPTMHOBOW CHCTEMBbI

E.H. Makaposa! @, 1.B. Pomanosa2, H.M. Baxan® 3

' MepepanbHoe rocyaapcTBEHHOE GIOAKETHOE HayuHOe yupexaeHue «DefepasbHbIil UCCIeoBaTENbCKII LIEHTP VIHCTUTYT LUTONOTAN 1 FeHETUKM
Cunbupckoro otaeneHns Poccuiickon akagemumm Hayk», HoBocubupck, Poccus

2 DepepanbHoe rocyaapcTBEHHOE OIOKETHOE yupeXkaeHne HayKu VIHCTUTYT aBosloLMoHHO ¢usmnonorum n buoxumun um. .M. CeyeHosa Poccuiickoin
akagemun Hayk, CaHkT-leTtepbypr, Poccus

3 DepepanbHoe rocyjapCTBEHHOE aBTOHOMHOE 06Pa30BATENbHOE YUPEXKAEHME BbICLIEro 06pa3oBaHNsA «<HOBOCUBMPCKNI HALMOHAMBHBIN
MNCCNeaoBaTeNibCKui rocyfapCcTBEHHbIN YHUBepcuTeT», HoBocmbupck, Poccus

AKTVBaLMA MeNaHOKOPTMHOBbLIX peuientopos (MKP) B runotanamyce Food intake regulation during
nopasnAet anneTnt. benok, poacrteeHHbin aryTn (AgRP), n Helponen-

™aY (NPY) KoakcnpeccnpytoTca B HepoHax riunotanamyca 1 noBbl- pregnancy and lactation

watot annetut: NPY - uepes ceou peuentopbl Ha MKP-HelipoHax, in mice with reduced activity
AgRP cBasbiBaeTca ¢ MKP v Bbi3biBaeT Nx MHaKTUBaUMIO. Y Hepa3MHO- of the melanocortin system
XKaloLWMXCA Mblleil reHeTYeckas 6nokaaa MKP (myTauma yellow

B IoKyce aeymu A¥) noBbilwaet notpebneHve nuwm. OcTaeTca HeBbIAC-
HeHHo ponb MKP B perynaumm anneTtrTa B nepuog 6epeMeHHOCT

1 NakTaumu, Koraa notpebneHmne LM 3HauUTeNbHO BO3pacTaer.

B 51011 pabore y Mbileit nukun C57B1/6) a/a (konTpons) n A'/a 21.M. Sechenov Institute of Evolutionary Physiology and Bio-
reHoTVNoB usyyanu skcnpeccuo AgRP (MenaHoKopTMHOBasA perynsa- chemistry, RAS, St. Petersburg, Russia

ums) n NPY (HemenaHOKOPTHOBAA Perynauus) B runoTanamyce 3 Novosibirsk State University, Novosibirsk, Russia

B nepuog 6epemeHHocTy (7, 13, 18- gHn) n naktaumm (10-n v 21-in
[IHN) 11 CONOCTaBUIY ee C noTpebneHrem N, Y BUpruHHbix AY/a
(6nokapga MKP) camok no cpaBHeHWIo € a/a camkamu notpebnexve
nuLLKM 661710 NOBbILWEHO, ypoBeHb MPHK 1 uMMyHOpeaKTVBHOCTb

AgRP noHmxeHbl. [JuHamrika Bo3pacTaHus notpebneHna nuwm no
xofly 6epemeHHOCTU pasnnyanacb y AY/a v a/a mbiwei. YpoBeHb
MPHK NPY Bo3pactan TonbKo y a/a camok, a yposeHb MPHK AgRP -

y CaMOK 060X FEHOTUMOB, HO Y AY/a Gbl HXE, YEM Y KOHTPOJIBbHbIX.
Mocne popos notpebnexune nuwm, yposHn MPHK Helponentugos

1 UMMyHopeakTuBHOCTb AgRP B runotanamyce He pasnuuanucb y A’/a
1 a/a camok, akcnpeccua AgRP y nakTupytowmx A’/a camok 6bina
BbILLE, YeM Y BUPTMHHBbIX. [ToflyyeHHble pe3ynbTaTbl MOKa3biBaloT, UTO
6nokafa MKP cHuxaeT akcnpeccuio AgRP y HepasmHoKatoLmxca
CaMOK MbllUeil, 6epeMeHHOCTb YMEHbLLAET, a laKTaLuWs YCTPaHAET 3TOT
3¢ ¢ekKT. MoBblWeHKe NOTPebNeHns NULLKM BO BpeMs 6epeMeHHOCTH
cBA3aHO C akTuBaymel cuHtesa NPY n AgRP n npoBegeHnem opekcu-
reHHoro curHana yepes MKP. Tunepdarua nakrayum He 3aBUCUT OT
nHakTuBauumm MK-peLentopos.

E.N. Makaroval! @, L.V. Romanova?, N.M. Bazhan! 3

T Institute of Cytology and Genetics SB RAS, Novosibirsk, Russia

Hypothalamic melanortin receptor (MCR) activation
inhibits appetite. Neuropeptide Y (NPY) and Agouti
Related Protein (AgRP) are coexpressed in some
hypothalamic neurons and stimulate feeding, NPY
via inhibition of MCR-expressing neurons, and AgRP
via MCR4 antagonism. Mutation yellow at the mouse
agoutilocus (A") evokes MCR blockage and stimulates
appetite in nulliparous females. The role of MCRs

in food intake regulation during pregnancy and
lactation is unclear. In this study we measured hypo-
thalamic AgRP and NPY mRNA levels in virgin and
mated C57Bl a/a (control) and AY/a females on days
7,13, 18 of pregnancy, 10, 21 of lactation, and after
offspring separation, AQRP immunoreactivity in virgin
and lactating females, and correlated gene expression
with food intake (Fl). Virgin AY/a compared to a/a
KnioueBble ciosa: AV Mblly; NoTpebieHre NnL; 6epeMeHHOCTb; females had higher Fl and lower AgRP expression.
nakTtauus; menaHokopTuHosble peuenTtopbl; NPY; AgRP. Pregnant AY/a and a/a mice showed different patterns
of food intake and neuropeptide expressions. NPY
mRNA levels increased during pregnancy only in a/a
mice, while AGQRP mRNA levels increased in both

KAK LIUTUPOBATbD 3TY CTATbIO: genotypes being lower in AY/a then in a/a mice.
Makaposa E.H., Pomanosa W.B., BaskaH H.M. Perynauus notpe6neHns nuwm In lactating A’/a and a/a mice, AgRP expression
B nepriof 6epeMeHHOCTY 1 TaKTaLuUn Y MblLeN CO CHUMKEHHOW aKT1BHO- and NPY mRNA level were similar. AGRP expression

CTbiO MeﬂaHOKOpTI/IHOBOVI cuctemol. BaBnnoBckum KYPHan reHeTnkn n

cenekumm. 2016;20(2):138-144. DOI 10.18699/VJ16.124 was higher in lactating then in virgin A*/a mice.

The results obtained demonstrate that in non-
HOW TO CITE THIS ARTICLE: breeding female mice, MCR blockage is associated
Makarova E.N., Romanova I.V., Bazhan N.M. Food intake regulation during with AgRP expression inhibition which vanishes

pregnancy and lactation in mice with reduced activity of the melanocortin ; ; ; e
system. Vavilovskii Zhurnal Genetiki i Selektsii =Vavilov Journal of Genetics in lactation. In lactation, hyperphagla.ls |ndepender.1t
and Breeding. 2016;20(2):138-144. DOI 10.18699/VJ16.124 of MCR blockage. In pregnancy, food intake regulation

involves MCR signaling and activation of NPY and
AgRP expression.

YIK 599.32:591.23+616-006.81.04 A pica- ; . . ion:
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CCJIeZIOBaHUS MEXAHNU3MOB MOJIEPKAHNUS SJHEpPreTHYe-

CKOTO TOMeocTa3a Mprodpenn 0codyro aKTyalbHOCTh

B CBSI3U C IIMPOKHM pPACIHpPOCTpPaHECHHEM MeTaloiu-
YEeCKUX 3a00JICBaHMIA, TAKUX KaK OxupeHue u jauadet. Kak
MIPaBUIIO, O’KUPEHHE Pa3BUBACTCS Ha (JOHE MOBBIIIEHHOTO
notpednenus mumy (runepdarust) 1 CHIKEHHOTO pacxojia
snepruu (Konturek et al., 2005). bepemenHOCTh U 0COOCHHO
JAKTaMs XapaKTepu3yloTCs BBIpAKEHHOH rumepdaruei,
YTO MOJKET CIIY>KUTH ()aKTOPOM, ITPOBOLIMPYIOIINUM PAa3BUTHE
oxxupenus. B nepuop nakranny norpeOiieHre MUIH BO3pac-
TaeT B HECKOJIBKO pa3 1Mo cpaBHeHMIO ¢ HOpMoii (Makarova et
al., 2010). PerynsitopHble MEeXaHU3MBI IIOBBIIICHHS AIIIETUTA
y OepeMeHHBIX U KOPMSIIIMX CAMOK M3yYeHbl HEJ0CTaTOUHO
(Woodside et al., 2012). VccnenoBanus B 3Toi 00macTu Ha-
MIPABJICHBI B OCHOBHOM Ha M3y4eHHEe (yHKINH MeJIaHOKOp-
TUHOBOU CUCTEMBIL.

MenaHOKOPTHHOBAsA CHCTEMA MO3Ta CYMTAETCS OJHON M3
OCHOBHBIX (€CJTH HE OCHOBHOI1 ) CHCTEMO1, 3a]IeHICTBOBAaHHON
B peryisiiuu notpediicHus u pacxona suepruu (Mountjoy,
2015). Ona BxodaeT B ce0s HEHPOHBI, IKCTIPECCUPYIOIIHE
MENaHOKOPTHHOBEIE penentops! 3-ro u 4-ro tuna (MKP3,
MKP4), npejicraBieHHble B pa3IUYHbIX 00JacTIX MO3ra
(Mountjoy et al., 1994), a Takxke aBe CyONOMyIAINN HEH-
POHOB, JIOKAJIIM30BaHHBIE B apKyaTHOM SJIpe€ THIIOTanamyca
(APK), xoTOpble CeKpeTUPYIOT JUTaHAbl ITUX PEIETOPOB.
OnHa cyOnomyssinust HeHPOHOB CHHTE3UPYET METAHOIUTCTH-
mynupytonuii ropmos (MCT'), mpeaiiecTBeHHHKOM KOTOPOTO
sieisieTcs npoonuomernanokoptud ([IOMK), apyrast — 6emok,
ponctBeHHsIil arytu (Agouti gene Related Protein, AgRP),
n neiiporrentun Y (NPY). MCI' n AgRP koHKypHpyIOT 32 CBSI-
3piBanre ¢ MKP 1 0ka3bIBalOT MPOTHUBOIMOIOKHOE IEHCTBHE
Ha Oamanc sueprun: cBsazbBanne MCI' ¢ MKP4 aktuBupyer
HeWpOHAJIbHBIE MYTH, IPUBOSIINE K CHI)KCHHIO OTpedIe-
HUS THIY U YBEJINYECHUIO PACcX0/a SHEPTHH, TOTa KaK CBs-
3p1BaHne AgRP ¢ aTum penentopom, HaIPOTUB, YBETUYUBAET
MoTpeOIeHre MUK U CHIDKAeT pacxon sHeprun (Mountjoy,
2015). NPY uepe3 coOCTBEHHbIE PELENTOPbl HHIUOUPYET
MKP4-3>kcnpeccupyromniie HeHpOHBI, 9TO TAKKE YBEITMIHBACT
anmetuT (Sternson, Atasoy, 2014).

[NokazaHo, 4To y KOpMsILIMX caMOK Kpbic (Mann et al., 1997;
Suzuki et al., 2014) camxena sxcnpeccust IIOMK u moBsI-
nreHa skcrpeccust AgRP u NPY B HelipoHax runoranamyca,
YTO, 110 MHEHHUIO aBTOPOB, U BBI3bIBACT TUIepdaruio, mo-
CKOJIBKY 9TO IPUBOAUT K nHaKTuBauuu MKP 1 nossimenuo
anmernta. OnHako reHetmyeckas Omokana MKP, xoropyto
BbI3bIBACT MyTauus yellow B nokyce acymu (A”) y MbllieH,
HE OKa3bIBACT BIUSHHS HA MOTPEOICHNE MHUIIU B MEPUOT
naxramuu (Makarova et al., 2010). DTo roBoput o Tom, 4TO
y JIaKTUPYIOIIUX CaMOK IOBBIIICHUE aNNeTUTa He CBSI3aHO
¢ npoBereHueM curnaina uepe3 MKP.

OnToreHeTHYECKUE HCCIIEJOBAHUS MEIaHOKOPTHHOBOM
CHCTEMBI IPOJIEMOHCTPHUPOBAJIHN, YTO CHUIKEHUE ITOTPEOSICHUSI
MUY, BeI3BaHHOE poTocTumyrsimeii [IOMK nefipoHOB, CBsI-
3aHO ¢ mpoBezneHueM curnana yepe3 MKP, Torna xak yBenu-
YEHHE B IIOTPEOJICHNH TTHIIH, BBI3BAHHOE (POTOCTUMYJISILINEH
AgRP/NPY-cunTe3npyonmx HeiipoHOB, HE 3aBUCUT OT Mella-
HOKOPTHHOBBIX perenTopoB (Aponte et al., 2011). BosmoxHo,
OTCYTCTBHE BIIMSIHUS reHeTn4ecKoit onokasl MKP Ha motpe-
OreHHe THINY B TIEPHO] JIAKTAIIMHU CBSI3aHO C HE3aBUCSILEH
ot MKP akruBHOCTBI0 AgRP/NPY HelipoHOB runoTagamyca.

Ienpro Hacrosmel padOTHl OBLTO U3yUEHHE TUIIOTaJIa-
muueckoi 3kcnpeccun AgRP u NPY u conocrasnenue ee
¢ MoTpeOIeHNeM NUIIK Y MBIIIEH ¢ MyTanuei 47 B mepuox
OepeMEHHOCTH U JIAKTAIIHH.

MaTtepwuanbi n metopbl
JKcHepuMeHTAJNbHbIe ;KUBOTHbIE. DKCIIEPUMEHTHI MPO-
BOJMIINCH B COOTBETCTBHH C poccuiickumu (IIpuka3z M3
CCCP or 12.08.1977 . Ne 755 «O Mepax no gaapHeHmemy
COBEPIICHCTBOBAHUIO OpPraHU3alMOHHBIX ()OpM paboThI C HC-
MOJIb30BaHUEM SKCTIEPUMEHTAIIBHBIX JKUBOTHBIX)») 1 Mex1y-
HApOAHBIMU €BPOINCHCKMMHU OMOSTHYECKHUMHU CTaHIapTaMHu
(86/609-EEC) o coaepxaHuio U 00palleHHIo ¢ J1abopaTop-
HBIMH KHBOTHBIMH.

B pabote ncnonp3oBanu Mermeil suaun C57B1/6J, He-
Cylux myraiuio yellow B nokyce acymu (A%/a reHOTHIT) U3
BuBapus MuctutyTa nutonoruu u reaetuku CO PAH (r. Ho-
BocHOMpCK). KoHTpodeM CiIy>KHMIM MBIIIM CTaHJIAPTHOTO
JMHEHHOTO geymu reHoTuna (a/a) 31oit nuHuH. JXKUBOTHBIX
KOPMIUJIM TPaHyJINPOBAHHBIM KOPMOM JUJIsi KOHBEHIIHO-
HaJILHOTO cojiepskanus 1 pa3BeneHus (3AO «AcCOpTUMEHT —
Arpo», Mocksa, Ceprues Ilocan, Poccust), conepxanu npu
pexxnme ocBemieHus 12 9 cBeT: 12 4 TeMHOTa U CBOOOTHOM
JIOCTYIIE K BOJIC M TIHIIIE.

IoTpednenue muuu. CaMox B Bo3pacte 8—9 Hen criapuBa-
JIM C CaMIIaMH, TOKPBITHE PETUCTPUPOBAIIH IO BarMHAJIBHOHN
npoOKe, 1eHb 0OHAPYKEHHS IPOOKH CUNTAIN HYJIEBBIM JTHEM
O6epemeHHOCTH. [TOKPBITBIX CaMOK COJEpPIKaIN TOOJNHOUKE
U €XEIHEBHO M3MEPSUIN MOTpeOIeHNEe MUIIM B TEUCHHE
BCEH OEPEMEHHOCTH M MEPBBIX JECATH JTHEH IOCIE POIOB.
JleTenslieil orcaxuBaiu B Bo3pacTe 4 Hell, y CaMOK Toclie
OTCaJKN NETECHBINIEH MU3MEPSIN HEACIbHOE MOTpeOeHne
MUY B TEYECHHE 3 HEL.

H3smepenne yposusa MPHK AgRP u NPY u ummyHo-
peakTuBHOCTH AgRP B runoranamyce. [TokpbITBIX caMOK
YMEpIIBJSUTN AeKanuTanuei Ha 7-, 13-, 18-i1 qau Oepemen-
HocTH, 10- 1 21-i JHM TTOCIIE POJIOB U YePE3 TPU HENIENHU MTOCIIe
OTCAJKH JeTeHbImeH. V3BIeKkanu TunorasaMychsl 1 oMe-
IIaJIK B SKUJIKUH a30T. J1J1st cpaBHEHNS HCIIONIb30BaJI BUPTHH-
HBIX caMOK B Bo3pacTe 8—10 Hej. B kakayr0 KOHTPOJIBHYIO
WUIH 9KCTIEPUMEHTAIBHYO0 TPYIIITY BXOJHUIIO HE MEHEE HIECTH
oco0eii.

VYposenr MPHK NPY u AgRP ornenuBanu meromom o6-
pPaTHON TPAHCKPUILMKM M NOJUMEPAZHON LIETTHON peakLuuu
(OT-IILP) xak orHomenue konmmuectsa MPHK nccnenyemoro
reHa k konmuectBy MPHK B-akTuna Mbiim.

Iposenenue OT-IILP. U3 rumoranamyca BEIAETSIIN 00-
myro PHK, ncrione3yst TRI pearent (Sigma, CIIIA), cormacuo
UHCTPYKIHUHU. [{ng 0oOpaTHON TPaHCKPUIIMK HUCIONb30BaIN
M-MuLV o6parnyro tpanckpuntasy (HITO «Cub3OH3uM»)
n omuro-dT B xauecTBe mpaiimMepa, B mpoOy BHOCWIN OIMH
MKr o6meit PHK.

C momorsio »eKTpodopesa B arapo3HOM Tejie OTICHUBAIN
KOJIMYECTBO aMIUTH(pUInpoBaHHbIX pparmenToB K JHK NPY
1 AgRP 110 OTHOIIEHUIO K ()PArMEHTY MBILIHHOTO -aKTHHA.
Onexrpodopes mpomykro TP mms 0b6onx HEliponenTuaoB
U [-aKTHHA TPOBOJIMIIN B OJTHOM TeJie B CTaHJapPTHBIX yCIIO-
BUAX, OKpAIINUBAIM TeJId OPOMHUCTBIM 3THANEM, AETEKLHUIO
cBedeHUs! B YO MPOBOIMIN B CTAHIAPTHBIX yCIOBUSX, AJIS
OLICHKH ONTHYECKOH IUIOTHOCTH O9H/I0B MCIOIB30BAJIH IIPO-
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MenaHoKopTHOBas crcTema u noTpebneHue
nUwm Npv 6epemMeHHOCTI 1 NakTauum

rpammy GelPro. [{ns kaxmoro oopasia PHK npoBoguiu mo
JIBE pEaKIMy 0OpaTHOM TPAHCKPHITIIHH, IS KaXKI0T0 00pasia
k/IHK —no nse I111P, B pe3ynbTare uero 3Ha4eHHE YKCIPECCHU
JUISL KaXKJI01 0COOUM pacCYMThIBAIOCH KK CPEHEE U3 UeThIPEX.
B xauectBe npaiimepos ans [P ucnons3oBanu ans NPY
CMBICIIOBOH 5'-tgtttgggcattctggetgagg-3', aHTUCMBICTOBOI
S'-ttetgggggcgttttetgtget-3' (Shimokawa et al., 2002); mist
AgRP — cMmpIcToBO# 5'-gaaggectgaccaggctcetgttec-3', aHTH-
CMBICIIOBOM 5'-tttgatgtcacgcacgatttcee-3'; aust B-akTnHa —
CMBICJIOBOH 5'-gtgggccgccctaggcaccag-3', aHTUCMBICIIOBOM
5'-ctetttgatgtcacgcacgattte-3' (Ziotopoulou et al., 2000).

VYposens AgRP B apkyarnom (APK) u mapaBeHTpuKyIsip-
HoM (IIBf) sopax rumoranmamyca y JaKTUPYIOLIUX CaMOK
(c 7-ro o 14-ii mHM MaKTaMN) ¥ y BAPTHHHBIX CaMOK (COOT-
BETCTBYIOIIETO BO3PACTa) OLCHUBAJIN C TOMOIIBIO UMMYHOTH-
CTOXMMHH. B Ka)1y10 SKCIIEpUMEHTAIILHYIO TPYIIITY BOIILIO
M0 TATH caMOK. JKHUBOTHBIE OBUIN MOJABEPTHYTHI OCTPOMY
a¢upHOMY Hapko3y M nep(y3upOBaHbBl TPaHCKAPAHATIHHO
0,1 M docdarubim Oydepom u 4 %-M napadopmaibaeru-
oM. DTambel 00paboTKH Marepuana JUii HMMYHOTHCTOXH-
MHYECKOTO UCclieToBaHus Obutn ommcanbl panee (Mikhrina,
Romanova, 2015). MccnenoBanust mpoBeCHbBI HA PPOHTATH-
HBIX CBOOO/THO TUIABAIOIIMX CPE3ax MO3Ta TOMIIUHOM 20 MKM,
MIPUTOTOBJICHHBIX ¢ TOMOMIbI0 kprocTata (Leika, [epmanms).
Kaskiplit necsiTiii cpes ObLT OKpallieH TOJUTYHIMHOBBIM CHHUM
JUIs UACHTU(HUKALUH TTapaBEHTPUKYIIPHOTO U apKyaTHOTO
s7Iep THUIoTaIaMyca, COrIacHO aniacy Mo3ra Mbin (Paxinos,
Franklin, 2001).

s BeIsiBIieHAs AgR P-HMMYHOTIO3UTHBHBIX CTPYKTYP OBLT
MCTIONB30BAH KaXKIbIi YeTBEPTHIH cpe3 runoranamyca. [Tocie
MpeIBapUTEIbHON 00paOOTKU U OJIOKUPOBKH 3HIOTCHHON
nepokcuassl B pacteope 0,3 %-i mepekncu Bogoposa, pas-
BenieHHoi Ha 100 %-m MeTaHoIe, cpe3bl HHKyOnpoBanym 48 4
npu +4 °C ¢ antuTenamu kposnnka K AGRP 83-132 (Phoenix
Inc., CA, CIIIA) B passenernu 1:1000. 3arem Obimm HC-
MOJIb30BaHbl BTOPHYHBIC aHTUTENIA KO3bI IPOTUB KPOJIMKa,
KOHbIOTUpoBaHHbIC ¢ OnotuHOM (VectorLab., CIIIA, 1:300)
1 KOMIUIEKC CTpenTaBHAWH-TIepokcuaa3a (Sigma, CIIA,
1:1000).

Busyanuzanuto peakiuu nposoaunu 0,05 %-m aunamu-
HoOen3uanHoM ¢ 0,015 %-i mepexuceio Bogopoaa. Cpesbl
HaTSTUBAJIM HA CTEKIIA, TIOKPBITHIC JKEJTAaTHHOM, BBICYIIUBAIIH
IIPY KOMHATHOW TeMIlepaTrype M Mocje CTaHIapTHOH IMCTO-
JIOTHYECKON 00pabOTKM 3aKIIIOYAJIH O/ IIOKPOBHOE CTEKIIO
C MOMOIIBIO Mpo3pavHoil cpeasl Bio-maunt (Bio-Optica,
Wranus). ns npoBepku crnieun(pUIHOCTH aHTUTEN OBbLIH
MIPOBEICHBl HETATUBHBIE KOHTPONIHN (peakuuu 0e3 IepBBIX
WJIN BTOPBIX aHTHTEI).

W3o0paskeHust CTPYKTYp Ha Ipenaparax Mo3ra ObLIH oJTy-
YEeHBI C TOMOIIBI0 MUKpocKona Zeiss (Imager Al, I'epmanmist)
CO BCTPOCHHOI TEJIEBU3MOHHON KaMepoi ¥ IporpaMMbl AXio-
Vision 4.8. Ha cHuMKax ¢ moMo1ipto mporpamMmmMsl Scion Imager
(NIH, 4.1) 6puta onpeaenena ontuyeckas mioTHOCTH (OIT)
UMMYHOPEAKTUBHOTO BeniecTsa (Ha 1 Mkm?).

Crarunctuyeckas 00padoTka. J[J1s1 OLeHKH BIUSHUS CPO-
KOB OEPEMEHHOCTH WIIN JIAKTALIUH Ha TTIOTPEOIICHNE MTUIIH HC-
TIOJIB30BAJIH JBYX(DaKTOPHBIH IMCIIEPCHOHHBIN aHaN3 (2-way
ANOVA) c rpaganusimu (GpakTopoB «reHOTHIT CaMKH (a/a,
AY/a)» n «1eHp OEpeMEHHOCTI FITH «ICHB JIaKTarmmy. s
OIICHKH Pa3IM4YUil B MOTPEOIICHUN THIH MEXIY a/a U AY/a
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CaMKaMH I10CJI€ OTheMa JAECTEHbIIIECH HCII0Ib30BaIl KPUTEPUI
CrprofieHTa A7st Kax 108 Henenu. [Jis OLeHKHU BIUSTHUS CPOKa
OepeMeHHOCTH U JakTanuu Ha ypoBeHb MPHK nefiponentu-
JIOB UCITIOJIB30BaJIN OIHO()AKTOPHBIN ANCIIEPCHOHHBIN aHAIN3
(1-way ANOVA) st KaXI0T0 TeHOTHIIA B OTACIBHOCTH
1 IByX(aKTOPHBIN JUCTIEPCHOHHBIN aHANIN3 ¢ TpajaliisIMu
(haKTOPOB «I€HOTHUII CAMKI» U «cpok bepemenHoctH (0, 7, 13,
18) nnm makrarwm (10, 21)» ¢ mocienyromei oeHKoH Mex-
TPYMITOBBIX PA3INYHUA C TOMOIIBIO AITOCTEPUOPHOTO KPUTEPHUS
Jynxana (post-hoc Dunkan). J1yist o1ieHKH BIMSIHUSE TAKTAIIA
Ha IMMyHOpeakTuBHOCTE AgRP B simpax rumoramamyca uc-
TIOJTE30BAIIH IBYX(paKTOPHBIN AUCTIEPCHOHHBIH aHAIIN3 C rpa-
JanusiMu (haKTOpOB «I€HOTUI CAMKH» U «PENpPOYKTHBHBIN
cTaryc (BUPTUHHBIE, JIAKTALH)». Pe3yabTaTsl IpeICTaBIeHbI
B BHJIC 3HAYEHHI CpeaHero + ommoka cpeaaero. Jis oneHKn
MEKIPYIIOBBIX Pa3JIMYHUi B ClIydae HEOOX0ANMOCTH UCIIONb-
30Bam Kpurepuid CThIOICHTA.

Pesynbratbl

Hotpednenne numm. /o cmapuBanus AY/a caMku mOTpe-
Orsum OobIie UK, 4eM a/a camku (3,1+0,1 r/nens, n =9,
3,6+0,1 r/nenn, n =9, a/a u A¥/a cootBeTcTBEHHO, p < 0,01,
tect CThiofienTa). Jl0cTOBEpPHBIE pa3 UMYy 110 TOTPEOICHUIO
MUIIN COXPAHSUIMCh B TIEPBBIC TPHU JHS TOCIE TMOKPBITHS
(puc. 1).

XoTa caMKH 00OMX I'€HOTHIIOB JIEMOHCTPHUPOBAIN BO3-
pactanue B MOTPEOJICHUH MHIIH 110 XOAY OCpEeMEHHOCTH,
JIMHAMHUKa 3TOTO BO3PACTaHUsl y HUX pa3inyalach, O 4eM
CBHUJICTENBCTBYET JOCTOBEPHOE B3amMojeiicTBIE (HaKTOpOB
TeHOTHII X JIeHb O6epemenHocTH (p < 0,01, 2-way ANOVA),
(puc. 1). Brots 1o cenpmoro aHst 6epeMeHHoCTH AY/a cam-
KM TIOTPeOIsUTH OOJIbIIe THIIH, 9YeM a/a CaMKH, a B TIEPHOT
¢ 11-ro o 15-it nau GepemeHHOCTH — MeHbIIe. Bo Bpems
JIaKTaIMH1, KOT/1a MoTpedieHne UK OblJI0 MaKCUMAaJIbHbIM,
a TaKKe B TEUEHHE NIEPBOM HEJIEIH ITOCIIE OTheMa JIETEHBIIIEH
AY/a m a/a caMKu cheany OAMHAKOBOE KOJIMYECTBO KOpMa,
HO CO BTOPOIi HEIEJIH MOCIIe OTheMa JICTCHBIIICH, 4Y/a caMKu
HaYMHAIHN TOTpeOmaTs Oompire mumw (puc. 1). Takum obpa-
30M, Tunepdarus, BpI3BaHHast OJI0KaT0H MEIIAHOKOPTHHOBBIX
peLenTopoB, HabIAANACh TOJIBKO Y HEOEPEMEHHBIX U He-
JAKTUPYIOINX CaMOK MO0 Ha HAavyaJdbHBIX CTAIHsIX Oepe-
MEHHOCTH.

YpoBens MPHK HeiiponenTunos. Y HeOepemeHHbIX 4Y/a
1 a/a caMOK B Bo3pacrte criapuBanus (8—9 Hexn) yposers MPHK
NPY ne pazmuancst, a yposenb MPHK AgRP 0511 BiBO€ HITKE
y A¥/a camok (puc. 2).

IIpodwns sxcnipeccun NPY 1 AgRP mensiics B xone pempo-
JTyKTHBHOTO ITpOIIecca 1 3aBUCEN OT aeymiu TeHOTHUIIA CAMOK.
VY a/a mpiueii yposens MPHK HelipornientuioB Bo3pacrall Bo
BpeMs1 OepeMEHHOCTH 1 CHIDKAJICS ITociIe PoaoB (puc. 2, 1-way
ANOVA, F;3,=4,6, p <0,01 s NPY; F; 3,=3.9, p < 0,01
1 AgRP). IIpu atom yposens MPHK NPY nporpeccusHo
BO3pacTas A0 13-ro qHS GEpeMEHHOCTH H 3aTeM HEe MEHSUIICS
JI0 koHIa 6epemenHocTH (puc. 2). Ypoenb MPHK AgRP no-
CTOBEPHO yBEJINYNBAJICS 110 CPABHEHHIO C KOHTPOJIEM H ITPei-
IIIECTBYIOIINM ITIEPHOIOM TOJIBKO Ha 18- teHp 6epeMeHHoCTH
(puc. 2). Ha 10-it nens nakraunu ypoenb MPHK NPY Ob11
CHIKEH 110 cpaBHEHHIO ¢ 13-M 1 18-M qHsMEU OepeMeHHOCTH,
MPHK AgRP — o cpaBHeHuto ¢ 18-M mHEM OEpeMEHHOCTH.
Yposens MPHK o6oux ueiporentunos Ha 10-if 1 21-if qaH
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Puc. 1. CytouHoe noTpebneHne nuwy (r/aeHnb) B TeueHre 6epemeHHocTy 1 10 AHEN nakTauuu (a) u HepenbHoe NoTpebneHvie NuwK (r/Hep) B TedeHne
Tpex Hefesnb nocse oTbema notomcTaa (6) y a/a n AY/a camok mblwueit.

Pe3ynbTaThl NpefCTaBeHbl B BUAE CPEAHEro 1 OWNGKY CPEAHEro Ans Kaxkaoi ToUKM 1 ctonbua. * p < 0,01, kputepun CrblogeHTa, mexay a/a n AY/a.
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Puc. 2. YposeHb MPHK NPY (g, 6) n MPHK AgRP (8, 2) B nepuof 6epeMeHHOCTI 1 TakTaumu (d, 8) 1 Nnocine oTbeMa feTeHblwel (6, 2) y a/a v AY/a mbiwwei.

Mo ocr X oTnoxeHbl AHN 6epeMeHHOCTY 1K AHWU NTaKTaLumK, No ocn Y — yCIOBHbIE €ANHULLbI, OTPAXKaloLe OTHOLeHMe onTuyeckon nnotHocTu MLUP npoaykTa
MPHK HenponenTugos k MUP npopykTy MPHK B-akTuHa. [laHHble NnpefcTaBneHbl B BUAE CPELHEro v OWNOKM cpefHero. *p < 0,05, kpuTepuii CTblofeHTa, MeXay
alaw A/a; Op < 0,05, post-hoc Dunkan, mexay a/a v AY/a; #p < 0,05, post-hoc Dunkan, mexay 13-mM unu 18-m gHem 6epeMeHHOCTM 1 OCTasIbHBIMY TOUKaMM 1S
ala camok (a, 8); Tp < 0,05, post-hoc Dunkan, mexay 10-m unu 21-m AHeM nakTaumn 1 HebepeMeHHbIMY camkami ans AY/a camok (8).

HacnepcreeHHble 0cO6eHHOCTN GpU3NONOrnuecknx GpyHKLni
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Puc. 3. YpoBeHb nMmyHopeakTuBHOCTM 6enka AgRP B apKyaTHOM 1 MapaBeHTPUKYIAPHOM Apax rmnotanamyca y BUPrvHHbIX 1 NakTupylowmx a/a

n AY/a mblwen.

Mo ocun Y - ontnyeckas nnotHocTb (OlM) B yCNOBHbIX euHMLaXx Ha 1 MKMZ. [aHHble NpeacTaBneHbl B BUAE CPEAHErO 1 OWNOKN CpeaHero.
*p < 0,05, post-hoc Dunkan, mexay a/a n AY/a; #p < 0,05, post-hoc Dunkan, mexay nakTMpyOWIMI 1 BUPTUHHBIMU AY/a (apKyaTHOe Aapo) 1 a/a (NapaBeHTpu-

KynAipHOe AAPO) CamKaMyi MblLLeN.

JIaKTaI[MX HE UMEJI JOCTOBEPHBIX PA3IMYHii C TAKOBBIM y He-
OepeMEHHBIX CAMOK.

VY AY/a mpiuei ogHo(aKTOPHBII TUCIIEPCHOHHBIN aHATN3
HE BBISBUJI BIMSIHUSI OGPEMEHHOCTH | JIAaKTallU Ha YPOBEHb
MPHK NPY. Yposens MPHK AgRP Bo3pacTai mo xoxy 6epe-
MEHHOCTH 1 3aTeM He MeHsuIcs (1-way ANOVA, F5,38 =38,
p <0,01). ¥ nakrupyrouux 4*/a meimeii yposeas MPHK
AgRP Ob11 BEIIIIE, YeM y HEOEPEeMEHHBIX caMOK (pHC. 2).

Yposens MPHK NPY y 4Y/a Mplmeii o cpaBHEHHIO C a/a
MBIIIaMH OBbLT CHIDKEH B IIepHoJl OepEMEHHOCTH U HE pa3Jiu-
yasics B IEPHO/] JIAKTAINH, TOCIIE OTheMa JETCHBIIIEH 1 y He-
OepemenHbIx camok (puc. 2). Yposenb MPHK AgRP y 4%/a
MBIIIIEH 110 CPABHEHHUIO C a/a MBIIIAMH ObLIT CHHIKEH B TIEPHO]
OGepeMEeHHOCTH, TIOCIIE OTheMa ACTCHBIIIEH 1 y HeOepeMeHHBIX
CaMOK 1 HE Pa3JIMYaICs TOJIBKO B IEPUOJ JIAKTAINH (pHC. 2).

AHaym3 cogep:kanusa AgRP B sigpax runmoranamyca.
MmmyHorucroxumuueckoe BeisiBiieHne AgRP Ha cpesax ru-
noranamyca rokasaino, 4to B APK ypoBens Oenka 3aBucen
KaK oT geymu renotuna camok (p < 0,01, F, . = 13, 2-way
ANOVA), Tak 1 OT X PernpoxyKTHBHOTO CTeiTyca (» <0,01,
F, ;6= 11,2-way ANOVA). IIpi 5TOM 10CTOBEPHBIE TCHOTH-
MUYECKHE OTIMYHS HAOIIOIaINCh TOJIBKO Y HEOEPEMEHHBIX
caMoK: y AY/a MblIel ypoBeHb Oenka ObIT CHMYKEH I10 CpaB-
HeHHIo ¢ a/a mbrmamu Ha 40 % (p < 0,05), (puc. 3).

YpoBeHs Oeitka BO3pacTai y JaKTUPYIOLIIMX CAMOK 000MX
TEHOTHIIOB 10 CPAaBHEHHIO C BUPTUHHBIMH, HO Pa3Inyus J10-
CTHTAJIM CTAaTHCTUYECKOHN 3HAYMMOCTH TOJIBKO Y A%/a MBIIIEH,
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Yy KOTOPBIX YpOBEeHb Oeiika Bo3pacrtan Ha 66 % (p <0,05),
(puc. 3).

B IIB4, xak u B APK, yposens AgRP 3aBucen ot aeymu
regoruna camok (p < 0,01, F, |, = 8,64, 2-way ANOVA),
KPOME TOT0, GbIIIO BBISBIEHO JOCTOBEPHOE B3AHMOJICHCTBHE
(haKkTOpPOB IeHOTHIIA M PETIPOYKTUBHOTO cTaryca (p < 0,05,
F, ¢ = 5,58, 2-way ANOVA). Kak u B APK, B IIBfI craru-
CTHUECKH IOCTOBEPHBIC T€HOTHIIMUECKHE Pa3THIHs ObLIH
0OHapy>KeHbI TOJIBKO y BUPTMHHBIX caMok (y A*/a Ha 39 %
HIWKE, ueM y a/a, p < 0,05), (puc. 3). OnHako, B OTIHYUE OT
APK, B IIBS ypoBens AgRP y naktupyrommx a/a caMmox J10-
CTOBEPHO CHHU3HJICS 110 CPAaBHEHHIO C BUPTHHHBIMH, a y AY/a
CaMOK HECKOJILKO BO3POC, XOTSI Pa3INMsi MEXK]Ly BAPTHHHBIMU
U JTAKTUPYIOIIMMH CaMKaMH HE JOCTUIIIH CTaTHCTHYECKOH
3HAYMMOCTH.

Takum oOpa3om, B 000HX sApax MpeacTaBUTEIbCTBO
AgRP 06110 CHIDKEHO Y BUPTUHHBIX CaMOK 4Y/a TeHOTHIIA T10
CPaBHEHUIO C a/a TEHOTHIIOM. Bo BpeMst JrakTanny 3TH pas-
JUYKS B 000MX SIIpax MCUE3ald, HO TI0 Pa3HbIM MPHYUHAM:
B apKyaTHOM sJp€ B OCHOBHOM 32 CYET IOBBIILICHUS YPOBHS
AgRP y AY/a mbiielt, a B mapaBeHTPUKYISIPHOM SIIPE IJ1aB-
HBIM 00pa3oM 3a cueT cHiKeHus ypoBHs AgRP y a/a mbitieit

(puc. 3).

O6cyxpeHue
M1 TIPOCIEANIIN 38 UBMECHCHUEM HOTpC6J'IeHI/I}I TINIOH U THIIO-
TaJJaMHA4Y€e CKOH 3KCHpeCCPI€I7[ OPCKCUTCHHBIX HeﬁpOHeHTHZ{OB
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NPY u AgRP B xone OepeMEeHHOCTH, JIAKTAllMH ¥ TIOCIIE
OThEMa JIETeHBIIIEH y CaMOK ¢ HOPMaTbHOH (yHKIIHEH Me-
JIAHOKOPTHHOBOH cucTeMbl U Ookamoit MKP.

[Ipexnae Bcero, ObUIO 0OHApPYKEHO, YTO Y AY/a caMoK
B TIEPHUO/IbI, HE CBSI3aHHBIE C YBEIMUCHNEM SHEPro3aTpar Ha
pa3sMHOXKEHHE (BUPTUHHBIE M TTOCJIE OThEMa JETCHBIIICH),
MoTpeOIeH e MUIK ObLIO MOBBIIIEHO (13-32 O10Ka bl MKP)
(Miltenberger et al., 1997), a sxcpeccust AgRP monmxena
M0 CPaBHEHHIO C @/a KOHTPOJIEM, YTO COBIIAIACT C PE3yJlb-
Taramu, IOJIy4eHHbIMH paHee Ha camuax A*/a mpiuei (Tsu-
ruta et al., 2002). KommuectBo camoro Oenka kak B APK, rie
OH cuHTe3upyercs, Tak u B [IBSl, xyna Tpancroprupyrorcs
rpaHyjibl ¢ HEWPONENTUAAMH, TAaKXKe ObLIO CHHIKEHO. JTH
Ppe3yabTaThl CBHETEIBCTBYIOT O TOM, UTO T€HETHUYECKas 0J10-
KaJla MEJaHOKOPTHHOBBIX PELENTOPOB MPUBOIUT K KOM-
MEHCAaTOPHOMY CHM)XKeHHUIO akTuBHOCTH AgRP/NPY mpo-
JQYLHPYIOMUX HeHpoHOB. OJJHAKO MBI, KaK U JIpyTHe aBTOPbI
panee (Kesterson et al., 1997), ne oOHapyXnim pa3HHIIBI IO
skcripeccun MPHK NPY B ruroranamyce y BUPruHHBIX @/
" A¥/a caMOK, 4TO IO3BOJIAET BBICKA3aTh MPEATIONOKEHHUE
0 BO3MOYKHOCTH CIIEIU(HIECKOTO0 ToaBiIeHns cuare3a AgRP
B AgRP/NPY-npopyuupyrommx HelipoHax y AY/a Mbliiei.
Onro- u papMaKkoreHeTHIECKUE HCCIISIOBAHIS ITOKA3aJIH, 9TO
cekpeTupyeMblie AgRP-1T03UTHBHBEIMI HEHPOHAMHU METHATO-
psl (AgRP, NPY u ramma-amunomacinssas kuciora (TAMK))
Pa3IUYaroTCs MO0 XapaKTepy CBOETO BO3/ICHCTBHS Ha allleTUT
(Sternson, Atasoy, 2014). AgRP uyepe3 MKP4 oxa3biBaeT
JIOJITOCPOYHOE aKTUBUPYIOIIEE BIHMSHHE Ha MOTpedieHne
numy, a NPY u TAMK dgepe3 coOCTBeHHBIE PEIIEITOPHI T0-
BBIIIAIOT MTOTPEOJICHUE MTUIIN HEMOCPEACTBEHHO MOCIIE aKTH-
BallMK HEHPOHOB, [P 9TOM KaX/Iblif U3 MEIUATOPOB CIIOCOOEH
3aMECTHTbH JEHCTBUE JIBYX OCTAJIBHBIX NPH FCHETHUECKOM
HokayTe nocinenuux (Krashes et al., 2013). Bo3amoxHo, kax-
JIBII MEAMATOP UMEET COOCTBEHHBIE IyTH BHYTPUKICTOUHON
PETYISIINN CUHTE3a U JeTpasialliu.

Comnocrasnenue npo¢uiei sxcripeccun NPY u AgRP
¢ MoTpedJIeHueM UMM Y HOPMAIIBHBIX (a/a) CaMOK B XOJIe
PENpOIYKTHBHOTO MPOLIECCA TOKA3BIBAET, YTO HA HAYATBHBIX
JTanax OepeMEHHOCTH ruIepdaris acCCOUUPOBaHa C POCTOM
ypoeust MPHK NPY, B koHIle 66peMEHHOCTH — C TIOBBIIICH-
HeIM ypoBHeM MPHK o6ownx meiponentunmos. Bo3zmoxHo,
B TIEPBOI1 TOJIOBUHE OEPEMEHHOCTH alIETHT MOBBIIIACTCS 38
cuyeT IpeuMylecTBeHHOro neiicrsus NPY, kotopoe Bo BTopoi
MOJIOBHHE OEPEMEHHOCTH YCHIIUBaeTCs cBsi3biBaHueM AgRP
¢ MKP4. BosneueHnocts AgRP HElIpOHOB U METaHOKOPTH-
HOBBIX PELENTOPOB B PErYIISIMIO allleTHTa B IepHoj oepe-
MEHHOCTH MOATBEPKAACTCA U TEM, UTO y A¥/a caMOK IPHPOCT
B MOTPEOJICHUH UM 110 X0y OepeMEHHOCTH ObLT MEHee
BBIP&XKEH, YEM Y ¢/a CaMOK, TIPH 9TOM y HUX Obljla CHHXKEHa
sxcpeccust NPY n AgRP B Teuenne Bceit 6epeMeHHOCTH.

B nepriof makranny MEIaHOKOPTHHOBAS CHCTEMa YCTYTIAeT
BEAYILYIO POJb B PETy/SLMU YHEPTeTHUECKOr0 roMeocTasa
JIpyTUM, TIOKa €Ille¢ MaJIO MCCIEIOBAHHBIM PETYISATOPHBIM
Mmexanu3zmMaM. OO 3TOM CBHIETEIBCTBYIOT CHIDKCHUE YPOBHS
MPHK NPY u AgRP y ponuBunx a/a camox 10 3HaueHHH,
MPHUCYIINX BUPTUHHBIM CaMKaM, a TAKKe OTCYTCTBUE PA3HULIBI
B NMOTPEOJICHUN THIIHN Yy JIAKTUPYIOIUX AY/a U a/a MbIIIEH.
CruMynsius anmneTuTa BO BpeMsl JTaKTaIllii MOXKET 3aBHCETh
OT HEMEJTAHOKOPTUHOBBIX CUTHAJIBHBIX ITyTEH, KOTOPHIE aK-
tuBupytorca AgRP-ueliponamu gepez FTAMK, o uem cupe-
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TEJILCTBYIOT pe3yJIbTaThl, mpeactasicHHbie Phillips u Palmiter
(2008). ABTOpPHI ITOKA3AITH, YTO CHIENU(UIECKOE pa3pyIICHNE
AgRP-HelipoHOB Ha ceIbMOM U IEBATHIN JIHU MIOCTIE POAOB KaK
Y HOPMaJIbHBIX MBIILIEH, TAK U Y MBIILIEH C JBOMHBIM HOKAyTOM
[0 T€HaM npy U agrp MPUBOAMWIO K PE3KOMY YMEHBIIEHHIO
B nioTpeOnerny nuiy. CoBpeMeHHbIEe HecieJoBaHus (DyHK-
i AgRP-HeifipoHOB nokazay, 94To UX OPEKCUI'€HHOE Jeii-
CTBHE oTocpenayeTcs yepe3 B3anmoseiicteue AgRP ¢ MKP4
B sapax runoranamyca u uepe3 MKP nezaBucumsbie mytn
B JIpyrux cTpykrypax mosra (Wu, Palmiter, 2011). CHuxenue
nmmyHopeakTnBHOCcTH AgRP B [IBS rumoranamyca y 1akTi-
PYIOIIUX @/a CaMOK IO CPAaBHEHUIO C BUPTHHHBIMHA TOBOPUT
0 BO3MOYKHOM TiepepacrpeneeHiun akTuBHOCTH AZRP Hel-
pOoHOB B 1101163y MKP-He3aBUCHMBIX CUTHAJIBHBIX ITyTEH.

W3zmenenwue sxcripeccun MPHK AgRP y 4”/a mpieii B ripo-
recce OEpeMEHHOCTH, JIAKTAlMK U [IOCJIE OTheMa JICTeHBIIIEH
1 OTCYTCTBHME OTIMYUHM Kak no ypoBHio MPHK, Tak u no
UMMyHOpeakTHBHOCTH Oenka B APK Bo Bpems nmakranuw,
TOBOPSIT O TOM, YTO MHTHOUpyrolee aeiicteue 6iaokaas MKP
Ha skcripeccruio AgRP cHmMaeTcs B Xoae penpoayKTHBHOTO
npolecca ¥ BHOBb BOCCTAHABINBACTCSI ITOCIIE €T0 OKOHYAHUSL.
AxruBaius cunte3a AgRP B koHIIe OepeMEHHOCTH KakK y a/a,
Tak U 'y A¥/a caMOK MOXET MPOMCXOANUTH TOJ IeHCTBHEM
METa0OIMUECKUX CTUMYJIOB (HAIpUMep, CHIKEHUS KOHIICH-
Tpauuii TIKO3bI B xone oepemennoctu (Makarova et al.,
2010) mubo crermpuIHBIX 11 OepeMEHHOCTH TOPMOHATBHBIX
CUTHAJIOB; B TIEPHO/] JIAKTAIIMH — IO JEHCTBHEM (PAKTOPOB,
CBSI3aHHBIX C CHHTE30M, COCAHHEM U OTa4eit Mosioka. OJHako
OCTaeTCsl HEM3BECTHBIM, KaKH€ MMEHHO METabOoInYecKue
Y TOPMOHAJIbHBIC CHTHAJIBI BIUSIOT Ha akTUBHOCTH AgRP-
HEHpOHOB y OepeMeHHBIX M Kopmsimux camok (Woodside
etal., 2012).

HesicHo, nmeeT i BIMsSHKUE HA HOTPEOICHUE MTUIIH B IEPH-
o071 0epeMEHHOCTH | JIaKTal[uy U3MeHeHue dkcrpeccun AgRP
y MBIIIEH ¢ TeHETHYeCKON OJI0OKaI0i MEeITaHOKOPTHHOBBIX
penenTopoB, MockonbKy Hammane MKP4 HeoOxommumo u J10-
CTaTOYHO JUIA peaju3aldu OpeKCUreHHoro aeiictus AgRP
(Krashes et al., 2013). Henp3s HCKITIOYHUTE IPyTHE, HETIPSIMBIE,
MyTH perynsTopHoro Biusiaus AgRP Ha anmeTut, Harrpumep,
4yepes3 BIUSHUE HA aKTUBHOCTb JPYTUX HEHPOMENUATOPOB
B AgRP-neliponax. O BO3BMOXHOCTH TaKMX B3aWMOBIHUSHUN
CBUJICTEIIbCTBYIOT SKCIIEPUMEHTHI, KOTOPBIE TTOKa3alH, YTO
HOKayT I'eHa npy HE BIMSIET Ha MOTpeOJIeHUEe MUK MPHU
aktuBauuu AgRP-HENPOHOB, HO COITPOBOXKIAETCS IIPU ITOM
3HAYUTENIFHON MHTEHCU(UKAIMEH Nepe/iadl CUTHaIA Yepes
I'AMK (Sternson, Atasoy, 2014).

IpencraBneHHbIe B JaHHOH pab0OTe PE3yIbTaThl yKa3bIBAIOT
Ha BO3MOXHYIO BOBiIe4eHHOCTb AgRP-HelipoHOB runora-
Jamyca B HE CBSI3aHHYIO C nepenaded curnana yepe3 MKP
PETYIAUIO TTOTPEOICHNUS MUINK B TIepruo] OepeMeHHOCTH
W JIAKTAIMHM, YTO HE UCKITIOUACT M IPYTUX ITyTEH Peryssinu.
Crumynupyronmid 3G(GexT Ha anmneTuT B nepuos OepemMeH-
HOCTH MOXKET OKa3bIBaTh BO3PACTAHUE YPOBHS TIIIOKOKOP-
THUKOMJIOB 110 Xoxy Oepemennoctu (Makarova et al., 2010),
MOCKOJIBKY KOPTHKOTpOnHH-penu3uHr ¢akrop (KPD) cuu-
skaet ammeTut (Drescher et al., 1994), a TIIOKOKOPTHKOHUIBI
M0 CHCTEME OTPHLATEIbHONH 0OpaTHOW CBS3M MOAABISIOT
skcrpeccuto KP® B runoranamyce (Brunton et al., 2008;
da Costa et al., 2001). B mepuox makranuu 3Ha4UTEIHHOE
BIIMSIHUE HA TTOTPEOICHHE TN MOTYT OKa3bIBaTh POJIAKTHH
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MenaHoKopTHOBas crcTema u noTpebneHue
nUwm Npv 6epemMeHHOCTI 1 NakTauum

u cocarenpHble ctuMynbl (Woodside et al., 2012). Peryus-
IS SHEPTeTHYECKOTO TOMEOCTa3a B EPHO]] OEPEMEHHOCTH
1 JIAKTAIUY TpeOyeT AabHEHIIEero N3yueHusI C IIPHUBIICICHHEM
COBPEMCHHBIX I'CHCTUYCCKUX U (I)I/ISI/IOJ'IOFI/ILICCKI/IX MCTOZ 0B
UCCIIEZIOBAHUSI.

CymMMHupYysI TTOTyYEHHBIEC PE3YyJIbTaThl, MOXKHO 3aKJIIOUUTD,
4TO OJI0KaJa MEIaHOKOPTHHOBBIX PELENTOPOB OKa3blBaeT
MHTHOMpYIOIIee BIUSHIE Ha dKcipeccuio AgRP B apkyarHOM
SJpe THIOTaIaMyca, HO TOJIBKO y CaMOK, HE BOBJICUCHHBIX
B PENpOAYKTUBHBII MPOLIECC: BO BpeMsi OEPEMEHHOCTH 3TO
WHTHOWpYIOIIee BIUSHIE 0CcTIa0eBaeT 1 MOTHOCTHIO HCYE3aeT
IIPU JIAKTalMK. Perymsiums nmorpebaeHus MUy pasinJdacT-
csi y OepeMeHHBIX M JIAKTHPYIOLIMX CaMOK. PeryisitopHble
MEXaHN3MBl, TTOBBIMIAIOIINE TTOTPeOICHNE MU B TEPHOT
OepeMEeHHOCTH, BKIIIOYAIOT B ce0s akTuBanuio cuareza NPY
n AgRP B APK u mpoBeseHre OpEeKCUI€HHOIO CUrHajla 4e-
pe3 MKP. Bexymiyio poss B peryssiiy MoTpeOIeHIs TN
BO BpeMs JIaKTanuu OepyT Ha ceOsi CHUTHaJbHBIC ITyTH, HE
CBA3aHHBIC C q)yHKIlI/IOHI/IpOBaHl/IeM MCJIaHOKOPTHHOBBIX
PELenTopoB.
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OPUTMHANTbHOE NCCJTEAOBAHUE

BiysHI/e HeOHAaTaJIbHOT'O XOHIJIMHTa
Ha IOoBeJleHle I CTpecc-OTBeT V KPbIC,
ceJIeKIIMOHMPYEeMbIX 10 peaKIIM Ha ueJIoBeKa
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M3BeCcTHO, UTO HeOHaTasbHbIN X3HANUHT MOXKeT NPUBOANTD

K YCTOMUMBBIM M3MEHEHNAM HENPOONONOrNYECKOTO 1 NoBeeHYe-
cKkoro ¢peHoTVnoB. MNog BAMAHMEM HEOHATaNIbHOTO XSHANNHTA Y KPbIC,
CeneKUMOHNPOBaHHbIX Ha YCUIIEHME arpecCBHO-000POHUTENBHOW
peakumm Mo OTHOLIEHUIO K YENOBEKY («arpeccuBHbley, 44-e nokone-
HMe), MPONCXOAMNO 3HAUNTENbHOE OCNabNeHNe arpeccum, ConpoBo-
XKIOAeMoe CHIKEHNEM CTpecC-peakTUBHOCTU. OfHaKO M Y MHTaKTHbIX
arpeccrBHbIX KpbIC NocnefHvix nokonexuii (70-e) otmevanu 6onee
HU3KUIA CTPECCOPHDIN YPOBEHb KOPTUKOCTEPOHA OTHOCUTESTBHO
44-ro NoKoNeHnsA, KOTOPbIN He TaK CYLLeCTBEHHO OT/IYanCA OT COOT-
BETCTBYIOLLErO YPOBHA FOPMOHA Y «PYUHbIX» KPbIC, CENEKLMOHMPY-
€MbIX B TPOTUBOMONIOXKHOM HanpaBneHn — Ha OTCYTCTBME arpeccun
K YenoBeky. MiccnenoBaHvie NpoBOAUAN Ha CepbIX Kpblcax 75-ro
NMOKOJIEHUA OTOOPA Ha arpeccMBHOE NoBefeHNE 1 ANS CPAaBHEHWA —
Ha pyuHoe. Llenbto saHHom paboTbl 6bI10 BbIACHWTb, CONPOBOXKAA-
€TCA JIN CHUKEHME CTPeCC-PeakTUBHOCTU Y arpecCuMBHbBIX KPbIC

Ha COBPeMEeHHOM 3Tane ceneKkuny ocnabneHnem apdpexTa XaHANMHra
Ha arpeccuMBHOCTb. Mo BNMAHMEM HEOHATaNbHOTO X3HAJIMHIA Y arpec-
CUBHbIX XMBOTHbIX O6HAPY>KEHO [OCTOBEPHOE, HO CYLECTBEHHO
MeHbLUee, YeM Y KpbIC 44-ro NOKONEHUA, CHUXKEHNE arpecCBHOCTY.
Mpwy 3TOM KaK y arpeccuBHbIX, Tak U PYYHbIX KPbIC CTPECCOPHbBIN
YPOBEHb KOPTUKOCTEPOHA B KPOBU BO3BpPaLLancs K 6azanbHoOMy
YPOBHIO B TeyeHune 6onee AIMTENbHOIO BPEMEHU, YeM Yy COOTBETCTBY-
IOLMX KOHTPOMbHbIX *KMBOTHbIX. HEOHATaNbHbIV XSHASIVHT BbI3blBasl
noHmxeHve konmyectsa MPHK pevenTopa rniokokopTrkonaos (IP)

B rNnoKamre arpecCcmMBHbIX KPbIC, HO JOCTOBEPHO He BAWAN

Ha konnyectBo MPHK KopTukoTponuH-punusmHr (KPI) ropmoHa

B runoTanamyce. OfHaKO B KOHTPOMe oTMeYanu 6onee BbICOKOe
copepxaHune MPHK KPTy arpeccuBHbIX KpbIC OTHOCUTENIbHO PYYHbIX
1, HAOBOPOT, He OOHaPYXMNY Pa3NMumnin B Konuuectse MPHK P
MeXAy IMHUAMU B OTAIMYMe OT 6onee paHHNUX NoKoneHui. MokasaHo,
YTO X3HIJIMHT JeTeHblLeln NONOoXKUTENbHO BANA Ha MaTePUHCKOe
noBefieHne Y pPyYHbIX KpbIC. TaknM 06pa3om, pesynbTtaTbl, NofayyYeHHble
B 75-M NOKONEHUN 0TOOPa, CBUAETENBLCTBYIOT O TOM, UTO 3bdeKT
X3HI/IMHIa Ha arpeccMBHOCTb oclabeBaeT Ha pOHe MOHUXKEHWA
CTpecc-peakTNBHOCTY y arpecCUBHbIX KpbiC. BepoAaTHO, 3To cBA3aHO
C M3MeHeHvem KonuyecTsa P B runnokamne v ycuneHnem rioko-
KOPTMKONAHOWM 06paTHOW CBA3U Ha COBPEMEHHOM 3Tarne oTbopa.
HebonbLuoe yBenuueHmne NnpoaomKkUTeNbHOCTU CTPeCC-0TBeTa,
no-BMANMOMY, CBA3aHO CO CTPECCOreHHOM COCTaBNAIOLLEN HeOHaTaslb-
HOrO X3HAJIMHIA U He CBA3AHO C 3MEHEHNeM MaTePUHCKOMN 3a60Tbl.

KntoyeBble cnoBa: HeOHaTaNbHbIV X3HAJIVHT; arpeccus; arpeccmBHble
KPbICbI; PyUHble KPbICbl; MaTePUHCKOE NMOBEAEHME; OTOOP Mo
rosefeHuto.
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Effects of neonatal handling
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in rats selected for reaction
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It is known that neonatal handling may cause long-
term changes in neurobiological and behavioral
phenotypes. Neonatal handling of rats selected

for enhanced aggressiveness towards humans
(“aggressive” rats of generation 44) significantly
mitigated aggression and stress responsiveness.
However, levels of corticosterone in stress in intact
aggressive rats of later generations (70s) were lower
than in generation 44, which differed little from

the corresponding value in “tame” rats, selected

in the opposite direction, for the absence of aggres-
siveness towards humans. The study was conducted
with Norway rat populations of the 75t genera-

tion of selection for aggressive and tame behavior,
respectively. The goal was to find out whether

the decrease in stress response in aggressive rats

at the current stage of selection was accompanied
by a decrease in the influence of handling on aggres-
siveness. It was found that neonatal handling

of aggressive animals caused a significant decrease
in aggressiveness, although considerably smaller
than in generation 44. In both aggressive and tame
rats, the blood corticosterone level at stress was
getting back to the basal level for a longer time than
in the corresponding control groups. Neonatal handl-
ing decreased the amount of mRNA for the glucocor-
ticoid receptor (GR) in the hippocampus of aggressive
rats but did not affect significantly the amount

of mRNA for the corticotropin-releasing hormone
(CRH) in the hypothalamus. However, higher contents
of CRH mRNA were recorded in aggressive rats

than in tame ones in the control groups. However,
no differences in glucocorticoid receptor mRNA



KAK UUTUPOBATbD 3TY CTATbIO:

were found between the strains in contrast to earlier
generations. It was shown that neonatal handling was
beneficial for maternal behavior in tame rats. Thus,

the results obtained in the 75™ generation of selection
indicate that the effect of handling on aggressiveness
weakens with decreasing stress responsiveness in aggres-
sive rats. This is likely to be related to the changing amount
of GR in the hippocampus and stronger glucocorticoid-
mediated feedback at the current stage of selection.

The minor prolongation of the stress response appears

to be related to the stressing component of neonatal
handling rather than to changes in maternal care.

Keywords: neonatal handling; aggression; maternal
behavior; aggressive rats; tame rats; selection for behavior.
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HEITHUE BO3JCHCTBUA HA PAaHHUX CTAIHUAX PA3BUTHSA

OpraHr3Ma MPHUBOAAT K YCTOWYHBBIM H3MEHCHHSM TI0-

BEACHYCCKUX U I'OPMOHAJBHBIX OTBCTOB Ha HJI/IpOKI/Iﬁ
KpYT CTPECCOPHBIX areHToB. DEHOMEH paHHUX BO3JEHCTBUI
mmpoko m3ydaincs eme B 60—70-x romax XX Beka (Levine,
1967). OnHako B CBsI3M C BBICOKOH (pyHIaMEHTaIbHOM
3HAYMMOCTBIO ATOTO SIBICHUS M U3-3a €r0 CYIIeCTBEHHOTO
BJIMSIHHSL Ha TEJIECHOC M TICHXMYECKOE 3I0POBBE YEIOBEKA
KOJIMYECTBO HCCJICAOBAHUI O JaHHOW TEMAaTHKE MPOIOJ-
xaet pactu (Bagot, Meaney, 2010; Tang et al., 2014; Bale,
2015). 13BecTHO, YTO CTpecc, AIKOT0JIb, KypEeHHE U JIpyTHue
(hakTOpBI KaK HAa CAMBIX PAaHHUX, TaK U Ha MO3JHHUX JdTaIax
OepeMEHHOCTH TIOBBIMIAIOT PICK BOSHUKHOBEHHS CEPICTHO-
COCYIHUCTHIX 3200JIeBaHUH, META0OIHYCCKIX HAPYIICHHIA,
MCUXUYECKHUX PACCTPOMCTB, TAKKMX Kak mm3oppenus (Zhang
etal.,2013; Bale, 2015). UyBCTBUTETEHBIMH SBIISFOTCS TAKOKE
paHHUN MOCTHATAJIbHBIA M aJ0JECLUEHTHbIM nepuonabl. Ha
9THUX JTalax pasBUTHA pa3JIUYHbIC BJIUAHUA CPEAbl MOT'YT
BBI3BIBATH YCTOYUBBIC TOJIOKUTEITFHBIC HITH OTPHULIATEIEHBIC
n3meneHus B opraamme (McEwen, 2000; Gonzalez-Liencres
etal., 2013; Zhang et al., 2013).

Cpenu paHHUX BO3ACUCTBUH IINPOKO UCCIITOBAHEI SIPKHE
3¢ G eKTH HEOHATATBHOTO XIH/IIHHT A, KOTOPBIH, KaK IPHHSTO
CYMTaTh, 00OTAIIACT PAHHIOK COLMAIBHYIO CPEIdy pa3BUBaA-
fomerocst opranu3Ma. OHM KacaroTcsl MOBEACHUS, TOPMO-
HAJBHOTO CTPECC-OTBETA U CBS3aHHOW C HUM TPEBOKHOCTH
W MCCIIeNIOBaHbI y pa3HbIX KUBOTHBIX (Levine, 1967; Liu et
al., 1997; Kosten et al., 2006). Bo MHOTHX HCCIIETOBAHUSX TI0-
Ka3aHO, YTO HCOHATATLHBIN X H/UINHT CHIDKACT CTPECC-OTBET,
TPEBOXKHOCTH, SMOITUOHAJIbHYIO PCAKTUBHOCTD Y )KUBOTHBIX
BO B3pocioM coctostauH (Levine, 1967; Liu et al., 1997). Mo-
JICKYJISIPHBIM MEXaHI3MOM CHIKCHHUSI TITFOKOKOPTUKOUTHOTO
CTPECC-0TBETA B [IEPBYIO 0YEPE/Ib CUUTAOTCS IIOBBIIICHUE KO-
nmgecTBa perenrtopa nrokokopTrkonaoB (I'P, NR3C1) B rum-
MMOKaMIIC ¥ CHI)KCHUE KOJIMYCCTBA KOPTHKOTPOIUH-PUITH-
sunr ropmona (KPT, CRH) B runoranamyce (Liu et al., 1997).

O dexTsr XIHATUHTA CXOKNA ¢ U3MEHEHUSIMH, HAOIIona-
E€MBIMH y OTJIOBJICHHBIX M3 MPUPOJIBI KPBIC, TTOCIE IITHUTEITh-
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HOW CETIeKINH Ha OTCYTCTBHE arpecCHBHO-000POHUTEIFHON
peakiy Ha yenoBeka («py4nsie» Kpbichl) (Plyusnina, Oskina,
1997; Plyusnina et al., 2009; ['ep6ek u np., 2010; Herbeck et
al.,2010). To ecTp y 3THX KMBOTHBIX OJTHOBPEMEHHO CO CHH-
JKEHHUEM CTPECC-0TBETA MIPOMCXOAMIO U CHHKEHHE arpeccui
1o oTHoIeHuto K yenoseky. M. Ocekuna u U. IlmocHuna
00HAPY WJIH, YTO HEOHATAIBHBIN XIHJIMHT KPbIC, CEJIEKIHO-
HUPYEMBIX B IPOTHBOIIOJIOKHOM HAIPaBJICHNH, HA YCHIICHNE
arpecCUBHO-000POHUTEIBHON PEaKMK 10 OTHOIICHHIO
K 9eJIOBEKY («arpeccuBHBIEY, 44-¢ TIOKOIEHHUE ), CYIIEeCTBEH-
HO CHIDKAET arpeccHIo 1o OTHOUICHHIO K YeJIoBeKy. PaHHue
BOSﬂeﬁCTBHﬂ TAaKXKE CHHXKAJIM CTPECC-OTBET W IOBLIIIAINU
konmuaectBo [P B runmoxamme (Ocbkuna, [ImocanHa, 1997).
Heo0xonmmo Takke 0TMETUTb, 9TO 3(p(heKTh HeOHATAIBEHOTO
XOHJIMHIa OTYACTU O6yCJ'lOBJ'leHI>I N3MCHCHUEM MAaTECPUHCKOI'O
noBezieHns nmocye Bosaeicteus (Liu et al., 1997; Zhang et al.,
2013). B T0 ke BpeMsI TOKa3aHO, YTO PYyUIHBIE U arpeCCUBHBIC
KPBICHI TAKKE Pa3JIMuaroTCsl 10 MAaTEPUHCKOMY TTOBEICHHIO
(ITmrocumua U np., 2013; Plyusnina et al., 2013).
[lepeuncienusle pe3yabTaTbl FOBOPST B IOJIB3Y TOTO,
4qTo 0T60p IO MOBCACHUIO Y HaHHBIX JIMHUH KPBIC ABJISLJICA
OTHOBpPEMEHHO O0TOOpOM Ha cTpecc-peakTuBHOCTE (bemses,
Boponnn, 1982), a Takke MOTYT yKa3bIBaTh Ha CXOXKECTh He-
KOTOPBIX MEXaHM3MOB, JIS)KAIINX B OCHOBE I(PPEKTOB XIH/I-
JTUHTA ¥ 0TOOpa Ha pydHOe moBereHne. OIHAKO y PYUHBIX
W arpecCcUBHBIX KPbIC COBpeMeHHBIX (70-X) moKoeHuit orbopa
MPaKTUYCCKU MOJHOCTBIO OTCYTCTBYIOT pa3inuud B YPOBHC
TITFOKOKOPTHKOMIHOTO CTPECC-OTBETA B OCHOBHOM 3a CUET
CHIDKEHUSI yPOBHS CTPECC-UHIyIUPOBAHHOW KOHIIEHTPAaN!
[JIFOKOKOPTUKOU/IOB B KPOBH arpecCHBHBIX KpbIC. B TO ke
BpEMsl PyYHOE M arpecCMBHOE TOBEICHHE MO OTHOIIEHHIO
K Y€JIOBEKY Y KMBOTHBIX ATHX JIMHUH OCTAETCs Ha ITPEKHEM
yposHe ([IpaconoBa u ap., 2014). JleficTBUTENbHO, CBS3b
cTpecca M arpeccuy He ABISIETCS OYEBUIHOW M y Pa3HBIX
JIMHUH )KMBOTHBIX MOXET BBICTYIATh B PA3IMYHBIX COYECTA-
nusix (Gariépy et al., 2002; Veenema et al., 2007). Xouamusr
y psiia JUHUI KUBOTHBIX TAK)KE HE BBI3BIBACT KAKUX-THOO
n3MeHenuit B crpecc-orsere (Liu et al., 1997; Steimer et
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al., 1998; Gariépy et al., 2002), a Ha arpeccur0 MPOU3BOAUT
yemmuBaromuii 3¢ ekt (Gariépy et al., 2002; Todeschin et
al., 2009). Tax, y mbimeit muanit NC100 (Bbicokoarpeccus-
Hele) 1 NC900 (HH3KOarpeccuBHbIE) paHHHE BO3ICHCTBUSA
MPUBOAAT K MOBBIIIEHHIO YPOBHS MEKCAMIIOBON arpeccu,
OJIHAKO CHIKEHHE KOPTUKOCTEPOHA OOHAPYXKEHO TOJIBKO y
BBICOKOArpeCCUBHOM JiHUM. [Ipu 3TOM Oa3aibHbIN U CTpecC-
WH/TyLIIPOBAaHHBIA yPOBHH 3TOTO TOPMOHA y 00OCHX JINHUI HE
paznmuanuck (Gariépy et al., 2002).

Taxum 00pa3oM, B JaHHOU pabOTe MOCTABJICHA 11EJIb BBISC-
HHUTB, COXPAHAIOTCA T 3P ()EKTH HEOHATATBHOTO XIH/IIMHTA,
HaOoaeMble Ha 44-M ITOKOJICHUH CEJICKIINH 110 PEaKIUy Ha
YeJI0BEKa, Y arpeCCUBHBIX KPbIC 75-T0 TIOKOJIEHUS U BIUSET
JIM CHWXKEHHE CTPECC-0TBETA HA COBPEMEHHOM 3TaIle CeleK-
11X Ha 3TH 3P PeKThI. 11 T0CTIKeHNS TOCTaBICHHON 1eNTH
Y B3pOCJIBIX PYUHBIX U arp€CCUBHBIX KPBIC, MMOABCPIHYTHIX
HEOHATAJIBHOMY X3HJUJIMHTY, U KOHTPOJIbHBIX >KHBOTHBIX
MCCIIEI0BAI TIOBEICHNE TI0 OTHOMICHHIO K YEJIOBEKY U TO-
Ka3arelu, CBSI3aHHbBIE CO CTPECC-OTBETOM M M3MEHSIOIINECS
o7 ieficTBreM (akTOpOB paHHEH cperpl. B mx drcio Bonum
TPEBOXKHOCTbH, KOHLEHTPAIHSI KOPTUKOCTEPOHA U aJPEHO-
koptukorpornHoro ropmona (AKTI') B mazme kposu, MPHK
KPI" B runoranamyce u I'P B runnokamne. Kpome toro, uc-
CJICIOBAHO MaTEPUHCKOE MOBEJICHNE KPbIC, TOMETHI KOTOPBIX
y4acTBOBAJIM B DKCIIEPUMEHTE, KaK BO3MOXHBIN (hakTop,
BIHSAIONTNH Ha 3()(hEeKTHI HEOHATATHHOTO XIHJTHTA.

MaTepmanbl n metoabl

JKCrnepuMeHTasibHble XNBOTHbIe
DKCIEPUMEHTBI MTPOBOJMIIN B COOTBETCTBHH C MEXKIAyHa-
POJIHBIMU €BPONEHCKUMU OMOITHYECKUMH CTaHAApTaMHU
(86/609-EEC) 1 pocCcHICKUMH STHUECKUMH CTaHAaPTaMU 10
cofiep KaHUIO ¥ O0pAIIEHHIO C TAOOPaTOPHBIMHU KHBOTHBIMH.
Paboty nmpoBoauim Ha IBYyX ayTOPEAHBIX JHHUSIX CEPhIX
Kkpoic (Rattus norvegicus), nonydennbix B Ulul" CO PAH
MyTeM JUTUTEIILHOM CeNeKIINHU Ha YCHIICHUE («arpeCcCHBHBIE) )
U OTCYTCTBHUE («PyUYHBIE») arpecCHBHO-000POHUTEIHHOTO
MOBECHMSI TIO OTHOIICHUIO K YeJioBeKy (75-€ MoKoJieHue)
(Plyusnina, Oskina, 1997). B omsIT 65110 B35TO 110 16 py9IHBIX
1 arpeCcCUBHBIX CAMOK C IIEPBBIMH ITOMETAMH MO 6—8 IeTEeHBI-
mreit. Kpeic comeprkany Ha CTAaHAAPTHOM IMMUTAHUHU B YCIOBHUSIX
€CTECTBEHHOTO CBETOBOI'O JHsI MMPH CBOOOJHOM JOCTYIE K
Bozie n numie. M3 camok ¢ momeramMu ObUTH CHOPMHUPOBAHEI
YeThIpE T'PYNILL: NEPBBIE ABE IPYIIbI MOABEPraal HEOHA-
TAIBHOMY XOHJUIMHTY; TPEThsl (arpeCCUBHBIC) U YeTBEpTas
(py4HBIC) TPYIIITBI SBISUTUCH KOHTPOJIEHBIMU.

Mpouenypa HeoHaTanbHOro XaHANMVHrIA

1 nccnefoBaHune noBefeHNs XNBOTHbIX

B Bo3pacte 4 mMec. caMOK M CaMIIOB CCaXXMBAJH MOMAapHO.
Ha 20-if neHp caMIIOB OTCa)KUBAJH, & CAMOK PacCa’kKUBaIA
B KJIETKH JJIs1 U3YUEHUS BIUSHUS XOH/JIMHIa HA MAaTEPUHCKOE
MOBEJICHNE. X HUITMHT MPOBOAMUIH €KEIHEBHO B OHO U TO
JKe BpeMs mepBble 12 mHEl )KU3HU KPBICAT 10 METOAMKE,
ormcannoil panee (Francis et al., 2002; Veenema, 2012).
Marp OTCaXHBaJlIM OT IIOMETAa B APYTYIO KIIETKY, 3aTE€M KpbI-
CAT IO OTHOMY PYKOH B IE€pUYaTKe MEPEHOCHIIN B OTKPBITHIE
MJIaCTMACCOBBIE KOHTEHHEPH! Ha OMWIKH U OCTaBIIJIU Ha
15 mMuH, mocie yero AeTeHbIIIeH, a 3aTeM U MaTh BO3Bpalliain
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B KJIETKY. JKMBOTHBIX U3 KOHTPOIBHOM IPYNIIBI COACPIKAIH
B ATO BPEMS BMECTE C MATEPSIMU M HE TOJBEPTaIN HUKAKUM
MaHUIYJSIHSM.

ABTOMaTHYECKYIO BUICOPETUCTPALIUIO TIOBEJCHHUSI CaMOK
TIPOBOAMIIH €O 2-T0 10 12-1 THU KOPMIICHHSI KPBICAT depes
KaXIple 3 MUH B TEUCHHE Yaca, MSTh pa3 B CYTKH COINIACHO
poToKoiy, onucaHHomy panee (IlmocHuna u mp., 2013;
Plyusnina et al., 2013). CymmapHOe uncio HabIIOneHUN
coctaBisuo 100 B cyTku Juist Kakaoi caMku. Peructpupo-
BajJiM CJIEIYyIOIINE MOKa3aTeId MaTepUHCKOTO MOBEICHHUS:
HaXOXK/ICHHE CAMKH B THE3/1¢ (107151 OT CyMMapHOTO BPEMEHH
HaOmoneHus, %), KOpMIIEHUE KPBICSIT U €T0 TUIIBI, BEUTH3BI-
BaHUE M yMBIBAHUE KPBICST. Pasuaiy Tpy THITA KOPMIICHUSL:
«apkooOpa3HBIi — CIIMHA CAMKH BBITHYTa JyTOM, CaMKa CTOUT
Ha BBITSHYTBIX JIallaX; «I1aTO00pa3HbI» — caMKa IpaKTH-
YECKH JISKUT Ha KPBICSTAX, BBITSHYB JIAllbl; TACCHUBHBINA —
caMKa JIOKUT Ha 00Ky miau Ha crnuHe. OIEHUBAIN 4acTOTy
(%) nposIBIIEHHS TUITIOB KOPMJICHHSI OT CYMMapHOTO BPEMEHH
HaXOXK/ICHHS CAMKH B THE3/JIE.

B Bo3pacTe 1 Mec. KpbICIAT OTCa)XXUBajau OT MaTepei.
B Bo3pacTe 2 Mec. y BCexX CaMIlOB OLCHMBAJIN ITOBEJCHUE
10 OTHOILICHHUIO K YEJIOBEKY MPU BBEACHUH PYKH B IIepyaTKe
B OTKPBITYIO IBEPILY KJICTKH (TECT Ha TIepUYaTKy ) 1o OayuibHON
mKaie: oT —4 (BbICOKOArpeccuBHOE) 10 +4 (3MOIMOHAIBHO
nosnoxuresbHoe). OTpuaresbHble 3Ha4eHUsI yKa3bIBalOT Ha
Hanuaue 00OPOHMUTENBHOM arpeccuyl 1Mo OTHOIIEHHIO K 4e-
JIOBEKY, a IOJIOKUTEIbHBIE — Ha ee oTcyTcTBHE. [lonpooHo
METOAMKa TecTa u3jiokeHa B crathsax (Plyusnina, Oskina,
1997; Plyusnina et al., 2009). B 3Tom e Bo3pacTe KHUBOT-
HBIX PACCAXMBAJIHN 10 ITOJIOBOMY IPH3HAKY U COICPIKAIH T10
YeThIPe 0COOH B KIICTKE.

Uepes Heaento mo 12 camMIioB U3 Ka)I0# TPYIIIBI HCTIONb-
30BaJM ISl U3ydeHUs (PPEKTOB XIHUIMHTA HA TTOBEICHUE
KPBIC B TECTE «CBETIIO-TEMHAsI KaMepay U e111e Yepes3 HeJleITio —
B cTapTiI-TecTe. TpeBOKHOCTB KPBIC OLIEHUBAIIN B TECTAaX CO-
IIacHO cTaHmapTHBIM mpotokoiaM (Konoshenko, Plyusnina,
2012). Kpsicy nmomernanu B CBETIO-TEMHYIO Kamepy. TemHast
4yacTh OblIa ClIeNIaHa U3 HEMPO3PaYHOTO BUHHUILIACTA, A CBET-
JIYI0 4acTh KaMephl, CACIAHHYIO U3 ITPO3PAYHOTO OPrCTEKIIa,
JIOTIOJIHUTENBHO ocBelanu. Kpeicy momenianyu B CBETIIBIN
OTCEK KaMephl U B TCUCHUE 5 MUH IPOM3BOIUIN BUICOHA-
Omronenne. OIeHUBAIIM JTaTEHTHBIN TIEPHO 3aX0/1a B TEMHYTO
4acTh KaMepbl ¥ CyMMapHOE BpeMsi, [IPOBEIEHHOE B HEil,
YHCIIO 33XO0JI0B B TEMHBIH OTCEK, BBIIVISIBIBAHUN W3 HETO,
BBITSIHYTBIX 1103 (3a/IHSISI 9aCTh TYJIOBHIIA KPHICHI HAXOANUTCS
B TEMHOM OTCEKE, a IIEPEHSSI — B CBETIIOM), 3aIVIsIbIBAHUI
U3 CBETJION YacTH KaMepbl B TEMHYIO, BEPTHKAJIBHBIX CTOEK
W ayTOIPYMHHTA B CBETJIOH YacTH KaMepbl, BpeMsl TOPU30H-
TaJIbHOM JIOKOMOLIMHY U 3aCThIBAHUI B CBETJION YaCTU KAMEPBL.

CrapTa-TecT NpOBOAWIN C MOMOIIBIO ammapara Ul U3-
MepeHust aMiumTyasl peakuuu B3aparusanusa (TSE Equip-
ment), TPEICTABIISIIOIIETO COOOH 3By KOHEPOHHILIAEMBIi OOKC
C YYBCTBUTEJIBHOHN MIaTGOpMOii, Ha KOTOPYIO ITOMEIIATN
PECTPUKLIMOHHYIO KJIETKY. J[IUTENbHOCTD aIalTalliOHHOTO
nepuoaa cocrarisuia 3 MuH (Oenbiit urym, 65 1b). 3arem
MPOBOAMIHN U3MepeHne 0azanbHOl akTuBHOCTH (30 C), 3a
KOTOpBIM ciefoBasi 10 3BYKOBBIX CTUMYJIOB (Oemblil mryMm:
40 mc, 115 nb). JInuTensHOCTh HHTEPBAJIOB MEXKIY CTUMY-
mamu — 15 ¢ (6enbrit mym, 65 1b). AKTHBHOCTH KHUBOTHBIX
u3Mepsuy B Tedenue 150 Mc ot Hauasna ctumysa. AMIUIUTYRY
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BnuaHune HeoHaTanbHoOro X3HANWHIA Ha NoBeJeHne n cTtpecc-
OTBET Y KpbIC, CeNIeKUNOHNPYEMDbIX MO peakunn Ha YenoBekKa

pCaKkuru B3gparuBaHus BbIYUCIIAIN KaK MaKCUMaJIbHOC 1aB-
JIeHHe Ha Iu1aT(opMy, JelIeHHOe Ha BeC Tesla. J{onoIHUTENbHO
BBIYUCIISUTHA CPEIHIOI0 aMIUTUTY/Ty B3IparuBaHUs TS IEPBBIX
1 BTOPBIX IIATHU aKyCTUYECKUX CTUMYJIOB.

B Bo3pacte 3 mec. 1Mo MATH CaMIIOB Ka)KJOW OTBITHOM
TPYIIIBI MOABEPrajy ObICTpoi nekanuTaimu (< 1 MuH), mocie
Yero M3BJIEKaJIN FOJIOBHOM MO3T, M3 KOTOPOTo Opalii 00pasiibl
THIIIOKAaMITa M THITOTaIaMyca.

WccnepoBaHne BAMAHNA HEOHATaNbHOMO X3HAJIMHIA

Ha CTpecc-peakTUBHOCTb Y PYUHbIX

1 arpeccmBHbIX KpbIC

PecTpuKIIMOHHBIN CTPECC BbI3bIBAIM OIPAaHUUYEHUEM BO3MOXK-
HOCTH NEPEABIKEHHS, IS 4UETO TPEXMECSUHBIX CAMIIOB KPBIC
nomeniany Ha 30 MUH B ceTdaTble TPYOKH JHaMETPOM 5 CM.
Ilocne Bcex MaHUIYISIMM KUBOTHBIX BO3BpAlLlaid B KJIET-
ku. [IpoOsI kKpoBHU Opaiu 10 cTpecca, IOCie ero OKOHYaHHS,
a Taxoke uepes 1, 2 u 4 1 nocne crpecca. smepenue ypoBHs
KOPTHKOCTEpOHA B IJIa3Me KPOBU KPBIC, IMOABEPTraBIINXCS
W HEMOJIBEPraBIINXCS HEOHATATbHOMY XJHJUIUHTY, NPO-
BOJIMJIN METO/IOM KOHKYPEHTHOTO OEITKOBOTO CBSI3BIBAHUS
(Murphy, 1967) B monudukanuu TuaankoBa u baxan (1984).
Copepxanune aapenokoptukorponuHa (AKTI) B mra3zme
KPOBHU OIBITHBIX M KOHTPOJIBHBIX CaMIIOB KPBIC HU3MEPSITH
UMMyHO(pepMeHTHBIM MeTozioM ¢ omoinbio ACTH ELISA Kit
(Biomerica, CIIIA) cormacHO WHCTPYKIIMU TIPOU3BOIAUTEIIS.

AHanuns konunuectsa MPHK peuentopa
rNIOKOKOPTUKOWUAOB B rUMMnoKammne 1 KOpTUKOTPONUH-
PVAN3MHI FOPMOHA B rmnoTajsamyce Kpbic

Jiist ananmi3a konmuectBa MPHK B 0Opasiiax Mo3ra UCIoiib30-
Baym metof [1L{P B peanpHOM BpeMeHH, COBMEIICHHOH ¢ 00-
parnoii Tpanckpunuet (OT-ITLIP). Beinenenne cymmapHoit
PHK w3 o0pa3ioB runmnokamMma 1 rumnoraiamyca (1o msTh
KpBIC B KayK/I01 TPYTITIE) IPOBOAMIIH C UCIIONB30BaHNEM Ha0O-
pa TRIReagent (MRC, CIIIA), mocie 4ero yaassiii IpuMecH
renomuoit JIHK ¢ momorpro ne3okcupuboHykieassl [ 6e3
PHKas3 (Thermo Fisher Scientific). IIpomenyps! BeImomHsIH
comacHo nportokonam ¢pupm-usrorouteneid. Cunres k/JHK
MIPOBOJIUIIH, UCIIOJIB3Ys 00paTHYyO TpaHckpunTasy ReverdAid
(Thermo Fisher Scientific), mpu xounuentpanuun PHK
0,05 MKI/MKIJI COTTIaCHO MPOTOKOJY MPOU3BOAWUTEIS TPaHC-
kpunrasbl. /s ananu3za sxenpeccuu rena KPT k IHK cunte-
3UPOBAJIH IPH TTOMOITH TipaiiMepoB polyT(15), a st onenkn
aKkcrpeccnu rena ['P — ncnons3ys cienuduaeckue npaiimMepbl
k MPHK TP (5-GCTGGATGGAGGAGAGCTTA-3") u MPHK
muknoumHa A (5-CTTCTTGCTGGTCTTGCCATTCC-3
Peinnequin et al., 2004). Bce mpaliMepbl CHHTE3UPOBaHbI
dbupmoii Biosset, Poccus. TP B peaibHOM BpEMEHHU IPOBO-
qn Ha iproope ABI PRISM 7900HT (Applied Biosystems,
CIIA). PeaknuoHHas cMech 00beMOM 25 MKJ BKJIIOUYaja:
cmecs 11 nposenenus I11[P-PB B npucyrcteun SYBR Green
n ROX (Cuntom, Poccus), 0,25 mxir npoaykra OT-peakunn
n npaiimeps! gt kK JHK T'P (F: 5-AGGGGAGGGGGAGC
GTAATGG-3'; R: 5'-CCTCTGCTGCTTGGAATCTGC-3'),
KPI' (F: 5'-AAAATGTGGATCCAAGGAGGA-3'; R:
5'-TAGCCACCCCTCAAGAATGAA-3") unu uukinodu-
auHa A (F: 5'-GTGTTCTTCGACATCACGGCT-3'; R:
5'-CTGTCTTTGGAACTTTGTCTGCA-3") (Marini et al.,
2006). Kaxxayro peaknuio MpoBOIMIIM B TPEX TEXHHYECKUX
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nosropax. CrennuIHOCTh MPOAYKTA OLIEHUBAIH IyTEM
aHaJM3a KPUBOH IIaBJICHUS U AEKTPOPOPETUIECKOTO pasie-
JICHHs TPOYKTa B arapo3HoM reie. C HoMOILIbIO TPOrpaMMBbl
REST 2009 (QIAGEN) ompenensijin OTHOCUTEIBHYIO JKC-
npeccuto reHoB ['P u KPI' B pa3HbIX rpynnax, aHaausupys
JIaHHBIE MTOPOTOBOr0 LHUKJIA I KaKJOTO IeHa, HOpMalH-
30BaHHBIE I10 TOPOrOBOMY IIUKIIY BHYTPEHHETO KOHTPOJIS
IUKIO(WINHA A, U IPOBOAMIIN OIIAPHBIE CPABHEHHS MEKITY
rpyrmamMu. [Ipu 3ToM yunTeiBamy 3pGEeKTUBHOCTD peaKkinu
JUISL K&KJOU Taphl [IpaiiMepoB, PACCUUTAHHYIO C IIOMOLIbIO
CepHUM pa3BelICHUM.

Cratuctnyeckas o6paboTka pesynbraTtoB
Craructiueckyro 00paboTKy JaHHBIX IO MATEPUHCKOMY IT0-
BEJICHHIO, B TECTE «HA TEPUYATKY», B TECTE «CBETIO-TEMHAs
Kamepa» MPOBOJMIIN C HCIIOIb30BaHUEM JIBYX(DaKTOPHOTO
JICTIEPCHOHHOTO aHA/IN3a, IPH KOTOPOM B Ka4uecTBE (PaKTOPOB
ObUTM TEHOTHN W MPOILEAYPA XIHUIMHTA, C MOCIEAYIOIINM
CpaBHEHHEM TPYIIIOBBIX CPeAHMX MO Kpurepuio Fisher
LSD. Cpennune 3HaueHHUS aMIUIATYIBI PEAKIH B3IparuBa-
HUSI B CTApPTI-TECTE ISl IEPBBIX M BTOPHIX IISITH CTUMYJIOB,
a TaKk)Ke JMHAMUKHU CTPECCOPHBIX YPOBHEH KOPTUKOCTEPOHA
n AKTT 6pumin o6pabotansl ¢ momorpio anammza ANOVA
JUIS TTIOBTOPHBIX M3MEPEHHH (C TEHOTHIIOM W IMPOIEIYpOi
X9HJUIMHTA B KayecTBe (hakTOPOB), C MOCIEAYIOUIMM CpaB-
HEHHEM TPYIIOBEIX cpeauux mo kpureputo Fisher LSD.
Pesynbrarel Ha rpaduKax MPEACTABICHBI B BUJC 3HAYCHUH
cpenHero+omuoka cpenHero. CTaTUCTHYECKYIO JJOCTOBEp-
HOCTb Pa3IMuMi MEXAy rpynmnamu mno pesyiasraram [IL[P
OIICHUBAJIM C TIOMOIIBIO PAaHAOMH3UPOBAHHOTO KPHUTEPHS
C JIByXTOUEYHBIM I€PEpaclpe/ielIeHHeM C UCIIOIb30BaHUEM
nporpamMbsl REST 2009 (QIAGEN).

Pe3ynbratbl

WccnepoBaHne noBefeHnA maTtepeil, NTOTOMKOB
KOTOpbIX NoABepraay HeoHaTalbHOMY X3HAJIMHTY

B nacrosimieit pabote ncciae0Baii MaTepHHCKOE TIOBEICHUE
MIPY XOHJUIMHTE U B KOHTPOJIBHBIX TPYIax y JUHUHA PYYHBIX
U arpeccuBHBIX Kpbic. HaxoxkneHune caMku B THE3JE, «ap-
KOOOpAa3HBIM» THIT KOPMIICHHS W B3aWMOICHCTBHE MaTepH
C TIOTOMCTBOM (BBUIM3BIBAHUE) PACCMATPUBAIOTCS KaK MHICKC
aKTUBHON MarepuHCKo# 3a60t1hI (Liu et al., 1997). «Apxo-
00pa3HbIi» THI KOPMIICHUS SIBIIIETCS CaMbIM 3P ()EKTHBHBIM,
a MacCUBHBIN — HauMeHee d(PGEKTUBHBIM ISl TPOIYKLUH
MOJIOKa 1 obecredeHus: Hanbosee BBICOKOH JKU3HECIIOC00-
HOCTH KPBICST.

Pesynbrarsl AByX(aKTOPHOTO TUCIIEPCHOHHOTO aHaAIN3a
MOKa3aJIi JI0CTOBEPHOE BIMSIHUE (DaKTOpa IeHOTHIIA HA
gacToTy HaxoxaeHus B ruesne (F, ,,,, = 18,06; p <0,001),
CYMMAapHYyH 4acCTOTY KOPMJICHUS (Fl s017 = 6,115 p=0,01),
dacTory apkoobpastoro (F, 55, = 26,03; p < 0,001) 1 naccus-
HOrO (F, 175, =33,99; p <0,001) THII0B KOpMIICHHSL, A TAKKE
HPOLIEHT TPYMUHIA U BbUIM3bIBaHUS KpbICAT (F, 50, = 4,94;
p <0,05). Bputo BEIIBICHO TaKXkKe HOCTOBepHde BIIUSTHUE
(hakTOpa XOHIMHTA HA YaCTOTY HAXOXKACHHS CAMKH B THE3-
ne (F, 50,7 =4,01; p<0,05), yactory niaaroobpa3Horo
(F1,1757’: 12,96; p <0,001) u maccusnoro (F, ;,5,=9,02;
» <0,01) TunoB xopmiieHHs. BbITO MposEeMOHCTPUPOBAHO
B3auMojieiicTBUE (PAKTOPOB I'€HOTUIA M XIHJIMHTA IS
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4acToThl HaxoxaeHus B ruesne (F, ;= 13,89; p <0,001),
CYMMapHOH 4acTOThI KOPMJICHHUS (F1,2017 =4,49; p <0,05),
9acToThl apkoobpasnoro (F, |5, =12,13; p <0,001) u mac-
cusHoro (F, ,,5, = 18,95; p < 0,001) THMOB KOpMIIEHUS.

YacToTa HAXOYKICHHS B THE3/IE ObLIA TOCTOBEPHO MEHBIIE
Y PyYHBIX CAMOK TI0 CPaBHEHHUIO C arpPECCUBHBIMH, TTPH 3TOM
npolLeypa XdH/UJIMHIa BbI3bIBAJIA YBEIWYECHHE JJAHHOTO T0-
Kazaressl y pydHbIX KPbIC IO YPOBHS arpeccuBHbIX (puc. 1).
YacTora KOpMIICHHS CAMKOH JIeTEHBIIICH OblIa JOCTOBEPHO
MEHBIIIEe Y KOHTPOJIBHOW IPYIIIBI PYYHBIX KPBIC IO CpaBHE-
HHIO C KOHTPOJIbHBIMH arpeCCUBHBIMHU )KUBOTHBIMH. He ObL10
00HApYKEHO JOCTOBEPHOTO M3MEHEHUsSI JAHHOTO TIapaMeTpa
TMO/T BO3JICHCTBUEM XOHJJIMHTA Y CAMOK OOOMX TE€HOTHIIOB.
YacroTa apko0Opa3HOTO THTIA KOPMIICHHS OBLIA IOCTOBEPHO
MEHBIIIE Y PYYHBIX CAaMOK 10 CPaBHEHHUIO C arpeCCHBHBIMHU
B KOHTPOJBHBIX Ipynmnax (puc. 2). [Ipu 3ToM X3HAJIUHT BbI-
3BaJl JOCTOBEPHOE YMEHBIICHNE YacTOTHl apkooOpa3HOTO
KOPMJICHHSI y arpeCCHBHBIX CaMOK M YBEJIMYEHHE TaHHOTO
HoKa3aTens y py4HbIxX. YacToTa mnaroo0pa3HOro THIIA KOPM-
JICHUA HE Pa3Nnyaliach y KPBIC pa3HBIX TEHOTHIIOB (pHC. 2).
B TO ke BpeMst XOHJTHHT BBI3BaJI JOCTOBEPHOE YBEIHUCHNE
YaCTOTHI TIATOOOPA3HOTO THIA KOPMIICHUS Y CaMOK KPBIC
000MX TeHOTHNOB. YacToTa MacCHBHOTO THUIA KOPMJICHUS
ObLIa T0CTOBEPHO OOJIBIIE Y PYYHBIX CAMOK T10 CPaBHEHHIO
C arpecCUBHBIMY, ITPH ATOM MPOLIEAYpa XIH/IJIMHTa BHI3bIBAIA
CHIDKEHHE JJAHHOTO MOKA3aTeJisl y PYyYHBIX KPBIC 10 YPOBHS
arpeccUBHBIX (pHC. 2).

WccnepoBaHne BAMAHNA paHHUX BO3AENCTBUIA

Ha noBefieHne BO B3POC/IOM COCTOAHUN

Y PYUHbIX 1 arpeccuBHbIX KPbIC

Tect «Ha nepuatky». O00pOHHUTENBHAS arpeccus ObLIa IPKO
BBIP@KEHA y arpeCCUBHBIX KPHIC KOHTPOIBHOM TPYIIIBI X TTOJI-
HOCTBIO OTCYTCTBOBAJIA Y PYYHBIX )KUBOTHBIX, YTO COOTBET-
cTByeT OoJee paHHNM nccaenoBanusaM (OchkiHa, [ImrocHnHa,
1997; Plyusnina, Oskina, 1997). JIByx¢akTopHslii guctep-
CHOHHBIW aHaJIM3 BBISIBUJ JOCTOBEPHOE BIIMsIHHE (DAaKTOPOB
TE€HOTHIIA (F1,93 =61,49; p <0,001), xoH1THHTA (F1,93 =6,34;
p <0,05), a Takke B3anMojelcTBUE JaHHBIX (PAKTOPOB
(F 93 =5,70; p <0,05) Ha GasibHy0 OLCHKY IOBEACHHS KPbIC
B TECTE «HA NepUaTKy». bambHas oleHKa MOBEACHUS arpec-
CHBHBIX KpbIC OblTa orpunarensuoit (—3,05+0,07) (puc. 3)
U JIOCTOBEPHO OTIIMYAJIACh OT MOJOKUTEILHOW OalIbHOMN
OIIEHKH pydYHBIX KpbIC (+3,45+0,05; p <0,001). ITpourenypa
XOHJUIMHTA BBI3BaJIa JOCTOBEPHOE M3MEHEHHE OaJuIbHOM
OIICHKHU arpeccuBHBIX camIioB (—2,66+0,09; p <0,001), Ho
HE TMOBJIMSUIA HA TTOBEACHUE PYYHBIX KPBIC B IaHHOM TECTE
(+3,31£0,00; p > 0,05) (puc. 3).

Crapria-tect. Ha puc. 4 n300pakeHbl aMILTUTYIbI B3/Ipa-
THBaHMS PYYHbBIX M arpeCCHBHBIX CaMIIOB KPbHIC B OTBET Ha
MIPE/IbSIBIICHNE TIEPBBIX M BTOPBIX IISITH aKyCTHYECKUX CTH-
Mys0B. JIByX(haKTOPHBIH AUCIICPCHOHHBIN aHAIN3 JaHHBIX
JUISl IOBTOPHBIX U3MEPEHUH 1MOKa3aj JOCTOBEPHOE BIUSTHHE
¢baxropa Homepa akyctuuyeckoro crumyna (F, ,, = 79,05;
p <0,001), a Takxke pakTopa reHOTHUIIA (F£44 = 8,80;
p<0,001) Ha amMIUIUTYRy peaKIu BBHpaFI/IBaH,I/ISL Kpome
TOTO, OBIJIO MPOJEMOHCTPHUPOBAHO B3anMoeHicTBIE (aKTo-
poB XoHANMHra U Homepa ctumyina (F, ,, = 10,38; p <0,01),
a TaKoKke (haKTOPOB XIH/IHHTA, HOMEPA CTHMYJIA ¥ TeHOTHIIA
(Fy44=4.,84;,p<0,01).
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Puc. 1. BnuaHre xaHANMHra geteHbiwen Ha NoKasaTenn MaTepUHCKOro
nosefeHnA: HaCcToTy HaXOXXAeHWA B rHe3e (a)yn 4acToTy KOpMNeHnA (6)
Y CaMOK arpeccmBHbIX U Py4YHbIX KPbIC.

OnbIT — CaMKW, YbW [JeTeHbILN NOABEPranNCb HEOHaTaNbHOMY X3HANUHTY,
KOHTPOJIb — IPpynMbl CaMoK 6e3 Kaknx-nmbo Bo3aencTemii. **p < 0,01;
**%¥p < 0,001 NO CPaBHEHWIO C arpeccBHOI KOHTPOSbHOW Py nmno;

XXXp < 0,001 y ONbITHOM rpynMbl MO CPAaBHEHMIO C KOHTPOJbHOW 3TOrO e
reHotuna.

ArpeccrBHble PyuHble
El KOHTPONb I KOHTpOSb
Bm onbiT onbIT
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Puc. 2. Binanne xaHannHra geTeHbllein Ha 4acToTy pasfiyHbIX TUMOB
KOpMJIeHUA: apKoobpasHoro (a), nnatoobpasHoro (6), TaccMBHOrO (8),

a TaKkXe rpyMVHIa 1 BbINM3blBaHWA KPbICAT (2) (4ONA OT CyMMapHOro Bpe-
MeHV HaXOXAeHWA CaMOK B rHe3fe, %) y arpeccrBHbIX 1 PYUHbIX KPbIC.
***p < 0,001 N0 CPaBHEHWIO C arpecCBHON KOHTPOMbHOI rpynnoii; Xp < 0,05;
XXp < 0,01;*p < 0,001 y ONbITHON rPynrbl MO CPaBHEHUIO C KOHTPOJIbHOM
3TOrO e reHoTuna.

HacnepcreeHHble 0cO6eHHOCTN GpU3NONOrnuecknx GpyHKLni
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Puc. 3. BnvisiHne HeOHATanbHOIO X3HAMHA
Ha MoBeAeHNe 3penbiX arPecCBHbBIX U PYUHbIX
Kpbic.

3pecb, B puc. 4-7 vi Tabnuue: OnbiTHbIE — B3POC-
Ible CaMLibl KPbIC NOC/Ie HEOHATANIbHOTO X3H[-
JIVIHFa; KOHTPOJIbHbIE — HE MOABEPraBLINECS HEO-
HaTanbHOMY XaHANMHTY. ***p < 0,001 no cpaBHe-
HWIO C KOHTPOJIbHOW FPYNMOI COOTBETCTBYHOLLETO
Tvna noBefeHus.
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Puc. 4. BnnsHne HeoHaTanbHOro XaHANMMHIa
Ha amnInTygy B34parnBaHus B CTapT/i-TecTe

B OTBET Ha NepBble NATb 1 nociegyioLue nAatb
AKyCTUYECKMX CTUMYJIOB Y CaMLIOB arpeccuB-
HbIX (@) 1 PyYHbIX (6) KpbIC.

p1-5 - peakuyma Ha nepsble NATb CTUMYOB;
p6-10 — peakuma Ha NATb NOCNeAyLWMX CTUMY-
N0B; *p < 0,05 N0 CPaBHEHMIO C arPeCcCUBHON KOH-
TPONbHOW rpynnon; **p < 0,001 no cpaBHeHMIO

C NpeabIayLNMM NATbIO CTUMYNaMK.

CpenHsisi aMILIMTY/Ia B3/IparMBaHus B OTBET Ha IEPBbIE MATh U MOCIEAYIOLIHe
TISITh CTUMYJIOB ObLJ1a JOCTOBEPHO MEHBIIIE Y PYyUHBIX CAMIIOB KOHTPOJIBLHOM IPYIIIIBI
10 CPAaBHEHHIO C arpeCCHBHBIMH KOHTPOJIBHBIMH )KUBOTHBIMH (pHC. 4).

J1oCTOBEPHOTO M3MEHEHHS aMILTUTY/IbI B3pariBaHusl TIO]] BIMSIHUEM X H JTHHT A
y arpecCUBHBIX M PyYHBIX CAMIIOB O0HApYkeHO He OpU10. OTHAKO CpeTHss aMILTH-
Ty/1a B3/IparuBaHus B OTBET Ha IIEPBBIC IISITh CTUMYJIOB ObLIa Ha yPOBHE TEH/ICHIIUH
OoJIbIlIe Yy OMBITHOW T'PYIIBI PYYHBIX KPBIC, Y€M Yy KOHTPOJIBbHOU. Jl0CTOBEpHBIX
Pa3ITUUN aMIUTUTYAbI B3APATMBAHHS MEX/Ty OIBITHBIMHU I'PYIIIaMH KPbIC Pa3HOTO
TeHOTHIIAa 0OHApYKEHO HE OBLIO.

TecT «cBeTJI0-TeMHasi KaMepay». Pe3ynbraTsl AUCIEPCHOHHOTO aHAIN3a BBI-
SBUJIN JIOCTOBEPHOE BIIMSIHME (PAKTOpA T€HOTHIIA HA JIATEHTHBIN MEpUoj 3axoza
B TemHblit orcek (F, ., =5,87; p <0,05), Bpemsi, MPOBE/IEHHOE B CBETJIOM OT-
ceke (F,,,=701; p < 0,01), cymmapHOe BpeMsl 3aCThIBAHUN B CBETJIOM OTCEKE
(F, 44 = 9,41; p < 0,01) 1 4HCIIO BHICOBHIBAHMIT HOCA U3 TEMHOTO B CBETITbIH OTCEK
(F]:44 =8,03; p <0,01). locroBepHoro BiIHsiHUS (haKTOpa TEHOTHIIA Ha JPyTHE
MOKAa3aTeNlu MOBEJCHUS B JaHHOM TECTE, B TOM YMCJIE U Ha BPeMsl, IPOBEAECHHOE
B CBETJIOM OTCEKe ITOCIIe BBIXOJa U3 TEMHOT0, 00HapyXeHo He Obuto. CyMMapHOe
BpeMsI 3aCTBHIBAHHMH OBLIO JIOCTOBEPHO OOJIBIIE Y KOHTPOJBHBIX arpecCHBHBIX
CaMIIOB 10 CPAaBHEHHIO C KOHTPOJILHBIMU PYYHBIMH )KUBOTHBIMU (pHc. 5). JlareHT-
HBII MEPUOJ 3aX0/a B TEMHBIH OTCEK M BPEMsl, IPOBEICHHOE B CBETJIOM OTCEKE,
OBUTH HA TPAHM JIOCTOBEPHOCTH OOJIBIIE Y arpecCUBHBIX CaMIIOB, YEM Y PYUYHBIX
B KOHTPOJIBHBIX I'pyMIax >KUBOTHBIX (puc. 5). Knaccudecku naHHbIe apaMeTpsl
paccMaTpUBAIOTCS KaK MTOKa3aTellb HU3KOI TPEBOKHOCTH, OJJHAKO Y arpECCUBHBIX
CaMIIOB OHU CBSI3aHBI C 3aCTHIBAHUEM B CBETIIOM OTCEKE, a 3HAYNT, yKa3bIBAIOT Ha
OOJIBILIYI0 TPEBOXKHOCTh, TEM 00JI€€ UTO YKMCJIO BBHICOBBIBAHMI HOCA M3 TEMHOTO
B CBETJIBIN OTCEK OBIIIO HA YPOBHE TEHACHIIMU MEHBIIIE Y arPECCUBHBIX KOHTPOIIb-
HBIX KpBIC, 4eM y pyuHbIX (p = 0,07) (puc. 5).

JlocTOBEpHBIX U3MEHEHUIT TOBEAEHUECKUX IIAPAMETPOB KPBIC 000MX FEHOTHIIOB
B TECTE «CBETIO-TEMHAsI KaMepay T10]] BIUSHUEM MPOIEAYPhl XOHJIHHTa 00HAPY-
JKEHO He OBLIO.

WccnepoBaHne BAMAHNA HEOHaTaNlbHOIO X3HA/INHIa

Ha CTpecc-peakTUBHOCTb Y PYUHbIX U arpeCcCUBHbIX KPbIC

JIByX(akTOpHBIN IMCIEPCHOHHBIN aHAIHU3 TI0Ka3all J0CTOBEPHOE BIMsIHNE (DAKTO-
pos renoruna (Fs 1, = 3,64; p <0,01) n xonanunra (Fy 5, =5,50; p <0,001) na nuna-
MHKY YPOBHS KOPTHKOCTEPOHa. Y 00SHX OBEJCHUCCKUX IPYIIT Kak B KOHTPOJE, TaK
U OIbITE HAOJIFOAAJIM JTOCTOBEPHOE NOBBINICHHE YPOBHSI KOPTUKOCTEPOHA B KPOBU
cpa3sy 1 4epe3 Yac I0ciie OKOHYAHHS CTPECCOPHOTO BO3JCHCTBHUS MO CPABHEHUIO
¢ 6azanpHBIM ypoBHEM (p < 0,001) (puc. 6). Ilocnenyromiee cpaBHEHHE TPYIIIIO-
BbIX cpenHux 1o kpureputo Fisher LSD nokasano qoctoBepHble pa3iindus MExXIy
TpyIIaMu depes 2 4 MociIe OKOHYaHusA cTpecca. KoHIeHTpays KOpTHKOCTepoHa
B KPOBH KOHTPOJIBHBIX KMBOTHBIX HE3aBUCHMO OT TTOBEJCHUS yKEe BO3Bpalaiach
K 0a3aJbHBIM 3HAYEHHSM, TOT/Ia KaK B 9KCIIEPHUMEHTAIBHBIX IPYIIIAX 9TO HAOI0-
JIaTIOCh TOIBKO uepe3 4 4. YpoBeHb KOPTUKOCTEPOHA B TIa3Me KPOBH KOHTPOJIBHBIX
arpecCUBHBIX )KUBOTHBIX OBLT JOCTOBEPHO BBIIIIE IO CPABHEHHUIO C KOHTPOJIBHBIMU
pyuHbiMHu Yepe3 2 u 4 4 nociue crpecca (p < 0,05 u p <0,01 cooTBeTCTBEHHO)
(puc. 6). B sxcriepuMEHTAIBHBIX TPYIIaX, OTIAMYAIOMINXCS TI0 TIOBEACHHUIO, pa3-
JUYUH B ypOBHE TOPMOHA He 0OHapyXeHO. JlocToBepHBIE pazInyHs MEXIy KOH-
TPOJILHBIMU M TTOJ{BEPTABIIUMHUCS XIH/UIMHTY KPbICAMHU OBUIH BBISBIEHBI TOJBKO
Y PYYHBIX )KHBOTHBIX uepes 2 4 mocie crpecca (p < 0,05) (puc. 6). Y arpeccuBHBIX
JKMBOTHBIX 3HAYMMOTO BIIMSHUS 9KCIIEPUMEHTAIBHOTO BO3JCHCTBHS HA YPOBCHb
KOPTHUKOCTEPOHA HE OOHAPYKEHO.

Kpowme Toro, Op11a m3ydena auHamuka m3menenus conepxxauansg AKTI B mmazme
KpOBH KpbIc. J[ByX(haKTOpHBIH TUCTICpCHOHHBIN aHATIM3 HE MOKA3aJl JI0CTOBEPHOTO
BIMSIHUSE (DAKTOPOB FEHOTHUIIA HA IMHAMMKY U3MEHEHHs ypoBHs ropmoHa. Ctpeccop-
HOE BO3ZICHCTBHUE TOCTOBEPHO yBemmuuBaio koHneHTpanuio AKTI B kpoBH Bcex
WCCIIEIOBAaHHBIX TPYMIT )XHUBOTHBIX (p < 0,05 — pyuHble KOHTpONBHBIE; p < 0,01 —
pyusbie onbiTHBIC U p < 0,001 — 006e rpymIbl arpeccuBHBIX Kpbic) (puc. 7). On-
HaKoO yke uepe3 2 4 1ociie OKOHYaHUS CTPecca y BCEX TPYII )KUBOTHBIX JaHHbINA
I0Ka3aTeNb JOCTOBEPHO HE OTIIMYAINICS OT 0azanbHOro. JlOCTOBEPHBIX pa3IHyuui
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Bpemsa 3acTbiBaHM, C
Yrcno BbICOBbIBaHWMI HOCa

Puc. 5. [oBefeHve arpeccnBHbIX 1 PYYHbIX KPbIC B TECTE «CBETNO-TEMHAA KaMepa»: NaTeHTHbIV NepuopA 3axofa B TEMHbIN OTCeK (a); BpemaA, nposeaeH-
HOe B CBET/IOM oTceke (6); CyMMapHOe Bpema 3aCTbIBaHWI B CBETIOM OTCEKeE (8); UMCNIO BbICOBbIBAHWIA HOCA U3 TEMHOTO B CBET/IbIN OTCEK ().

*p < 0,05; **p < 0,01 NoO CpaBHEHWIO C arPeCCUBHOI KOHTPOMBbHOW rPynMoii.

B ypoBHe AKTI' Mmexny moBeneHdve-
CKHMH, a TAKXKe MEKTY KOHTPOIbHBIMA
1 SKCHEPUMEHTAIBHBIMH TPYIIIaMU TTPH
MONIApPHOM CPaBHEHHH OOHAPYKEHO HE
Ob110.

NccnepoBaHme konnuectea MPHK
peuenTopa rMioKOKOPTUKONA0B

B rMnnoKammne n KOpTUKOTPOMNUH-
PUAN3UHT FOPMOHA B rmnoTasamyce
PYUHbIX 11 arpeccnBHbIX KpbIC

B HOpMe U1 Nnoce HeoHaTanbHOro
X3HAJINHra

Amnanus pesynasratoB OT-ITLP B pe-
AJHHOM BPEMEHH HE BBISBHII JIOCTO-
BEPHBIX paznuuuii B konuyectBe MPHK
I'P B runnokamie Mexay py4YHBIMHU
W arpecCUBHBIMH KpbIcamu (TabnuIa).
B 10 xe Bpemst ObLTIO OOHAPYKEHO He-
60JIbIIIOE, HO JOCTOBEPHOE yMEHbIIIE-
Hue skcrpeccun KPI' B runoranamyce
PYYHBIX KPBIC OTHOCUTEJIBHO arpeCcCHB-
HBIX (p < 0,01).

HeonaTtanbHblll X2HAJIMHT JOCTO-
BEpPHO HE IMOBIUSI Ha KOJIUYECTBO
MPHK I'P B runmnokamne py4HbIX KpbIC
(p <0,05) (Tabnuma), oxHAKO HEMHOTO,
HO JIOCTOBEPHO CHU3MUJI ATOT TIOKa3aTelb
y arpeccuBHBIX (p = 0,03), mpuaem
konnuectBo MPHK I'P B runnokamne
arpecCUBHBIX OIBITHBIX KPBIC OBLIO
JIOCTOBEPHO HIIKE TAKIKe 110 CPABHEHUIO
C py4HBIMH KOHTponbHBIME (p = 0,03)
u onbITHBIMH (p < 0,001) )KUBOTHBIMHU.

Ha xomnmyecrso MPHK KPI' B ru-
norajaMmyce paHHHE BO3JCHCTBHS He
OKa3ajii JOCTOBEPHOIO BIUSHUSA (Ta-
OrIia): TpyIIa arpeCCUBHBIX OTBITHBIX
JKMBOTHBIX JIOCTOBEPHO HE OTIMYAIach

251 ArpeccuBHble PyuHble
Il KoHTpOnb [ KOHTpOsSb

FEX Bl XoHANVHT X3HISIMHF
*X¥

YpoBeHb KOPTUKOCTEPOHa, MKI %
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Bpems nocne ctpecca, 4

Puc. 6. BnvAaHne HeoHaTanlbHOrO XSHAIMHIA Ha AVHaMWKY YPOBHA KOPTUKOCTEPOHA B KPOBMN
Y PYYHbIX N arpecCcnBHbIX B3POC/IbIX KpbIC nocne peCcTpUKUMOHHOIo cTpecca.

**p < 0,01; ¥**p < 0,001 no cpaBHeHUIO C 6a3anbHbIM ypOBHEM; Xp < 0,05 MO CPaBHEHWIO C KOHTpONeM;
#p < 0,05; ##p < 0,01 NO CPaBHEHMIO C arPECCUBHBIMU KPbICaMU.
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Puc. 7. BnuaHne HeoHaTanbHOro X3aHANMHIa Ha AUHaMKKy ypoBHA AKTI B KPOBU Yy arpeccnBHbIX
(@) n pyyuHbIX (6) B3pOC/bIX KPbIC MOC/E PECTPUKLIMOHHOTO CTpecca

*p < 0,05; **p < 0,01; ***p < 0,001 No cpaBHeHUIO C 6a3anbHbIM YPOBHEM.
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10.3. lepbek, O.A. AMenbKirHa, M.IO. KoHoweHKo ...
P.B. KoxemsakuHa, W.3. MntocHurHa, U.H. OcbKknHa

BnuaHne HeoHaTanbHOro XaHANMHra Ha konnyectBo MPHK peuentopa rniokokopTnkonaos (MP) B runnokamne 1 KOPTUKOTPOMUH-
punn3nHr ropmoHa (KI'P) B runotanamyce pyyHbIX 1 arpecCcuBHbIX KPblC

[pynnbl XNBOTHbIX CooTHoLweHne
aKCnpeccnn
PeLienTop KIOKOKOPTUKONAOB B rrnmnokamne
PyuHble KOHTpPONb / arpeccrBHble KOHTPONb 1,106
PyuHble onbIT/ pyyYHble KOHTPONb 1,106
ArpeccrBHble ONnbIT/arpeccBHble KOHTponb 0,812
ArpeccuBHble OnbIT/ pyyHble KOHTPOJb 0,765
ArpeccuBHble OMnbIT/ pyyYHble OnbIT 0,692

PyuHble KOHTpONb / arpeccrBHble KOHTPOSb 0,742
ArpeccrBHble OMNbIT/arpeccuBHbIe KOHTPOJIb 1,114
"""" ArpeccusHbie onbiT/pyuHbie KoHTpOns 0666
........ quHb|eo|-|b|T/pqub|eKOHTponb1261
PyuHble onbIT/arpeccnBHbI KOHTPOSTb 0,979

CraHpapTHas 95 %-1 poBepuTENbHbIN  p Pesynbrar

olwmnbKa MHTepBan
. 0759_1677 - 03 31_2175 ......................... > 005 .......... S
. 0759_1677 - 03 31_2175 ......................... > 005 .......... R
. 0565_1164 - 0406_1481 .......................... < 005 .......... ¢ ....................
. 0507_1209 - 02 13_1541 .......................... < 005 .......... ¢ ....................
. 0437_102 1 e 03 41_1353 ......................... < 0001 ......... ¢ ....................
. 0455_126 1 e 03 14_1702 ......................... < 005 .......... ¢ ....................
. 06 80_1926 - 0474_2396 ......................... > 005 .......... R
. 0446_0934 - 03 27_1376 ......................... 5 0001 ......... ,L ....................
. 0715_2244 - 05 50_4578 ......................... > 005 .......... R
. 0497_1699 - 03 44_4257 ......................... > 005 .......... s

MonapHoe cpaBHeHue akcnpeccun reHa I'P (KI'P) y Kpbic nccnepyembix rpynmn. = [IOCTOBEPHOE CHUXKEHMNe SKCNPeCccn y NepBowi rpynrbl B CTPOKe OTHOCU-

TeNIbHO BTOPOWA.

OT arpecCcUBHBIX KOHTPOJIBHBIX (p > 0,05) 1 1ake HECKOIBKO
OoJblIIe, YeM arpeCcCHBHbBIC KOHTPOJIbHBIC )KUBOTHBIE, OT/INYa-
JIach OT PYYIHBIX KOHTPOIBHBIX (p = 0,001); TpymIa OIBITHBIX
PYYHBIX KPBIC JOCTOBEPHO HE OTIMYAJIACHh OT KOHTPOIBHBIX
PYYHBIX )KUBOTHBIX, OJHAKO B OTJIMYHE OT ITOCIIEIHHUX MO/~
BEpPTHYTbIe HEOHATAIILHOMY X9H/UIMHTY KPBICHI I0CTOBEPHO
HE OTVIMYAJINCH U OT arpecCUBHOTO KOHTPOJIS.

O6¢cyxpeHue

[TomyueHHBIC B TaHHOH pa0OTe PE3yNbTAThI MOKA3aIH, YTO
JUIUTEJIBHBIA OTOOP KpBIC 3HAYUTENBHO OciadisieT a(hhext
HEOHATAIBHOTO XIHJUIMHTA HA TMOBEJCHUE 110 OTHOIICHHIO
K YEJOBEKY Y arpeCCHBHBEIX KPBIC 75-TO TOKOJCHHS IO
CPaBHEHHUIO C )KMBOTHBIMU 44-r0 noKosIeHHs1 0TOopa (puc. 3;
OcpkuHa, [ImtocanHa, 1997). Pesynbrars! n3MepeHnii ypoBHS
KOPTUKOCTEPOHA B KPOBH B3POCIIBIX KPBIC CPasy IMOCIIE CTPeC-
ca MOATBEPIWIN, YTO arPECCUBHBIC KPBICHI COBPEMEHHBIX
MOKOJICHUH HE OTIIMYAIOTCSI OT PYYHBIX [10 ATOMY ITOKa3aTellio,
YTO COOTBETCTBYET MPOBOAMMBIM HEIABHO HCCIICHOBAHHSIM
(ITpaconosa u nip., 2014) U NPOTUBOTONOKHO pe3yabTaTam,
MOJTYYSHHBIM Ha MPEbIIYIIUX dTanax oroopa ([sirano u ap.,
1985; Plyusnina, Oskina, 1997; Ocbkuna u ap., 2008). Ipu
9TOM HEOHATAIbHBIN XOHIJIMHT HE UBMCHSJT YPOBEHb KOPTHUKO-
CTEepOHa, U3MEPEHHBII Cpasy Mocje CTPecca, Y HCCISAYEMbIX
KPBIC B OTJIIMYHUE OT KUBOTHBIX 44-r0 mokoneHus (OChKUHA,
[Tmtocuauna, 1997). OnHUM M3 OCHOBHBIX MEXaHWU3MOB JIeH-
CTBHSI HEOHATAIILHOTO X9HJUIMHTa Ha YPOBEHb CTPECC-0TBETA
SIBIISICTCS, TIO-BHIUMOMY, CHIDKCHHE KonmmdectBa ['P B rum-
nmokamrie (Liu et al., 1997). ITostomy ocnabnenue 3dpdhexra
BO3/ICHCTBHIA MOJKET OBITH CBSI3aHO C MICYE3HOBEHUEM Pa3IIH-
YU B 3KcIipeccuu TeHa [P y pydHBIX U arpecCHBHBIX KpPBIC
75-ro0 MOKOJEHUS 110 CPABHEHUIO C JaHHBIMM IIPEIbIAYILIHUX
uccnenoBannit (Ocekuna, [ImocHuna, 1997; Ocbkuna u np.,
2008; I'epoek u mp., 2010; Herbeck et al., 2010), uto 1o psimy
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npusHakoB (IIpaconosa n ap., 2014) yka3siBaeT UMEHHO Ha
TMOBBINICHUE JKCIPECCHUU T'€HA Y arpCCCUBHBIX JKUBOTHBIX.
DTO MOXET OBITh CBA3aHO C YCHJICHHEM ITIOKOKOPTHKOMI-
HOW 00paTHOM CBSI3U Y arpecCUBHBIX KPBIC HA COBPEMEHHOM
starne oroopa. OTcyrcTBre 3 (EKTOB XIH UIMHTA HAa CTPECC-
PEaKTUBHOCTH OBIIO IMOKa3aHO W HA HEKOTOPBIX APYTHX JIH-
HUsX Kpeic 1 Meimieit (Liu et al., 1997; Steimer et al., 1998;
Gariépy et al., 2002). Ognako Toabko B HekoTOpbIX (Liu et
al., 1997) orcytcTBue 3¢ dexTa, mo-BUANMOMY, OBLITO CBA3aHO
CO CHIDKCHHBIM YPOBHEM KOPTHKOCTEPOHA U MOBBIIICHHBIM
konuuectBoM MPHK I'P.

Hecmotps Ha pactipocTpaHeHHOE MHEHHE O XOHJTHHTE KaK
0 OJIaroINpUsITHOM BO3ACHCTBHM, KOTOPOE 00OTAIIACT PAHHIOKO
COLIMAJILHYIO CPEly Pa3BUBAIOIIEIOCS OPraHU3Ma, OH UMEET
1 CTPECCOTEHHYIO COCTABIISIONLYI0, KOTOPast MOKET BBI3BIBATH
HeOmaronpusTHeIC 3P PEKTHI, HATPHUMEP, Ha COIIHATHHOE IT0-
Bezaenue (Macri et al., 2004; Tang et al., 2006). B Hatrem skc-
MIEpUMEHTE HEOOIBIITOE BIUSHIE XOHTIMHTA Ha CTPECC-0TBET
TakKe ObII0 00HAPYKECHO KaK Y PYYHBIX, TAK H arPeCCHBHBIX
Kpbic. OHO 3aKJIFOYAIOCh HE B CHUKCHUH, a, HA000pOT, B 00-
Jee NIUTEIHPHOM COXPaHEHUH CTPECC-WHIYITUPOBAHHOTO
YPOBHSI TTIOKOKOPTUKOUAOB TIocie cTpecca. [lomoOHbIe mu3-
MCHCHHS B CTPECC-OTBETEC MOT'YT 6I)ITI) CBsA3aHbI C YMCHbIIC-
HUeM KonmmdecTBa [P B runmokamie uitw IpyTux CTpyKTypax
MO3Ta, 33JICHCTBOBAHHBIX B TIIIOKOKOPTHKOUIHON 00OpaTHOMH
cBs3u. Heboubioe, Ho nocroBepHoe nosbimenne MPHK TP
00HapYKEHO B THITIIOKAMITE Y arPECCHBHBIX KPBIC, TOABEPTHY-
THIX HEOHATAITBHOMY XOH/UIUHTY. Y PyYHBIX KPBIC XOTS U HE
OBLIO IOCTOBEPHBIX PA3INYUIL 110 ITOMY TTOKA3aTEI0 MEKITY
OTIBITHOM M KOHTPOJIFHOH TpyTIIIaMu, HO He OBUTO 0OHapyKe-
HO Pa3ITUYUi U C arPECCUBHBIMH KPBICAMH, TIOIBEPTHY THIMU
XOHJUIMHTY, U HaOJIIOaJICs 3HAYUTEIIbHBIA Pa3opoC TaHHBIX
BHYTPH OIIBITHOW py4HO# Tpymmsl. Iloxoxwii 3¢ ¢dexT Bo3-
neicTBUS HaOmomacs 1 Ha sxcrpeccuto rena KPT, pazmmams



Effects of neonatal handling on behavior and stress-response
in rats selected for reaction towards humans

B KOTOPOIHi, TaK k€ KaK U B ypOBHE KOPTUKOCTEPOHA yepe3 2 u
TIOCJIE CTPECCa, HCUE3alI Uy PYUHBIX, U y arPECCHBHBIX KPBIC.
Taknm 00pa3om, HEOHATAIBHBIN XIHUIMHT MOT TIOJICHCTBO-
Barh Ha konmuectBo MPHK I'P 1 KPT'y 06enx rmoBeieHueCKIx
TPyMI, HO OBUI YCTAHOBJIEH TOJBKO Y arpeCCHBHBIX H3-3a
HeOopIIoro 3 dexra.

UYro kacaeTcst TPEBOXKHOCTH, TO OHA MOBBIIIAJIACE Y PYUHBIX
KPBIC TI0]T IEHCTBHEM XIH/UIMHTa Ha YPOBHE TEHICHIIUH, YTO
MOKa3aJIa aMILINTY/a B3AparuBaHusi B OTBET Ha IEPBHIE MSTh
CTHMYJIOB B cTapTi-TecTe. Kpome Toro, 3TOT mokasaress mno-
CJIe paHHUX BO3ACHCTBUH HE OTIINYAIICS Y PYUHBIX )KHBOTHBIX
OT arpecCUBHBIX, YTO MOXKET OBITh CBS3aHO C HCUC3HOBEHHEM
pazmunii B axcnipeccun reHa KPT, Tak kak MIMEHHO TOT HeHpo-
MENTH], TT0-BUMMOMY, HTPAeT CyIECTBEHHYIO POJIb BO B3aHU-
MOCBSI31 cTpecc-0TBeTa 1 TpeBoxkHOCTH (Blank, Spiess, 2010).

Hecmotpst Ha TO 4TO y py4YHBIX Marepeil ObLIO OTMEUEHO
YCHJIEHHE MAaTEpPHHCKOTO TOBEACHHUS MOCIE BO3JEHCTBUS
Ha WX MTOTOMCTBO, €/1Ba JIM 3TOT (paKTOp MMEET BKIJIAJ] B U3-
MEHEHHE CTPEeCcC-OTBeTa. XOTA U py4HbIE, U arpeCCUBHBIC
KPBICHI MIMEIIN OIHOHAIIPABJICHHbBIC N3MEHEHHS YPOBHS KOp-
THUKOCTEpPOHA BCJIE/ICTBUE HEOHATAILHOTO X3H/IJIMHTA, OJJHAKO
Y arpecCUBHBIX KPBIC B OTJIMYUE OT PYUHBIX OBLIO OTMEUEHO
Jla)ke HEKOTOpOe 0CJIa0JIeHue MaTepUHCKOTO MOBE/ICHUSI.
Kpome Toro, u3 uTepaTypHBIX HCTOYHHKOB H3BECTHO, UYTO
YCHJIEHHE MaTePHHCKOTO TIOBEJICHHUS] MOXKET, HA000POT, CHH-
JKaTh CTpecc-0TBeT y ux moromkoB (Liu et al., 1997; Weaver et
al., 2004). Pa3nas peakuust pyqHbIX 1 arpeCCUBHBIX MaTepeit
Ha BO3/EHCTBUS, MO-BUANMOMY, CBsSI3aHA C M3HAYAJIbHBIMU
pa3IUyursIMU B IOBEACHUN JTMHUM — yCUJIEHHOW MaTEpUHCKON
3a00TO# arpecCUBHBIX KPHIC MO CPABHEHUIO C PYyYHBIMH
(ITnrocuuna u ap., 2013; Plyusnina et al., 2013).

ITpoBeneHHbIE HCCIIEI0BAHMS 110 TIEPEKPECTHOMY BCKapM-
JMBAaHUIO PYYHBIX M arPECCUBHBIX KPBIC TAKXKE HE MOKA3aJIN
M3MEHEHHI B 0OOPOHUTEIBHON arpeccuu, a crpecc-pe-
AKTUBHOCTHh O0CWX JMHHUU HECKOIBKO MmoBbIcHiach (Plyus-
nina et al., 2009). Mcxons u3 3Toro HeOOJIbIIHE H3MEHEHUS
cTpecc-oTBeTa, skcrpeccu renoB I'P u KPT' Bo B3pociom
COCTOSTHUH MOTYT OBITH CBSI3aHBI CO CTPECCOTEHHOH COCTaB-
JSTFOIIEH MAaHMITYIISIIMH, KaK 3TO BUIHO M3 UCCICAOBAHUH 110
nepekpecTHoMy BckapminBanuio (Plyusnina et al., 2009).

Taxum 006pa3zom, K COBPEMEHHBIM MOKOJICHHSIM COZIEP KaHUS
B HEBOJIC arPECCUBHBIC KPBICHI IT0JT ACHCTBHEM €CTECTBEHHOTO
U MCKYCCTBEHHOT0 0TOOpA, MO-BUANMOMY, IIEPEeCTalld BOC-
MPUHUMATh YeJI0BEKA U YCIIOBHSI BUBAPHSI KAK CTPECCOTCHHBIE.
[TosToMy arpeccusi IO OTHOILICHHUIO K YEJIOBEKY, BEPOSITHO,
B MEHbIIEH cTeneHu 00yCIIOBJIEHA CTPaXOM M CTPECCOM
U B OOJIBIIIEH CTETIEHN — T€HOTUIIOM, YeM Ha MPEAbIIYIINX
JTanax 0Toopa, 1 Majo 3aBUCHUT OT X3H/IIMHTa ¥ N3MEHSOIIe-
rocsi Ipu ITOM MaTepuHCKoro noseneHus. CoxpaHsiomieecs
Yy KpBIC 75-TO TIOKOJICHHsI HEOOINBIOe CHIKCHNE arpecCHu
MOCJIe HEOHATAIBHOTO X9H/UTHHTa MO)KHO OOBSICHUTH HEKOTO-
PBIM CHIDKEHHEM PEaKLMU CTpaxa BCJIEACTBUE PEryIsIPHOTO
MIPOBEAEHUS SKCIIEPUMEHTAIILHON MPOLETyphl B HEOHATAIIb-
HBIN epuoz.
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OpuH 13 BupaoB cemenctea Opisthorchiidae — Opisthorchis felineus
(O. felineus) — BbI3bIBaeT TAXENble HAPYLLUEHUA B OpraHn3me
YyenoBeKa 1 XKNBOTHbIX, MO3TOMY ABNAETCA OObEKTOM aKTyasbHbIX
Hay4HbIX NCCnefoBaHUiA. B paboTe NpoBefeHO cpaBHUTENIbHOE
nccnefoBaHue BnvaHUA nueasum O. felineus Ha N3MeHeHMe B cocTaBe
HOPMEHHBIX 311EMEHTOB KPOBM, KOCTHOMO3rOBOIO remMonos3a

1 noBefieHYeckoro pednekca B3gparmBaHna y mbiwein C57BL/6

N CUPUINCKMX XOMAYKOB Yepes fiBe Hefenu nocne MHGMUMpoBaHus.
O6Hapy»eHbl CyLLeCTBEHHbIe MEXBVAOBbIE Pa3nnyna Mo MHOTUM
nokasatenam. bbino ycTaHOBNEHO, UTO OTHOCKTENbHAsA Macca OCHOB-
HOro opraHa nepudepryeckon UMMYHHOW CUCTEMbI — CENTE3EHKN —
Y MbiLLEN CyLecTBeHHO 60sbLue, YeM Y XOMAYKOB. Bonee Toro,
nHBasua O. felineus Bbi3biBana runeptpoduto ceneseHKr TonbKo

Experimental opisthorchiasis:

a study of blood cells,
hematopoiesis and startle reflex
in laboratory animals

D.E. Avgustinovich!@), LA. Orlovskaya?,

L.B. Toporkova?, G.B. Vishnivetskayal,

A.V. Katokhin!, M.N. Lvoval, E.V. Kashinal,

N.P. Bondar!, N.A. Feofanoval> 2, V.A. Mordvinov!: 3

TInstitute of Cytology and Genetics SB RAS, Novosibirsk, Russia
2 Scientific Research Institute of Fundamental and Clinical Im-

y MbiLLen. Y XoMAYKOB 6binn 6osee BblpaXKeHHble OTKIIOHEHNA
OT HOPMbI B COCTaBe POPMEHHbIX 3/IEMEHTOB KPOBW, KOTOPble
COMpPOBOXAANNCh aKTBaLMEN MUENO- N SPUTPONO33a. Y MbllLei

munology, Novosibirsk, Russia
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ics, Novosibirsk, Russia

YCTaHOBJIEHHbIE U3MEHEHVA B KPOBY He CONPOBOXKAANNCH CABUTaMM
KONoHMeobpasyoLleil akTUBHOCTU KOCTHOIO Mo3ra. Mbllwy oTinya-
JINCb OT XOMAYKOB U MO peakLmn B3aparnBaHna Ha akyCTUYecKuia
CUTHaN Kak Nno Bblpa)eHHOCTV CamMol peakLuu, Tak 1 No BeNnYnHe
npPenMnynbCHOro MHIIMOUPoBaHMA. Y HOULIMPOBAHHBIX XOMAYKOB
He 6bI/I0 peakLMmM NPYBbIKAHUA Ha 3BYKOBOI curHan. Kpome

TOro, y XomA4koB co3peBaHune mapuT O. felineus nponcxoguno
paHbLue, yeM y MblLei. MonyyeHHble AaHHblE FOBOPAT 0 6OnbLLeln
pe3nCcTeHTHOCTY Mbileit K nHduumpoanuio O. felineus, opHako

He NCKNIoYaloT BO3MOXXHOCTU MCMOMb30BaHNA MbllLeN B KayecTse
MoZeNbHbIX NPY NCCNeA0BAHNN MPOLLECCOB, MPOMNCXOAALLNX

B OpraHu3me xo3sanHa Ha GOHe SKCMepPrIMEHTANIbHOMO OMMCTOPX03a.

One of the species of the family Opisthorchiidae,
Opisthorchis felineus (O. felineus), causes severe
disturbances in humans and animals, and so it is

the subject of important research studies. Two weeks
after infection we compared the impact of O. felineus
invasion on the changes in blood cells composition,
bone marrow hematopoiesis and behavioral startle-
reflex in inbred C57BL/6 male mice and Syrian
hamsters (Mesocricetus auratus). Considerable
interspecies differences were revealed for many
parameters estimated. It was found that the relative
weight of the main organ of the peripheral immune
system — spleen, is significantly larger in mice than

in hamsters. Moreover, the infection with O. felineus
caused a significant enlargement of the spleen only
in mice. More pronounced changes in the blood cells
composition, which was accompanied by activation
of hematopoietic stem cells of myeloid and erythroid
set, were determined in hamsters. Blood changes

in the response to infection in mice were less severe
and were not accompanied by the changes in colony
formation. Mouse acoustic startle reaction differed
from hamster one too. The expression of the startle
reaction and the value of pre-pulse inhibition

were discriminated in animals of two species.
Infected hamsters had no reaction of habituation
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KAK UUTUPOBATbD 3TY CTATbIO:

to the sound stimulus. In addition, the maturation

of O. felineus worms was faster in hamsters than

in mice. Data obtained suggest a greater resistance
of mice to O. felineus infection, but do not exclude
the availability of mice as a model in the study

of processes taking place in the host during the deve-
lopment of experimental opisthorchiasis.

Key words: O. felineus; acute opisthorchiasis; hamsters;
mice; blood cells; red bone marrow; hemopoiesis;
startle-reflex.
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MUCTOPX03 — Tapa3uTapHoe 3a00leBaHNE, HIMPOKO

pacnpocTpaHeHHOe BO BceM Mmupe: 40 MuH mronei

nHQUUUPOBaHb! TpeMaronamu cemeiicrBa Opisthor-
chiidae u 750 mitH HaxoxsTCs B Tpymme pucka (Keiser, Utzin-
ger, 2007; Hung et al., 2013). OueBuIHO, YTO OMHCTOPXO3,
BO3HUKAIOIUN TPH 3apaKEHUH YeJIOBEKAa M )KMUBOTHBIX
MPEICTaBUTEISIMU 3TOTO ceMeiicTBa, Opisthorchis viver-
rini (O. viverrini) u Opisthorchis felineus (O. felineus),
SIBJISICTCSL aKTyaJIbHOW TPOOJIeMON COBpeMEHHOCTH. B
O. viverrini pacTipoCTpaHEH MPEUMYIIECTBEHHO Ha TEPpHU-
topun HOro-Bocrounoii Aszum (Taiinana, Jlaocckast Hapon-
Ho-JlemokpaTtuyeckast PecriyOnnka, Brernam, KamGomka)
(Keiser, Utzinger, 2007; Sripa et al., 2011). Ha tepputopun
Poccuniickoit ®denepanunu u ctpan 3anaaHoi EBpornsl npesa-
upyromum BugoM siisiercs O. felineus. CaMblii KpyITHBINA
ouar O. felineus-nHAYITMPOBAHHOTO OMEICTOpX03a B Poccnu —
OO0b-UpTsiicknii 6acceiin, rae 3apakeHHOCTh HACEICHUS
B Tromenckoit u Tomckoit obmactax gocturaet 40-95 %
(Adams, 2006; Ogorodova et al., 2007; Mordvinov, Furman,
2010; Pozio et al., 2013). Undunuposanue Meranepkapu-
smu O. felineus TPOUCXOAUT MPU YHOTPEOICHUH B MHUIILY
CBIPOH MJIM HEJTOCTATOYHO TEPMUYECKN 00pabOTaHHO PHIOBI
cemeicTBa KaproBbIX. [1py 3apaskeHny Mmpexie Bcero crpa-
JlaeT rernaroOuiIMapHasi CHCTEMa, ITOCKOJIbKY MeTalepKapyH,
omaiasi B OPraHu3M OKOHYATENILHOTO XO3S5IMHA, Mapa3uTu-
PYIOT BO BHYTPH- U BHEIIEYEHOUHBIX JKEITUHBIX MPOTOKAX,
I7ie OHU B TEUEHUE MeCsla IPEBPAIIAlOTCs B TOJIOBO3PEIIBIX
rexpMuHTOB (bakmranosckas, Crenanosa, 2005; Adams,
2006; Sripa et al., 2007; Mordvinov et al., 2012; Pozio et
al., 2013). YV yenoBeka OnMCTOPX03 MPOBOLUPYET pa3BUTHE
TSOKEIBIX OCJIOKHEHUN (THOWHBIN XOJaHTHT, XOJCIUCTHUT,
XPOHUUYECKHH TeIaTHT, CTPUKTYPBI )KEITIEBBIBOIAIINX Ty TEH,
abcrecchl NeYeHH, 00TypalMOHHYIO JKENTYXY, TaHKPEaTHT)
U MOXET CHOCOOCTBOBAaTh BO3HUKHOBEHHIO XOJIAHTHOKAp-
nuHOMBI (bpaxkaukoBa, Tomkaesa, 2000, 2002; bakmranos-
ckasi, Crenanosa, 2005; Sripa et al., 2007, 2012; Mairiang
etal., 2012).

B HacTosiiiee Bpemsi OMMCTOPX03 paccMaTpUBACTCS Kak
crcTeMHOe 3200J1eBaHNE, TOCKOJIBKY B ATOJIOTHYECKUH ITPO-
ILIECC BOBJICKAIOTCSI OPTaHbl M CUCTEMBI, KOTOPbIE HE UMEIOT
HETIOCPEICTBEHHOTO KOHTaKTa ¢ mapasutamu (CrenmaHoBa
156
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u 1p., 2004; Axmenos, Kpuresud, 2009). Tak, y)xe Ha paHHIX
CTausIX 3a00eBaHus (OCTPHI ONMMCTOPX03) B OTBET HA Me-
XaHMYECKOE TIOBPEKICHNE AIHUTEITNAIBHBIX KJIETOK BHYTPH-
MIEYCHOTHBIX JKEJTTHBIX IIPOTOKOB U Ha CEKPELIUIO TIPOAYKTOB
MeTaboJIM3Ma Iapa3nuTa BKIIOYAIOTCs 3alINTHbIE IMMYHHbIE
MeXaHH3Mbl Opranuma xo3siusa (Sripa et al., 2007). [Tpu atom
M3MEHEHUs B KJIIETOYHOM COCTaBe KPOBH M KOCTHOM MO3T€ MO-
SIBJISTIOTCSI B OPTaHU3ME OKOHYATEIILHOTO XO3sIMHA OTHUMH U3
nepBbiX. OTHAKO OICHKA KOJIOHUEOOPa3yroIeii aKTUBHOCTH
TEMOIIO3THYIECKUX MTPEAIIECTBEHHUKOB B KOCTHOM MO3T€ IIPH
nHumposaunu O. felineus N0 cuX TOP HE MPOBOIHMIIACE.
W3BECTHO, YTO XPOHUYECKOE BOCHAJICHUE IIEUYECHH Hapy-
I1aeT HEHPOTPAHCMHUCCHIO B MO3T€, UTO IPUBOANT K U3MEHE-
Huto B oegenuu (D’Mello, Swain, 2011). OnmcTopxo3 Ha
XPOHHYECKOH cTaanu 3a001eBaHus 00y CIIaBINBACT Pa3BUTHE
y Jozieii CHMIITOMOB AeTpeccuBHOTO criekrpa (bponmreiiy,
Jlyamres, 1998). MoxkHO Tonarars, 9TO Ha paHHUX dTalax
(oCTpBIi ONMUCTOPX03) HAPYIICHHUS B MO3T€ MOTYT MOBJIHSTh
Ha TIPOSIBIICHUE BPOXKICHHBIX pedIekcoB (HarmpuMep, CTapTi-
pediexc wiu peakuus B3xparuBaHus (startle reaction) y ge-
JIOBEKa W JKUBOTHBIX B OTBET Ha PE3KHI 3BYKOBOW CHUTHAI)
(Paylor, Crawley, 1997). O1oT pedriekc sBiseTcs yHUBepCailb-
HBIM JUTS] MJIIEKOTIMTAIOINX KOMITOHEHTOM 3all[UTHOH PEeaKnu
OpraHu3Ma M XapaKkTepu3yeTcsi HEKOTOpbIMU (hOpMamH Iuia-
CTUYHOCTH, BKJIIOUasi IPEUMITYIbCHOE HHIHONpoBaHue (pre-
pulse inhibition, PPI) u raburyario (mpussikanue) (Hoffman,
Searle, 1968; Graham, 1975; Geyer, Braff, 1987), koropsie
OZIMHAKOBO TPOSIBIISIOTCS y PA3HBIX BUOB MIICKOIIUTAIOIIHX.
Taknm 00pa3oM, MIACTHYHOCTH CTAPTII-PEAKIMN SIBIISCTCS
WJICATBHBIM KaH/IMIaTOM JUIS TPAHCIISIIIMOHHBIX MCCIIEI0Ba-
uuii (Braff et al., 2001). [IpenmmnynecHOE HHTHOMpPOBAaHKE
xapakrepusyer criocoonocts LIHC ¢punsrpoBats ceHCOpHYIO
MH(OPMALIUIO U MPOSIBISIETCS] B CHUYKEHUH MOTOPHOM peak-
IIUM OPTaHU3Ma Ha PE3KHUH CTUMYI NPU HAIHMYUH CIad0ro
MIPE/IBAPUTEIBHOTO CTUMYIA. MI3BeCcTHO, 9TO B HOpME Toce
MPOOJKUTEIBHOTO Psiia TOBTOPHBIX CTUMYJIOB TPOUCXOANUT
CHIDKEHHE CTapTi-peaknuu win raburyanus (Geyer, Braff,
1987). Ilaronoruueckn yCHJICGHHBIH pedIieKC OTIIMYAeTCs
OT (PU3HOJIOTHYECKOTO CBOCH BBIPQKEHHOCTBIO M OTCYTCTBHEM
MIPUBBIKAHNS K CTUMYIY U MOXKET OBITh CIIEICTBHEM pa3HO-
00pa3HbIX 3200JI€BaHNH, 3aTParuBaIOIINX HEPBHYIO CHCTEMY.



Experimental opisthorchiasis
in laboratory animals

VYuuThIBas BbIIECKa3aHHOE, I10J1araeM, YTO IPOBEJICHNE
paboter o MoxenupoBanuto nHBa3uu O. felineus n Mccmue-
JIOBaHHME MTOCTICICTBUI HH(DUIIMPOBAHNS BEChMa aKTyaIbHBI.
B Hacrosiiiee Bpemst BO BCEM MHPE TaKue DKCIIEPUMEHTBI
MIPOBOJAT HA CUPUICKUX XoMsuKax (Mesocricetus auratus),
71a00paTOPHBIX )KUBOTHBIX, HAHOOIEe BOCTIPUUMYUBBIX K UH-
¢unrpoBanuio JnunHKamMu onucropxos (Sripa, Kaewkes,
2000; Jittimanee et al., 2007; MakcumoBa u sip., 2012; Lvova
etal., 2012). B penknx cirydasx onmucTopxo3 MOACIHPYIOT Ha
JIPYTUX MPEACTaBUTEISIX MICKOIUTAIOIIUX, HAPUMeEp, Ha
cepebpucthix ucumax (Schuster et al., 2003) nnn mecuankax
(Meriones unguiculatus) (Boonmars et al., 2009). B pananx
MCCIIE/I0OBaHMSIX UCKITIOYAJIaCh BOZMOYKHOCTh MOJICITMPOBAHUSI
O. felineus-nHAYIMPOBAHHOTO OMUCTOPX03a y MBIMICH HWH-
6penuoit muanu C57BL/6 (3enenmos, 1974). B 1o e Bpems,
Kak mojuepkuBatoT Hekotopsie aBropsl (Choi et al., 2003),
3TO CO3/1aET ONPEACICHHBIE CIOKHOCTH ISl HCCIIEIOBAHUH,
MIOCKOJIBKY OCHOBHBIC COBPEMEHHBIC MOJICKYIISIpHBIE U OHO-
XMMHUECKHE pa3paboTKu B HAyYHBIX JIADOPATOPHSX TOJpa-
3yMEBAIOT MCIOJIB30BAHNE, NPEXKJIE BCETO, KPBIC U MBIIICH.
Kak coobmaer xomnanust Labome (2012), mpoananusupo-
Bagiuas okosio 10000 my6nukanuii 3a nepuox 2008-2011 rr.,
MBI SBISIOTCSA NMPEATOYTUTEIBHBIMU J1A00PATOPHBIMHU
JKMBOTHBIMH JUJISI ICCIICIOBAHNH, @ THOpETHAS TMHUSI MBIIIICH
C57BL/6, reHOM KOTOpPBIX OBLIT MOJHOCTHIO CEKBEHHUPOBAH
B 2005 1., Ha BTOPOM MecCTe MOoCIe TeHOMa YeJ0BeKa, camast
UCTIONb3yeMast JIMHUS JJISl CO3/1aHMsT (PU3UOJIOTHUESCKHIX HITH
[1aTOJIOTMYECKUX MOJIEJIEH B AKCIIEPUMEHTAX i VIVO.

B aT0i1 cBsI3M 3aayaMy HAIIETO KCCIIEN0BaHus OBLIO0, BO-
nepBbIX, Moenuposanue O. felineus-nHIYIPOBAHHOTO OTH-
cTOpx03a y Mbiiel uHOpeaHo#t muaun C57BL/6, BO-BTOPBIX,
n3ydeHne BiusHus naBaszuu O. felineus Ha M3MEHEHUS B CO-
craBe (DOPMEHHBIX IIEMEHTOB KPOBH, KOCTHOMO3TOBOT'O I'éMO-
110732 ¥ CTapTiI-peduieKca y >KUBOTHBIX U, B-TPEThUX, IPOBEIe-
HHE CPaBHUTEIBHOTO aHAIN3a JAHHBIX TIOKa3aTeIel y CHpHii-
CKUX XOMSYKOB ¥ MBILIEH HA CTaJJH OCTPOTO OIHUCTOPXO03a.

MaTeleaﬂbl n metogbl

/KusoTnslie. B pabore ObTM HMCIONB30BAHBI CaMIIbl CH-
puiickux xoms4koB (Mesocricetus auratus) u MblIel
nHOpexnoit nuaH C57BL/6 B Bo3pacte 3—4 mec., momy-
yeHHble U3 L[eHTpa reHeTHYecKuX pecypcoB Jiaboparop-
HbIx xkuBoTHBIX UIul" CO PAH (RFMEFI61914X0005
n RFMEFI162114X00). )KuBoTHBIX comep)kaii B CTaHIApT-
HBIX YCIIOBHUSIX: IPU CBETOBOM pexknme 12:12 ¥ (cBer: Tem-
HOTa), Temrneparype Bozayxa 23—24 °C; 1ocTaTOuHOM KOJIU-
YeCTBE I'PaHyJIMPOBAHHOTO KOpMa U BOABI. [ pymnmbl Mbltieit
B KJIETKax pazmMepoM 36 %23 x 12 cM ObuH CHOPMHUPOBAHBI
B OJIHOMECSYHOM BO3pacTe. XOMSYKU OBLIM pacCakeHBI
10 OIHOMY B aHAJIOTWYHBIE KJIETKH. Bee mporenypsr Ob1uta
MPOBECHBI cortacHo aupektuBaM European Communities
Council ot 24 nostops 1986 1. (86/609/EEC), a Taroke 3aKkiiro-
yernio Komuccnu mo 6nostuke NUlul" CO PAH (mpoTokorn
Ne 22 or 30 mast 2014 1)

IIpouenypa 3xcnepuMenTa. JXUBOTHBIE KaXJI0TO BUAA
ObUTH pa3/ieTIeHbl Ha JIBE TPYIIIbI: KOHTPOJIBHBIE (C BBEICHNU-
eM (HU3HOJIOTHYECKOTO PAacTBOpA) U OIBITHBIC, 3apayKCHHbIE
meTtanepkapusmu O. felineus B o3¢ 100 THUNHOK HA KOXKIYIO
0co0b. BBeneHne ocymiecTBISAIN BHYTPHKETYJOYHO C TO-
Motrsio 30H70B (Braintree Scientific, Inc.). Uepes 12 mneit
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Y MBIIIEH M XOMSYKOB OLIEHHBAJIH pedieKC B3AparuBaHuUs
Ha 3ByKOBO# curHain B mpubope «SR-Pilot» (San Diego In-
struments, Inc.). Ha TpeTbu cyTKn mocie HmoBeIeHYECKOTO
TECTUPOBAHUA JXUBOTHBIX YMCPUIBJIAIN ﬂeKaHHTaL{Heﬂ
1 TIPOM3BOMMIIM 3a00p KPOBH, a Takke 00pas3IoB KPacHOTO
KOCTHOTO MoO3ra M3 0eploBOIl KOCTH ISl JadbHEHIIETO
reMaToJIOTH4ecKoro uccnegaoBanus. Kpome storo, onpene-
JISITM Maccy MEYSHU M CEJIE3EHKH B IepecueTe Ha | I Macchl
TeJa KUBOTHOTO. [ledeHb ¢ KEeTUHBIM ITy3bIpEM ITOMEIAIIN
B (DM3MOJIOrUYECKUI pacTBOp Ui JalbHEHIIEero MUKpO-
CKOITMYECKOTO aHajm3a grcia u 3penoctu Maput O. felineus
B )KCJYHBIX IIPOTOKaX. BhIAEIEHHBIX U3 IEUYCHN MapHT Tiepe-
HOCHJIH Ha ITPEMETHOE CTEKIIO 1Sl poTorpaduposanus (0e3
(huKcanuy 1 TOIKparmmBanus), mposeaenHoro B LIKIT muxpo-
CKOITMYECKOTO aHaim3a ouonornueckux oobekroB CO PAH
Ha MuKpockore Axioskop 2 plus, ocHamennom AnxioCamp
HRc xamepoii (Zeiss, ['epmanus).

Moaydyenue meranepkapuii O. felineus. JInunuku
O. felineus ObUIN TTOTY4YEHBI U3 MHOUIIMPOBAHHBIX SI3€H, BbI-
noBieHHBIX U3 p. O0p HoBocubupckoit obmactr. PeIOHBIH
(hapm oOpabarsiBam B | %-M pacTBOpE XJIOPHCTOTO HETICHHA
1 uHKyOupoBasu pu 37 °C B Te4EHUE HOUH C ITOCIE Y IOIIEH
¢unsTpanueit n ocaxxaeHneM B 0,9 %-M pacTBOpe XJIOPUCTOTO
Harpust. [1og MUKPOCKOIIOM OITpeIesIsiiv )KU3HECTIOCOOHOCTD
MeTalepKapuil s JajibHEHIIero BBEIEHNS JKUBOTHBIM.

Cremyer mOA4YEpKHYTh, YTO B MIPOBEJCHHOM HCCIIENOBA-
HUM Obl1a COOJTIONICHA TTOTHAST CTAH/IAPTH3ALMUS 3apaXKeHUs
JKMBOTHBIX IBYX BUAOB — XOMSAYKOB U MBIIIEH. BO-HepBbIX,
U XOMSYKaM, U MbIIIaM ObIa BBEJCHA OJIMHAKOBAS J1034 JIU-
ynHOK O. felineus (100 meranepkapuii/oco0b). Bo-BTopbIX,
MeTarepKapuy ObUIM U3BJICUCHBI U3 OTHOW MAPTUH S13€H, BbI-
JIOBJICHHBIX B p. OO B 07TMH ce30H (koHeIl Mas ). MHpuimpo-
BaHME U UCCIIEJOBAaHNE MAPaMETPOB Y MPEACTaBUTEINICH ABYX
BUJIOB OBUIO CJIENIAHO TIapaJUIeNIbHO B OJIHO M TO K€ BPEMsl.
OTH ycoBuUsl HEOOXOIUMBI TSI KOPPEKTHOTO COMOCTABICHUS
OLICHMBACMBIX ITOKa3aTeICH.

AHAJIU3 KJIETOYHOI'0 COCTAaBA NepuepuuecKoii KPOBH
U OlleHKA KOJHMYeCTBAa KOMMHUTHPOBAHHBIX Mpe/le-
CTBEHHHKOB KJIE€TOK KOCTHOTO Mo3ra. Kiierounslii coctas
KpOBH MBIIIENH U XOMSUYKOB OLCHUBAJIU C IIOMOIIBKO I'EMaTOo-
normdgeckoro anaim3aropa PCE-90 (ERMA Inc., Smonns).
OTHOCHTENTBHOE KOJIMYECTBO (POPMEHHBIX AJIEMEHTOB KPOBH
MBIIIENH U XOMSIYKOB MOACYUTHIBAJIN B Ma3Kax, OKpalll€HHBIX
mo PomanoBckomy—I'mm3e, 3aTeM paccunTBhIBAIH HX abco-
JIFOTHYIO YHCIICHHOCTb.

KocTHBII MO3T )KHBOTHBIX BEIMBIBAJIH M3 OCIPEHHON KOCTH
C TIOMOIITBIO TITTpHIIa KOHAUIHOHHOU cpenoit RPMI 1640, co-
nepxkameit 10 % FCS. TlogcuutbiBaiy KOIMYECTBO KIETOK
KOCTHOTO MO3ra B 1 MJI CpeJibl C IIOMOILBIO FeMarojIornye-
ckoro anaimm3aropa (ERMA Inc., fAnonus). ns onpenene-
HUSI YHMCJIa KOMMHUTHPOBAHHBIX TPEIICCTBEHHUKOB KIIETKH
KOCTHOTO MO3Ta KMBOTHBIX B KOHLeHTpanuu 2,0 % 10%/mn
WHKYOMpOBaIu B 24-ITyHOUYHBIX IUIAHIIETaX B METUIIIIEIN-
monosHol cpene M 3434 (Stem Cell Technology, Kanana),
conepxkamieit nurokunsl SCF, EPO, IL-3, IL-6. I'panynouu-
tapHo-Makpodaragsasie (KOE-I'M), GypcT-o6pa3yromue
n KojoHueoOpaszyromue spurpougusie (BOE-3, KOE-3)
U TPaHyJIOLUTaPHO-dPUTPOUJIHO-MaKpodaraibHO-Meraka-
puorurapasie (KOE-I'OMM) KOTOHUH TTOCYUTHIBAIN TIO
MHBEPTHPOBAHHBIM MHKPOCKOIIOM Tocie 14-aHeBHON WH-

HacnepctBeHHble 0co6eHHOCTN GU3MoNornyecknx GyHKLMM
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KyOauuu npu temreparype 37 °C Bo BiaaxHo# armocdepe,
conepxkaueit 5 % CO,, coracHo peKOMeHalusAM ITPOU3BO-
mutens (Stem Cell Techologies, Kanana).

H3mepenne crapti-peduiekca U ero NpeuMIyJibCHOIO
MHruOnpoBaHusi. Peakiuro B3AparnBaHus B OTBET Ha aKyCTH-
YEeCKHI CTUMYJT H3MEPSUIN C TToMo1Ibio pubopa «SR-Pilot»
(San Diego Instruments), COCTOSIIIETO U3 ITACTHKOBON KamMe-
peI (15%19 %25 cm), B TOJI KOTOPOH BMOHTHPOBAHBI MTBE30-
AIEKTPUUCCKHUE TATINKH, BKIIOYAIOIINECS B MOMEHT MO/Iau
3BYyKOBOTO curHajia. ®oHoBbI# Oenblii irym coctasisit 65 nb.
JKuBoTHOE momenany B Kamepy ¥ 1mociie 3 MUH aJanTanni
IpebsBIsLIN YeThipe nmiyibsca (P) marencusnoctsio 115 1b
U IUTENBHOCTHIO 40 MC, 4epeI0BaBIINXCS C YETHIPbMS UM-
MybCcaMH, TIpeaBapsieMbIMu c1a0siMu (85 1b, 40 Mc) mpenm-
mynscamu (PP), kotopsie naBamuich 3a 100 Mc 10 OCHOBHOTO
umiysbca. VHTepBan Mexay ofuHOYHbIMU ctumyiaamu (P)
n komOunarment (PP) cocrasmsn 15 c. Bennunna peakunn
JKUBOTHOTO Ha CTHUMYJBI OTpakaJlach Ha 3KpaHe npudopa
B BH/JIE OTHOCHUTEIIBHBIX €/JUHUIL. 3HAYCHHUE IPEUMITYIbCHOTO
narnouposanms (PPI) (B mpomenTax) paccauThIBaIH 110 GOp-
myne: 100 — PP x 100/P (Paylor, Crawley, 1997).

Craructuka. [Tockosibky OOJIBIIMHCTBO HMCCIELYEMBIX
[apaMeTpOB MMEIN HOPMAJIbHOE PACHPEIENICHHE CONIACHO
W-kpureputo Shapiro-Wilk (Statistica 6.0), ucnonb3oBanu
rapaMeTpHyYecKre METO/ bl 00PaOOTKH MOITYyYESHHBIX JaHHBIX.
Jl1st 5TOTO MpUMEHSUTH ABYX(DAaKTOPHBINA TUCTICPCHOHHBIN
aHaJIN3 ¢ MOCIeNyIomUM post-hoc cpaBHeHHEeM rpyml 1o
kpurepuro Fisher LSD. B kauectse nepBoro (akropa Obut B3T
«BH]I )KUBOTHBIX» (XOMSUKH, MBIIIN), B KAIECTBE BTOPOTO —
«BO3/IEHCTBHE» (KOHTPOIJIb — BBEACHHE (DPU3NOIOTHYECKOTO
pacTBOpa, OIbIT — BBeJeHue MeTauepkapuii O. felineus). [Tpu
CPaBHEHHMU MAacChl Teja y JKUBOTHBIX B Kau€CTBE IEPBOTO
(haxTopa ObLTa B35ITa «BPEMEHHAs! TOUKa N3MEPEHUS» (MCXOI-
Has — Iiepes 3apakeHueM, KoHeuHas — yepe3 14 nueit nmocne
MH(UIMPOBAHUST), B KAUECTBE BTOPOTO — «BO3ACHCTBUEY. st
CPaBHCHUS YHCJIA MAPUT B XKEITUHBIX NMPOTOKAX MHYUIMPO-
BaHHBIX MBIIIEH M XOMSYKOB, a TaK)Ke BEJIMUUHBI PEAKLIUH
B3/IparMBaHUsI KUBOTHBIX HA MEPBbIH M YETBEPTHIA CTUMYI
B KOHTPOJIbHOW M OTIBITHON I'PYIIIAaX IPUMEHSITH {~KPUTEPUi
CTplo/IeHTa Ul HE3aBUCHMBIX U 3aBUCUMBIX MapaMETPOB
COOTBETCTBEHHO. B Kaxmoi rpymme 0110 1o 7—13 XKHUBOT-
HbIX. JlanHble pencTaBieHsbl Kak cpeanee = SEM. Paznuuus
CUUTAJIMCh CTATUCTUYECKU 3HAaYMMbIMU TipH p < 0,05 u Ha
ypoBHe TeHneHmmu npu 0,05 <p <0,1.

Pesynbtatbl

‘YcTaHOBIIEHO, YTO Y€pe3 JIBE HEAETH M0CIIe MHBA3HH JTHUH-
HOK O. felineus KONMYECTBO MAPHUT B JKEIYHBIX MPOTOKAX
XOMSTYKOB U MbIIIEH OBUIO MPHUOIN3UTENLHO OJMHAKOBBIM
[(24,89+2.29; n=9) 1 (29,69+2,92; n = 13) COOTBETCTBEHHO;
t=1,20; p=0,24].

OOHapysKeHa pa3Hasi CTeleHb 3peJOCTH MapHT, B 3aBH-
CHUMOCTH OT BUJA XO35MHA. Y TE€IbMHHTOB, N3BICYCHHBIX
13 MBIIIEH, XOPOIIO BU3yaJTH3UPOBAIIH JIUIIb 3aTIOTHCHHBIN
KUIIeuHHK (puc. 1). Y MapuT U3 XOMSYKOB MICHTHOUIHPO-
BaJIM CEMEHHUKH, MATKY C SHIaMH 1 JKETTOYHNKH, YTO TIpeJ-
ToJIaraeT Havyajo sHIenpoaykuuu. Kpome Toro, y XOMsIKOB
MapuThl ObUIM KpyIHee, 4eM y Mbiuieid. Hapsny c Oonee
3pENBIMI MAPUTAMH B KETUHBIX IPOTOKAX MEYEHU XOMSIIKOB
TaKke ObIIIM OOHAPYKEHBI HE3pEIIbIC OCOOH.
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HccnenoBanue okasaiio, 4To XOMSYKH U MBIILH, 3apaKeH-
uele mmauHKamu O. felineus, B TeUeHHE IBYX HEIENb MOCIE
nH(pUIPOBaHNA HAOUPAIN MacCy Teja Mo-pasHoMy (puc. 2).
XOMSUKH KaKk KOHTPOJIBHOM, TAK ¥ OKCIIEPUMEHTAJILHOU [Py
YBEIUYWIN MacCy Tela 3a JBe HEAENH, BIMAHUE (pakTopa
«BpEMEHHasl TOUKa M3MEPEHUs» OBUIO CTATHCTHYECKH 3Ha-
yumbIM [F(1,28) = 16,2; p = 0,001], xak u BiausiHue pakropa
«sozaeiictue» [F(1,28) =4,3; p = 0,047]. BsaumoneiicTBus
(bakTopoB He Ob110. [IpHpocT Macchr ObIT Goslee BBIpaXKeH-
HBIM y KOHTPOJIBHBIX XOMsUKOB (p = 0,005) mo cpaBHEHHUIO
¢ nHpuupoBanHEIMH (p = 0,014).

YV MblIIeii KOHEYHast Macca Tejla OTIINYaIach OT HCXOAHON
([F(1,48) = 15,4; p = 0,001]— s neproro akropa) B paBHOM
CTEIICHN KaK y KOHTPOJIbHBIX, TAaK U Y OTBITHBIX KHUBOTHBIX
([F(1,28) =2,0; p=0,162] — nust Broporo ¢akropa). Bzau-
MojielicTBUe (akTOpoB He ycTaHoBieHo. [Tpupoct macchl
TeJa MBIIIEH ObIT 3HAYMMBIM Kak Ha (oHE HHPHIHNPOBAHUS
(p = 0,0006), Tax n 6e3 mero (p = 0,010).

UYepes aBe HeJeNH IOCJE 3apakKeHUs OTHOCUTEIbHAs
Macca MEYEHN HE MEHSIAch y MPECTaBUTENEH ABYyX BUIOB
[F(1,38) = 1,5; p = 0,236] (puc. 3). Obpamiaet Ha ceOs BHIMA-
HHeE, YTO Y MBIILIEH OTHOCUTENbHAs Macca IIeYeHH KaK y KOHT-
POJIBHBIX, TAK U Y 3apa)KEHHBIX ObLIa 3HAYUTEIIHLHO OOJIbIIE,
YeM COOTBETCTBYIOIIUE ITOKA3aTeNIN y XOMSUIKOB, BIMSHUC
(akTopa «BUI KUBOTHBIX» ObLTO 3HaYUMbIM [F(1,38) = 37,3;
p = 0,000]. BzanmoneiictBue (pakTopoB HE YCTAHOBIICHO.

OTHOCHTEIbHAS Macca CEJIEe3CHKN TaKKe 3aBHCENa OT
BU/1a )KUBOTHBIX U OblIa B 000MX CiTyyasix (KOHTPOJIb, OIIBIT)
cymectBeHnHo Oonbine y meimei [F(1,38) =46,2; p = 0,000].
Bonee Toro, mpupocT OTHOCHTEIHHONH MAacCChl CEJIE3CHKHU
3aBucen ot uHuuposanus [F(1,38)=17,5; p =0,000].
BsanmoneiictBus daxTopoB He Ob110. Post-hoc anamms mo-
Ka3aJl, YTO Y XOMSYIKOB MOBBIIIICHUE ITOTO TTOKa3aTess ObLIO
Ha ypoBHe TeHaeHmu (p = 0,064), a y MblIiel cyiecTBeHHO
6onee BeIpaskerHoe (p = 0,000).

Amnanu3 coctaBa ()OPMEHHBIX HJIEMEHTOB KPOBH BBISBHUII
3HaUMTEINIbHbIC €0 U3MeHeHus Ha Gone uuBazuu O. felineus
(Tabmuma), mpu 3ToM Oojee BBIPAXKCHHBIC Y XOMSIYIKOB.
Yuceno manovyKosAepHBIX HEUTPOPHUIIOB 3aBHCENO KaK OT
daxropa «Bux xuBoTHbIX» [F(1,24) =22,7; p=0,000], Tak
u ot daxrtopa «Bo3zaeiicteue» [F(1,24)=42,7; p =0,000].
BzaumoneiicTBre pakTopoB OBLIO CTATHCTHYECKH 3HAYUMBIM
[F(1,24) =30,5; p = 0,000]. Janbueiimee post-hoc cpaBHeHUE
TI0Ka3aJ1o, 4TO 3TOT apaMeTp 3HAYNTEILHO BO3POC Y XOMSIYKOB
(» = 0,000), Ho He y MbIeH (p = 0,481). XOMSUKH U MBIIIN
pasiIMyalIuCh TAKXKE 10 YUCITYy CErMEHTOSIEPHBIX HEUTpOodHu-
moB [F(1,24) =12,0; p =0,002], onqaako BnusHuE (akTopa
«BO3CHCcTBHEY OBUIO Ha ypoBHE TeHAeHnuu [F(1,24) = 3,0;
p =0,099], B3aumoneiicTBus GpakTopoB He ObLTO. BBeneHue
MeTtanepkapuii O. felineus 3HAYNTETFHO CHIKAJIO ITOT ITOKA-
3atenb y XoMsiukoB (p = 0,044), Ho He y Mblueit (p = 0,756).
B ommuune oT XOMSUKOB, Y MbIILIEH yBEIMYMIOCH YUCIIO Oa-
30¢uoB mocine 3apaxkeHus (p = 0,001), Bo3neiicTBre OBIIO
cymectBeHHBIM [F(1,24) = 8,5; p = 0,008]. Bonee Toro, MbIm
M0CJIe BO3/ICHCTBUSI 3HAYUTEIHLHO OTIMYAIUCH OT XOMSYKOB
o 3ToMy mokazatenio (p = 0,000). Boustane dakropa «Bua
*)uBoTHBIX» [F(1,24) =11,5; p =0,002] u B3aumoneiicTpue
(dhakropoB ObuTH 3HaunMmbiMu [F(1,24) = 8,5; p = 0,008].
N y xomsaxoB (p = 0,000), u y mermeit (p = 0,001) cyme-
CTBEHHO TTOBBIIIAIIOCH YHCIIO S03NHOPHIIOB TTOC)IE HHPHUIHN-



Experimental opisthorchiasis
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POBaHMsI, O YE€M CBHJIETEILCTBYET (haKTOpP «BO3JCHCTBUE»
[F(1,24) = 49,6; p = 0,000]. Yepe3 nBe HEOEIH MOCIIE 3apake-
HUSI )KUBOTHBIE JIBYX BHJIOB HECKOJIBKO PA3INYAINCh IO 3TOMY
nokazareito (p = 0,063), onHAKO BBIPAKCHHBIX MEKBUIOBBIX
pasmmumii He Opwio [F(1,24) = 1,5; p = 0,233], xak HE OBIIO
1 B3aumosieicTBus pakropoB. OOparaer Ha ceOs BHUMaHUE
TO, YTO KMBOTHBIE PA3JIMYAINCH [10 YUCITY ITPAHYJIOLUTOB HC-
xonHO (p = 0,002) u mocne (p = 0,000) nuuBazun O. felineus.
O6a ¢axropa BIUsITH HA 3TOT nokazarens {[F(1,24) =42,8;
p =0,000] — «Bux xuBoTHBIX»; [F(1,24) =8,2; p=0,009] —
«BO3IEHCTBHUEY |, B3aUMOACHCTBHS (pakTopoB He Obwt0. I1pn
9TOM B OTBET Ha MH(UIMPOBAHHE CHUKAJIOCH KOJIMYECTBO
aumponuToB y xomsiukoB (p = 0,005), HO He y Mblmel
(p = 0,368). Ilo yncmry MOHOIINTOB HAOIIOMANACH OOpaTHAsS
KapTHUHA: UX ObUIO 3HAYNUTENIFHO MEHBIIE Y KOHTPOJIBHBIX
(» =0,000) u onbITHBIX (p =0,002) MbIIIEH, YeM Y XOMSU-
KOB COOTBETCTBYIOIINX TPYMIT. ITO OTPAXKEHO B 3HATUMOCTH
(baxropa «Bux xxuBoTHEIX» [F(1,24) =31,0; p = 0,000] ITpn
9TOM BIIMsIHUSL (paKTOpa «BO3JIEHCTBHE» HE OOHAPYKEHO
y npencrasutenei neyx BumoB [F(1,24)=1,9; p =0,182]
1 He 06110 B3aumoseiicTeus hakropos. Ecim paccmarpusars
a0COJIIOTHOE COJIep)KaHNe B KPOBH JICHKOLUTOB B LIEJIOM,
TO BBezieHUe MeTanepkapuit O. felineus He BIVSIIO Ha HETO
KaK y XOMSUKOB, Tak u y Mpimeit [F(1,23)=0,2; p =0,639]
1 He OBUIO TaK)Ke BUIOBBIX PA3IMYMil [10 3TOMY I1OKa3aTero
[F(1,23) =2,4; p=0,137]. B3aumoneiictBue (paxTopoB OT-
cyTcTBOBaso. [10 KONMMYECTBY SPUTPOLIUTOB KUBOTHEIE IBYX
BUJIOB MCXOJHO He paznnyatorcs. [locne mHuposanus
UX OBIJIO HECKOJIBKO OOJIBIIE B KPOBU MBIIIEH, UM Y XOMSU-
koB (p =0,058). OxHako He YCTaHOBJIICHO BIUSHHSA 000OMX
(hakropoB Ha 3TOT mokasarenb {[F(1,24)=1,1; p=0,3006]
u [F(1,24)=0,3; p=0,617]} u ux B3aumonelicteue. B To
JKE BpeMsl COJEepKaHHWEe TeMOITIOONHa B KPOBH 3aBUCEJIO OT
nnduumposanus [F(1,23) =4,5; p = 0,046]: 0HO HECKOIBKO
CHIDKAJOCh y XoMsA4KoB (p = 0,065). Ilpu 3TOM KUBOTHBIE
JIBYX BHJIOB HE PA3JINYaJINCh CYIIECTBEHHO 110 3TOMY ITOKa3a-
temo [F(1,23) =0,1; p = 0,708], B3aumozaenicTBust HakTOPOB
He ObU10. MEKBHU/IOBBIE Pa3INiUsl YCTAHOBJICHBI U 110 THCITY
tpombonmnToB [F(1,24) =8,9; p =0,006]: B kpoBU MbIIICH
00eunx rpyIi (KOHTPOJIbHBIE, OTIBITHBIE) MX OOJIbIIIE, YEM Y XO-
MsakoB (p = 0,046 u p = 0,044 cootBercTBeHHO). KommaecTo
TPOMOOITTOB HE MEHSJIOCH Y ’KUBOTHBIX JIByX BHJIOB TIOCIIC
3apakenus [F(1,24) = 0,1; p = 0,866]. OtHowICHHE CyMMap-
HOTO 0OBeMa BceX (POPMEHHBIX IEMEHTOB (IPUTPOIIUTHL,
JICWKOIUTHI, TPOMOOIIMUTHI) K 001IeMy 00beMy KpoBH (rema-
TOKPHT) UCXOJHO OBLJIO CYNIECTBEHHO HM)KE Y MBIIIEH, YeM
y xoMmstakoB (p = 0,001). Biusiaue paxropa «BUI KHUBOTHBIX
OpLT0 cTaTucTHdeckn 3HaYnMbIM [F(1,24) = 14,3; p = 0,000].
Beenenue xomsiukam auduHOK O. felineus HECKOIbKO CHIKA-
710 3TOT TMOoKazatens (p = 0,084), Tak 4To TOCTE 3apaKeHUS
XOMSTYKH ¥ MBIIIHN HE Pa3IN4aInCh M0 reMaTokputy. OaHaKo
3HAUMMOTO BIMSIHUS (haKTOpa «BO3/ICHCTBUE» U B3aUMOJICH-
cTBUS (pakTOPOB HE OBIIO.

AHan3 KOJIOHHEoOpa3yIome akTHBHOCTH KJIETOK KOCT-
HOTO MO3ra BBISIBUJI CYIIECTBEHHbIC MEXKBUIOBBIE Pa3IHUUSI
B peakuuu Ha nHBasuio O. felineus (puc. 4). Kax BugHo Ha
puc. 4, y XOMSIYKOB HaOJII0/IAJIOCh «OKUBJICHHUE)» KOCTHOMO3-
TOBOI'O F€MOI10334, Y MBIIICH He ObLIO 3HAYMMbBIX H3MCHCHHN
ToKazaresel KoloHneoopasytomeii aktuBHOCTH. KommaecTo
panaux npeaniectseHHUKOB (KOE-I'SMM) B koCTHOM MO3Te
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Puc. 1. Ocobu O. felineus, BblaeNeHHbIE N3 XXENUYHbIX MPOTOKOB MeYEHN
1 >KeSTYHOTO My3bIpA XOMAUKOB (a) U Mbiweii (6).

XOMAUKKN — OCBelLLeHre CBEPXY, MbILLY — OCBELLEeHNe CHU3Y. | — poToBas npu-
COCKa, 2 — OpIoLLHas NPUCOCKA, 3 — CEMEHHUKN, 4 — MATKa, 5 — KENTOUHUKMY,
6 — KMeYyHble BeTBU.
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Puc. 2. [lnHamumKa Maccbl Tefia y KOHTPOJIbHbIX (C BBefeHnem ¢pusuno-
NOrMYecKoro pacTBopa) 1 OrMbITHbIX (C BBEAEHMEM MeTaLepKapuii

O. felineus) mbiLLen N XOMAYKOB.

CBeTnble CTONOLbl — UCXOAHbIN BEC, TEMHbIE — KOHEUHbI BEC. *p <0,05;
**p < 0,01 no cpaBHeHuio ¢ ncxoaHbIM Becom; (Fisher LSD-Tec).

MeveHb CeneseHka

60 i #iHE

OTHOCUTENbHAA Macca, I/t

OTHOCUTeNbHaA macca, Mr/r

Mbiwn

XomaAukun

Mbiwn

XomAuKn

Puc. 3. I3meHeHne OTHOCUTENbHOM MacChbl NEYEHN 1 CENe3eHKN Y XO-
MSAYKOB 1 Mblwwein npu nHeasum O. felineus.

CBeTnble CTON6LIbl — KOHTPOSbHbBIE KUBOTHbIE, TEMHbIE — OMbITHBIE XKNBOTHbIE.
*10,05 < p <0,10; ***p < 0,001 no cpaBHeHWIO € KOHTponeM. ###p < 0,001

Mo CPaBHEHMIO C COOTBETCTBYHOLLEN rPpynnoi y xomaukos; (Fisher LSD-TecrT).

HacnepcrBeHHble 0CO6eHHOCTYN GpU3NONOrnyecknx GpyHKL i
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M3meHeHne cocTaBa GOPMEHHbIX 2fIEMEHTOB KPOBY Y >KBOTHbBIX Ha GpoHe nHBasum O. felineus

SnemeHTbl KpoBH XomaAukun Mbiwm

. KOHTponb .......................... O anT .................................. KOH T p Onb .......................... o anT ...............................
. ne ,7, K oumb, ( X 1 09 en/ﬂ) ............................... 14,0 1 i 3’1 5 ........................ 17,36 i 3’26 ....................... 12,07 i 2’24 ....................... 1 1,2 1 i 1 , 0 9 .....................
. He,;, T p 0¢W1b, % .....................................................................................................................................................................................................................
s n an quome pH ble .................................. 0 ’29 t 0 '1 8 .......................... 2 0,7 1 i 3108*** .................. 1157 i 0 ’4 8 .......................... 3/29 i 1 I 32 PR
s C eme HTO ﬂﬂe pH b, e ................................. 2 057 i 283 ........................ 13,7 1 i 2,22* ...................... 9 ,71 i 2 ,3 1 SR 8 ,71 i 1 , 63 .......................
Ba3o¢m nbl, % ................................................. O ,5710 ’2 0 .......................... 0 ,57i0 ’7 0 .......................... 0 ’7110 ’2 9 ......................... 2’43i0’ 43 O
. 303MH0 ¢M n bll . % ............................................ o ,29 i 0 I 1 8 .......................... 4 ’29 i 0 ’6 1 SR 0 ,43 i O ’2 1 .......................... 3’00 i O’ 65 T
. n,,, M¢Ou mbl % ............................................. 6 5’43 i 3’39 ....................... 5 1,29 i 4,26** .................... 8 1,29 i 2,60## .................... 77’141, 2 , 0 9 TR

. M OHOLMTH’ . % ................................................ 131001,1,6 3 ........................ 10’861 0’67 ....................... 6 ,29 i 1 ’0 8### ..................... 5,43 i O’ 69 L

. 3p V,Tpoumbl (X 1 01 ; eﬂ/ﬂ) ............................ 9 ’72 i 0 ’7 2 .......................... 7’70 i 0 ’8 7 .......................... 9 ’09 i 1 ’0 2 .......................... 1020 i 0 ’ 9 2 e

. reMomO6MH I . r/n ............................................ 18129i 0,83 ........................ 14,94 i1’62(*) .................... 17’10i 0,65 ....................... 15,19 i 1 , 45 .....................

rema T OKpMT% ............................................... 76’74 i 5'6 6 ....................... 6 2,401, 7,1 4(*) .................... 4 5,861, 5,1 8### ................... 50’701,4 , 0 9 .....................
Toombowntel (< 10°ea/n) 282942394 2537145572 72206431673 75350£8015%

*p < 0,05; **p < 0,01; ***p < 0,001; ¥ 0,05 < p < 0,10 o cpaBHeHMIO € cooTBETCTBYIOWMM KOHTpOnem; #p < 0,05; #p < 0,01; ##p < 0,001; # 0,05 < p < 0,10

Mo CPaBHEHWIO C aHANOTMYHON rpynnoii y xomaukos; (Fisher LSD-TecT).

KOE-MM *% KOE-TM

0,5

KonunyectBo KONoHMin

0,0

Mbiwmn XomaAukun Mbiwmn

XomAuku

KOE-2 BOE-3 + KOE-3

XomAuku Mbiwn XomaAuku Mbiwmn

Puc. 4. KonoHneo6pasytoLas akTMBHOCTb KNIETOK KOCTHOrO MO3ra y XOMAYKOB 1 MblLeli Npu nHuumpoBaHum nuunHkamm O. felineus.

CBeTble CTONOLbI — KOHTPOJIbHbIE XKNBOTHbIE, TEMHbIE — OMbITHbIE XXUBOTHbIE. BOE-3 — 6ypcT-06pasytowas eanHula sputpongHas; KOE-3 — konoHwve-
obpasytoLasn earHmua sputponaHas; KOE-TM — KonoHreobpasytolas eAnHMLa rpaHynouuTapHo-makpodaransHas; KOE-TSMM - konoHreobpasytowas
€AVHILA rPaHy IoLUTapHO-3PUTPOVAHO-MErakaproLmTapHo-MakpodaranbHas; *p < 0,05; **p < 0,01 no cpaBHeHMIo ¢ KOHTponewm; #p < 0,05; ###p < 0,001;
(#) 0,05 < p < 0,1 No cpaBHEHMIO C COOTBETCTBYIOLLEN rPynMnon y xomaukos; (Fisher LSD-TecT).

MBIIIEH MCXOJHO HECKOJIBKO IMPEBBIMIAN0 3TOT MOKa3aTelb
(p=0,081) y XOMS[YKOB, OTHAKO Yepe3 JBE HEICIU IMOCIe
3apayKeHUs HaOJIO/IalIOCh CTATUCTUUECKH 3HAYUMOE yBEJIH-
yeane KOE-I'OMM y xomsakoB (p = 0,023) HacTONBKO, 9TO
MHOUIUPOBAHHBIC XUBOTHBIC JIByX BHJIOB CYIIECTBEHHO
pasiuyanuch o 3Tomy mnokasareinto (p = 0,044). Ilpu cra-
TUCTUYECKH HE3HAYNMOM BIUSIHUN 000MX (PaKTOPOB HA 3TOT
nokazarens {[F(1,24) =0,1; p =0,832] — «BUI KUBOTHBIX»
u [F(1,24) =0,4; p = 0,525] — «Bo3/1eiicTBUE» } YCTAHOBIEHO
nux B3ammopeincteue [F(1,24) =7,8; p =0,010]. Xomsuxu
Y MBIIIN HCXOTHO HE PA3INYAIINCH 10 YUCITY IPaHyJIOIHUTAPHO-
MakpodaraipHbIX npeaniecTBeHHUKOB (p = 0,481). OnHako
nocye naBasuu O. felineus y xomsraxoB konmaecTso KOE-I'M
pesko yBenmumiock (p = 0,007), B To BpeMst KaKk y MbIIICi
He HaOJ0/1a0Cch U3MEHEeHHsT 00beMa JJaHHOM MOMyJISUH
MIPEe/IIIECTBEHHUKOB. B pe3ynbprare 3T0ro HHUINPOBAHHBIE
XOMSTYKHU ¥ MBIIIN CTAJIN CTAaTUCTUYECKH 3HAYMMO PA3IIHYaTh-
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cs mo atomy mokazaremo [F(1,24) =14,2; p=0,001]. Ipu
OTCYTCTBHH BIHUAHUA (hakTopa «Bo3aencTue» [F(1,24) = 2,1;
p =0,156] cratucTHyecKky 3HAYUMBIM OBLIO B3aMMOJIEH-
ctBue AByx (axropos [F(1,24) =7,6; p =0,011]. Hucmno
SPUTPOUIHBIX TPEANIECTBEHHUKOB (Kak paHHuX, BOE-3,
Tak u cymMmmapHbix, BOE-3+KOE-3) raxke yBenn4auBaaoch
y xomsiakoB mocie 3apaxenus (p = 0,011 u p = 0,020 coot-
BETCTBCHHO), B pe3yJIbTaTe 4ero 00Hapy>KeHbI MEXBUIOBBIC
pasnnyus 1o 3tomy nokasareinto {[F(1,24) = 18,5; p = 0,000]
u [F(1,24) = 10,8; p = 0,003] cOOTBETCTBEHHO } . XOTS HCXOTHO
TIOMYJISIUH SPUTPOHIHBIX ITPEAIICCTBEHHUKOB OBUTH CPaBHH-
MBI Y MBILIEH U XOMSYKOB. [IpH OTCYTCTBHHU BBIPayKEHHOTO
BimsHUA (akropa BosneicTeus st KOE-D [F(1,24) =3,1;
p =0,089] u BOE-D+KOE-3 [F(1,24) =1,5; p = 0,228]
B 000MX CIIy4asiXx yCTAQHOBJICHO B3aMMOjEHCTBUE (PaKkTOpOB
{[F(1,24) = 4,6; p =0,043] u [F(1,24) =5,2; p=0,032] co-
OTBETCTBEHHO}.



Experimental opisthorchiasis
in laboratory animals

[Ipu ucciaenoBaHNM MOBEAEHUYECKONH peaKkIy B3AparuBa-
HUS y JKUBOTHBIX YCTAHOBJIEHBI MEKBHJOBBIE PA3INYHSA T10
PPI[F(1,29)=5,3; p =0,029] (puc. 5). Y MpIIeii 3T0T mapa-
METp MCXOJIHO OKa3alicsi HUXe, ueM y XoMssukoB (p = 0,009).
Brusaue dakTopa «BO3AEWCTBHE» HA TOT MOKA3aTelb HE
oOHapy>KeHO, KaKk W He ObUIO B3amMojeHcTBUs (PakTOpOB
{[F(1,29) =0,0; p=0,914] u [F(1,29) =2,8; p =0,104]
COOTBETCTBEHHO}. Paznuyannch >KMBOTHBIE JIBYyX BHIOB
W 110 peaKlMy MPHUBBIKAHUS Ha 3BYKOBOH cTUMYM (pHC. 5).
'V KOHTPOJIBHBIX XOMSIYKOB PEaKLUs Ha YETBEPTHII 3BYKOBOU
curHan Oplna cHIKeHHOH (1 = 3,12; p = 0,026), y 3apakeHHbBIX
XOMSTYKOB TaKOTO CHIDKCHHUS HE OOHApYKEHO. Y MBIIIeH KaKk
B KOHTPOJIbHOH, TaK U B OIIBITHOM I'PYIIIIE U3MEHEHUN PeaKLU1
Ha 3BYKOBOM CHTHAJ HE OBIJIO.

O6cyxpeHue

[IpoBenenHoOe MccIenoOBaHUE, CTAHAAPTH30BAHHOE 110 CHO-
co0y 3apa’keHHs], BBIIBHIIO HEKOTOpBIC OOIIME M BHUIOCTIC-
nupuyecKkue 0CoOOEHHOCTH pearupoBaHMs JKUBOTHBIX Ha
nHpHUIIpoBaHue Metanepkapusmu O. felineus.

YCTaHOBIIEHO, YTO M y XOMSYKOB, U Y MBIIICH depe3
JIBE HEJENU TOCje WHBa3uu konnuectBo maput O. felineus
B JKEJIYHBIX TPOTOKAX MEYEeHH ObIIO OfMHAaKoBBIM. OHAKO
Y XOMSTYKOB HapsiIy ¢ HE3peIbIMU MAapUTaMHK ObIIIH OOHapYsKe-
HBI ¥ 00JIe€ Pa3BUTHIC OCOOU, Y KOTOPHIX BH3YaJIN3UPOBAICS
Tporiecc siireo0pa3oBaHus. Y MBIIIEH BCe MApUTHI OBLTH He-
3perble, MEHBILETO pa3Mepa, YeM Y XOMSYKOB, 1 IMEITH TOJIBKO
pa3BUTHIA KunieyHuK. CiieoBarelibHO, CO3PEBAaHNE MapUT
O. felineus y ipeicTaBUTENCH IBYX BUAOB UICT ITO-PA3HOMY,
ObIcTpee pa3BUTHE OMMCTOPXOB IPOMCXOIUT B XOMSTUKAX. DTOT
(hakT 0OBSICHSIECT MPEUMYIIIECTBEHHOE HCIIOIb30BAHUE B IKC-
MEPUMEHTAX CHUPUHCKHX XOMSUKOB B KAaYE€CTBE MOJCIBHBIX
JKUBOTHBIX JIJIsl U3Y4YEHHsSI IPOLIECCOB ONMCTOPX03a Y MIIEKO-
nuratomnx (Boonmars et al., 2009).

O4eBHUIHO, YTO MPUIMHBI HEOAMHAKOBOTO CO3PEBAHUS
maput O. felineus cBS3aHBI ¢ Pa3HON 3AIIMTHOM peaknner
X0351IMHa, 00y CJIOBJICHHOM HEWPO-MMMYHO-HIOKPHHHBIM CTa-
TycoM. B 3T0#i cBs31 oOparaer Ha ce0st BHUMaHHE OOIbIIast
OTHOCHTENbHAsI MAacca CEJIC3EHKH Y MBIIIEH, TI0 CPaBHEHHIO
¢ xoMmsiukamu. [Ipuyem B OTBET Ha MHGUIUPOBAHUE ITOT
MOKAa3aTeNb y MBIIIEH, B OTIMYHE OT XOMSUKOB, €Ile Oosee
YBEIUYHMBAJICSI. YUUTBIBAasl TO, YTO CEJE3EHKA SIBISETCS
CaMbIM KPYIHBIM OpPraHoM Iepuepuueckoil UMMYHHOM
CHCTEMBI, B KOTOPOH MTPOUCXOTUT TP PEPEHIINPOBKA 3PEITBIX
B-nmumdonuToB B 1u1a3MOnUTE — OCHOBHBIE AHTUTEIIOIPO-
nyueHTs! opranusMma (IIpoxonenko, Bonuna, 2001), MoxkHO
T0JIaraTh, 4TO Y MBIIIEH BhIIIE CTENIEHh UMMYHHON 3aIIUTHI OT
mranHOK O. felineus. I1py 5ToM HHPUITMPOBAHHbIE )KUBOTHBIC
000X BUJIOB 3a JIBE HEJIENIN ONbITa HAOUpaJId Maccy TeJa TaKk
e, KaK 1 He3apaskeHHBIE COPOMYH, HO Y MH(PUITMPOBAHHBIX
XOMSTYKOB 3TOT ITPUPOCT OB ci1abee, 4eM Y MH(HUIIMPOBAHHBIX
MBILICH, YTO MOXKET TaK)Ke KOCBEHHO CBHIETEJIbCTBOBAThH
0 OombIIel BOCTIPUIMYHBOCTH XOMSYKOB K HH()HUIINPOBAHNUIO,
KOTOpast MPOSIBISIETCS] B HEKOTOPOM MHIMOMPOBAHUH METa00-
JIMYECKHX MPOLIECCOB.

KpoBs, Oyaydn CBA3yIONIMM 3BEHOM BCEX CHCTEM U Opra-
HOB, OJTHOM M3 MEPBBIX PEarupyeT Ha JII00bIC BO3/ICHCTBUS
Ha opranusMm. Kak mnokasano mis O. viverrini (Sripa et al.,
2011) m nuis O. felineus (Lvova et al., 2012), muanHky mapa-
3UTOB BBI3BIBAIOT, BO-TICPBBIX, MEXaHNUECKOE TIOBPEXKIICHUE
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Puc. 5. Bnnaxue nueasuu O. felineus Ha npenmnynbcHoe HrMbrpoBa-
Hue (PPI) peakumu B3gparvBaHna Ha akyCTUYeCKI CTUMYN U aMInuTyay
B3JparvBaHvA Ha nepsbii (P1) 1 yeTBepTbIN (P4) CTUMYSbI Y XOMAYKOB

1 MblLLen.

CBeT/ible CTON6LbI — KOHTPOJIbHbIE XKNBOTHbIE, TEMHbIE — OMbITHbIE XKUBOTHbIE;
*p < 0,05 no cpasHeHuio ¢ P1; ##p < 0,01 no cpaBHEHMIO C COOTBETCTBYIOWEN
rpynnoi y xomaukos; (Fisher LSD-TecT u t-kputepuii).

SMUTENUS B )KSITYHBIX MPOTOKAX TTEUCHH U TKAHAX B MECTAaX
MIPUKPETICHHUsI POTOBOM U OpIOLIHOM mpucockamu. Bo-Bro-
PBIX, OHM HAYWHAIOT BBIACISATH DKCKPETOPHO-CEKPETOPHBIC
MIPOYKTHI, KOTOPBIC SBISIOTCSI UMMYHOTeHHBIME. Kak Obu10
MOKa3aHO, 3KCKPETOPHO-CEKpeTOpHbIid npoaykt O. felineus
COZICPKUT IIUPOKUI CIEKTP MHOTO(YHKIIMOHAIBHBIX Oe-
KOB, MOAYJIMPYIOIINX HMMYHHBIE XapaKTEPUCTUKH XO3sIMHA
1 BBI3BIBAIOIIUX MOP(OQYHKIMOHAIBHBIE [TATOJIOTHYECKUE
n3MeHeHns B TkaHax (JIbBoBa u mp., 2014). Ha stom ¢one
MIPOMCXOANT aKTHBAIM MaKpo(aros, TYYHBIX KJIETOK, 30-
3MHO(MMIIOB U JIPyTUX KJIETOK IMMYHHOH CHCTEMbI XO35HHa,
YYacTBYIOIIHAX B MEXaHW3MaX TYMOPAJIHHOTO W KJIETOYHOTO
nmmyHuTera (Cremanosa, [logkinernosa, 2002; HoBukuit
u np., 2008; Lvova et al., 2012). C nepBbIx aHeH uHOUIH-
poBaHUs HAOTIOMAIOTCS NWHAMHYECKHE Mpeodpa3oBaHUs
B TICYCHH, COIIPOBOX/IACMBIC TIOBBIIICHUEM ITPOHNIIAEMOCTH
COCY/IUCTBIX CTEHOK U CYILIECTBEHHOM MH(MIbTpanueii Jeu-
koruToB (beruxo u ap., 2008).

Kaxk noka3zaso Hare uccienoBanue, HanOOJIbIINE H3MEHE-
HUS B cocTaBe (POPMEHHBIX 2JIEMEHTOB KpOBH Ha poHe nHpu-
mupoBaHus TnauHKamMu O. felineus IPOUCXOAT Y XOMSIUKOB.
YCTaHOBIICHO 3HAYMTEIHHOE YBEIWYECHHUE MaJIOUYKOSACPHBIX
U CHH)KCHUE CEIrMEHTOSICPHBIX (GopM HEUTpodmioB. ITO
MOXET OTPaXKaTh THKECTh MATOIOTMIECKOTO TPOoIIecca B Op-
TaHWU3ME U CBHJICTEIILCTBOBATH O MOBBIIICHUH (haroruTapHON
(yHKIMH, HAPaBJICHHON Ha JIMMHUHAIMIO MOBPEXKICHHBIX
TKaHEeH X0351Ha, TOYYEeHHBIX IIPH BHEIPEHHN THINHOK O. fe-
lineus B SNUTENNI KEITYHBIX MTPOTOKOB, TIOCKOJIBKY B HOpME
aJIOYKOsIAEPHBIE HEUTPODUIIBI IPUCYTCTBYIOT B Tiepudepu-
4eCKoi KpoBH B HEOOIbIIOM KomuaecTse (1-6 %) (KumkyH,
2013). Y Mblmieit He ObIIIO 3HAYNTEITLHBIX H3MEHEHUH TAHHBIX
[IOKa3aTelien.

B omnuue oT XOMSUKOB y MBILLIEH IPU 3apA’KEHUM Tapa-
3uTaMu ObII0 OOHAPYKEHO 3HAUYUTEIEHOE OBBIIIEHHE KOJIU-
yecTBa 6a30(huiioB B KpoBu. B HOpMe 0a30¢uiib comepkarcs
B HEOOJIBIIIOM KOJIMYECTBE U BCETO HECKOJIBKO YacoB (Kwur-
KyH, 2013). I'uctaMua — 0CHOBHOM KOMIOHEHT 06a30(p1II0B,
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KOTOPBIH yYacCTBYET B aJUIEPTUYCCKHUX PEAKIHAX, TIOATOMY
MOBBIIIEHUE KOJNNYecTBa 0a30()HJIOB B KPOBH CBS3BIBAIOT
¢ mposiBJIeHreM ajiepruu. [lo-Bunumomy, HabmogaeMoe mo-
BEIIIICHHE KOJTMYECTBA 0a30(DIITOB SBISETCS CTICITUPIICCKON
peakuuei Mplnel B oTBeT Ha HHUIKpoBanue. [loMmumo ru-
CTaMHUHA TPaHYIIBI 6a30(pHITOB comeprKaT OOIBIIOE KOTHIECTBO
CEpOTOHMHA, JICHKOTPHUEHOB, MPOCTATIAHINHOB U JPYTHX
MEe/IHaTOPOB, BOBJICUCHHBIX B AJIIEPIHYECKUE PEAKIIUU 1 TIPO-
Iecchl BocmaieHus. Bo3MoKHO, MOBBINIeHHEe 0a30(PuI0OB
B KPOBH MBIIIICH 00ecIIeunBacT UM OOJBITYI0 YCTOMYHNBOCTE
k uauumposanuio O. felineus.

B TO ke Bpems MOBBILICHHE YMCIIA 303MHO(PUIOB KaK
Y XOMSYKOB, TaK M Y MBIIICH SBIACTCS 00IIeH HecTerudu-
4ecKOl peakuuei opranu3ma B oTeT Ha nHBasuu O. felineus.
AHaIOrMYHOE MOBBIIICHHE YUCIIa 303HHO(PUIOB Y XOMSIYKOB
Ha 7-e—10-e cyT mocie 3apakeHus HaOIIoma Il APYTHE UC-
cnenosarenu (Crenanosa, [TomkinerHora, 2002; Berukos u ap.,
2008). IToBblmeHHAsT 503MHO(PHIIHS HA (POHE 3aparKCHUS K-
guakamu O. felineus HaOmomaeTcs u 'y moneit (bpormreiis,
Jlyumies, 1998), npuyeM y MareHTOB € OCTPBIM OIIMCTOPXO-
30M, B OTJINYHE OT OONBHBIX XPOHHYECKHUM OIHCTOPXO30M,
HaOITIOaeTCst HAMOOJBIIIee KOTMYESCTBO Y03UHO(HIOB B KPOBU
(JIurBuHOBa 1 11p., 2006). OOBIYHO P03UHOPHIHS COTPOBO-
JKIAeT pasardHbIe napasutapHblie 3a0oeBanus (Choi et al.,
2003; Hauesa, JIutsaruna, 2012).

B narmeit pabote ycTaHOBICHO CHM)KEHHE YHCIa JTUM(pO-
IIUTOB Y HHMUIIMPOBAHHBIX XOMSIYKOB M OTCYTCTBHE TAKOBOTO
y Meimeit. O0parmarot Ha cedsi BHUMaHNE 3HAYUTEITEHBIC MEXK-
BUJIOBBIE Pa3JINYMs 110 YHCITYy arpaHyJIOIHUTOB Y JKUBOTHBIX:
y MbIlIel B 000uX Citydasix (KOHTPOJIb, OMBIT) JTUM(OIHUTOB
B KPOBHU OOJIBIIIE, @ MOHOITUTOB — MEHBIIIE, YEM Y XOMSIUKOB.
K ToMy >Ke y KOHTPOJIEHBIX Y OTIBITHBIX MBIILIEH HAOII0AaI0Ch
YBEJIIMYEHHOE YUCIIO TPOMOOIITOB B KPOBH, IO CPAaBHEHHUIO
¢ xoMsT9KaMu. [10CKOTBKY TITaBHAs (PYHKIHSI TUMQOIITOB —
pacrio3HaBaHWE aHTUICHA U y4acTHE B HMMYHHOM OTBETE,
a MOHOITUTHI SBJISIOTCS OCHOBHBIM HCTOYHHKOM OPTaHO-
u TKa"ecnenupuaHpIX Makpodaros (KumkyH, 2013), ob6mama-
1omuXx (arouuTapHoi GyHKIMEH, MOXHO MPEIoararh, YTo
Y MBIIIEH CYIIECTBYIOT CTICIU(PIUECKUE MEXaHU3MBI 3aIIUTHI
OT YY»KEPOJHBIX OPTaHU3MOB, B TOM YHCIIe TIapa3uToB. [lpu
9TOM a0COJIFOTHOE COZIEPIKAHME BCEX JICHKOLIMTOB B KPOBH
(arpaHyyOIUTHI + IPAHYIOINUTHI) MBIIIEH U XOMSYKOB OBLIO
B 000WX CIy9asx MPUONA3UTEIEHO OTUHAKOBBIM.

Kpome Toro, y XOMSIUKOB y)Ke Ha CTaIUH OCTPOIO OIIH-
CTOPX03a MPOCIEKUBAIOTCSA BO3MOKHBIE TPU3HAKA aHEMUH,
YTO TaKXKe IMOTICPKUBACT MCHBIIYIO YCTOHYUBOCTD K HH(H-
upoBanuto O. felineus y XOMSYKOB, YeM Yy MBbIIICH. Y HHUX
HECKOJIBKO CHIKEH yPOBEHb TeMOTJIOOMHA 1 TEMATOKPHT, B TO
BpeMsI KaK y MBIIICH 3TH IMOKa3aTeIH OCTAIOTCS HEM3MCHECH-
HBIMH. MOXKHO MIPE/AIOIOKHUTE, YTO BCIIEACTBHE 3apasKeHUS
MOBBIMIACTCS CKOPOCTD Pa3pyILICHHUS SPUTPOLIUTOB B CENIE3CH-
K€ XOMSUYKOB. BO3MOXHO 1 ipyroe oObsSCHEHHE, & HIMEHHO:
YUUTBIBAsl Pa3HYIO CTENEeHb 3peiocTH JuduHoK O. felineus
y IIpeICTaBUTENEH ABYX BHIOB, MOXKHO IPEAIIONOKHTE, YTO
Oosee pa3BUTHIC 0COOM MTapas3nTa B )KEITIHBIX TPOTOKAX MeUe-
HU XOMSYKOB HAUMHAIOT HHTEHCUBHEE IMUTATHhCS KPOBBIO XO-
3simHA. HeraBHO OBLIH ITOTyYeHBI TIEPBEIE PE3YIBETAaThl O TOM,
gt0 MapuThl O. felineus MUTAIOTCS KPOBBIO XO3SIHA, IIPH TOM
MEPEeBOSIT €M B MUTMEHT F'EéMO30HMH (TEMHOE COJCPIKUMOE
B kuievyHuke napasuta) (Lvova et al., 2016).
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PazButne 11000ro BOCHAIMTENIFHOTO MpOLIECCca peatnsy-
eTcs 3a cueT IPPEKTOPHBIX KIETOK KpoBH (HEHTpoduioB,
TMM(pOLIUTOB, MOHOITMUTOB), UMEIOIINX KOCTHOMO3TOBOE IPO-
ucxoxienne. ViaMeHeHne 4icieHHOCTH U (PyHKIIHOHAIBHOTO
COCTOSIHHMSI JIEHKOIINTOB KPOBH BO MHOTOM CBHJIETEJILCTBYET
00 akTHBHOCTH BocmnasieHus. IlepBbie nOKa3zaTenbcTBa OT-
BETCTBEHHOCTH reMomno3Tudeckor cTBosioBoit kietku (I'CK)
3a FeMOIIO3THYECKHI TOMEOCTa3 B Tporecce (POpMUPOBAHUS
MMMYHHBIX OTBETOB OBUIN MOITy4YeHbI B 8§0-€ TO/IbI POIIIIOTO
cronetust (Kosznos u ap., 1982). B nocneanue roasl mpoe-
MoHCTpHpoBaHa criocodHocTh I'CK mpsimo u HeMeaseHHO
OTBEYaTh Ha BOCTAJIHUTEIbHBIC CUTHAIBI. AKTHUBAalUs IPO-
mudeparyu U auddepenupopku 'CK B oTBeT Ha UHDEK-
IIMOHHBIN CHUTHAJ COTPOBOXAACTCS MOOMIM3aImei Oomee
muddepeHIMPOBAaHHBIX KJIETOK W3 KOCTHOTO MO3Ta B OYar
Bocnanenus (King, Goodell, 2011).

Jliist ommcTOpX03a XapaKkTEepPHO IMOBBIIIEHHE IKCIIPECCUU
toyut-noo0ueIx peunenropos (Toll-like receptors, TLRs)
(Yongvanit et al., 2012). B mocieanue romsl MOKa3aHo, YTO
I'CK »skcnpeccupytor TLRs, csa3siBanne TLR uaHIIMIEpYyeT
UX BXOXKIEHHE B KJICTOYHBINH UKII, YTO CTUMYIUPYET AUQ-
(epeHIpPOBKY MHUENIOUIHBIX IpeaniecTBeHHnKoB (Megias
et al., 2012). Kpome mpsimoro TLR ctumyrna, B MUEITOHTHON
muddepeHIMpoBKe MPUHUMAIOT YIACTHE TPOBOCIIAIUTEIb-
ubie uTokuHbl: TNF, IFN I u II, IL-6 (Maltby et al., 2014).
Takum 00pa3oM, TATOTeH-0IIOCPEI0BAHHAS CTUMYIISLHS MHe-
nouHoN 1 depeHIITPOBKH MOXKET 00ecednBaTh ObICTpOe
TIOTIOJTHEHHE HUMMYHHBIX KJIETOK B Iporecce (GopMHUPOBaHUS
BPOKACHHBIX PEaKknnii Ha HHPEKIHUIO.

YenieHne KOCTHOMO3IOBOTO TeMOITI033a Y XOMSYKOB MOYKET
CBUJIETEIbCTBOBATH 0 (hopmupoBanuu oreta I'CK Ha nnBa-
3uBHOE Bo3zelicTue O. felineus. Habmromaercs 1ocToBepHOE
yBenuuenue koiandectsa panHux (KOE-I'DMM) u rpany-
nouurapHo-makpodaransubix (KOE-I'M) npenmiectBeHHu-
KOB, TOTIOJIHSAIOUINX MOMYJSIIUNA TPAHYIOUTOB U MakKpo-
(haroB, pacxoryeMbIX B IIPOIECCE BOCHIATUTEIBHOM peaKkun.
dopmupyromasics aHemust (HEKOTOpOe CHUYKEHHE TeMOIIO-
OMHa M reMaToKpHUTa) 00yCIaBINBACT, OUYCBUIHO, CTHUMYJIS-
LU0 9PUTPOITI033a (IIOBBIIICHNE KOJIMYECTBA IPUTPOUITHBIX
KOJIOHHIA).

B Hammx nccneoBaHmuAX Ha 3ByKOBOM CHTHAIT OoJiee BBIpa-
JKEHHO PearnpoBaii KOHTPOJIBHBIC XOMSUIKH (110 CPABHEHUIO
C KOHTPOJIbHBIMU MbIaMu). [Ipu 3ToM y HHPUIMPOBAHHBIX
XOMSIYKOB, B OTIMYHE OT KOHTPOJBHBIX 0c00€H, HE OBLIO
peaxky MPUBBIKAHUS, YTO MOXET CBHJETEILCTBOBATH 00
OIPEJIENICHHBIX HAPYIIEHHUSX B pabdOTe€ HEPBHOW CHCTEMBI.
V nmropeil ycuneHHasi CTapTi-peakiuysi WK OTCYTCTBHE T'a-
OWTyallMu MOXKET OBITH CIIEACTBHEM Pa3HOOOpPA3HBIX 3200-
JIEBaHWH, 3aTParuBaOlIMX HEPBHYIO CHUCTEMY, HalpUMep,
MIOCTTPABMATUYECKUNA CHHJPOM Yy JIOAEH CONPOBOXKIAETCS
MIOBBIIICHUEM CHIIBI PEaKIMU U CHHKEHHEM CKOPOCTH IpH-
BBIKaHUSI K CTUMYITy, TAaKHE K€ U3MEHEHUsS HaOJIIofatoTCs
U TIpU MOAETUPOBAHUHU ATOTO cHHApoMa y Kpbwic (Garrick
et al., 2001; Marshall, Garakani, 2002). Uro xacaercs oT-
CYTCTBHSI pEaKIMU MPUBBIKAHUS Y MBIIIEH Kak KOHTPOJIb-
HOH, TaK M OMBITHOM TPy, TO, BO3MOXKHO, JUISl BBISIBICHUS
rabuTyalMn y JaHHOTO BHA XXMBOTHBIX YETHIPEX MTOBTOPOB
0Ka3aJI0Ch ITPOCTO HEJIOCTATOYHO. MI3BECTHO, YTO BhIpaXKEH-
HOCTb NPEUMITYIIbCHOTO MHTMOMPOBAHUS CTapTI-PEaKInU
CHIOCOOHBI N3MEHSATH MHOTHE (hapMaKOJIOTHYECKHE CPEJICTBA,
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TFCHECTUYCCKUE MyTalluu, IMCUXUYCCKUEC U HEBPOJIOTMYCCKHUC
3a0oneBaHus W HEKOTOphIe Apyrue dakropsl (Braff et al.,
2001). 3apaxxeHue JIMIMHKAMHU ONMCTOpPXA HE MOBJIMSIO Ha
BCJIMYHUHY I/IHFI/I6I/IpOBaHI/IH pe€aKkuun B3AparuBaHusd, U3Me-
PEHHYTO Ha CPOKe 3apaskeHHs 12 qHel y MBIIIei 1 XOMSYKOB.
OnHako HE NCKIIIOYEHO, YTO TpH OoJiee [UINTEIbHOM HHDH-
OUPOBAHUUN OKCICPHUMEHTAJIbHBIX JKUBOTHBIX (Haan/lMep,
6 Mec.) HapyIIeHHUH Oy/IeT CYIIeCTBEHHO OOITBIIIE IT0 MHOTUM
MOKa3aressiM paboThl HEPBHOW CHCTEMBI.

Takum 00pazoM, B MPOBEICHHOM HCCIIEI0BAaHUH OOHA-
PYXKEHBI CYLIECTBEHHBIE MEXBHUIOBBIE PA3JINUHs yKE Ha
pPaHHUX CTaAMAX WHQHUIUPOBAHUS KXUBOTHBIX JIHIMHKAMHU
O. felineus. Yepe3 1Be Heyenu rnocie HHOUIMPOBAHUS Y XO-
MSTYKOB HaOJIIOaINCh NU3MEHEHHS B COCTaBe (POPMEHHBIX
3JIEMEHTOB KPOBH, CBHJICTEIBCTBYIOIIHE O MPOSIBIICHUH BOC-
MMaJINTCIIbHBIX peaKL[l/Iﬁ B OpraHmM3Me€ XO3siMHa, BbI3BAHHBIX
uHBazne. OMHOBPEMEHHO € 3TUM TPOUCXOMIIA AKTHBALHS
TEMOIIOATUYECKUX CTBOJIOBBIX KIIETOK-TIPE/IICCTBEHHUKOB
MHEJIOMIHOTO U SPUTPOMIHOTO psifa. MccnenoBanus peax-
I[N XOMSTYKOB Ha aKyCTHYECKHH CHUTHAJI CBUAETEIBCTBYIOT
0 HEKOTOPBIX HAPYIICHUSIX B IEHTPAIbHOI HEPBHOH cCHCcTEME.
Kpowme toro, 6ostee 3perbie Maputhl O. felineus, BbIACICHHBIC
U3 KEITYHBIX MPOTOKOB XOMSYKOB, IO CPAaBHEHUIO C MapH-
TaMH, BBIZICJICHHBIMH W3 MBIIICH, TaK)Ke CBHUICTEIBCTBYIOT
O MEHbIIIEH YCTOMYMBOCTH XOMSAUYKOB K 3apaKeHu1o. B or-
JMYHME OT XOMSYKOB, y MBIIIEH N3MEHEHHSI B KDOBU B OTBET
Ha MHOHUIMUPOBAaHNE OBUTM MEHee BBIPaKCHHBIC M HE COTIPO-
BOXK/IAJIMCh YBEIMYEHUEM F'€MOII03THYECKOI KOJIOHneo0pasy-
I0IIeif aKTHBHOCTH M U3MEHEHUSIMU B PEaKIINH B3/[parnBaHUs
Ha aKyCTHYeCKui ctuMmyi. [lomydeHHBIE JaHHBIE TOBOPST
0 OOJIbLICH PE3UCTEHTHOCTH MbIIeH K WHOUIUPOBAHUIO
O. felineus. VI3ydenue Mpu4InH yCTOHYHUBOCTH MBIIICH K TeITb-
MHUHTHBIM WHBa3MsIM — MpPEAMET OyIyIINX HCCIICIOBaHUM.
Ha nanHOM 9Tare MOXHO ONpeJielIeHHO TOBOPHUTH O TOM, YTO
ocTpast cTaaus KCIEPUMEHTAIBHOTO OMHCTOpX03a, Ooiee
MPOJIOHTUPOBAHHAS Y MBIIICH, HE UCKITIOYaeT BOZMOKHOCTH
HCIOJb30BaHUA 3TOI0 BHU/Ja )KUBOTHBIX IJIs1 MOJACIIMPOBAHUA
O. felineus-nHIYIINPOBAHHOTO TIAPA3NUTO3A.
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oTaeneHna Poccrinckon akaemmi Hayk», Hoocrnbumpck, Poccus
2 WHctuTyT Makca lNnaHka aBoniounoHHon aHTpononoruu, leanuur, lfepmanna

CornacHo runotese o0 CHATAM HanpPAXeHWs, MOBbILLEHHbI YPOBEHb
TPEBOXHOCTUN UMK CTPeCcca MOXeT NPUBOANTb K 6osbLuemy notpebne-
HUIO anKOronsA 1 ankorosibHoM 3aBmcnumocTy. OgHaKo 3To He Bcerga
NOATBEPXKAAETCA AaHHbIMM, NONYYEHHBIMU Ha SKCNEPUMEHTaSIbHbIX
KMBOTHbIX. OfHOM 13 Mofenew AnA NCccnefoBaHNA CBA3N MeXOY
TPEeBOXHOCTbIO, yHKUMEN rMnoTanamo-runodprsapHo-Hagnoyey-
HukoBow cuctemsbl (ITHC) 1 NpefpacnoNoXXeHHOCTbIO K ankoronbHOW
3aBUCMMOCTM MOXKeET ObITb CeneKkLMOHHaA MOAEeNb CepbIX KPbIC

C PYYHBIM 1 arpeccBHbIM NOBeAEHVEM MO OTHOLLEHMIO K YeSTOBEKY.
PaHee y pyuHbIx KpblC 0OTMeYanu ocnabneHune TpeBOXHO-NMOA06HOrO
noeefieHNA N NOHWKeHre GyHKLUMoHanbHom akTnesHocTv IMHC, cyan
MO YPOBHIO KOPTUKOCTEPOHA 1 alpEHOKOPTMKOTPONHOIrO rOpMOHa
(AKTT) B KpOBU B yCNOBUAX NOKOA M NpW CTpecce No CPaBHEHNIO

C arpeccrBHbLIMY 1 HeCeNEKLMOHNPYEMbIMU XNBOTHbIMU. B AaHHOM
paboTe oLeHVBanu NpeanoyTeHre 1 NOTPebIeHVe 3TaHOMa Pa3HoM
KOHLEHTPaLMK B yC/I0BMAX CBOOOAHOMO AOCTYMA K 3TaHOJY 1 Bofe
(two bottle-choice paradigm), a Takxe BAnAHME OQHOKPATHOIO
BBeJE€HUNA 3TaHOsa Ha NoBeAeHVE B NPUNOAHATOM KpeCcToo6pa3HOM
nabrpuHTe y CaMLIOB KPbIC C arpeCcCrBHbBIM Y PYUYHBIM NMOBELEHNEM.

Y PyUHbIX 1 arpecCcUBHbIX CamMLIOB NOC/E BHYTPUOPIOWNHHOIO
BBe/IeHNA anKkorona oTMevany yMeHbLUIeHre Yncia BepTUKabHbIX
CTOEK B LIeHTPe NPUMNOAHATOro KpectoobpasHoro nabmpuHTa, Kotopoe
[OCTUrano ypoBHA 3HAUYMMOCTY TOJSIbKO Y NepBbiX. Takoe n3meHeHne
CBUAETENbCTBYET He TONbKO 06 OTCYTCTBUM aHKCUONNTNYECKOTO
nencteus 12 %-ro 3TaHoONa, HO U YCUNEHNUM TPEBOXKHO-NMOA06HOTO
NoBefEeHUNA Y PYYHbIX KPbIC. AFpeCcCUBHbIE KPbICbl NPEBOCXOAMNN
PYuHbIX Mo NoTpebneHuio 2 %-ro 3TaHosa, Toraa Kak notpebnexHne

10 %-ro 1 npegnoyTeHune 5 %-ro pacTteopa y pyuHbix 6b110 JOCTOBEP-
HO BbILLE, YeM Y arpeccuBHbIX. [locnie cemraHeBHOM OTMEHbI CNUPTa

Y PYUHbIX KpblC Habntoganm sdpdeKT aenpusaLnm, MOCKONbKY ero
noTpebneHne CTaHOBMUNOCh 6ONblUe, YeM JO OTMEHDI. TakM 06pasom,
pasnnuna B NoTpebieHn STaHoMa MeXAY PyYHbIMU 1 arpeccMBHbIMU
KpbICaMU MEHSAIOTCA B 3aBUCMMOCTMN OT KOHLEHTPALMM pacTBopa.
ArpeccuBHble caMUbl MbOT TONBKO 2 %-1 pacTBOp 6osbLue, yem
PYy4HbI€, 1 NO3TOMY rMnoTe3a O CHATUW HanpAXeHWA NoATBepKaaeTCcA
VNMEHHO [N1A 3TOM KOHLEHTpaLuuu.

KnioueBble cfioBa: 3TaHOs; 0T6OP MO NOBEAEHNIO; PyUHbIe 1 arpec-
CUBHbIe KPbICbl; TPEBOXXHO-NMOA0OHOE NoBefeHe; MPUNOAHATHIN
KpectoobpasHblii NabupuHT; 3dPeKT aenprBaumm.
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Effect of single ethanol
administration on behavior
and the consumption and
preference of ethanol in tame
and aggressive rats

R.V. Kozhemyakinal @, S.G. Shikhevich!, A. Cagan?,
R.G. Gulevich!

TInstitute of Cytology and Genetics SB RAS, Novosibirsk, Russia
2 Max Planck Institute for Evolutionary Anthropology, Leipzig,
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According to the hypothesis of stress relief, a high
level of anxiety or stress may cause greater alcohol
consumption and alcohol addiction. However, data
obtained with experimental animals do not always
confirm this statement. Model strains of Norway

rats selected for tame and aggressive attitude to
humans are some of the models for investigation

of relationships among anxiety, the function

of the hypothalamus-pituitary—adrenal (HPA) axis,
and predisposition to alcohol addiction. Former
studies of tame rats, based on the blood levels

of corticosterone and adrenocorticotropic hormone
(ACTH) in rest and stress, revealed a decrease

of the manifestation of anxiety-like behavior and

of the HPA function in comparison to aggressive
and unselected rats. This work assesses the preferred
consumption of ethanol at various concentrations
with free access to ethanol and water (two bottle-
choice paradigm) and the effect of acute ethanol
administration on the behavior of aggressive and
tame male rats in an elevated plus maze. After intra-
peritoneal alcohol administration, tame and aggres-
sive males showed a reduced number of rearings

in the center of the elevated plus maze, but the reduc-
tion was statistically significant only in the former. It
pointed not only to the absence of an anxiolytic action
of 12 % ethanol but also to enhancement of anxiety-
like behavior in tame rats. After seven-day alcohol
withdrawal, tame rats showed signs of deprivation,
because the alcohol consumption was greater than
before the withdrawal. Thus, the difference between
tame and aggressive rats in alcohol consumption



KAK UUTUPOBATbD 3TY CTATbIO:

varies with alcohol concentration. Aggressive males
drank more alcohol than water only at the 2 %
concentration. Hence, the hypothesis of stress relief
is confirmed only for this concentration.

Key words: ethanol; selection for behavior; tame
and aggressive rats; anxiety-like behavior; elevated
plus maze; effect of deprivation.
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3BECTHO, YTO COLMAJIBHBII CTPECC, BbI3BAHHBIM KOH-

(hmuKkTaMU B ceMbe WM Ha paboTe, JaIre, 4eM JApyTrue

BUJIBI CTpecca, MPOBONMPYET MOTPEOICHNE aTKOTOJIS
1 OKa3bIBaeT Hanbosee CTOMKMI d(PPEeKT Ha aATUKTHBHOE
(3aBucumoe) mosenenue (de Wit et al., 2003; Kudryavtseva
et al., 2006; Thomas et al., 2011). ['mOKOKOPTHKOUABI KaK
OCHOBHBIE TOPMOHBI CTPECCa, B3aUMOJICHCTBYSI C ME30JIHM-
OMUYECKOH CHCTEMOMH, OMOCPEIYIOT CTPECC-HHIYIIHPOBAHHOE
norpebnenne ankorons (Spanagel et al., 2014). Coracuo
THIIOTE3€ O CHSTHUW HAlNpsDKEHHS, WHAWBUIAYYMBI C ITOBBI-
IIEHHOH TPEBOKHOCTBIO MOTYT OBITh OOJI€€ UyBCTBUTEIBHbI
K QHKCHOJINTHYECKOMY JICHCTBHIO aJIKOTOJIS M, BO3MOXKHO, MO~
sTOMY OOJIee IpeIpacoIokeHsl K ero norpednenuo (Conger,
1956). Ognako 3Ta rUMOTE3a HE BCEraa MOATBEPKIACTCS
9KCMEPUMEHTAIBHO. B 4acTHOCTH MTOKa3aHO, YTO y KPBIC
Wistar, ceJeKIIMOHUPOBAHHBIX Ha TOBBIIIEHHYIO TPEBOX-
HocTh (hihg anxiety behavior, HAB), motpebienne u mpea-
MOYTEHUE 3TAHOJNA HUXKE, YeM y >KHBOTHBIX KOHTPACTHOM
muann (low anxiety behavior, LAB) (Henniger et al., 2002).

ITo MHeHMIO psifa aBTOPOB, KPUTHUECKUM MEXAHU3MOM
AJITUKTUBHOTO TTOBEACHUS SBJISICTCS] MHTyIUPOBAHHOE AJIKO-
roJieM MOBBIIIICHHE To(paMuHa B priIeKaIieM sape (nucleus
accumbens), BXOISIIIEM B ME30ITMMONYIECKYIO CHCTEMY MO3Ta
(Comings, Blum, 2000; Blum, Oskar-Berman, 2014). ITo-
CKOJIBKY J10(haMHH BIHSIET Ha YyBCTBO YOBOJBCTBHS M IO-
JIABJISET CTPECCOPHOE COCTOSIHUE, TO CAMOJICUEHUE aTKOT0JIEM
MIPUBO/INT K BPEMEHHOMY OOJIErYeHUI0 AUCKOM(OPTa 1 JTOXK-
HOMY OLILYyILeHHUIO Onaromnoixyuusi. OHAKO XPOHUUECKOE 3110~
YIOTpeOICHNE aJIKOTOJISI M IPYTHX TICHXOAKTUBHBIX BELIECTB
MIPUBOJIUT K MOJIABJICHUIO CHHTE3a 3TOTO HEHPOTpaHCMHUTTEpa
u peuentopHoit quchynkimu (Comings, Blum, 2000).

Jist uccnejoBaHus FeHETHUECKUX U HEHPOOHOIOT NIECKIX
MEXaHN3MOB AJKOTOJIN3Ma METOJIOM OTOOpa B HECKOIBKHX
naboparopusix ObUIM CO3[aHbl MOJEJbHBIC JUHUU KPBIC,
pa3UyaroNrecs Mo MPeAroYTeHNI0 K dTaHomy (Stewart et
al., 1993; Colombo et al., 1995; Moller et al., 1997). Ognaxo
MPAKTHYECKH HET JJAHHBIX 110 OTPEOICHHIO AJIKOTOJISl Y KU~
BOTHBIX, CEIEKIIMOHUPOBAHHBIX 10 COLMAIBLHO 3HAYUMBIM
MPU3HAKaM TOBEJCHUS, K KOTOPBIM CIIeIyeT OTHECTH M pe-
aKIIMIO HA COLMANIBHBIN cTpeccC. B CBSA3U ¢ 3TUM UMEoLuecs
B Uul" CO PAH yHuKanbHBIE IMHAN CEPBIX KPBIC, B TCUCHHE
JumnTenbpHoro nepuona (80 mokoneHunit) oToOupaeMbIX Mo pe-
aKI[MM Ha YeJI0BeKa, a UMEHHO Ha arpecCUBHOE U TOJICPAHT-
HOE (CIOKOWHOE) OTHOIIEHHE K YEIOBEKY, MOTYT CIYXXHTh
aJIeKBaTHOW MOJIEJIBIO /ISl MCCIIEIOBAHNS T€HETHUECKH
166
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JIETEPMHHUPOBAHHBIX 0COOCHHOCTEH MOTPEOICHUS aJIKOTOIIS
U aJIMKTUBHOTO TOBeeHUs. PaHee mpoBeieHHbIE HCCIeno-
BaHMS MOKA3aJIM, YTO OTOOP KPBIC 110 PEaKkMy Ha YesoBeKa
COIIPOBOJKIAETCSI U3BMEHEHHEM ILIUPOKOTO CIIEKTpa U300~
THYECKUX U MoBefeHdeckux nmapamerpoB (Plyusnina, Oskina,
1997; Albert et al., 2008). Tak, y CIIOKOHHBIX (PY4HBIX) KPBIC
HaOJIFo1aIM TOHM)KeHUE (DYHKIIMOHAIIBHOW aKTUBHOCTH I'MITO-
TajaMo-runogu3apHo-HaamnodeqdHukoBoi cucremsl (I THC),
ocJiabyeHre TPEBOXKHO-TIOAOOHOTO TOBEACHNUS W BHYTpH-
BUJIOBOIl arpeccuu B TeCTE «PE3UICHT-UHTPYICP», a TaKKe
6osee MPOJOIIKUTENBHBIN JIATEHTHBIN NEPUOJ arPeCCHUBHBIX
CTOJIKHOBEHHH B TECTE COLMAIbHBIX B3aHMMOJICHCTBHHI 110
CPaBHEHHIO C arpECCHBHBIMHU U HECEJIEKLIHOHUPYEMbIMH
xuBoTHEIME (Naumenko et al., 1989; Plyusnina et al., 2011;
Gulevich et al., 2015). ITpu oT6ope KpbIC Ha CIIOKOWHOE TO-
BeJICHHE OTMeYalll U3MEHEHUE YPOBHs 1o(aMiHa, a TaKKe
IUIOTHOCTH ¥ CBSI3BIBAIONIEH CIIOCOOHOCTH PELENTOPOB 1O~
(hamHHa B ME30JMMONYECKON CHCTEME MO3T'a 110 CPAaBHEHHIO
¢ HecenekunonnpoBanHbiMu skuBoTHBIMK (Nikulina et al.,
1992). Ilo nanHBIM HccnenoBaTeneil u3 Jleinmura, ypoBeHb
JnohamMHHa B TIPUIISKAIEM S/IPE Y PYUYHBIX KPBIC BBIIIE, YEM
y arpeccuBHbiX (Albert et al., 2008). B nocnentee Bpems
OBLT0 TTOKa3aHo, uTo FKcnpeccrus MPHK rena modamMuHOBBIX
peuenropoB (DRD2) B MUHAAMMHE y PYYHBIX KPBHIC BBILIE,
YeM y arpeCCHBHBIX U HECENIEKIIMOHUPOBAHHBIX KPBIC.

ITockonbKy 0TOOpP KPBIC 1O PEAKIINH HA YEIOBEKA BIUSET
Ha 'THC n noamunepruieckyro cucteMy B Me30InMOnye-
CKHUX CTPYKTypax MO3ra, T. €. CHCTEMBI, KOTOPbIE OTIOCPEIYIOT
U CTPECC-UHIYIIMPOBAHHOE MOTPEOICHUE AJTKOTOIISI, MOXKHO
OBLIO TpeIIoNararh, 4YTo CIOKOHHBIC M arpeCCHBHBIC KPBICHI
OyayT oTruarhes 1o 3G (ekTy ITaHosa Ha TIOBEICHUE U €T0
oTpeOIIeHHTO.

Lenpto manHOM paboTHI OBUIO HMCCIIE0BaTh OTpeOICHNE
U [IPEIIIOYTEHNE STAHOIA, & TAKIKE €r0 BIMSHUE Ha TOBE/ICHUE
Y CaMIIOB KpBbIC, CENEKIIMOHNPYEMBIX B JIBYX Pa3HBIX HAlIPaB-
JICHUSIX 110 OTHOUICHHIO K YEJIOBEKY.

MaTtepwuanbl n metogbl

MunsotHble

OKCHNEpUMEHTHI MPOBOAUIN Ha MOJIOBO3PENBIX CaMIax ayT-
OpemHbIX cepbIX KpbIc (Rattus norvegicus) §3-ro MOKOICHUS
0TOOpa, CeTEKIIMOHNPOBAHHBIX Ha OTCYTCTBHE (JTHHUS Pyd-
HBIX) ¥ YCHJICHUE (JIMHUS arpeCCUBHBIX) arpECCHBHOCTH T10
OTHOLLEHHUIO K YEJIOBEKY. B KaXI0l 3KCIEpUMEHTaIbHON
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rpymre 06110 110 10—12 0cobeii. JKHBOTHBIX cofeprkalii B Me-
Taymmaeckux kietkax (50 X 33 x 20 cM) B TpyIIax 1mo 9eTsIpe
0COOM TIPH €CTECTBEHHOM OCBEILCHUH 1 CBOOOTHOM JIOCTYTIE
K Boze M nume. J[o SKCIIepUMEHTOB CaMIlOB B3BEIIUBAIIN U
paccakuBaiy 1o oqHoMy. VicceoBaHuMs IPOBOANIIN TIO CXe-
Me, TpuMeHsieMoit st Wistar KpbIC, CelIeKIIMOHMPOBAaHHBIX
1o ypoBHio TpeBokHocTH (Henniger et al., 2002), 1 moau-
(bUIMpPOBaHHOM IS KJIETOK, B KOTOPBIX COIEPIKAINCH CEPhIE
kpbichl, B BuBapun UIul" CO PAH. DkcriepuMeHTs! ObLTH
BBITIOJIHEHBI B COOTBETCTBUH C TIPABUIIAMHU IIPOBEJICHUS paboT
Ha 9KCTIEPUMEHTAIBbHBIX KUBOTHBIX (TIPUIIOKEHUE K TIPHKA3Y
Munucrepersa 3apaBooxpanenus Ne 267 ot 19.06.2003).

TecT npunogHATOro KpectoobpasHoro nabmprHTa
TectupoBanue 1no noseneHuto nposoauau ¢ 14:00 go 18:00
MeCTHOTrO BpeMeHH. 3a 10 MUH 10 TECTHPOBaHMS caMIlaM
BBOJMJIN BHYTpuOpromuaHO 12 %-# pacTBOp 3TaHoNa
(1 r/kr). KOHTpOJIBHBIM KUBOTHBIM BBOJMIIM (pU3HOIOTHYE-
CKHI pacTBop.

Hns ncenenoBanus 3¢ dexTa anKoroias Ha MOBEACHUE
HCIIOJIB30BAJIM TECT MPUTIOIHATOTO KPecTo00pa3HOro J1adu-
PHHTA, KOTOPBIN IIUPOKO UCIIOIB3YETCS JUIsl aHKCHOJIUTHYE-
CKHX W aHKCHOTEHHBIX CBOMCTB mpemapaToB (Rodgers, Cole,
1994). JlabupuHT mpeacTaBisieT co00i KpecTooOpa3Hyro
AT OpMy, MPUIIOTHATYO Hal 11010M Ha 50 cM. OH COCTOUT
U3 PaCIOJIOKEHHBIX JPYT HANPOTHUB JAPYTa JIBYX OTKPBITHIX
U JIBYX 3aKpBITBIX pyKaBoB pazmepoM 50 % 10 cM. 3akphIThIe
pyKaBa OKpY»KEHbI C TPEX CTOPOH HENPO3paYHbIMU CTEHKAMHU
BbicoTOi 40 cM. Ha mepeceuennn pykaBoB pacrioyiaraercs
neHTpanpHas wiatdopma pasmepom 10 x 10 cm. B Hagane
TECTa KPBICY TMOMEIIaIN B UEHTpP JaOMPHHTA, HOCOM K 3a-
KPBITOMY pyKaBy. B TedeHne 5 MUH onpeesnsuim napamMmeTpbl
TECTa: JATCHTHBIC MEPUOBI 3aX0Ja B 3aKPBITHIC M BBIXOJA
B OTKPBITBIE PyKaBa; YMCIIO 3aXOJ0B U BPEMsI HAXOXKJCHUS
B OTKPBITHIX PyKaBax JJAOMPHHTA; YHCIIO 3aX0A0B U BPEMsI Ha-
XOXK/ICHHS B 3aKPBITHIX PyKaBax JaOMPUHTA; YHCIIO BBIXOZOB
B LIEHTP; BpeMsl HAXOXKACHUs B LIEHTpE JTaOUPUHTA; YUCIIO
Y BpeMs «BBIIVIAJBIBAHUS (BBIXOJ JBYMs JIallaMH) B LIEHTP
U B OTKPBITBIC pyKaBa. JJaOMPHHT mocie KakIoH KPBICHI
TIIATEIbHO MBUIM U BBICYIIUBAIH CalIPETKAMHU.

IToBeneHne perucTpupoBaiu Ha BUJEOKaMepy U B IOCIe-
JIyIoIIeM 00pabaTsIBalii ¢ TOMOILBIO TPOTPaMMBI, pa3pabo-
TAHHOM B JIaDOpaTOpHu, KOTOPasi MO3BOJISLIA OLEHUTH BPEMSI
Ka)kJoro nmoBeeH4yeckoro narrepra (ImocanHa u ap., 2003).

OnpepeneHne NoTpe6sieHNA 1 NpeAnoyYTeHNa STaHona
B yCJ10BUAX cBo6oAHOro goctyna (two bottle test)
Cryctsl ATk THEH MOCe TECTHPOBAHUS IO TIOBSICHUIO HA
Ka)IyI0 KJIETKY MOABEIIMBAJIM MO JiBE OyTHUIKH C BOJOM
U criupTOM. PazMmepsl KIIETOK He TIO3BOJISLIIH OJIHOBPEMEHHO
MIOIBEIIINBATH YETHIPE Oy THUTKH (OJHY C BOIOW U TPH Oy THUIKA
C pa3HOM KOHLIEHTpAILMEel ITaHoMa), KaK B UCCIIEJOBAHUN HA
kpeicax Wistar (Henniger et al., 2002). Kaxxapie oquma—11Ba
JtHsT 00¢ Oy THUTKH B3BEIIMBAIIM M MCHSUTH MEeCTaMu. B TedeHme
MepBBIX MSTH JIHEeH B OyTbuiKax ObuT 2 %-il pacTBOp, B Clle-
JTYIOIIHE TIATh THeH — 5 %-if u mocnexnue rmath qaei — 10 Y%o-ii
pactBop. Janee mist perucrparuu 3ddexra menpuBanuu
OyTBIJIKH CO CIUPTOM yOHMpali, a 4epe3 CeMb JTHEH NX BHOBb
ctaBunu ¢ 10 %-M ciupToM 1 IPOIOIKAIH B3BEIIIMBATh B Te-
yeHne MByX nHeil. [loTpedneHne ankorons CYWTaid B I/KT,
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a MPEANOYTEHHE — B MPOLEHTAaX OT OOLIEro KOJMYeCcTBa MOo-
TpeOIsIeMOon )KUIKOCTH.

Craructuyeckyto 00pabOTKy JaHHBIX MTPOBOAUIH C IO-
MOIIBIO JIByX()aKTOPHOTO JIHCIIEPCHOHHOTO KOMILIEKCa
(ANOVA), B KOTOpOM OTHIM U3 (haKTOPOB OBITa TMHUS KPBIC,
a JIPyTUM — BIHSIHUE YTAHOJIA, BBOJMMOTO BHYTPHOPIOIINHHO
(U1 IOBEIEHYECKOTO TeCTa), MM €ro KOHIEHTpAIHs, JTHH
NpeIbSIBIICHHS U ISTPUBALIMs (JU1s1 KCIIEPUMEHTA CO CBOOO/I-
HBIM JIOCTYIIOM K BOJIC U CITUPTY). Pasmuums Mex 1y rpyrnamMu
ompeneisIn ¢ oMolbio kputepus Fisher post-hoc.

Pe3ynbratbl
BiusiHue OHOKpAaTHOTO BBEJICHMS TaHOJA Ha TPEBOXKHO-
mof00HOE TTOBEeIeHHNE MTOKa3aHo Ha pHc. 1. JIByX(pakTopHBIH
JUCTIEPCHOHHBIA aHAJN3 BBISIBUJI JI0CTOBEPHOE BIUSHUE
TeHOTHIIA Ha CyMMapHOe BpeMsl, POBEJICHHOE KUBOTHBIMH
B nentpe (F, 1o =15,65, p <0,001) u 3aKkphITBIX pyKaBax
(F, 5= 6,43, p <0,05), Tora KaK BBEICHUE 3TaHOJIA HE BITU-
s Ha o1u nokazarenu (F| 44 = 1,74, p > 0,05 u F 4 = 1,60,
p>0,05) COOTBETCTBEHHO (puc. 1, a, 6). BiauMozeiicTBIe
9THX (HaKTOPOB OBIJIO HEJTOCTOBEPHO ISl CYMMApHOTO Bpe-
MEHH, IIPOBEIEHHOro Kak B ueHrpe (F, 5, = 0,22, p>0,05),
TakK U B 3aKpBITEIX pykaBax (F, ;¢ = 1,52, p > 0,05). Pyunsre
CaMIIbI U3 KOHTPOIBHO IPYIIITEI MCHBIIE BPEMEHH IIPOBOJIAT
B 3aKpBITHIX pyKaBaxX, 4eM arpeccuBHble (p < 0,05), Torna
KakK 110CJie BHYTPUOPIOIINHHOTO BBEJCHUS 3TAHOMA 3TU pa3-
JTMYMS CIIaKUBatoTcs (puc. 1, 6).

dakTopbl TeHOTHIIA ¥ BBEJCHHUS ITAHOJA HE BIMSUIM Ha
YHCII0 BBIXOJ0B B LIeHTp (F, 14 =0,07,p>0,05uF, ;4 =0,12,
p>0,05) COOTBCTCTBGHHO’(pI/IC. 1, 6), Torna KAK B3aHMO-
neifcTue 3TUX (pakTOpoB ObLIO JOCTOBEpHO (F| 55 = 4,86,
p <0,05). Ot paxTopsI TAKXKE HE BIHSIHN HA 9HCIIO BHIXOJIOB
B OTKpHIThIE pyKaBa (F, ;o =1,58, p>0,05 n F1~38 =0,004,
p>0,05) COOTBETCTBEHHO (puc. 1, 2), a B3aumojeicTBHE
(akTopos 66110 gocToBepHO (F, 3¢ = 5,53, p <0,05). Yucno
BBIXOJIOB B OTKPBITHIE PYKABA Y rPECCHBHBIX H PYIHBIX CaM-
IOB B KOHTPOJILHOM I'PYIIIe HE OTIINYAJIOCH, & TIOCIIC BBEJICHUSI
3TaHOJA PYYHBIE KPBICHI PEXKE BHIXOMIIH B OTKPBITHIE PYKaBa,
yeMm arpeccuBabIe (p < 0,05), (puc. 1, 2).

OOHapy)XeHO BIIMSHHE F€HOTHIIA U BBEICHUS ATAHOJIA HA
YHCIIO BEPTUKAIBHBIX CTOEK B LieHTpe F ;¢ = 4,64, p < 0,05
uF, ;=23870,p<0,01 coorBeTCTBEHHO (bnc. 1, 0), B3auMo-
JeHCTBHE ITHX (axTopos Ob1I0 HegocTOBEPHO F| 5¢ = 0,21,
p>0,05. Y cam110B 000X TEHOTHIIOB TTOCTIE BBenéHHﬂ JTa-
HOJIa OTMEUaJIM YMEHBIIICHHE TOTO IapaMeTpa Mo cpaBHe-
HUIO C KOHTPOJIEM, KOTOPOE JIOCTUTAJIO YPOBHSI 3HAYUMOCTH
y pyuHbIX KpbIC (p < 0,05) 1 OBIJIO Ha TPaHU JTOCTOBEPHOCTH
(p =0,08) y arpecCUBHBIX.

Ha puc. 2 npencraieHsl pe3ysbTarhl MO MOTPEOICHUIO
3TaHOJA PA3INYHON KOHIIEHTPAIN B CPETHEM 3a OINH JCHb
B YCJIOBHSAX CBOOOAHOTO BbIOOpA cnMpTa W BOABI. JIByX-
(haKTOPHBIN JMCIIEPCUOHHBIN aHa M3 HE BBISIBHI BIMSHUS
reHotuna Ha >toT mapamerp (F, = 0,27, p > 0,05), Torna
KaK (paKTOp KOHIEHTPALMH STAHONA JOCTOBEPHO BIMSII Ha
ero norpednenue (F, . = 31,11, p < 0,001). B3aumoneiicteue
9THX (aKTOPOB 6BLIO HeznocToBepHo (F, (= 2,51, p > 0,05).
Iorpebnenue 2 % u 5 %-ro pacTBOpOB 3TaHOA HE OT/IHYa-
JIOCh Y KPBIC C Pa3HBIM [TOBE/ICHHEM, TOT/Ia KaK MOTpedieHne
10 %-ro0 3TaHONA Y PYUHBIX KPBIC OBLIO BBIIIE, YEM Y arpec-
CHUBHBIX.

HacnepctBeHHble 0co6eHHOCTN GU3MoNornyecknx GyHKLMM
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Puc. 2. MNoTpebneHre pacTBopa 3TaHoNa
pPa3nnyHO KOHLEHTPaLWW B TeYeHre NATU
[OHen npefbABneHns (B CpeaHEM 3a OANH AeHb).

*p < 0,05 No CPaBHEHMIO C arPeCCUBHBIMY;
T1tp < 0,001; ¥p < 0,01 no cpaBHeHwIo € 2 %-M
3TaHOJIOM B COOTBETCTBYIOLLEN rpynne;

XXXp < 0,001; **p < 0,01 No cpaBHEHWIO C 5 %-M
3TaHOJIOM B COOTBETCTBYIOLLEN rpynne.

Ha puc. 3 npencraBieHbl JaHHbIE
M0 MOTPEOICHNUIO ITAHONA C Pa3HOI
KOHIICHTpAIIHECH B IIEPBBIC JIBA THS U HA
4-1—5-i1 THU TIpEenbsBICHUS, a TaAKKe
3a JIBa JHS TOCIIe CEMHUTHEBHOW OTMe-
Hbl. Ha nmorpebnenue 2 %-ro sraHona
BuAnM kak resorun (F,,,= 11,53,
p <0,01), Tax u 7HA eTo HpéI[Ta}IBJIeHI/Iﬂ
(F]’20 =10,12, p <0,01), B3aumoneii-
CTBHE 3TUX (HaKTOPOB OBLIO JOCTOBEPHO
(Fy 50 =15,46, p<0,001). Ha morpe6-
nenne 5 %-ro 3TaHOJa TEHOTHUII HE
sian (F, ,, =1,93, p>0,05), Ho Biu-
SITA THU ﬁpenLﬂBneHH;{ (Fy,,=37,74,
»<0,001), a B3aHMOJICICTBHE THX
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Puc. 3. ,U,I/IHaMI/IKa I'IOTpeﬁJ'IeHI/Iﬂ pacTBOpa 3TaHONa 3a NepBble ABa AHA U L-IeTBeprIIZ —NATbIN AHN
€ro npeabABneHnA 1 3a NepBble Ba AHA nocne CeMI/I,ElHeBHOVI OTMEHDI.

***p <0,001; *p < 0,05 No cpaBHEHUIO C arpeccrBHbIMK B COOTBETCTBYIOLME AHK; X*p < 0,001; **p < 0,01
10 CPaBHEHWIO C NePBbIMMI 1BYMA AHAMU B cooTaeTcTBYIowei rpynne; T11p < 0,001 no cpasHenuio
C4-Mm-5-M AHAMU B COOTBETCTBYIOLLE rpynne.

(axropos Ob110 He3HAUUTENLHO (F| 5, = 0,53, p > 0,05). AHANOTMYHO I'€HOTHIT HE
BIHsT Ha ToTpebnerne 10 %-ro yTaHona (F, 5, =3,93, p>0,05), HO BMsAIHM AHU
npenwsasnenus (F, ,, = 37,74, p <0,001), B3aMMOJICHCTBHE ITHX (axTopoB OBLIO
TAKKE HE3HAYUTEIHHO (F,,,=0,53,p>0,05).

Kpowme Toro, 06Hapy>1<ef10 BisaHKe pakTopos renoruna (F, ,, = 7,40, p <0,01)
u aenpusaiuu (F, ,,=7,96, p <0,01) na norpednenue 10 %-r0 9TAHOJIA, TOA
KAK B3aHMOJICHCTBHE 3THX (axropos 6b110 He3HauuTensHo (F, 4, = 3,30, p > 0,05).

VY pyuHBIX KpbIC ToTpedieHue 2 %-ro 3TaHoNIa Ha 4-i1—5-if um MIPEIbBICHHS
CHIDKJIOCH TT0 CPaBHEHHMIO C IEPBBIMH JAHSIMU M CTAHOBHJIOCH MEHBIIIE, YEM Y arpec-
cuBHbIX (puc. 3). [Torpebnenue 5 %-ro 3TaHoNa HA 4-H—5- AHU NPESIBSIBICHUS
CHMKAJIOCh KaK Y PyYHBIX, TaK U arpeCCHBHBIX KPBIC, 0 CPABHEHHUIO C TIEPBBIMU
JHSIMHU. PydHBIE KPBICHI I0CTOBEPHO TPEBOCXOIMIN arpecCUBHBIX IO TOTpedie-
Huto 10 %-ro 3Ta”ona B nepBbie JHU NpenbsaBieHus (p < 0,05), Ha 4-ii—5-if THU
TIPeIbSIBICHASA OTPEOIeHNE 3TaHoIa y HUX CHIKaIoch (p < 0,01), a y arpeccus-
HBIX CYIIECTBEHHO HE M3MEH:UIOCh. B repBhIe 1Ba JIHs 1ocie 7-AHEBHOH OTMEHBI
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norpebiierre 10 %-ro 3TaHONa Y PYUHBIX KPBIC TOBBINIATIOCH 10 CPABHEHUIO C T10-
TpebienneM Ha 4-ii—5-i qaU 10 oT™MeHH! (p < 0,001), Torma Kak y arpecCHBHBIX
CYIIECTBEHHO He M3MeHsuIoch. [lorpednenne 10 %-ro sTaHoNa mociae OTMEHBI
Y PYYHBIX KPBIC, KaK ¥ B II€PBbIC JTHH MPEABSIBICHUS, OCTABAJIOCh HOBBIIICHHBIM
10 CpaBHEHHIO ¢ arpeccuBHBIMA (p < 0,01).

JByx(akTOpHBIN ITUCTIEPCHOHHBIA aHAJIW3 BBISBII JOCTOBEPHOE BIMSHHE Te-
HOTHIIA ¥ KOHLIEHTPAaUMK 3TaHoua Ha ero npeanodrenue (F, . = 12,48, p < 0,001)
u (F, 66 = 35,51, p <0,001) coorBercTBEHHO (pHC. 4). BsanmosieiicTBie (akxTopoB
6b110 HeoctoBepHO (F, (¢ = 1,22, p > 0,05). Y arpeccuBHBIX KpbIC 110 MEPE MOBbI-
IIEHHs KOHICHTPAIMK 3TaHOJIa NPEIIOYTEHUE K HEMY JOCTOBEPHO ITOHMKACTCS,
TOTIa KaK y Py4YHBIX 3TOT MOKa3aresib He oTndaeTcs aist 2 %-ro u 5 %-ro pac-
TBOPOB, M YMEHbIIaeTcs: Toabko At 10 %-ro stanona. [lpeanourenne k 2 %-my
pacTBOpY y PYUHBIX U arpeCCUBHBIX KPBIC HE OTIMYAETCS, TOT/Ia KaK [TPEANOYTEHUE
K 5 %-My pacTBOpPY y Py4HBIX KPBIC BBIIIIE, 4eM y arpeccuBHbIX (p > 0,01), Takas
K€ TeHACHIMS OTMeJaeTcst ¥ 1o npemnoutenuio K 10 %-my pactBopy (p = 0,00).

O6¢cyxpeHue

[Ipu cpaBHEHUM pe3yIbTATOB 0 MPEAIOYTEHHUIO STaHOJAa Pa3HOH KOHIECHTPALUH
MOYKHO OTMETHUTh, YTO Y PYYHBIX U arpeCCUBHBIX KPbIC MaKCUMaJlbHbI YPOBEHb
npuxoauTcs Ha 2 %-i pacTBop (puc. 4). DTH pe3yabTaThl COIIACYIOTCS C JaHHBIMU
JPYTHX aBTOPOB O MPEAITOYTEHUN KPBICAMU PAacTBOPA aJIKOTOJIS C KOHIIEHTpanneH
Mmenee 6 % (Meisch, Lemaire, 1993) wnu 5 %-ro pactBopa 1o cpaBHenuto ¢ 10 %-m
u 20 %-m pactBopamu (Henniger et al., 2002). IIpeanoutenue x 2 %-My pacTBopy
Y PYYHBIX 1 arpeCCUBHBIX KPBIC HE OTIINYACTCS, TOT/IA KaK PEIIOUTEHHE K 5 Yo-My
PacTBOPY Y PYUHBIX KPBIC BBILIE, UEM Y aIrPECCUBHBIX. Y arpeCCUBHBIX KPBIC IIPE/-
MOYTEHUE PACTBOpa 3TAaHOJA 00PAaTHO MPONOPIHOHAIBHO €r0 KOHIEHTPAIUH,
a 'y py4HBIX — JOCTOBEpPHO cHIDKaeTcst Ha 10 %-M pacTBope 3TaHoIa.

Cpennee notpebieHre 3TaHoJa 3a JIEHb TaK K€, KaK M ero NnpearnoyTeHue,
Y arpecCUBHBIX KPBIC IOCTOBEPHO YMEHBIIACTCS T10 MEPE MOBBIIICHHS KOHIICHTpa-
uH (CM. puc. 2, 4), B TO BpeMsl KaK y py4YHbIX KpbIc motpednenue 2 %-ro u 5 %-ro
PacTBOPOB CYIIECTBEHHO He omnyaercs, a 10 %-ro pacTBopa cTaHOBUTCS MEHBIIIE,
YeM pacTBOPOB ¢ OoJiee HU3KMMU KOHIIEHTpanusaMu. Ha ocHOBaHMM 3THX JaHHBIX
IO TIPEIIOYTEHHIO ¥ OTPEOICHHIO 3TaHOJIA PA3HOW KOHIICHTPAIIMH MOYKHO ITPE-
1oJjiaratb, 4YTO arp€CCMBHBIC KPbICHI 60ﬂee YYBCTBUTCJIbHbBI K U3BMCHCHWIO KOHIICH-
TpaIyy 3TaHona oT 2 10 5 %, 4eM pydHbIE.

[NonyueHnsle B JaHHOH paboTe pe3yabTaThl CBHACTEIBCTBYIOT O OBBIIICHHOM
notpednenun 2 %-ro aTaHoOJIA arpeCCUBHBIMU KpbIcaMu Ha 4-ii—5-1 IHU NpeNbsiB-
JICHUS IO CPABHEHUIO C PyYHBIMH )KHBOTHBIMH (cM. puc. 3). Panee 6bu10 mokasaso,
YTO ISl arPECCUBHBIX KPBIC XapaKTepHa MOBbIIICHHAs TPEBOXKHOCTb, CY/SI IO T10-
BEJICHHIO B CBETJIO-TEMHOW KaMepe M aMIUIUTY/e B3aparuBanus (startle-response)
(Albert et al., 2008). CorracHO TUTIOTE3€ O CHITHUW HATPSIKCHUS, HHINBUIYYMBI
C TOBBIIICHHON TPEBOKHOCTHIO MOTYT OBITh OOJIee UyBCTBUTEIILHBI K aHKCHOIIH-
THUYECKOMY JICHCTBUIO AJIKOTOJISI M, BOBMOXKHO, IIOATOMY 00JIee IPEApacIiOiIoKeHbI
Kk ero motpebienuto (Conger, 1956). [TosTomy MOXKHO TIpeaIoaararb, YTo aHKCHO-
auTHaecKui et aTaHoNa B OOJBIICH CTEIIEHU MPOSBISETCS Y arpeCCHBHBIX
KpBIC U TI03TOMY ero norpediieHne y HUX Oouiblie, 4eM y py4yHbIX. OfHAKO 3TO
MPEONIOKEHUE MOKHO OTHECTHU TOJBKO K 2 %-My PacTBOpY 3TaHOJA, TIOCKOIBKY
PEe3yIIbTaThI TOTPEOICHHS CIIUpPTa ¢ O0Jiee BEICOKMMH KOHIIEHTPALIMSIMH €T0 HE IO/
TBEP)KAAIOT. Tak, y arpecCUBHBIX KPBIC HAOIIOIAIN TOHUKCHHOE TPEAOYTCHUE
K 5 %-My pactBopy u morpednenne 10 %-ro pacTBopa 3TaHOJIa B IEPBBIE BA AHS
MPE/IbSIBICHUS M B CPETHEM 32 OZIMH JICHB, & TAK)KE ITOCIIE CEMH/THEBHONH OTMEHBI
[0 CPAaBHEHUIO C PyYHBIMH camuami. [IpuueM y mocieqHux ormedann dpQext
JIETIPUBAIINH, TaK Kak moTpednenne 10 %-ro sTaHona mocie OTMEHBI CTAHOBHIIOCH
GotbIe, 9YeM JI0 OTMEHBI.

OTH pe3yNbTaThl COMIACYIOTCS C AaHHBIMU O OOJIBILIEM IOTPEOJICHUH ITaHOIa
KpBICAaMH, CEJICKIIMOHUPOBAaHHBIMHU Ha MOHMKEHHYI0 (LAB) TpeBOXXHOCTH B Te-
CT€ MPUIOAHATOTO KPecToOOpa3HOro JIAOMPUHTA MO CPABHEHUIO C JKUBOTHBIMHU
koHTpactHoit mHnu (HAB) (Henniger et al., 2002). Bblie yxe ynoMHHalIOCh,
YTO PYUYHBIE KPBICHI NMPOSBISAIOT MEHBIIYIO TPEBOKHOCTh, YEM arpeCCHUBHBIC
(Albert et al., 2008). OHaxo, B OTIINYKE OT PyYHBIX KPbIC, Y CAMIIOB C ITOHMKCH-
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Puc. 4. MNpepnouteHne pacTBOPOB 3TaHosMa
C pa3HOW KOHLIEHTPaLMEN, NPeabABIAEMbIX
no nATb gHew (B % oT obLero o6bema
noTpe6IeHHON XNFKOCTN).

**p < 0,01 NO CpaBHEHMIO C COOTBETCTBYIOWUMM
arpeccusHbivu; T1Tp < 0,001; TTp < 0,01 no cpas-
HeHWMIo € 2 %-M 3TaHOJIOM B COOTBETCTBYIOLLEN
rpynne; *Xp < 0,001;**p < 0,01 no cpaBHeHMIO

C 5 %-M 3TaHONOM B COOTBETCTBYIOLLEN rpynne.

Hol TpeBokHOCTHIO (LAB) ormeuaror
MOBBIIIEHHYI0 MEXCAMIIOBYIO arpec-
CHIO B TECTE «PE3HUJIECHT—HUHTPYyAEP»
110 CPAaBHEHUIO C caMIlaMU KOHTPAacCT-
Hoit nuHuu (Veenema, Neumann et
al., 2007). Kpome Toro, cxema HaIiero
HKCTIEPUMEHTa OTJINYAIACh OT CXEMBI
Ha kpbicax quHuid HAB u LAB. Eciu
B HAIIIEM HKCIIEPUMEHTE KPBICHI NMeE-
JIM AOCTYTI K JIByM OyTBIJIKaM C BOJIOW
U CIIMPTOM Pa3HON KOHIEHTparuu (2,
5u 10 %), To B uccnenoBannu Ha HAB
n LAB kpslicax gocTym OblI OJHOBpE-
MEHHO K YeThIpeM OyTBIJIKaM C BOJIOM
u cnuptoM 5, 10 u 20 % (Henniger
et al., 2002). Hecmotpst Ha paznnuus
MEXy CXeMaMHM SKCIIEPUMEHTOB U MO-
JENIMH KPBIC, CENEKIINOHUPYEMBIX
10 PeaKIUy Ha YeJIOBeKa U YPOBHIO
TPEBOXKHOCTH, PE3YJIbTaThl CBUAETEINb-
CTBYIOT O TIOBBIIIEHHOM HOTpeOIeHnN
AJIKOTOJISL Y CaMI[OB C MOHMKEHHOU
TPEBOXKHOCTBIO 110 CPABHEHHIO C KUBOT-
HBIMH COOTBETCTBYIOIINX KOHTPACTHBIX
nuauil. [lonydeHHbIe HAMU JAaHHBIE
MOATBEPXKIAIOT TOYKY 3PEHHS JPYTHX
aBTOPOB O TOM, YTO TIOJIOKUTEIIbHAS
CBSI3b MEX/ly TPEBOXXHOCTBIO U TIOTpe-
OJIeHMEeM CTIMpPTa B YCIOBUSIX JIOMAIIHEN
KJIETKH OTMEUYAeTCs TOJIBKO ¢ HU3KHUMHU
ero koHneHTpanusmu (2—4 %), n camu
9TH YCIIOBUSI HE CIIOCOOCTBYIOT TPEBOXK-
Ho-TIof00HOMY ToBenennto (Henniger
et al., 2002).
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Kak y menee tpeBoxkHbIX (LAB), Tak ¥ pydHBIX KpbIC
noHmkeHa peakus [THC Ha HecommanpHBINA cTpecc 1Mo
CPaBHEHUIO C COOTBETCTBYIOIIUMH KOHTPACTHBIMH JINHUSIMHU
(Veenema, Neumann et al., 2007; Ocpkuna u ap., 2008).
BbazansHbIe ypoBHE H0dhamuHa B puirexamniem sape (NAcc)
HE OTIMYAINCH Y KPBIC ¢ MOHIKEHHOH TpeBokHOCTHIO (LAB)
1 HECeNEeKIMOHUPOBAHHBIX, TOTNA KaK MOCJe TeCTa «pe3H-
JEHT—UHTPYAEP» YPOBEHb JO0(aMHHA Y TIEPBBIX CTAHOBHUIICS
BhIIe, yeM y nocnenuux (Beiderbeck et al., 2012). Cpenn
JIEBSITH UCCIIEAYEMbIX PAHOHOB MO3Tra Y KPBIC, CEJIEKI[HOHH-
POBAHHBIX IO pEAKLMH HA YEJIOBEKA, TOJIbKO B NACC HaliIeHbI
pa3nuuus 1Mo ypoBHIO J0(haMHHA, KOTOPBIH Y PYyYHBIX OBIIT
BhIlIE, YeM y arpeccuBHbIX (Albert et al., 2008). B cBsizu
C 3TUMH JAHHBIMH MOXHO TIPEIIoararb, 4To B Ipolecce
oTOopa KpbIC Ha pydHOE TOBeeHNE (POPMHUPYIOTCS OIIpesie-
nennblie B3aumocsszu Mexay [ THC u nodamuneprudeckoit
CHUCTEMOW ME30IMMOMYECKUX CTPYKTYp MO3ra, KOTOpBIE
CHIOCOOCTBYIOT TOBBIILICHHOMY ITOTPEOICHHUIO U TPEAToYTe-
HUIO 3TaHoJja (C KOHIIEHTpaIe 6omee 5 %) 1Mo cpaBHEHHUIO
C arpeCCUBHBIMH )KUBOTHBIMHU.

[Ipu TecTpoOBaHNYU B MPUIIOAHSATOM KPEeCTOOOPA3HOM Ja-
OMpHHTE py4HbIE CaMI[bl U3 KOHTPOJBHOM TPYIIITbl MEHbIIIE
BPEMEHH MTPOBOJIAT B 3aKPBITHIX PYKaBaX, UEM arpecCHBHBIE,
TOT/1a KaK I10CJIe BHY TPHOPIOIIMHHOTO BBEACHHS STAHOJA 3TH
paznuuust crnaxuBatorcesi. [1o 4ncity BBIXOIOB B OTKPBITBIE
pykaBa, Ha00OpOT, B KOHTPOJIBHOI TPYIIE JOCTOBEPHBIX
pa3IUuUi HEeT, a TOCJIe BBEJICHUS 3TAHOJIA PYUYHBIE KPBICHI
perKe BBIXOMST B OTKPBITHIE pyKaBa, YeM arpeccuBHble. B pe-
3yJBTAaTEe COMOCTABICHHS ATUX PE3YIBTATOB Y KPbIC PA3HOTO
TIOBE/ICHHST MOXXHO KOCBEHHO CY/IUTh O ITOBBIIICHUH TPEBOXK-
HOCTH Y PYYHBIX KPBIC HOJ BJIMSHUEM BBEACHUS 3TaHOJIA,
TOT/Ia KaK MPSMBIM CBUAETEILCTBOM 3TOTO SIBIISIETCS IOCTO-
BEPHOE YMEHBIICHUE YHCIIa BEPTUKAIBHBIX CTOCK B IIEHTPE
Y PYYHBIX KpBIC IOCJIE€ BBEJCHMS 3TAHOJIA [0 CPABHEHUIO
¢ xouTposnemM. CienosarensHo, 12 %-# 3TaHON HE TOIBKO HE
OKa3bIBACT aHKCHOJIMTHUECKOTO JCHCTBUS Y PYUYHBIX KPBIC,
HO U BBI3BIBACT YCHUJIEHHE TPEBOXKHO-110J00HOTO TIOBEICHUSI.
B cBsI31 ¢ 3TUM cepble KPBICHI C PyYHBIM [TOBEICHHEM MOTYT
CITy’KHTh MOJIEIIBIO ISl HCCIICIIOBAHMS AJTKOTOJIb-HHY LIHPO-
BaHHOTO TOBBIIIEHHS TPEBOXKHOCTH. MOXKHO Mpe/roarars,
YTO Takas PeakiHs Y PyUHBIX KPbIC, BHI3BAHHASI HTAHOJIOM,
CIOCOOCTBYET €ro JabHEHIIeMy TTOTPEeOICHHUIO.

Cpeay reHOB, OTIIMYAIOIIUXCA [0 CTPYKTYPE Y CePhIX KPbIC,
CENEKIIMOHMPOBAHHBIX HAa PyYHOE U arpeCCUBHOE ITOBE/ICHHE,
HalllM KoJulern m3 ['epMaHuM, B 4aCTHOCTH, OTMETWIIN T€H
ANKK]1 (ankyrin repeat and kinase domain containing 1).
MyTarmu B 3TOM reHe OblIM HalAEHBI TOJIBKO Y PYUHBIX KPBIC
1 HE BCTPEUYAJINCH Y arPECCUBHBIX M HECEIEKIIMOHUPOBAHHBIX.
I'en ANKK TecHO CICIUICH C TEHOM perentopa aohamMuHa
(DRD2) u sxcripeccupyetcs B acTpornnTax, a ANKK1 6emox
OTHOCSIT K CEMEHCTBY KMHA3, yJaCTBYIOIINX B CUTHAJIBHOMN
tpancaykuuu (Neville et al., 2004). AnomopduH, neHCcTBY-
I0IINH KaK aroHUCT J0(aMUHOBBIX PEIIENTOPOB, AKTUBUPYET
skcnpeccuto rena ANKK B KylbType MBIIIHHBIX ACTPOLUTOB,
YTO CBUJETEJILCTBYET O €r0 BO3MOXHOM CBSI3U C J0(aMu-
Heprudeckoit cuctemoit (Hoenicka et al., 2010). V genoseka
nonmmopdusm, u3BecTHbIN Kak Taq 1A, B rene ANKKI (nmu
DRD2, xak paHee CUMUTAaJHM) aKTUBHO HCCIENYIOT B CBA3H
C QIIMKTHBHBIM, aHTUCONMANLHBIM TToBeneHrneM (Hoenicka
et al., 2010; Lu et al., 2012) u CBA3BIBAIOT ¢ TAKUMH IO-
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BE/ICHUECKMMHU OCOOEHHOCTSIMH, KaK CKJIOHHOCTb K TIOMCKY
HOBM3HEHI (novelty seeking) m nz6eranmro omacxoctu (harm
avoidance) (Berman et al., 2002). Kpome Toro, nokasato,
yro Taq 1A nonumopdusmM MOIyIUpyeT MIOTHOCTh M CBSl-
3BIBAIONIYIO CITOCOOHOCTH perentopoB DRD2 (Ariza et al.,
2012). Kak y>e oTMedeHO BbILIE, IIPH 0TOOPE KPBIC HA pyd-
HOE TOBE/ICHHE U3MEHSIOTCS YPOBeHb No(aMHHa, a TaKKe
IUIOTHOCTh M CBSI3BIBAIOIIAsI CIOCOOHOCTH PELENTOPOB J0-
(hamHHa B ME30JMMONYECKON CHCTEME MO3T'a 110 CPAaBHEHHIO
¢ HecenekunonnpoBanHbiMu skuBoTHBIMK (Nikulina et al.,
1992). Ilo manHBIM HccnenoBaTenei u3 Jleinmura, ypoBeHb
JnohamMHHa B IPUIISKAILEM SIPE Y PYYHBIX KPBIC BBIIIE, YEM
y arpeccuBHbIX (Albert et al., 2008). Bo3MoXHO, CTpYKTypHBIE
n3MeHeHus B rene ANKK ], HaliieHHbIe Y PYy9HBIX KPBIC, BITH-
SIOT Ha HKCIPECCHIO0 TeHa T0(paMUHOBBIX perientopos DRD2,
YTO ¥ NPUBOJAUT K IOBBIILICHHOMY TPEIIIOYTEHHUIO U IOTpe-
OneHuIO pacTBOpPa 3TAaHOJA C KOHILEHTpalel 0omiee 5 %.

Takum 00pa3om, pazanuns B TOTPEOICHUN 3TAHOIA MEKTY
PYYHBIMH U arpeCCUBHBIMH KPBICAMHU MEHSIFOTCSI B 3aBUCHMO-
CTH OT KOHIICHTPAIMH PacTBOPA. ATPECCHBHBIE CaMIIbI TBIOT
OosbIre, 4eM pydHbIe, TOIBKO 2 %-i pacTBOp, U TTOATOMY
THIIOTE3a O CHSTHUHU HANPSHKEHUS! TIOITBEPIKAACTCS JIUIIb IS
9TON KOHLEHTPALMH.
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BansitHue KocMIM4YeCcKoro I1ojieTa Ha IKCIIpeCCIIO I'eHOB
B I'OJIOBHOM MO3I'€ 3KCIIEpMMEHTAa/IbHbIX )KMBOTHBIX

A.C. Lipi6xo®, T.B. Viapuubaesa, H.K. [Tonosa

DepepanbHoe rocyaapcTBeHHOe blofKeTHOe HayuHoe yupexaeHne «DeaepanbHblii NCCNe[oBaTENbCKUIA LeHTP VHCTUTYT umtonorum u reHetkn Cnbrnpckoro

oTaeneHna Poccrinckon akaemmim Hayk», Hoocnbumpck, Poccus

Kocmunueckuin noneT Bbi3biBaeT P cepbesHbiX MO6OUHbIX GrU3nono-
rMYeCcKmnX N3MEHEHUI B NepBYI0 ouepeb 13-3a COCTOAHNA MUKPO-
rpasuTaumu. B norckax mexaHM3MOB, fiexallyix B OCHOBE 3TUX U3Me-
HeHUiA, 6bIn pa3paboTaHbl MHOTVE MOAXOAbI: OT MOAENPOBAHUA
MUKpOrpaBuTaLmy Ha 3emne o UCCNefoBaHUi B KOCMOCE, HEOTbeM-
NeMOoW YacTbio KOTOPbIX ABNAETCA NCCNIeA0BaHNE SKCMPEeCCMn reHOB
1 6enKoB. B oTnnume ot KOCTHOM 1 MbILLEYHOW TKaHel, MONeKyap-
Hble U3MeHeHNA, NPOoUCXofALLMe B HEPBHbIX KlleTKaxX BO BpeMsA KOC-
MUYECKUNX MOSIETOB, MPaKTUYECKMN He nccnefoBaHsl. Lienbto faHHoro
0630pa ABnaeTcA 0606LLeHVe NoCNeAHNX JOCTUXKEHWI B 06nacTu
nccnefoBaHNA SKCNPeccun reHoB 1 6efIKoB B HEPBHOW cucTemMe

B YCJTOBUAX MUKPOrpaBuTaumn. B 3HauntenbHom cteneHmn o63op byaet
NocCBALLEH pe3ynbTaTamM noneta 6uocnyTHrKa «broH-M1». Bnepsble
HaMU 6blIN BbIABNEHbI YyBCTBUTENIbHBIE K MUKPOrPaBUTALMM FeHbI
nodamunHoBol ([JA) n cepoToHnHoBo (5-HT) cmctem: TMPO3UWH
rnapokcmnasa (TH), katexon-o-metuntpaHcdepasza (COMT) n goda-
MVHOBBII peuenTop nepsoro Tina (D1) B HUrpocTpuaTanbHOM cuc-
Teme; CepOTOHUHOBbIE peLenTopbl 2A nogTuna (5-HT,,) n D1 peuen-
TOpbI B rrnoTanamyce n moHoammHokcugasa A (MAO A) Bo dpoHTanb-
Ho Kope. CHUKEeHVEe SKCNPeccum KoyeBbiX reHoB foGaMUHOBO
CUCTeMbl MOXET BHOCUTb BKJIaj B pa3BuUTHe ABUraTesibHbIX HapyLue-
HWUIA Y BUCKMHE3MIN BO BPEMA KOCMUYECKOTO NoneTa Kak Y XNBOTHbIX,
Tak U yenoseka. TakKe NoA AeiCTBYEM MUKPOTpaBUTaLn akTUBY-
pyeTca n crcTema HelpOoHasIbHOTO anonTo3a, O YeM CBUAETENbCTBYIOT
MOBbILLIEHNE SKCMPEeCCMM aHTUanonToTuyeckoro 6enka Bel-XL B run-
noKamre 1 ee CHXeHWe B riunotanamyce. InnTenbHbI KOCMUYECKNIA
noneT NpuBen K AUCPErynaLnm SKCNPeCcrm reHOB, KOAUPYHOLWIMX
rnyanbHbln HelpoTpoduyecknin daktop (GDNF) n godammHoBbIN
HelpoTpoduueckmin paktop (CDNF) mo3ra. [laHHble HerpoTpoduye-
cKune GaKTopbl UrpaloT BaXkHENLLYIO POJib B MOAAEPKAHUN 1 3aLLuUTe
LodpaMUHePrnyecKnx HeMPOHOB, NMOSTOMY CHUXXEHUE X SKCNPeccun
B HUrPOCTpUaTasbHON JOPaMUHOBON CCTEME MOXKET ObITb OfHOM

13 MPUYNH HEraTVBHOTO BO3LENCTBMA KOCMMYECKOrO NoseTa Ha
[0paMUHOBYIO CMCTEMY MO3Ta. YHUKaNbHOCTb AaHHbIX, MOMYYEeHHbIX
B pe3ynbTaTe nosneta 6ruocnyTHuKa «broH-M1», 3aKnovaeTcs B ToMm,
YTO OHY BMepBble NMO3BONNN NOABECTIN MONIEKYNAPHO-TEHETNYECKYIO
OCHOBY NOJ U3BECTHbIE HA CErofHA Helpodusmonornyeckme mexa-
HM3MbI afanTaLymn LeHTPasIbHOW HEPBHOW CUCTEMbI K COCTOAHNIO
MUKPOrpaBmTaLuu.

KntoueBble cnoBa: KOCMUYECKIMI NOSIET; MUKPOrpaBUTaLMA; HepBHas
cnctema; «<broH-M1»; sKcnpeccna reHoB.
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The effect of space flight
on genes expression in brain

A.S. Tsybko@, T.V. Iichibaeva, N.K. Popova

Institute of Cytology and Genetics SB RAS, Novosibirsk, Russia

Many serious adverse physiological changes occur
during spaceflight, primarily due to microgravity.

In search of underlying mechanisms, many experi-
mental tools have been developed, ranging

from microgravity modeling on Earth to space

flight investigations, part of which is to study

the expression of genes and proteins. Unlike bone
and muscle tissue, molecular changes in nerve cells
during spaceflight are practically unexplored. This
review aims at summarizing the recent advances

in identifying gene and protein expression changes
of nervous system cells under microgravity conditions.
To a large extent, this review will focus on the results
of the Bion-M1 biosatellite. We have for the first time
revealed dopamine and serotonin microgravity-
responsive genes (tyrosine hydroxylase, catechol-O-
methyltransferase, and D1 receptor in the nigrostriatal
system; D1 and 5-HT,, receptors in the hypothalamus;
and monoamine oxidase A in the frontal cortex).
Decreased genetic control of the dopamine system
may contribute to the spaceflight-induced locomotor
impairment and dyskinesia described for both animals
and humans. Also, the system of neuronal apoptosis

is activated under the influence of microgravity as
evidenced by changes in the expression of anti-
apoptotic protein Bcl-XL in the hippocampus and
hypothalamus. The long spaceflight produced
dysregulation in the genetic control of genes encoding
GDNF and CDNF neurotrophic factors. Because they
play a crucial role in the protection and maintenance
of dopaminergic neurons, reducing their expression
may be one of the reasons for the negative impact

of spaceflight on the brain dopamine system. Thus,
the data obtained from the flight of the Bion-M1
biosatellite for the first time allowed for creating

a molecular genetic basis for the currently known
neurophysiological mechanisms of adaptation

of the central nervous system to the state of weight-
lessness.

Key words: space flight; microgravity; nervous system;
Bion-M1; genes expression.



TEUeHHE KOCMHYECKOIO I0JIeTa Yy KOCMOHABTOB Ha-
OJTIOAaeTCST MHOYKECTBO CEPHE3HBIX MOOOYHBIX (PH3HO-
JOTUYECKUX M3MEHECHHH, B YHCIO KOTOPBIX BXOJIST

nepepacnpeesieHue XKHAKOCTEH, yCUIEHHE MOYSUHOM

¢unpTpanyy, yxyameHue (yHKIHOHUPOBAHNS UMMYHHOH

CUCTEMBI ¥ (PU3MUECKOTO COCTOSIHUSI KapAHOBACKYISPHOIH

CHUCTEMbI, M3MEHEHHE TIOCTYIAIONIeH CCHCOPHOU HH(OpMa-

II1H, UCTOILCHNE KOCTHOI TKaHM, TOTEPS] MBIIIEYHON MacCChl

(Clément, Reschke, 2008; Blaber et al., 2010; Clément,

Ngo-Anh, 2013; De la Torre, 2014). MHOTUM 13 3TUX MATO-

(PU3MOIOTHUECKHX ajanTalnii HEBO3MOXHO MPOTHBOCTOSITH

B JIOCTATOYHOM Mepe MPH MOMOIIH (PU3NIECKUX YITPAKHEHNH

WJINU MMUIICBBIX [lO6aBOK, 4TO InpearnoaaracT HaJJuuue J01OoJIHU-

TEIBHBIX MOJIEKYIIIPHBIX MEXaHN3MOB, OTBETCTBEHHBIX 32 3TH

n3MeHeHws. [t pa3paboTKy BEICOKOA(D(EKTHBHBIX KOHTPMED

Y TPE/IOTBPAIEHHS] CHEHU(PUIECKIX «KOCMHUYECKHX» 3a00-

JIeBaHMH KpaiiHe BayKHO MOHATh MEXaHM3MBI, TOCPEICTBOM

KOTOPBIX COCTOSIHUE MHUKPOTPABUTALIMH BBI3BIBACT CTOJBKO

HapyLICHUH.

Mo cux mop Hanbosnee 3aMeTHBIE MOJIEKYIAPHBIE 3P PeKThI
MHUKpPOTPaBUTAIMN OBIIM MUCCIECAOBAHBI B KJIETKAX KOCTHOM
(Hughes-Fulford, 2002; Klein-Nulend et al., 2003; OraHos,
Boromosos, 2009), mermeunoit (Oranos, IToramos, 2006;
Atomi, 2015) n ummmynHoi#t (Felix et al., 2004; Degan et al.,
2005; Nichols et al., 2006) cuctem. JKuBOTHBIC U KIICTOUHBIC
MOJICTTH OBUTH M3YYEHBI i71 VIVO WIH in Vitro BO BPeMs KOCMH-
YECKHX IOJIETOB U B YCIOBUIX CUMYJIMPOBAHHOW MUKPOTpa-
BUTaALlUU (B TECTC NNIOABCIHIMBAHMSA 3a XBOCT UJIN CIICLIMAJIBHBIX
6mopeakropax). beum naeHTHGUIIMPOBAaHE MHOTHE MeTa00-
JMYECKNE M CUTHAJIBHBIC ITyTH, TOABEPKEHHbIE BO3JICHCTBUIO
MUKpoOrpaBurauuu. Yepes 3T IMyTU MUKpPOrpaBUTALUS
BIIMSICT HA Pa3/INYHbIE KJICTOYHbIE (PyHKIINH, TAKNE KaK IPO-
madepanys, tuddepeHpoBKa, CO3PEBAHNE M BEDKHBAHHE.
OZ[HaKO CTOUT OTMETUTH, YTO MO CPAaBHCHUIO C KOCTHOM
Y MBIIIEYHON TKAHSAMH MOJIEKYJISIPHBIC aJIallTallui HEPBHBIX
KJICTOK NPAKTHYECKH HE MCCIeoBaHbl. B Teuenune momera
M [10CJIE HEro HaOJIONAIOTCSl Pa3IMYHbIE HEBPOJIOTHUECKUE
M3MEHEHUsI, Han0oJsee BBIPAKCHHBIMH U3 KOTOPBIX SIBIISTFOTCSL:
KOCMHYECKOE JIBUTaTeNIbHOE paccTpoiicTBo (Space Motion
Sickness, SMS), kocMUYeCKUIl aganTallMOHHbBIH CHHIAPOM
(Space Adaptation Syndrom, SAS), WITI031A TTONTOKEHUS
Tela, 3pUTENNbHBIC HAPYIICHNS, HEHPOMBIIIIEUHasl yCTaIOCTh,
c11a00CTh, HapyIlIEHHE PABHOBECHSI M aTaKCHUsl OCIIe BO3BPa-
menns Ha 3emimro (Fujii, Patten, 1992). [Iponecc agantammn
nenTpanbHoit HepsHo#H cucteMsl (LIHC) k cocTostHIIO MUKpO-
rpaBuTalmu (Kak W J006oit nponecc axanramuu L{HC) co-
MPOBOX/IAETCSI HEMPOIIIACTHYECKUMH N3MEHEHUSIM, KOTOPBIE
SIBIISIIOTCS] KPACyTOJIbHBIM KaMHEM (DyHKITHOHUPOBAHUS MO3Ta
(Slenzka, 2003; De la Torre, 2014). Helipomopdosnornueckue
MCCJIEI0BAaHNS YKa3bIBalOT Ha CTPYKTYpPHBbIE M3MEHCHMS
B Pa3IMYHBIX 0OJIACTSAX MO3Tra KaK B3pOCIbBIX, TAK U MOJIO/IBIX
JKUBOTHBIX, MOOBIBaBIINX B HeBecomocTu (Krasnov, 1994;
DeFelipe et al., 2002). HemomHOTa MUMEIONTUXCS TaHHBIX
OCTaBJISIET OTKPBITHIM BOTIPOC O TOM, KaK BO3/ICHCTBHUE MUKPO-
IpaBUTALIMK CKAa3bIBAETCS HA IIPOIIECCax HEHPOIIACTHYHOCTH
Ha MOJIEKYJISIPHOM ypoBHe. ccrejoBaHs MOCISTHNX JIET BCE
GoITbIIIe KOHIIEHTPUPYIOTCS HA SKCIIPECCHH TEHOB B KIIETKAX,
KYJIbTUBUPYEMBIX B YCIOBHUAX MHUKPOIpPaBUTALMH, OZHAKO
GOIIBIITYI0 BaKHOCTh UMEIOT U IaHHBIE, TOyUEHHBIE i1l ViVo.
BaxHoii Bexolf B KOCMHYECKHX HCCIICIOBAHHUAX Ha KUBBIX

MpuHATbIE COKpaLeHnsa

5-HT - cepoTOHMH;

TMr2 - TpunTodaH ruapoKcnnasa 2;

5-HTT - TpaHcnopTep CepOTOHUHa;

peuenTop 5-HT, , — peuentop cepoToHnHa noatunna 1A;
peuenTop 5-HT,, — peuenTtop cepoToHnHa noatuna 2A;
peuenTop 5-HT; — peuenTop cepoToHNHa noaTmna 3;
MAO A - MOHOaMUHOKCM1a3a;

MAO B - MmOHOaMMHOKcKAaa3a B;

OA - podamuH;

TH - TMpO3nHrnapokcmnnasa;

DAT - TpaHcnopTep godamMmnHa;

COMT - kaTtexon-O-meTuntpaHchepasa;

peuenTtop D1 - peuentop godamuHa 1-ro nogTuna;
peuenTop D2 - peuentop godpamurHa 2-ro nogrmna;
BDNF (brain-derived neurotrophic factor) - HeinpoTpo-
duyecknin akTop mMo3ra;

GDNF (glial cell line-derived neurotrophic factor) — rnu-
anbHbIN HeMPOTPOPUYECKNn pakTop;

CDNF (cerebral dopamine neurotrophic factor) — goda-
MUHOBbI HeNMpoTpoduryecknin pakTop Mo3ra;

NGF (nerve growth factor) - pakTop pocTa HepBOB;
CNTF (ciliary neurotrophic factor) — umnmapHsliii Heipo-
Tpodurueckunin pakTop;

BAX (Bcl-2-associated X protein) - Bcl-2-accoummpo-
BaHHbIN 6enok X;

Bcl-xL (B-cell ymphoma-extra large) — oueHb KpynHbiii
6enok B-knetoyHon numpombl;

TrkB (tropomyosin receptor kinase B) — TponomnosmnHa
peLenTopHan K1Hasa B;

p75 (low-affinity nerve growth factor receptor) — Hu3-
KoadpPpuHHbBIN peuenTop GpakTopa pocTa HEPBOB;

OT - o6paTHas TpaHCKpUNLUUS;

MUP - nonumepa3sHas uenHasa peakyms.

OpraHM3Max CTaj HelaBHHM NosieT OnocmyTHHKa « bHoH-M 1,
B 33]1a41 KOTOPOTO BXO/IMJIA B TOM YHCIIE M OIIeHKA 3(h(PEKTOB
JJIATCIIBHOI'O Hpe6bIBaHI/l§I B YCJIOBUAX MUKPOT'paBUTAallUN HA
SKCIPECCHIO Pa3IMYHBIX HEMPOTeHOB B rOJI0BHOM Moare. Lens
0030pa — 0000IIHUTE MOCTCTHIE JOCTHKCHUS B 00JIaCTH UC-
CJIe/I0BaHMsI KCIIPECCUH I'EHOB 1 OCJIKOB B HEPBHOII cucTeme
B YCIIOBUSX MHEKporpasutain. Ocoboe BHUMaHHE B 0030pe
YAENIEeHO pe3yabTaTaM npoekTa «buoH-M1».

3¢ PeKTbl MUKpOrpaBuTaLn
Ha 3Kcnpeccnio reHoB B HEpBHOI;I cancreme
Kax u B city4ae ¢ qpyrumu ccTeMaMu OpraHu3Ma, aJlarTarus
HEPBHOW CHUCTEMBI K COCTOSTHHIO HEBECOMOCTH H3ydaeTCs
HE TOJIBKO B X0 KOCMHUYECKHX MHCCHH Ha OpOUTAIBHOM
CTaHLMU U OMOCIYyTHHMKaxX, HO TaKXe€ U B HA3E€MHBIX JKC-
MEPUMEHTAaX, TPU3BAHHBIX CMOJEINPOBAThH (XOTs OBI OT-
4acTH) COCTOSIHUE MHMKPOTPABHTAIMH. BHYTpHKIETOUHBIC
3P PEKTHI UCCIEAYIOTCS B CHCIUATBHBIX CHCTEMaX POTAI[H-
OHHBIX KJIeTouHBIX KymbTyp (Rotary Cell Culture System,
RCCS), comepkamux coCynbl ¢ BPalIalONIMHUCS CTCHKAMH
(Rotating-Wall Vessel, RWV), pabora koTOpbIX OCHOBaHa Ha
mporiecce TpexMepHoro KimHoctatiuposanus (Blaber et al.,
2010). Ocobennocts RWV cocrout B TOM, 4TO B Iporecce
JKCnpeccus KnoyeBbiX reHOB GpU3NOoNornyecknx GyHKLmm
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BnuaHune Kocmmnyeckoro noneta Ha SKCnpeccunto reHos
B rO/IOBHOM MO3re 3KCnepMeHTabHbIX XXNBOTHbIX

BpAICHUs] TPAaBUTALIMOHHBIC BEKTOPbI PaHIOMU3HNPOBAHBI.
Taknum 00pa3zom, U3-3a ANHAMHUYECKOTO PaBHOBECHS, CyIIle-
CTBYIOIIIETO MEKIY IPaBUTAIHOHHOM (F, g) U TICHTPOOCIKHOMN
(F,) cumaMu ¥ COTIPOTUBIEHHUEM cpefibl (F;), KIeTouHas Macca
MIOCTOSTHHO OCTAETCSI B COCTOSHUH CBOOO/IHOTO TTaJICHUS], UTO
n paer cumyisinnio mukporpasuranun (Unsworth, Lelkes,
1998; Freed et al., 1999). [lns MojenupoBaHus MUKpOTpa-
BUTAIMM Ha IEJIBIX OPraHU3MaX HCIONB3YIOTCS /IBa THIIA
TECTOB: y KPbIC M MbIIICH — ITOABEIINBAHNE 332 XBOCT C BBI-
cBOOOXKAEeHHEM 3a1HuX KoHeyHocteil (hind-limb unloading,
HU), y genoBeka — MOCTETBHBIN PEXXUM B TIOJIOKCHUN BHU3
ronoBoii (head-down bed rest) (Aubert et al., 2005; Delp,
2008). Kak cienyer u3 Ha3BaHHil 00OMX TECTOB, B TIEPBOM
CiTydae )KUBOTHOE (OOBITHO KPBICA MITH MBIIIIb ) TIOIBEIITUBAIOT
3a XBOCT WJIM 33/ IHUE KOHEYHOCTH, U TAKUM 00pa3oM JOCTH-
raeTcsi COCTOSHUE I'PAaBUTALIMOHHOM PA3TPy3KU AJIs 3aHEN
YacTH TeJa U TepepacrpeesieHne KUIKOCTH B OpTaHU3Me
(Morey-Holton, Globus, 1998; Basso et al., 2005), a Bo BTopom
Cllyyae rojioBa NalueHTa paclojiokeHa Ha IIECTh IPaycoB
HIDKE TeJIa, 9TO TT03BOJISIET CMOZIEINPOBATh IPUTOK KHUIKOCTH
k Heil (Baisch et al., 2002; Trappe et al., 2006). Pazymeercs,
o0a TecTa UMEIOT OrpaHUYeHHs], TaK KaKk Ha 3eMJie ¥ B OKO-
JI036MHOM HPOCTPAHCTBE HA TKAHU Tella ICHCTBYIOT Pa3HbIC
TPaBUTAMOHHBIC CHJIBI: B TO BPeMs KaK Ha MOBEPXHOCTH
3eMiIn rpaBUTALMsI C)KUMAET TeJO, HAa OpOUTE 1O BO3JICH-
CTBHMEM PEabHONH MUKPOTPABUTALINHN JIaBICHUE BOKPYT Tela
ssisiercst orpunarenbHeiM (Convertino et al., 1997; Regnard
etal., 2001).

Vcnionb30BaHNE TPEXMEPHOTO KIMHOCTATHPOBAHUS MO-
Ka3aJlo, 4TO TJIMaJbHBIC KICTKH, MPEOBIBAIONIINE B TAKOH
cpene B TedeHue Bcero 30 MMH, MOTY4YarOT MOBPEXKACHUS
IIUTOCKENETAa, BBIPAKEHHBIE B JIE30pTaHU3alni MUKpodua-
MeHTOB (F-akTHH), MPOMeXyTOYHBIX (HIaMEHTOB (BUMCH-
tuH, GFAP) n Mmukporpybouek (anbda-tyoynun) (Uva et al.,
2002b). OTu gaHHBIE XOPOIIO COTIACYIOTCSA C TIOKAa3aHHBIM
panee camxenreM yposHst MPHK GFAP B runnokxaMmnaibHbIx
aCTPOLUTAX KPBIC, TIOOBIBABIINX B PEAIbHOM KOCMUYECKOM
monere (Day et al., 1998), a Taxke ¢ BBISIBICHHOU TO3AHEE
JICPEryJsiueii TyOyJaiMHa 1 MAO3HWHA B THITITOKAMIIAIbHBIX
HEUPOHAX KPBIC, IOJBEPTrHYTHIX UCKYCCTBEHHON MMKpPO-
rpaButarmu B HU monenu (Sarkar et al., 2006). Otmernm,
4yTOo 4epe3 20 4 HaXOKACHUS B YCIOBHSIX HCKYCCTBEHHOMH
MHUKpPOTPaBUTAlIM U3MEHEHHUsI B KJIETKaX ObLIM MEHEE BbI-
paKeHHBIMH, U 3TO, BEPOSITHO, CBSI3aHO C 3aBEPIIMBIICHCS
peopranmzanueii nurockenera (Uva et al., 2002b). Taxoke
ObUIO MOKa3aHo, YTO 4epe3 30 MUH BpalIeHHUsT KyJIbTYpPbl
KJIeToK TimomMbl C6 B KIMHOCTATe MPOMCXOAUT KOHICHCA-
IUsl XpOMaTHHA, a B UTOIUIa3Me IOSBISETCS Kacrasa-7,
YTO CBHUJIETEJBCTBYET O KJIETOYHOM arlonTo3e B COCTOSIHUM
nckycctBenHo mukporpasutanuu (Uva et al., 2002a).
Onnako yepe3 32 9 BpalleHHUs! arnoNTOTHYECKHE TPOIECCH
BBIPaYKEHBI OTHOCUTEIIBHO €l1a00. B TO e Bpems B KynbType
aCTPOIIUTOB HAOIIONAIOTCS HE TOJIBKO CXOXKHE MOJIEKYIIIPHBIE
W3MEHEHUs, HO ¥ THOeIh 3HaunTeNIbHOM YacTh Kiietok (Uva et
al., 2002c¢). [Tomumo aronTosa, B COCTOSIHUM HCKYCCTBEHHOI
MHUKpPOTPAaBUTALNHN HAOIIOAAIOTCS YCHICHNE OKCHJIaTUBHO-
TO CTpecca M YCKOpeHHoe crapeHue kietok (Wang et al.,
2009). MonenupoBaHre MUKpOTpaBUTaIuu ¢ nomoiisro HU
B TE€UEHHUE 7 AHEH TakKe IMOKA3bIBACT yBEIMYCHUE UHCIA
AKTHBHBIX ()OPM KHCIIOPOAA B CTBOJIE MO3Ta M ()POHTAIILHOM
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kope mbiet (Wise et al., 2005). B runoranamyce Mbliie,
noaBeprayTeix HU, HaOmonaeTcst yMeHbIIEHHE KOIUIECTBA
CYNIEPOKCHIMCMYTa3bl-2 1 YBEIHYCHNE MaJslaTAeTHIpore-
Ha3bl U IEPOKCUPEIOKCHHA-6, YTO OTpakaeT ocladieHue
AQHTHOKCHIAHTHON CHCTEMBI U OKCHJIATMBHBIN JucOanmaHc
B JTaHHOW cTpyKType Mmo3sra (Sarkar et al., 2008). Bmecte
C 3TUM BO BCEX CTPYKTypax MO3ra IMpPOMCXOMST aKTHUBALUS
TpaHckpunnonHoro ¢aktopa NF-kB u dpocdoprmmposanme
MHTOTCH-aKTUBHpYyeMoi nporennknHassl (MAPK) (Wise et
al., 2005). MonenupoBaHre MUKPOTpaBUTAIMH T10/[BEIIHBa-
HHEM MBIIIEH 32 XBOCT BBISABIJIO B THIIIIOKAMIIE CYIIIECTBEHHOE
YMEHBIIEHHE KOJINUECTBA 3-CHHYKJICHHA, KOTOPBIH, EHCTBYS
KaK MOJIEKYJISIPHBII L1AIIEPOH, IIPEISATCTBYET HEHOPMAJILHON
arperanuu 0eiKoB. BeposATHO, T03TOMY B yCIOBHUSIX MUKPO-
TPaBUTAIMH MOXKET HAOMNIONATHCSI HEHOpMaJIbHAsl OEJKOBast
arperauus, IpuBOJsIIas K 0oJiee CIIOKHOMY OTBETY B HEPB-
HBIX KeTkax (Sarkar et al., 2000).

KynsrusupoBanue kinetok B RWV Guopeaxrope, mo-
BUJINMOMY, CO3/Ja€T Crielin(pUUHbIE YCIOBUS ISl yCKOPEHHOM
muddepentpoBkn PC-12 keTok B HeHpOIHAOKPUHHBIE, 9TO
BBIpaXkaeTcst B JOPMHUPOBAHNH CTICU(PUIESCKNX OPraHON/I0B
1 YCHJICHUH DKCIIPECCHH (DeHMIIITaHOIaMUH-N-METHIITPaHC-
thepassl u Oenka 6picTporo pearnposanus c-fos (Lelkes etal.,
1998). Chen ¢ komneramu (2011) coo0miatoT, 4T0 KyJI6THBHU-
pOBaHME ME3EHXUMAJILHBIX KJIETOK B COCTOSIHUY HCKYCCTBEH-
HOW MUKPOTPaBUTALINN YCHIIMBAET UX IuddepeHnpoBanue
B HEHPOHBL. B momryueHHbIX TakuM 00pa3oM HeHpOHAIBHBIX
KJIETKaX BBICOKO JKCIIPECCUPOBAHBI aCCOIMUPOBAHHBIH
¢ MEKpOTpyOoukamu 6e10k 2 (MAP-2), THpO3HHTHAPOKCHIIA-
3a, XOJIMH areTmiiTpancdepasa, a Takke HelpoTpodudeckue
(axropsl NGF, BDNF 1 CNTF (Chen et al., 2011). OtmeTnm,
YTO CJIEZOB aronTo3a B KYJTUBHPOBAHHBIX KJIETKAX BBIIIC-
yKa3aHHBIC UCCIICIOBATENN HE OOHAPYKHUITH U JaXKe TIPe/Io-
JKHITH CBOU MeTo/ (D (HEPEeHIIMPOBKH B KaU€CTBE XOPOIIETO
MCTOYHMKA MONYyYCHUSI HEHPOHOB JUI pereHepaTHBHON Me-
JqunuHbL B To ke Bpemst KoncrantrHoBa ¢ komeramu (2010)
B CBOeil paboTe mokaszayiu, YTO C yBEJIUYEHHUEM BPEMEHHU
KIMHOCTATUPOBAHUS CHIXKAETCs TeMIl Ju(depeHInpOBKI
SMOPHOHAIBHBIX CTBOJIOBBIX KJIETOK B HEHPOHAIbHBIC. JTO
OBLIO BUJIHO [0 YMCHBIICHHUIO KormuecTBa MAP2 (Mapkepa
no3nHeH auddepeHnnpoBKn), B TO BpeMs Kak yposeHb B-111
TyOynuHa (Mapkepa panHer nuddepeHInpOBKI) 0CTaBaIICs
JIOCTaTOYHO BBICOKUM B IPYIIIE KIJIETOK, IOABEPTHYTHIX KIIH-
HoctatupoBanuio (Koncrantunosa u ap., 2010). Ucxons u3
9TOTO MOXKHO CJIENaTh BBIBOJ, YTO JUTUTEIEHOE HAXOXKICHHE
SMOPHOHAIILHBIX CTBOJOBBIX KJIETOK B HENPHKPEIUIEHHOM
TIOJIOKEHHUH B COCTOSTHUHU HCKYCCTBEHHON MUKPOTPaBUTAIINH,
OKa3bIBaIONee Ha HUX Hecnenuduueckne MexaHH4eCcKHe
BO3JICHCTBYS, 33epiKUBAET mporecchl quddepeHInpoBKy.
B skcnepumente «Ctpoma-2» (B pamkax muccun ISS 128,
30.03-08.04 2006 r.) mpu KyJITUBUPOBAHUT ME3CHXHMAaJIb-
HBIX CTBOJIOBBIX KJIETOK B YCJIOBHSIX PEallbHOW MHKpOrpa-
BUTalMN OBIJIO OTMEYEHO yTHETEHUE NMpOoIu(epaTuBHON
AKTUBHOCTHU KJIeTOK, a npuMeHeHue JHK-mukpouunos
MOKA3aJI0 CHIIKEHHE IKCIIPECCHHU OO0JIBIIOT0 YHCIIA TEHOB, OT-
BETCTBEHHBIX 32 PETYIAIIIO KiIeTogHOorO IwKia (Monticone et
al., 2010). Ho Bmecte ¢ 1M npumenenne JJHK-mukpounnos
BBISIBUJIO aKTHUBALUIO OOJIBIIOTO YKCIIa I€HOB-MapKEpOB
HeHpoHANbHON AU PEepeHITNPOBKH, a TaK)Ke TCHOB, OTBE-
YaOIIUX 38 CHHANTOTCHE3 U Tepeaady HEpPBHOTO HMITYJIbCa.



The effect of space flight on genes
expression in brain

Taknm 00pa3oM, Ha OCHOBE JAHHBIX, IMOJYYEHHBIX B yCIIO-
BUsIX peasibHOl (Monticone et al., 2010) n uckyccTBeHHOI
(Chen et al., 2011) MUKpOTrpaBUTALINH, MOYKHO 3aKJIFOYHUTD,
YTO 3TO CTIEIM(PUIECKOE COCTOSHHE OITPEICIICHHBIM 00pa3oM
YCHWJIMBAET Mporecc HeHpoHaNbHOH quddepeHInpoBKY pu
o01reM ocitabaeHUU npoaudepaTuBHON U TU(PepeHIINATb-
HOM aKTUBHOCTH KJICTOK.

CoBpeMeHHbIE UCCIIEI0BAaHNS, HAlIPABJICHHbIE Ha N3Y4YeHHE
9KCIIPECCHH T€HOB B MO3T€ JKHBOTHBIX, OOBIBABIINX B CO-
CTOSIHUM HaCTOSIIEH MUKPOTPaBUTAINH, SAMHUYHBI. B pado-
Te Santucci ¢ xoyuteramu (2012) nccnenoBaHo Bo3aelcTBHE
91-1HEBHOTO KOCMHYECKOTO TOJIETa HA IKCIIPECCHIO CAMBIX
pa3HO00pa3HBIX TEHOB 1 OSNKOB B Mo3re Mbimieit C57BL/10J
JIMKOTO THIIA ¥ TPAHCTECHHBIX )KUBOTHBIX CO CBEPXIKCIPECCHEH
wieorpodrHa (renapuH-CBI3aHHOIO MUTOT€HA MO3ra). BhI-
SIBJICHBI TEHJICHIIUS K CHIDKeHHUIO dKcripeccun NGF B rummo-
KaMIle ¥ KOpe MbIIIEH JIMKOTO THIIA U3 «IOJIETHOM» IPYIIIIHI,
a TaKXe MOJaBJICHHE KCIPECCUU PsiJia TEHOB, UMEIOIINX
OTHOIIIEHHUE K META0OIMUECKIM M KaTAIMTHIECKNUM IpoIIec-
caM W OKCHJOPEAYKTa3HOW aKTHBHOCTH. Takke BBISBIICHO,
YTO B XO€ KOCMHUYECKOTO IOJIeTa dKCIpeccus 28 OelKoB
ObuTa TIOBBIMICHA. DTH OCJNKH yJacTBYIOT B MeTadoimde-
CKHX Ipolleccax, NPOTEKAIOUIMX B MUTOXOH/IPHUSIX, CHHTE3E
u ruaposnze AT, meraboau3Me Kablins/KaJlbMOIYIHHA
W TpaHCIopTe OCNIKOB ¥/WMiM aMHHOKHUCIOT (Santucci et al.,
2012). K coxaneHuto, Bce JaHHbBIC MOJYYEHbI Ha KpailHe
OrpaHUYIEHHOI BEIOOPKE KHUBOTHBIX. B X0z1€ moneTa B »KuBBIX
OCTaJINCh TOJIBKO OJHA MBIIIb TUKOTO THIIA M J[BA TPAHCTCH-
HBIX )KMBOTHBIX, YTO JIEJIAET MPAKTUUYECKH HEBO3MOKHBIMH
MPaBUIIbHBIE MHTEPIPETALNIO U SKCTPATIOIISILIUEO MOy IEHHBIX
pE3yIbTaToB.

Kak yxe oTMeueHO BbIlIe, MMOJBELINBAHNE KUBOTHBIX 32
XBOCT SBIISIETCSI PACIPOCTPAHEHHOW MOJIENBIO MUKPOTpa-
BUTAINH, JOKa3aBIICH CBOIO PENICBAHTHOCTH B OTHONICHUH
KOCTHOM, MBIIIEYHOH, KPOBEHOCHOH U MPOYMX CUCTEM Opra-
Hu3Ma. OZHAKO TOTIBITKA 110 BO3MOKHOCTH 00JI€e IIET0CTHO
paccMOTpeTh IKCIPECCHIO Pa3IHYHBIX TeHOB B Mo3re HU
JKUBOTHBIX ObliIa MpeANnpuHsATa TOJbKO B pabore Frigeri
¢ xomuteramu (2008). TIpu momomu JIHK mukpouuno um
yIAI0Ch OLEHUTh YPOBEHb AKcIpeccun npumepHo 4800 re-
HOB B MO3T€ )KUBOTHBIX, ITOJBELICHHBIX 32 XBOCT B TEYCHHUE
2 Hen. M3 4749 reHOB 3HAYMTETHLHO U3MEHMIIACH IKCITPECCHS
y 592. U3 Hux y 258 renos (43,5 %) axcnpeccust CHU3HIIACH,
a'y 334 (56,5 %) — noBbicuiiack. Cpeau TeHOB, SKCIIPECCHS
KOTOPBIX MOBBICUIIACH, BbIEIsieTCst Grinl, KOAUPYOMuUii rep-
ByI0 (M1 HanboIee BaxxHyt0) cyobeananiy NMDA-penentopa
(noHoTponHoro perenropa rimyramara). [lockonsky NMDA-
pELEnTOpsl BOBJICUEHBI B IPOLIECCHI MAaMSTH, aBTOPBI HC-
CJICIOBAHMS CUMTAIOT, YTO MX CEHCUTH3AIMS MOXKET yCHUIINTD
CHOCOOHOCTH K 00yueHHI0. Cpe/ii TeHOB ¢ TOHMYKEHHOH 9KC-
npeccueil naTepeceH /tga3, Konupyromuii ansda3 cyobeau-
HUITY TPAHCMEMOPaHHOTO TeTePOIUMEPHOTO (0., ) KoMITTeKca.
SIBIsIsiCh IPEACTaBUTEISIME CEMEHCTBA HHTETPUHOB, MOJICKYJT
KJIETOYHOM a[re31H, OHU ACHCTBYIOT U KaK YCUIIUTEIH IIepea-
41 BO30Y>K/IAIOIIETO CUTHAJIA B THITIIOKAMIAJIbHBIX CHHATICAX,
MOJYIUPYS aKTUBHOCTH 000ux AMPA-tunos MDAR riyTa-
MaTHBIX perentopoB (Kramar et al., 2003). Taxxe oTMe4eHO
YCHIJIEHHE 3KCIPECCHH TeHOB vdacl u vdac3, Kopupyrommx
MOTEeHIMal-3aBUCHMBbIe aHnoHHbIe KaHaibl (VDAC), koTopble
JIOKaJIN30BaHbI HA BHEIIHEW MeMOpaHe MUTOXOHIPUIl 1 IpH-
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HUMalOT yuactue B mpouecce arnonrosa (Elinder et al., 2005).
Kpome Toro, BEISIBICHO H3MEHEHHE IKCIIPECCHH TeHOB Scnnlb,
Cacnb3, Kcned, Keng?2, kopupyronyx cyObeANHHUIIBI HATPH-
€BOTO0, KaJIbIIUEBOIO U KaJIHEeBOr0 KaHAJIOB COOTBETCTBEHHO.
ABTOpBI CTaTbU, OTHAKO, HE MCKIIOYAIOT, YTO BBIIBICHHBIE
UMM W3MEHEHHUsI SBIISIFOTCS HE d(QQEKTaMH HCKYCCTBEHHOMH
MUKpPOI'paBUTALINH, a CICACTBUEM OTCYTCTBUA ZlBI/l)KeHl/Iﬁ NI
cTpecca, Brusiomux Ha ¢ynkunonnpoBanne [{THC (Frigeri
et al., 2008).

3¢ PeKT Kocmmnyeckoro noneta

Ha 3KCMNPeccuto HelMpPOoreHoOB B MO3re MblLUeln
C 19 anpenst o 19 mast 2013 1. cocrosuics noseT GHOCIy THUKA
«bron-M1». BriepBrie B mpakTHKe OTE€4eCTBEHHOH ONOTOTHI
1 (DPU3UOJIOTHH UISl JUTUTEIBHOTO TOJIETHOTO SKCIIEPUMEHTA
ObuTH BBIOpaHb! caMilbl Mbleit muHuu C57B1/6N, uTo mos-
BOJIMJIO C/IENIATh aKLIEHT Ha MOJIEKY/IIPHO-OMOJIOTHIECKUX HC-
CJIeI0BaHMAX. Ba)kHOH yacThIo MPOEKTa OBUIO NCCIIEIOBAHUE
peaKMy HEPBHOM CHCTEMbI Ha JUTUTENILHOE ITPeObIBAHUE B yC-
JIOBHAX MUKporpaBuTaiuy. C mogpoOHBIM OIIMCAHUEM CXEMBI
9KCIIEPUMEHTA MOXKHO O3HAKOMHThHCS B padboTax: ChIuEB ¢ KOJI-
neramu (2014), AunpeeB-AnapueBckuil ¢ komuteramu (2014),
Andreev-Andrievskiy ¢ komreramu (2015). [Tonetnas rpymma
MbIeit (Bcero 45 ocobeif) mpeObIBaia B COCTOSHUN MHKPO-
rpaBuTanuu B TeueHue 30 cyT, B To BpeMs Kak Ha 3eMJIe B BH-
BapHUH AJIs1 KOHTPOJISL COZEPKaJIM MHTAKTHBIX KHUBOTHBIX. [10
BO3BPAIICHNH MBIIIEH Ha 3eMiTio y 6 ocoOeli ObIIN H3BICUCHEI
(hpoHTaNIbHAS U 3pUTENIbHASI KOPA, TUIIITOKAMIL, THIIOTaJIaMyc,
CTpHaTyM, YepHas CyOCTaHIINSA U 00JacTh SAEp IIBa CPETHETO
MoO3ra IS TAJIbHEHIIIEro UCCIe0BaHus SKCIIPECCHH HeHpo-
ICHOB B Jiabopartopuu HeriporeHoMuku mnoseneHust UIul
CO PAH. Dxcnipeccrs TeHOB UCCIIEIOBaHA HAMH C ITOMOIIBIO
Metoza konmnuectseHHoro OT-IILIP B peansHOM BpemeHu. J{ist
TOTO YTOOBI OTAEIUTH 3PPEKT MUKPOTpaBUTALIMH OT S ekra
CTpecca Ha HKCIIPECCHIO MCCIIEyeMbIX T'€HOB, OblIa IpoBe-
JICHa CTIeLMaIbHasi CepHsl SKCIIEPUMEHTOB HAa CEMU MBIIIAX,
KOTOPBIX COZIEPKaJId B TEUEHUE OJJHOTO MECSIA B TAKUX Ke
Karcysax, Kak ¥ HCTIOJIb30BaHHBIX B KOCMUYECKOM OJIETE, HO
B YCIJIOBHSIX TPaBUTALMK (HA3€MHBIA KAOMHHBIN KOHTPOJIB).
['pyna MHTaKTHBIX MBIIEH ObLIA HCIIOJIB30BaHA B KA4E€CTBE
JIOTIOJTHUTEIBHOTO KOHTPOJS /I MBIIIEH KaOMHHON KOH-
TponsHO# rpynmsl (Andreev-Andrievskiy et al., 2015).

CepoTOHMHOBAsI CHCTEMAa OTBETHIIA Ha JUTUTEIbHBIA KOCMU-
YEeCKHH MOJIET CHHKEHHEM IKCIIPECCHH FEHOB, KOAUPYOLINX
5-HT,, peuenTop B runoranamyce 1 GepMeHT KaTabonansma
ceporonrHa MAO A Bo ¢ponranbHoii kope (Popova et al.,
2014). OngHako MOKHO TIPH3HATH, YTO KOCMHUYECKUHN TIOJNET
0Ka3aJ OrpaHUYCHHBIA dPPEKT Ha TEHETHUECKHH KOHTPOIIb
5-HT cucremsl. He BbIsIBIIEHBI U3BMEHEHUS B SKCIIPECCUU T'e-
HOB, KOJUPYIOIIIX OCHOBHBIE PETYIISTOPHI (hYyHKINOHAIBHOH
axtupHOCTH 5-HT cucremsr: TIIT-2, 5-HTT u 5-HT, , penen-
Topbl. TIII-2 sBAsSETCS KIIOYEBBIM U €TUHCTBEHHBIM CIIEIIH-
¢buueckum pepmentom 6uocunresa 5-HT B mosre, a 5-HT, ,
penenTop 3aHNMaeT IEHTPAIbHOE MECTO B ayTOPEryJsIuu
5-HT cucremsr (Popova, Naumenko, 2013). Kocmuueckui
TMOJIET TAaKKe HE MPHUBEN K KaKUM-THO0 CYIIECTBEHHBIM U3-
MeHenusaM skcnpeccuu 5-HT, penenropos.

MAO A xaranu3upyeT OKCHIATUBHOE J€3aMHUHHPOBAHHE
5-HT (u wactuuno [IA) u SBISETCS OCHOBHBIM (DEPMEHTOM
ero aerpanauuu. MccnenoBanue skcrnpeccuu rena MAO A
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Y MBIIIEH HA3€MHOTO KaOMHHOI'O KOHTPOJISI MIO3BOJIUIIO BbI-
SIBUTH, 9TO CHIDKeHHE 3kcnpeccut MAO A Bo ppoHTanbHON
Kope sIBIsIeTCsS 3 PEKTOM MUKPOTPABUTALINH, @ HE YCIOBUI
coneprkanust. BepositHo, ociiabieHue mpoueccoB Karadonu3ma
5-HT Bo ¢poHTAIBEHON KOPE MOTIIO TPUBECTH K HAKOTUICHUIO
HelipoMeinaTopa B JaHHOH MPOCKIIMOHHOM 00JIacTH € OTEH-
UaIbHBIMU 3 (HeKTaMu Ha MTOBEICHUE KHUBOTHBIX.

Jlo atoro momenTa Bce uccienoBanus 5-HT cuctemsr
B YCJIOBUSIX MUKPOT PaBUTAIMHN ObLIIM OTPpaHWYEHBI THITOTAIIA-
MHUYECKO# 00macThto. YpoBeHb 5-HT u akTuBHOCTB (hepMeHTa
MOHOaMHHOKCH/1a3bl OBUIM ONPEAEICHBI B TUIOTATAMYCE
KpbIc mocsie 19,5 cyT kocmuyeckoro nonera Ha 60pty OHo-
cnytHHKOB «Kocmoc 782» u «Kocemoc 936» (Kvetnansky et
al., 1983). Hukakux cymiecTBEHHBIX M3MEHEHHH B YPOBHE
CEpOTOHHMHA WJIM aKTHBHOCTH MOHOAMHWHOKCH/Ia3bl BBIsIBIIC-
HO He ObUT0. B KOCMHYECKOM SKCIEpUMEHTE OMOCITyTHUKA
«Kocemoc 1129» 6wima mccnemoBana konuentpamus 5-HT
B M30JIMPOBAHHBIX S/Ipax M3 THIIOTAjamyca KpbICHI HOCTe
18,5 cyT KocMHuUecKoro mosiera. B OONBIIMHCTBE THITOTA-
JaMA4YecKux saep KoHnenTpanus S-HT Obuta HEeM3MEeHHOMH,
HO B CYNPAONTHYECKUX AIpax ObUIO BBISBICHO IOBBIIIE-
HUEC, a B [IaPABCHTPUKYJISIPHBIX — CHUKCHUE KOHLCHTpallun
(Culman et al., 1985). Bruno BBICKa3aHO TPEATIONOKEHHE,
YTO JJIUTEJILHBIN KOCMHYECKHIN MTOJET U MUKPOTPABUTALIUS
HE ABJIAIOTCA CTPECCOTCHHBIMU (l)aKTOpaMI/I 110 OTHOIIICHUIO
Kk 5-HT cucreme B rumoraizamyce. OQHako HOBBIE JaHHBIC
3aCTaBIISIOT MIEPECMOTPETD 3Ty TOUKY 3PEHHUSL.

Hamu BrIsiBiIeHO cHmkenue okenpeceun 5-HT, , penenro-
pos B runotanamyce (Popova et al., 2014). @yHkimnoHansHOe
3Ha4YeHUE ATOro dPdeKkTa KOCMHUUYECKOTO I0JIeTa HE BIIOJIHE
SICHO, HO, TPUHKMAast BO BHUMaHue ydactue 5-HT, , penenro-
POB B PETYIALNHN OONBIIOTO YHCTa PU3UOIOTHISCKIX (DyHK-
LW, BKITFOYAst COH, MBIIIUICHHE U MTAMSTh, JII000€ N3MEHEHHUE
B I'€HETHUYECKOH peryjIsainu JaHHBIX PCUCIITOPOB MOXKET
UMETh CyIIECTBEHHBIE MOCIEACTBUA. M3BecTHO, uTo 5-HT,,
PELenTOPhI CIOCOOHBI MOLYJTMPOBAThH CEKPELIMIO OKCHTOIMHA
1 KOPTHKOJIMOEPUHA, TaK KaK PacIioioyKEeHbI Ha Telax KIETOK,
CUHTE3UPYIOUINX 3THU TOPMOHBI, B MapaBeHTPUKYIIPHOM
snpe runoranamyca (Van de Kar et al., 2001). AxruBanus
5-HT,, peuentopoB yCUIMBAET CEKPELMIO BCEX TOPMOHOB,
KIaccu(UITMPYEMBIX Kak «cTpeccoBbie» (Zhang et al., 2002;
Demjanoska et al., 2004). A Tak Kak mapaBeHTPHUKYISIPHOE
SPO THIIOTAIaMyca UrpaeT KIIFOYEeBYIO pOJIb B aJallTHBHOM
OTBETE HA CTPECCOPHBIC (DAKTOPBI, CHIKEHNE 3KCIIPECCUH
5-HT, , penientopos MOKHO pacCMaTpUBaTh KakK J1€3a/1aTHB-
HYIO PEaKLHI0, TOHMKAIOILYI0 SPPEKTUBHOCT CTPECCOBOTO
otrseta. [IoATBEpKICHNEM ITOTO CITy’KaT BBIPAXKEHHBIE MOP-
(honornueckue 1 GPyHKIMOHAIBHBIC H3MEHEHHUS THITOTAJIaMH-
YEeCKHUX sifiep nocie kocmuueckoro nojeta (Krasnov, 1994).
Vuacrue 5-HT,, peuentopos B HEHPOIHIOKPUHHOM OTBETE
Ha CTPECC MPEAIIONAraeT, YTO CHIKEHHE IKCIIPECCHH TAHHBIX
PCUENTOPOB B YCIOBUAX MHUKPOTpaBUTAllUN CO31acT YA3BU-
MOCTb TUIIOTAJIAMYCA, YTO TAKIKE COMIACYETCs C KOHIENIHEeH
Pa3BUTHSI THIIOHOPAIPEHEPTUIECKOTO CHHIPOMA B YCIIOBHAX
Mmukporpasutanuu (Krasnov, 1991).

T'oBops 0 rumoTanamyce, HeIb3s HE YIIOMSIHYTh BBISIBICH-
HOE y MBIIIEH MOJIETHOM rpymIbl NoHWkeHue yposusa MPHK
reHa, KOMUPYIOIIEro aHtuanontorudeckui 6enok Bel-XL
(ommH W3 OCHOBHBEIX WieHOB Bcl-2 cemeiicTBa). OmgHOBpE-
MeHHO ¢ 3TuM noBbimenue ypous MPHK Bcl-XL 6buto
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oOHapy»eHo B runmnokamiie (Naumenko et al., 2015). B wem
OpL1a ToBRIIeHA U AKcnpeccus MPHK rena, kogupyromiero
OCHOBHOM npoarronroriyeckuii 6enok BAX, Ho B TO jxe Bpemst
B TpyIIIe KAOMHHOTO KOHTPOJIsSI HAOIONAIOCh HE3HAYUTEIILHOE
(HO cTaTHCTHYECKH 3HAUMMOE) CHIDKeHHe dkcrpeccn MPHK
nanHoro rena (Naumenko et al., 2015). BeposiTHo, axcripeccust
BAX 0Oosee noBepikeHa BO3ICHCTBUIO CPEIOBOTO CTpecca,
geM 3 QeKxTam, BI3BAHHBIM HETIOCPEICTBEHHO COCTOSHH-
€M MHKpOTpaBHTAalMU. JIuTepaTypHble TaHHBIE O BIMSHUU
MUKPOTPaBUTAIIMM HA CHCTEMY aIONTOTHYECKUX OEIKOB
MIPOTHBOPEYNBEL. Bo Bcex paboTax 1mo 3Toi TeMaTHKe mccie-
JIOBAHO BO3/ICHCTBHE MCKYCCTBEHHONH MUKPOTPABUTALINH, HE
paccMaTpUBAIMCh HEHPOHABbHBIC KJIETKH, a BMecTo Bel-XL
nccaenosan 6enok Bel-2. B omHo#t paboTte HuKakux 3G QekToB
MHUKporpaBuTannu Ha cucremy BAX/Bcl-2 BoisiBieHO HE
obu10 (Rucci etal., 2002). B qpyrom uccenoBanuy Noka3aHo
noBeIIeHNe ypoBHS BAX 1 cHmkenne yposus Bel-2 B kiet-
kax kapruHoMmbl (Kossmehl et al., 2003). B pabore Nakamura
¢ xoyeramu (2003) ucKycCcTBEHHAsi MUKPOTPAaBUTAIUS BbI-
3BaJia noBbIneHue cootnomenns BAX/Bcl-2 B octeobnactax
YeJoBeKa. Takxke MoKa3aHo, YTO BO3ACHCTBHIE NCKYCCTBCHHOM
MHKpOTPaBUTALIUH [TOBBINIAET ypoBeHb kKak BAX, Tak u Bcl-2
B SH/IOTETHANBHBIX KiIeTKax denmoseka (Infanger et al., 2007).
Ho B T0 e BpeMs oKa3aHo, 4TO B ITyIbMOHApHBIX MUKPOBa-
CKYJIAPHBIX OHAOTCIMAJIbHBIX KJIIETKaX MUKpOIr'paBUuTaluysd, Ha-
TIPOTHB, OBBIIIACT SKcTIpeccrio BAX 1 CHIKaeT SKCIIPECcCHIo
Bcl-2 (Kang et al., 2011). B 1ienom MOXKHO 3aKJIIOUHTH, YTO
MUKpOTpaBUTALUS (1aXKe UCKYCCTBEHHAs ) aKTHBUPYET OCIIKH
CHCTEMBI anomnTo3a. PaHee MbI y)ke€ OTMETHUIM HEKOTOPBIE
CBH/JICTEIILCTBA B IOJIB3Y YCHIICHNUS allONTO32 B KYJIBTYPE HEl-
POHAJIBHBIX KJIETOK, I03TOMY TpEJIoiaraeM, 4To YCHICHNE
skcrpeccnn Bel-XL, BepossTHO, ABISIETCSA KOMIICHCATOPHBIM,
HarpaBJIeHHBIM Ha OCJIA0JIEHHE aronTo3a, KOTOPBIA MOXKET
MMETh MECTO B TMIIIOKAMIIE U TUIIOTajIaMyce.

WHTepecHble N3MEHEHHs OBIIM BBISBIEHBI B SKCIPECCHN
renoB JIA cucremsl (Popova et al., 2014). Ota cucrema, mmo-
MHMO U3BECTHOM poiti (hakTopa BHYTPEHHETO MOAKPEIUICHNS,
3aHUMAET OJTHO M3 BaYKHEHIIINX MECT B PETYIISIIINU MOTOPHOH
(DYHKIMH, TOHYCa MBIIII, OCYIIECTBICHUN CTaTOKHHETHYe-
CKOM q)yHK]_II/II/I, KOOpAWHAIMU MEJIKUX U TOYCYHBIX ABUIKEC-
uuit (Grace, 2002). 3a ABUTaTENBHBIA KOHTPOIH OTBEYALT
HUrpoctpuaranbHas [IA cucrema, cocTosimas U3 4epHOH
cyOcTaHIuu (B KOTOPOU pacroioxkeHsl Tea JJA HelipoHOB)
u cTpuaryma, rue Haxoaarces A tepmunamu (Grace, 2002).
Hamu Obut0 0OHApYKEHO, 9TO KOCMUYECKHI TOJIET PUBO-
JIUT K CYIIECTBEHHOMY CHMKEHHUIO B YEPHOH CyOCTaHLINU
skcrpeccnn TH — ocHOBHOTO (hepMeHTa cuHTe3a JohaMuHa.
Bmecre ¢ 3TuM CHIKAETCS ¥ 9KCIIPECCHS B CTPUATYME OHOTO
13 OCHOBHBIX (hepmMeHTOB KaTabonusma godamuna — COMT.
Takxe OTMEUEHO CHMKEHHE B CTPHATyMe€ M THIIOTalIaMyce
akcnpeccun fodamunosoro D1 penentopa. OnuH U3 OCHOB-
HBIX 9((PEKTOB MUKPOTPABUTALIUH CBSI3aH C MEXaHUYECKUMHU
U TIPOTIPHOLENTHBHBIMHA U3MEHEHUSIMU B TIPOLIECCE BBITION-
HEHUS JICHCTBHH, TPUBOSAIIUMH K Pa3pyIICHHUIO TPUBBIYHBIX
B3auMoieiicTBHi Mex 1y addepeHTHbIMU U addepeHTHBIMU
curnamamu (Clément, Reschke, 2008). dpyrumu cioBamu,
TIePBUYHBIN ABUTATEIBHBIN Je(QUIUT B pe3yIbTaTe CHIKCHUS
ypoBHs ad(hepEeHTHBIX CUTHATIOB K COMAaTOCEHCOPHOM CUCTEME
U JIBUTATEIIHBIM ITyTSIM sIBIIETCs (DyHKIUEH a/lanTaliy, CBs-
3aHHOM C JJTUTEJILHBIM ITPEOBIBAHUEM B YCIIOBHSX MUKPOTPa-
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sutanun (Clément, Reschke, 2008; Clément, Ngo-Anh, 2013).
Takum 00pazoM, MoJydyeHHbIE JaHHBIE CBHICTEILCTBYIOT
0 CHIDKEHHH T€HETHYECKOTO KOHTPOJISI HUTPOCTPHATAIEHON
To(haMIUHOBOM CHCTEMBI, BEPOSITHO, BRI3BAHHOM YMCHBIIICHH-
eM ay(hepeHTHOro BX0/1a MPH COCTOSTHUN MUKPOTPaBUTAIINH.

Brun uccnenoBansl 3G GEKTH ATUTETHHOTO KOCMHYECKO-
TO TIOJIETa Ha AKCIPECCHIO HEHpOoTpopuuecKknx (PakTopoB
GDNF u CDNF. Hamu BBISBICHO, UTO Y MBbIIIEH MONIETHON
rpynnbl cHmken ypoBeHb MPHK rena GDNF B cTpuatyme
U TUTIOTaJIaMyce, HO B TO JK€ BPEMSI CYIIECTBCHHO ITOBBITIICH
BO ()POHTANBEHOM KOpe U 00JIaCTH SiAEp IBA CPEHEr0 MO3ra
(Tsybko et al., 2015). Oxcnpeccust MPHK rema CDNF Takxke
W3MEHUIIACH: CYIIECTBEHHO CHU3WIACH B UEPHOH cyOCTaH-
UM ¥ TIOBBICKIACh B sinpax mmBa (Tsybko et al., 2015). O6a
YKa3aHHBIX HEHpOTpodhruecKux (akTopa UrparT BaXKHYIO
pons B ¢yHKIMOoHUpOoBaHUU [IA cuctembr mo3ra. GDNF
CUHTE3MPYETCSl B CTPHATAIBHBIX HEHpPOHAX M HEOOXOIUM
JUISL pOCTa, 3aIIUTHI U MOIJACPKAHUI HUTPOCTPHUATAIBHBIX
JA meiiponoB (Andressoo, Saarma, 2008; Saavedra et al.,
2008). GDNF neobxonum uist 3pensix [IA HeipoHOB, HO-
CKOJIbKY TIOJJaBJIeHUE aKTHBHOCTH 3TOTO TPOPUUECKOTO
(hakTopa mpuBOAMT K WX MaccoBoi rubenn (Pascual et al.,
2008). Heiiporpoduueckuit paktop CDNF ObuT OTKpPBIT
cpaBuuTensHO HemaBHo (Lindholm et al., 2007), HoO yike 10-
KaszaHa ero BayKHAs POJIb B CO3PEBAHUH, pOCTe 1 3ammTe JJA
ueiiponoB (Lindholm, Saarma, 2010; Airavaara et al., 2012;
Cordero-Llana et al., 2015). V wmblireii mojgeTHOH TPyIIIbI
cumxenue skcripeccut GDNF u CDNF B nurpoctpuaraiib-
HOHW CHCTEME XOPOIIO COINIACyeTCs C JTaHHBIMH O CHIKCHUH
skcripeccun reHoB JIA cuctemsbl. B cBoro ouepenp, A sB-
nsiercst ogauM u3 peryasitopoB GDNF u, Bepositno, CDNF
(Saavedra et al., 2008; Lindholm, Saarma, 2010), mosTomy
cHmxkenne Qynkipn J{A cucTeMbl MOXET ObITh HPUYUHOM
cumxenus skcnpeccun GDNF u CDNF. Takke cBoil BKi1aj
BHOCHUT CHI)KeHHE adepeHTHOH akTHBHOCTH JIA HEHpOHOB
B YCIIOBHSAX HEJIOCTATOYHOMN aKTHBAIIUH YEPHOU CyOCTaHIIHH.
AddepeHTHAs aKTHBHOCTD PETYIHPYET IKCIIPECCHIO HEHPO-
tpoduueckux ¢akxropor (Hughes et al., 1999). Cymectyer
PsAl CBUIACTEIBCTB TOIO, YTO OTCYTCTBHE addepeHTHON
AKTUBHOCTH B Pa3pyIIeHHBIX J[A HelipoHaX MONaBIIIeT dKC-
npeccuto GDNF (Saavedra et al., 2008). Xopoiio u3BecTHo,
yto aepuut GDNF npoBouupyeT y >KMBOTHBIX COCTOSIHHE,
cxomHoe ¢ 6one3nbto [Tapkuncona (Pascual et al., 2011). ITo-
9TOMY TOT (DaKT, UTO B X0/I€ KOCMUYECKOTO 0JIETa CHUKACTCS
9KCIIPECCUSI HE TOJBKO OCHOBHBIX I'¢HOB JIA cucrtemsl, HO
Y TeHOB HEeHpoTpopuuecKuX (PaKTOPOB, YIACTBYIOIINX B €€
MOJIEPKaHUH, MOJKET UIMETh BECbMa CEPbhE3HbBIE IOCIIE/ICTBUS
MIPY JITUTETHHOM MTPEOBIBAHIH B COCTOSSHUM MUKPOTPaBUTA-
un. HaGnromaBmeecst Hamu moBwiieHue sxcnpeccurn GDNF
n CDNF Bo ¢poHTaNBHOM KOpe 1 00J1acTH siAEp IIBA MOYKHO
paccMaTpuBaTh Kak KOMIICHCATOPHOE, HAIIPaBJICHHBIC HA 00-
JIeTYCHNE HETAaTUBHBIX 3(h(hEeKTOB HAXOXKICHHS B COCTOSHHN
MHUKpPOTPaBUTALHH.

WHuade 006CcTOUT J1e10 ¢ APYyTUM U3BECTHBIM HEHPOTPOhH-
geckuM (pakropom, BDNF. [InurensHoe npeObBaHme B yC-
JIOBUSIX peasibHOM MUKpPOTpaBUTALIMK He OKa3alo addexra Ha
skcrpeccuto BDNF u ero perienrropo TrkB u p75 (Naumenko
etal.,2015), 9To coBnaaeT ¢ JaHHBIMU Santucci ¢ KoJieraMu
(2012). Tot daxt, 4To BO BpeMsi KOCMHUYECKOTO IT0JIeTa IKC-
npeccusi BDNF He nogasisiercst 1 He akTUBU3UPYETCSI, MOYKET
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OBITh KaK-TO CBsI3aH C HApyLIEHHEM CHHAIITOreHe3a 1 MOp(o-
JIOTWU CHHATICOB, BBISIBICHHBIM y KHBOTHBIX, TOOBIBABIINX
B KocmmaeckoM rosiere (Krasnov, 1994; DeFelipe et al., 2002).

Pe3ynbrarsl, monyueHHbIe B paMkax mpoekTa «buon-M1»,
B OUEPEAHOM pa3 MOKa3ain BaXKHOCTb POBEICHHS HCCIIE0Ba-
HUH Ha )KMBOTHBIX JUTS TOHUMaHUS BIUSHUS yCIOBHIA MUKPO-
IpaBUTAIlMM Ha OpraHuU3M uejoBeka. OJHAKO CIOKHOCTh
BBITIOJTHEHUS TIPOTPAMM KCIIEPUMEHTAIBHBIX HCCIIEJOBAHUH
Ha JKUBOTHBIX B KOCMHYECKOM IT0JIETE OIPAHUYMBACT YACTOTY
uXx nposezeHus. JlaHHbIe, TOTy4YeHHBbIE TPU MOJICINPOBAHUU
MHUKPOTPAaBUTAIMH B Ha3€MHBIX MCCIEIOBAHUAX, OyIb TO
RWYV o6wuopeaxrop mmin HU monens, 3a4acTyro pacxomsrcst
C TeMH pe3ybTaTaM1, KOTOPBIE MOMYYatoT MPH UCCIIeIOBAaHUN
JKMBOTHBIX B KOCMHUYECKOM rojere. Tak, IeJIeHanpaBIcHHOe
CpaBHEHHE TOJIBEIICHHBIX 32 XBOCT KPBIC C KPBICAMH, ITOOBI-
BaBIIMMH B KOCMHUECKOM rtosieTe B npoekte «Kocmoc 2044y,
BBISIBHJIO CXOKECTh A(P(PEKTOB B MBIIICIHON, CKEICTHOM,
KapAMOBACKYJISIPHON M UMMYHHOH CHCTEMaX, OJHAKO CICTIH-
(bnuHBIE M3MEHEHUsI B MOTOHEHPOHAX HAOIIOAAINCH TOJIBKO
y KpbIc osetHoi rpymsl (Morey-Holton et al., 2005). K co-
»aneHunto, cpapaenue a¢dexros B [ITHC B mpoekte «Kocmoc
2044 He mMpOBOAWIN, HO ceifyac Mbl UMEEM BO3MOYKHOCTh
CpaBHUTH JaHHBIE MpoekTa «brnon-M1» ¢ uccnenoBannemM
Frigeri ¢ xomeramn (2008). OGparmaer Ha ceOs BHUMaHHE
TO, 4TO M3MEHEeHHue sKkcmpeccun HeifporenoB 5-HT u A
CHCTEM, CHCTEMBI alloITo3a U HeHpoTpohnIecKux (HakTOpoB
HaOJIIO/IACTCSl TOJIBKO Y MBIIICH, MOOBIBABIINX B YCIOBHAX
peasbHO|, HO HE UCKYCCTBEHHOM Mukporpasutanuu. CTout
MIpU3HATh, 4yTO peneBaHTHOcTh HU Mozmenu B oTHOLIEHUH
LEHTPAJIbHON HEPBHON CHCTEMbI HEAOCTATOUHA, ITOCKOIBKY
JTaHHasl MOJIEJNIb HE TOJIBKO HE YUUTHIBACT, HO M B IMPUHIIUIIE
HE CII0COOHAa BOCTIPOM3BECTH OCOOBIE aJANTHBHBIC M3MEHEHUSI
B TOJIOBHOM MO3T€, ITPOUCXOASAIINE B COCTOSTHUM MHUKpPOTpa-
BuTanu. CEHCOMOTOpHAs aJanTalys K OTCYTCTBUIO TaKOH
(hyHIaMeHTaJIbHOW CHJIbI, KaK TpaBUTALHS, OJDKHA BKIIFOUATh
MYJIBTUMOJIVIBHYIO PEOPTaHHU3AIHIO, IEPETPYTIITUPOBKY HITH
nepexanOpoBKy HEHpoHOB U HelpoHHbIX cereil (Clément,
Ngo-Anh, 2013). OTBeT Ha BOIpoC, KaK MO3T aIalTHPYETCS
K COCTOSIHAIO MUKPOTPaBUTAINHU, HAXOAUTCS B BEICHUHU WH-
TErpaTMBHOM (PU3HOJIOT MU, HO OTBETHTH Ha HET'O HEBO3MOKHO
0e3 TaHHBIX TEHETUKH, ONOXUMHHN 1 MOJIEKYIIIPHOM OHOIOTHH,
MOJyYCHHBIX Ha JKMBOTHBIX, HAXOIMBIIMXCS B PEATHHOM
KOCMUYECKOM IoyieTe. PaBHO Kak ¥ MOHMMaHUE HEKOTOPBIX
MOJIEKYJISIPHBIX M3MEHEHUH B MO3TE MPH MUKPOTPABUTALIUH
HEBO3MOXKHO 0e3 mpuMeHeHHs 0a30BbIX HeHpoduinoizoru-
YECKUX NPUHIIUIIOB.
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5-HTi penentop: pojib B peryiasiuuim pas3jJInuyHbIX
BIUIZIOB ITOBeIeHIS

B.C. Haymenko! @, E.T. lonnmackuu?, H.K. ITorosal

' ®epepanbHoe rocynapcTBeHHoe 6lofKeTHoe HayuHoe yupexaeHne «DeaepanbHblil NccnefoBaTeNnbCKnii LeHTP HCTUTYT LMTONOTN 1 FeHeTUKN
Cunbupckoro otaeneHns Poccuiickon akagemmm Hayk», HoBocnbupck, Poccus
2 WNHCTUTYT KneTouHol Heiipodusnonoruy, Boicluasa meanumnHckan wkona faHHoBepa, laHHoBep, lepmaHmns

Helpomeanatop mMo3ra CEpOTOHWUH perynnpyeT pasnnyHble Gopmbl
Kak HOPMasnbHOrO, TaK 1 MaToNOrMYeckoro noBeAeHns, AeNCcTByA

Ha 14 TMNoB cepoToHMHOBbIX (5-HT) peuentopos. Bce 5-HT peuen-
Topbl, 3a UCKtoYeHrem 5-HTs, npeacTaBnAOLWEro NOHHbIN KaHan
(MOHOTPOMHBIN peLenTop), NPUHaANeXaT K CynepceMeincTy metabo-
TPOMHbIX PELIENTOPOB, CONPAXKEHHbIX ¢ G-6enkamu. Kaxablii 13

TUNOB M MOATMMNOB PELIENTOPOB XapaKTepunsyeTca yHNKaibHbIM
KOHTPONMPYIOLMM FeHOM, CNEKTPOM CPOACTBA K Pa3HOO6Ppa3HbIM
aroHMCTaM 1 aHTaroHUCTaM CEPOTOHMHA, cneundryecknm pacnpe-
feneHvem B Mo3re 1 pAaaom perynnpyembix GyHkumin. Cpeam 3toro
MHoroo6pasus 5-HT peLientopoB 0cobblIii MHTEPEC Bbi3biBaeT
SBOJIIOLMOHHO Havnbonee apeBHUIA 5-HT1 5 peLenTop, urpatoLwui
K/04EeBYI0 POJib B ayTOPerynALumm CepoTOHNHOBOW CUCTEMbI MO3ra.
ITa ponb 5-HTqp peuentopos obycoBneHa 0CO6EHHOCTAMY X
nokanmsaumm (NocT- unm NpecrHanTMyeckn Ha 5-HT HelpoHax),

B 3aBMCMMOCTI OT KOTOPOW OHW MOTYT OKa3blBaTb MPAMO MPOTMBOMNO-
NOXKHOe AeNncTBME Ha GYHKLMOHANbHYIO aKTUBHOCTb 5-HT cmucTembl.
0630p NOCBALLEH AAHHBIM TUTEPATYPbI U pe3ysbTaTam, NonyYeHHbIM
aBTOpamu, 0 pakTopax, perynmpyoLwmnx SKCNpPeccmnio n GyHKLMOHab-
HYI0 aKTUBHOCTb 5-HT7 5 peLentopos, 1 NX BAUAHUN Ha NOBefEeHMe.
OnmncaHa cTpyKTypa reHa 5-HT; 5 peuenTopa, nprBeaeHbl HoBeLLne
[aHHble O MOCTTPAHCIALUMOHHOW Perynaunm akTMBHOCTU 5-HT 1o
peuenTopoB 1 B3aumogelctemm 5-HT peuentopos. Ocoboe BHUMaHNe
yAeneHo ponv retepomepusaumm 5-HTq 4 peuientopa npu ero B3aumo-
pencteum ¢ 5-HT; cepoTOHVMHOBBIM peLenTopom ¢ 06pasoBaHrEM
reTepoammepa n pyHKUMOHanbHOM MHakTuBaumm 5-HTq 5 peuenTtopa.
MNMoka3saHo yyacTue 5-HT;p peLienTopoB B perynaumm arpeccuBHoro
noBefeHusA, KaTanencum, TPeBOXHOCTM, AenNPecCUn U YHUKanbHOM
NPYPOAHOM aganTaumm — 3uMHen cnadykn. Ocoboe BHUMaHVE YaeNeHO
Yy4acTuio 3TUX peLenTopoB B perynaunmu 1) BbI3BaHHON CTPaxom
3aLMTHO-0BOPOHUTENIbHON arpeccuin Mo OTHOLLEHNIO K YeSTOBEKY —
OCHOBbI NpoLiecca JoMecTrKaumu; 2) MexcamuoBoi (intermale)
arpeccyv No OTHOLLUEHMIO K COMePHUMKY (KOHKYPEHTY), NPUBOAALLEN

K YCTaHOBNEHWIO OTHOLIEHNA JOMUHAHT — Cy6OpAMHaHT B coobLiectse
KMBOTHBbIX U NeXallieil B OCHOBE acoLanbHOro noseaeHns

yenoBeka; 3) MexaHM3MOB fienpeccum n AeNCTBNA KNNHNYECKN
3¢bPeKTUBHBIX aHTMAENPECCAHTOB rPYNMbl UHIMOUTOPOB 06PATHOrO
3axBaTa CepOTOHMHa. BbiABMHYTa runoTesa o ponun 5-HTq/5-HT;
reTepogmmepusauny B MexaH1m3me encTBMA aHTULENPeCcCaHTOoB.

KnioueBble cnoBa: cepoToHUH; 5-HT; 4 peuentop; 5-HT; peuenTop;
B3aMMOLENCTBME CEPOTOHUHOBBIX PELIENTOPOB; TPEBOXHOCTb;
flenpeccmBHOe NoBefeHNe; arpeccMBHOE NoBefjeHNe; peakuma
3aMUpaHna; 3MMHAA CiAYKa.

5-HT 5 receptor: its role
in the regulation of different
kinds of behavior

V.S. Naumenko!®, E.G. Ponimaskin2, N.K. Popova1

TInstitute of Cytology and Genetics SB RAS, Novosibirsk, Russia
2 Institute of Cellular Neurophysiology, Hannover Medical High
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Brain serotonin (5-HT) is known to be involved

in the control of a wide range of physiological
functions as well as of different kinds of behavior.
Such polyfunctionality of 5-HT is mediated by
numerous 5-HT receptors. Currently, 14 different
5-HT receptor subtypes expressed in the mammals
have been identified. The 5-HT 5 receptor is one

of the most extensively characterised members

of the serotonin receptor family. Increased interest

to the 5-HT; 5 receptor is based on (1) a key role

in the autoregulation of the brain serotonergic
system due to the postsynaptic and presynaptic
localization, (2) a great body of data demonstrating
implication of 5-HT; 5 receptor in the control of various
physiological functions (3) involvement of 5-HT1 5
receptors in the mechanisms of depression, anxiety
and suicide. The review describes literature and
original data on factors affecting the expression

and functional activity of 5-HT 5 receptors and

the involvement of 5-HT 5 receptors in the regulation
of normal and pathological behavior. The structure

of the 5-HT; 5 receptor gene is described and new data
on the posttranslational regulation of 5-HT; 5 receptor
functional activity are provided. A special focus was
given to the interaction between 5-HT; and 5-HT;
receptors followed by heterodimer formation and
the role of heterodimerization in the functional
inactivation of the 5-HT;  receptor. The implication
of 5-HT; 5 receptors in the regulation of aggressive
behavior, catalepsy, anxiety, depression and hiber-
nation was shown. Special attention is focused

on the involvement of 5-HT 5 receptors in the regu-
lation of 1) fear-induced aggression towards man -
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the basis of domestication, 2) intermale aggression
underling asocial behavior in men, 3) depression
and in the mechanism of antidepressant action.
The described data extend the idea on the 5-HT;p
receptor as a key player in the brain 5-HT system.

Key words: serotonin; 5-HT; 5 receptor; 5-HT;
receptor; serotonin receptors interaction; anxiety;
depressive behavior; aggressive behavior;
catalepsy; hibernation.
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porzo Gosee MmomyBeKa ¢ TeX MOop, Kak B MO3Te Mile-

KOITUTAIOMNX ObUTa OOHapyeHa CUcTeMa HEHPOHOB,

B KOTOPBIX CHUHTE3UPYETCS U OCYIIECTBIACT Mepeady
HEPBHOTO UMITy/IbCa OMOTCHHBII aMHH CEPOTOHHH (5-THAPOK-
curpuntamut, 5-HT). 3a 3T0 Bpemsi HaKOIUICHO OrpOMHOE
YHUCIO JAHHBIX, CBUAETENIBCTBYIOIIUX O BOBIECUEHUH 3TOTO
MenuaTropa B PeryisIiio MHOTOYHCIeHHBIX GyHKImi [THC,
TaKUX KaK TEPMOPETYISIUS, [IEHTpajIbHAas PEeTyJsiius ce-
KpelUH SHAOKPUHHBIX XKeJle3, PeaKlys Ha CTPecc, alneTuT
n xaxna. Kpome toro, 5-HT kOHTpomupyeT BbIpa)KEHHOCTh
MHOTHX ()OPM KaK HOPMAJIBHOTO, TaK M INATOJOTHYECKOTO
MOBEJICHUS.

ITopasurenbHas nonu(yHKIMOHAIBHOCTh CEPOTOHHHA
o0ycroBieHa, Mpex/ie BCEro, HATMYMEM MHOTOYHCIICHHBIX
PeLenTopoB, OMOCPEIYIONUX BO3ACHCTBHIE TOI0 MEANATOPA
Ha HeWipoHs! (Saudou, Hen, 1994; [TormoBa, Haymenko, 2010).
K HacrosmieMy BpeMeHH ¢ TOMOIIBIO MOJIEKYISIPHO-0HOIIO-
IMYECKHUX METOJIOB BBISIBIICHO U KIIOHUPOBAHO 14 pa3iInyHbIX
THIIOB I'€HOB ¥ KOHTPOJIHUPYEMBIX UMH CEPOTOHEPTHUECKUX
(5-HT) penentopoB, 5KCIIpecCHPYIOMNXCST B MO3TE MIIEKO-
nutaronux. Kiaccudukarust 5-HT perienropoB ocHOBaHa Ha
Tpex MpUHIHIAX: 1) 0COOCHHOCTSAX MEPBUYHON CTPYKTYPHI;
2) MexaHU3Max TPAHCAYKIHMU CUTHaja U 3) (hapMaxoIoru-
4ecKoM Npoduiie (CeNeKTUBHbIE arOHUCTHI U aHTArOHUCTBI
peneniropa) (Humphrey et al., 1993; Humphrey, Barnard,
1998). 1o sTum npunnunam 5-HT penentops! kiaccnpunu-
poBaHbI B 7 OCHOBHBIX THIIOB 1 7 moarumnoB (Saudou, Hen,
1994; Barnes, Sharp, 1999).

BonbmmucTBo 5-HT penentopos npuHaaiekar K cynepce-
MEHCTBY peIenTopoB, conpsukeHHbIX ¢ G-Oenkamu. Kaxipiii
U3 HUX TPEJICTABIAET cOO0N MOTUNENTHIHYIO IIETb, COMIep-
JKAIyl0 CeMb TPAaHCMEMOpPAaHHBIX JIOMEHOB, 00pa3yIOMINX
COBMECTHO C BHEKJIETOUHBIMH METIISIMU U N-KOHIIOM y4aCTOK
CBSI3BIBAHUS MeANATOpa. TPeThs INTOMIa3MaTHIECKast TETIIS
n C-KxoHer| ocyniecTBIsIIoT conpspkenne ¢ G-6enxom. Ilpu
CBSI3BIBAHUM MEJHMATOPa MPOUCXOIUT M3MEHEHHE KOH(pOp-
MaIliH perenTopa, MPUBOAIIee K quccorranun G-0enka Ha
B-, y- u 0-cyObeOMHUIBL. DTH CYOBEIUHUIIBI 00TaIal0T Ka-
TAINTHYECKOW aKTMBHOCTBI0, OJ1aroiapst KOTOpoit criocoOHbI
W3MEHSTh BHYTPUKJIETOUHBIE ITporiecchl (Saudou, Hen, 1994;
Gerhardt, van Heerikhuizen, 1997; Barnes, Sharp, 1999).

Kaxkaplit 3 THIIOB M MOATHIIOB PELIENTOPOB XapaKTepH-
3yeTcsl YHUKAIbHBIM KOHTPOJIHUPYIOUIMM T€HOM, CIEKTPOM

CpOZICTBA K pa3HOOOPAa3HBIM arOHNCTaM U @HTarOHUCTaM ce-
POTOHHHA, CTICHIU(UIESCKIM PaCIIpe/IeNICHIEM B MO3I'e M OTIpe-
JICTICHHBIM CHIEKTPOM (DYHKIIHIA, KOTOPbIE OH PEryJnupyerT.

Cpeu Takoro pa3HO0Opa3usi CEpOTOHNHOBBIX PEIIETITOPOB
npusiekaet BuuManue 5-HT, , noarun. 1o 06ycnosieHo ps-
JIOM TIPUYMH, OCHOBHBIMHU U3 KOTOPBIX ABIAIOTCSA: 1) KiTtoueBast
pounb B aytoperymsammu 5-HT cuctemsr B mosre (Barnes, Sharp,
1999; Blier, Ward, 2003; Popova, Naumenko, 2013). 5-HT, ,
peuenTopsl OTIMYaroTes oT Apyrux Buaos S-HT penenropos
TEM, UTO OHH JIOKAJIM30BaHbI KaK IIOCT-, TaK ¥ MPECUHAIITH-
yecku Ha 5-HT HeilpoHax, U B 3aBUCUMOCTH OT JIOKaJIM3aLun
MOT'YT OKa3bIBaTh IPSIMO ITPOTUBOIOJIOKHOE JEUCTBHE; 2) FKC-
NEPUMEHTAIIbHBIE JaHHbIE O BoBeyenun 5-HT | , penenropos
B PETYIIIMIO pa3HOOOpa3HbIX (POPM KaK HOPMAJIBHOTO, TaK
" I1aTOJIOTUYCCKOI'O IIOBCACHU A, 3) MHOI'OUUCJICHHBIC JaHHBIC
006 yuactuu 5-HT, , penentopos B MeXaHM3Me aTOJNOrHYe-
ckoii TpeBokHOCTH 1 fenipeccud (Fuller, 1991; Heisler et al.,
1998; Ramboz et al., 1998; Overstreet et al., 2003; Kaufman et
al., 2015), monTBep)KaeHHBIE KITMHIYECKOH 3(h(hEeKTUBHOCTHIO
aronucToB 5-HT, , penenTopoB kak aHKCHOJIUTHKOB M aHTH-
nenpeccantoB (Robinson et al., 1989; Rakel, 1990; De Vry,
1995); 4) Hannuue CeTEeKTUBHBIX aTOHUCTOB M aHTAarOHUCTOB
5-HT, , peuentopos.

H3-3a MHOroo6pasus yukuuii 5-HT | , petientopos BcTaeT
BOTIPOC 00 WX IEHETHYECKON W MOCTTPAHIISAIIMOHHON pery-
JSIIAH, CBSI3M NPEAPACIIONOKEHHOCTH K ITaTOJIOTHYECKOMY
MOBEJICHUIO C OCOOCHHOCTSIMH T'€HETHYECKOTO KOHTPOJIS,
IUIOTHOCTH ¥ (DYHKIIMOHATbHOW aKTMBHOCTH 3THX PELETITO-
poB. B aTom 00630pe OymyT 00CyK/IeHbI JaHHBIE JTUTEPaTyPbl
1 cOOCTBEHHBIX MCCIIEIOBAHHUHN, KACAIOLIHECs TeHETHYECKUX
NOJXOO0B K uccnenosanuro 5-HT, , penenTopos n ux yqactust
B PETYIISLINN TIOBEICHUSI.

5-HT, , CEpOTOHNHOBbLIN peuenTop
5-HT, , peuenTop sABsETCSA SBONIOIIMOHHO OJHUM U3 CaMbIX
npeBHuX. CuuTaercs, 4To OH 0Opa3oBasics okoio 800 MiIH.
JIeT Ha3a[, 3a/I0JIT0 JI0 MOSBICHUS IO3BOHOYHBIX KUBOTHBIX
(Peroutka, Howell, 1994). OH o0Hapy»XeH y HaCEKOMBIX
(Dacks et al., 2006), mnockux uepeii (Creti et al., 1992),
kpymopotsix (Hill et al., 2003) u Bcex KI1acCoB MO3BOHOYHBIX
JKHBOTHBIX.

5-HT, , noarun oTHOCUTCs K rpymme peuentopos 5-HT,
THIIA, KOTOpas Takxke BKiodaeT B cebs 5-HT,,, 5-HT g,
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5-HT,p, 5-HT,; u 5-HT; nogrunel, npossisiomue ot 40
1o 63 % cTpykTypHO#i romonoruu ¢ 5-HT,, penentopom
(Barnes, Sharp, 1999). Penentopsr 5-HT, Tuma conpsikeHsl
¢ Gi-0enKoM W NpW aKTHBALMKM MHTUOUPYIOT aJieHHIIaT-
UKITa3y — (pepMEeHT, KaTaau3upyromuil npespamenne ATD
B HAM®, 4uTo sABIISICTCS CUTHAJIOM I akThBaumu HAM®D-
3aBUCHUMBIX IIPOTEUHKNHA3, KOTOPBIE B CBOIO 04EPE/Ib aKTUBH-
PYIOT pa3iauyHble OeNnkH (B TOM 9ncie (GaKTOPhl TPAHCKPHII-
uun). Kpome Toro, aktusanus 5-HT, penentopos npuBoauT
K OTKpBbITHIO K KaHa/oB 1 rumeprnonspusayn MeMOpPaHbl.
WMerores nanHble 0 TOM, 4TO aKTUBaLus perenropa 1A nox-
THUIIA B KyJIbTypax KJIETOK MOXKET NMPHUBOIANThH K aKTHBAIIUU
dhocdonumassr C (Albert et al., 1999).

PenenTopsr 5-HT,, moaTuma mupoKo NMPEACTABICHBI
B LICHTPAJILHOW HEPBHOII cHcTeMe, B OCOOCHHOCTH B MUH/IaJIe-
BUJIHOM KOMIUIEKCE, THITIIOKAMIIE, IIEPErOPOIKE U SIIpax IIBa
cpeanero mo3sra. Hausricumii yposens MPHK 1 Hanbonpmras
nnotHocTh 5-HT, , perienTopos oOHapysKeHbI B THINOKaMIIe
(Barnes, Sharp, 1999). B aapax msa 5-HT,, penentopst
BBICTYTIAIOT B POJIM COMATOJCHIPUTHBIX ayTOPELENTOPOB,
MHrHOUpYST HEHPOHAIBHYIO aKTUBHOCTH M cekpenuto 5-HT
B CHHANITHYECKY!O menb (Aghajanian, 1995). 5-HT, , peuen-
TOPBI, JIOKAIN30BaHHbIC MOCTCUHANTHYECKH, B TOM YHCIIE
1 Ha HECEPOTOHEPTrHUYECKNX HEHPOHaX, ICHCTBYIOT XapaKTep-
HbIM Jutst akTuBanuu S-HT cucremsr 00pa3oM, B TOM YucIie
MOJIYIUPYS BBIIEIEHUE IPYyTUX HEHPOTpaHCMUTTEpOB (Zifa,
Fillion, 1992).

CTpyKTypa reHa 1 ¢pakTopbl, Bvsowme
Ha 3Kcnpeccuio n ¢yHKL|I/IOHaJ1bHYIO AKTUBHOCTb
5-HT,, peuentopa
5-HT, , peuenrtop okasancs nepBbIM CEPOTOHUHOBBIM PEIIETI-
TOPOM, TeH KOTOPOTO ObIT MJICHTH(HUITPOBAH. DTO IIPOU3OIILIO0
nouty 30 JieT Hazaj Mpu CKPUHUHTE TeHOMHOW OMOINOTEKH
YeII0BeKa C IEIBI0 MTONCKA TOMOJIOTOB 2-aApeHEePTUIECKOTO
penenropa (Kobilka et al., 1987). l'uGpuan3zanus B ycinoBusix
HU3KO# CEJIEKTUBHOCTH BBISIBUJIA I'€H, JIEMOHCTPHUPYIOILUH
43 % romomnoruu ¢ reHoM P2-aApeHepruiecKkoro pernenTopa
yenoBeka. Bekope Oblo 10KaszaHo, uTo reH G2/ Kopupyer
5-HT, , peuentop (Fargin et al., 1988). Ilosxe romonoruy-
HBIE TeHBI OBITH KJIOHUPOBAHbI y KpBICH (Albert et al., 1990)
u mpim (Charest et al., 1993). Tlokazano, uro ren 5-HT, , pe-
LIENTOpa JIOKAIN30BaH Ha 5-if xpomocome yesioBeka (Kobilka
et al., 1987) u 13-i1 xpomocome mprmu (Oakey et al., 1991).
5-HT, , peuenTop npejacTapiseT coO0i MOIUNENTHAHYIO
Lelb, 00pa3yoIyI0 CeMb TpaHCMEMOPaHHbIX JIOMEHOB H CO-
CTOSIITYIO 13 422 aMHHOKHCIIOTHBIX OCTAaTKOB Y KPBICKI M 421 —
y denoBeka (Fargin et al., 1988; Zifa, Fillion, 1992). Drot
peLenTop XapaKkTepu3yeTcsi KOPOTKUM BHYTPHUKIETOUHBIM
C-KOHIIOM ¥ JUTHHHOH TPeThel BHYTPUKICTOYHOM MeTIeH, Ha
KOTOPOH JIOKQJIM30BaH CalT POCHOPHUINPOBAHNS IPOTEHHKH-
Hazoii C. bbia nokazana cBs3b Mex1y GochopuiinpoBanuem
u necencurnzanueii perentopa (Raymond, 1991), gato gano
OCHOBaHMe monarare, yto ¢yHkuus 5-HT,, peuenropos
HaxoauTCs nox KourTposiem 5-HT, penentopos, BTOpUYHBIM
MTOCPEIHUKOM KOTOPBIX sBIsieTcs mpoTenmHkuHaza C (Zifa,
Fillion, 1992; Zhang et al., 2001). Kpome Toro, B TpeTbeit
LUTOILIA3MATUUECKOM [1€TJIe UMEIOTCS [BA CATa CBA3bIBAHUS
C KaJIbMOYJIMHOM, CBSI3bIBAHHE KOTOPOTO SIBJISIETCS] CUTHAJIOM
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Jutst uHTepHanu3anuu peuenropa (Turner et al., 2004). Emte
OITHOM 0COOEHHOCTBIO CTPYKTYPHI pelenrtopa A MoaTHma
SIBIISICTCS. HAJIMYHE «ICHIIMHOBHIX 3acTexek» (leucine zip-
per), MocpeacTBOM KOTOPBIX, BO3MOXKHO, OCYILECTBIISIFOTCS
Oenok-6enkoBrle B3aumoaeiicTeus mexay 5-HT,, u 5-HT,
peuentopamu (Zifa, Fillion, 1992). Bece st ocodenHocTH
cTpyKTyphl 5-HT, , penenrtopa npruoOTKpLIBAIOT BO3MOKHEIE
ITyTH BO3JICHCTBHUS HA €0 HKCIIPECCHIO, B TOM YHCIIE IPYTUMH
5-HT peuenTopamu.

dakTopbl, BIUSIONINE HA SKCIPECCUIO PELENTOPa, MOTYT,
M0-BUANMOMY, JIEHICTBOBAaTh W Ha YPOBHE TPAHCKPHIIIIUH.
B 1999 roay Obla ommcana cTpyKTypa MpoOMOTOpa reHa
5-HT, , peuentopa (Storring et al., 1999). beuio noxasaso,
YTO OCHOBHOM CaliT MHMIIMALUK TPAHCKPHUIILIUK JIOKAJIN30-
BaH B MoJoxeHuu —967 m. H. oT craprosoro kogoHa AUG.
YV KpBbIC 3TOT CaliT aCCOIMUPOBAH C BBIILIE PACTIOI0KEHHBIMHU
TATA-60kcamu, ogaaxo y mMbitelr TATA-OOKCHI OTCYTCTBY-
10T. [IppHUMas BO BHHUMaHHE CXOJICTBO 3THX >KHBOTHBIX
B OKCIPECCHHU PELENTOpa U €€ PETrYISIMU, aBTOPbI PeJIo-
noxuiH, 9T0 TATA-GOKCHI He UTPAFOT CYIIIECTBEHHON POJIH B
perynsuun TpaHckpunuu rea 5-HT, , perientopa (Storring
et al., 1999). Kpome toro, B mpomMorope ObLIIO0 0OHAPYKEHO
HaJIWYHe CEJIEKTUBHOTO dHXaHcepa (enhancer) (Mexmy —426
n—117 n.1.), HecenekTuBHOTO (Mexmy —1519 u —426 n.1H.)
U CHJILHOTO CEJIEKTUBHOTO caitiieHcepa (silencer) (Mexny
—1590 m —1519 m.1.) (Storring et al., 1999; Ou et al., 2000).
U3 3THX 1eMEeHTOB HanboJiee MHTEPECHBIM SIBIISICTCS CaiiyIeH-
cep, NOCKOJIBKY B Clly4yae ero JAeJelHH TPAHCKPUIILUS IeHa
ycunmuBaetcs 6onee gem B 10 pas. ITostomy Opu1o Tpearo-
JI0’KEHO, UTO Peryasuus skcnpeccuu resa 5-HT, , penenro-
pa Ha ypOBHE TPAHCKPHIILUK OCYLIECTBIISIETCS, BEPOSTHO,
B OCHOBHOM 3a cueT penpeccun (Ou et al., 2000). Takum 06-
pa3oM, Haps Iy C TeHETHYECKUM KOHTPOJIEM HHTEHCHBHOCTH
cuntesa 5-HT, , perenTopos CyIecTByrOT U APYTUE YPOBHH
perynsun ux (PyHKIMOHAIbHOW aKTHBHOCTH.

WmeroTcst cBeieHNs O HEraTUBHOM PETyIISIUH TPAHCKPHII-
uuu rena 5-HT, , penenrtopa miroko- 1 MUHEPATOKOPTHKOU-
JlaMH, KOTOpPbIE MOTYT J€HCTBOBATH, MO-BUANMOMY, JBYMS
MyTSMU: @) MyTeM CBSI3bIBAHUS TIIIOKOKOPTHKOUAAMH (HO He
MHUHEPaJIOKOPTUKOUIAMHU) ONPEACICHHBIX MOCIIEI0BaTEIb-
nocreit JJHK (NF-kB: nuclear factor-kappa B), okazbiBaro-
KX B CBOOOTHOM COCTOSTHMM aKTHUBHPYIOIIEE BIMSIHUC Ha
Tpanckpunuio rena 5-HT, , penenropa (NF-kB-3aBucumblii
mexanmMm) (Wissink et al., 2000); 6) rerepoaumepu3anueit
KaK DIIIOKO-, TaK ¥ MUHEPAJOKOPTHKOUIHBIX PEIENTOPOB Ha
crnerupuueckux aementax nMRE/GRE (negative Mineralo-
corticoid Response Element/Glucocorticoid Response Ele-
ment) B mpomorope resa 5-HT, , penentopa (Ou etal., 2001).

B mociiesiHue rogpl K BBISBJICHHBIM paHee MEXaHH3MaM
perynsauuu 5-HT, , penentopa 100aBieHbI HOBBIE, CBA3AHHbBIE
¢ onuromepusanuent u B3aumozeiicrsueM S-HT peuentopos.
bruo ycranosneno, yro 5-HT . penentop cyimecTByeT B MO3-
re B HeCKoNIbKkuX (opmax: kak 5-HT,, monomep, 5-HT,,/
5-HT, , romoaumep ¥ reTepoanuMep, CBA3aHHBIA C IPYTHMH Pe-
uenropamu (Woehler et al., 2009; Kobe et al., 2012; Renner et
al., 2012). HoBble maHHBIE O PO AUMEPU3AITUH B PETYIISIINN
(byHkuMoHanbHOM aktuBHOCTH 5-HT , penenTopa nomy4eHsl
npu usyuenuu Bzanmonencreus 5-HT, , u 5-HT, penenropos
(Renner et al., 2012; Popova, Naumenko, 2013; Naumenko
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et al., 2014). Okasanocs, uto rerepoaumep 5-HT,,/5-HT,,
He OKa3bIBas BIUAHUA Ha QyHKIMOHAJIbHEIE cBoMcTBa 5-HT,
perenTopa, MOLyJIUpyeT IBa OCHOBHBIX (PaKTOPa AECEHCUTH-
3auuu 5-HT |, penenTopos: ocnadnseT ux GyHKIHOHAILHYIO
AKTUBHOCTb U YBEINYUBACT HHTEHCUBHOCTH HHTEPHAITN3ALIHN.
Taknm o6pasom, kirodeBoit perymsitop S-HT cucrembr Mo3-
ra, 5-HT,, peuentop, cam 3aBucut ot 5-HT, peuenropos,
KOTOpbIE, 00pa3yst ¢ HUM JHMMEpHBbIE KOMIUIEKCHI, BETYT
K ()YHKIIMOHAITGHON MHAKTUBALUKM. DTO COBEPIICHHO HOBas
1 BakHewmas pons 5-HT, peneniropa u ero B3anMonencTeus
(cross-talk) ¢ 5-HT,, peuentopom Mo3BojseT MO-HOBOMY
B3IVISIHYTh HA POOJIeMy MeXaHH3Ma JeTIPECCHH U ICHCTBUS
AHTHUJIETIPECCAHTOB I'PYIIIBI FHTHOUTOPOB OOPATHOTO 3aXBaTa
CEpOTOHMHA.

MNoeepeHue, perynupyemoe 5-HT, , peuentopammn
Cpenn xontponupyemsix 5-HT,, peunentopamu BUIOB
MOBEJICHNUS HanOoJblllee BHUMAaHUE IPUBIIEKAIOT JeTIpec-
CUBHOIIO/100HOE MOBEICHUE, TPEBOKHOCTh M arpeCCHBHOE
MIOBE/ICHHE.

TpeBOXXHOCTb 1 AenpeccnBHOE NoBeAeHNe

Memm ¢ Hokaytom 5-HT , reHa XapakTepu3yroTcs OBBIIEH-
HBIM YPOBHEM TPEBOKHOCTH, YTO, O€3 COMHEHHSI, TOKa3bIBACT
CBSI3b MICCJIE/yEMOT0 TIOJITHIIA PELETITOPOB U JIAHHOW (hOPMBI
noseznenus (Heisler etal., 1998; Ramboz et al., 1998; Zhuang
etal., 1999; Deng et al., 2007). Kpome Toro, 3T0 HoxTBepK/1a-
€TCsl aHKCHOJIMTUYECKUM, T. €. IPOTUBOTPEBOXKHBIM JICHCTBHU-
€M cesleKTHBHBIX aronucTos 5-HT, , penenropos (Robinson
et al., 1989; Rakel, 1990; De Vry, 1995; Handley, 1995; Sun
et al., 2015). Cumxennas mnornocts 5-HT,, peuenropos
Oplma oOHapy)XeHa y JIOneH, cTpajamux connodpoduei
(Lanzenberger et al., 2007).

IMockonbKy aronuctsl 5-HT,, penentopos nposBisioT
BEIpa)KEHHBIE aHTHACTIPECCUBHBIE cBoiicTBa (Robinson et al.,
1989; Rakel, 1990; De Vry, 1995), ocoboe BHIMaHHE HAITPaB-
JeHo Ha uzydyenue ponu 5-HT, , penenropos B MexaHusmax
nerpeccuu. OYEBUIIHO, YTO ITOJHON aHAJIOTHHU JAEIPECCHH
y YeNOBeKa U )KMBOTHBIX HET, I0ITOMY B 9KCIICPUMEHTAIBHBIX
MOJIEJISIX HCIIOJIB3YETCst 00Jiee OCTOPOKHBII TEPMUH «JIeTIpec-
CHBHOIOJOOHOE MOBEJCHIE), & OCHOBHBIM €T0 TI0Ka3aTesIeM
CITY’KUT HETIOABI)KHOCTD B TECTE MPUHYIUTEIILHOTO TIITABaHMUS
ITopconra. ITokazano, yto aronuctel 5-HT,, penentopos,
NPOSIBISIOIINE aHTHIETIPECCUBHBIE CBOMCTBA, CHIKAIOT Bpe-
M HeroaBmkHOCTH B Tecte [Topconta (Estrada-Camarena et
al., 2006; Maurel et al., 2007).

Bo MHOXecTBe paboT IMOKa3aHO CHW)KEHHE IUIOTHOCTHU
u/unu gyBcTBUTENbHOCTH 5-HT ), , penentopos u sxcnpeccun
KOJIMPYIOIIEro MX IeHa y 4eJloBeKa C JeNPEeCCUBHBIMHU pac-
CTpoiicTBaMH, 00€3bsH C ACTPECCHBHOIIOJOOHBIM TTOBEICHH-
em (Hansenne et al., 2002; Sibille et al., 2004; Shively et al.,
2006; Drevets et al., 2007), a Takxe KpbIC, MOJBEPracMbIX
HETIpe/ICKa3yeMOMy CTpeccy, IPUBOAALIEMY K Pa3sBUTHIO
nernpeccuBHomnonooHoro cocrostuust (Lopez etal., 1998). Cau-
JKEHHUE IJIOTHOCTH PELENTOPOB Y JIIOJEH C JePecCUBHBIMU
PaccTpoCTBaMHU MOATBEPIKICHO IPH IIOMOIIN O3UTPOHHO-
smuccroHHoi ToMmorpadun (Hirvonen et al., 2008). [Tpu nc-
CJIeJOBAHHH JISHCTBUS aHTUJIETIPECCAHTOB OBIJIO 00HAPYKEHO,
YTO OHM INPEISATCTBYIOT NMPOMCXOSAMIEMY NPH JeTPecCHH
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CHIDKEHHUIO TUIOTHOCTU W 4yBCTBHTENbHOCTU 5-HT,, pe-
LENTOPOB M SKCIpeccuu Koaupytomero ux reHa (Lopez et
al., 1998). A. Ansbeprt n C. JIeMOH/1e BBIIBUHYIIH THIIOTE3Y,
YTO MMEHHO MOHMKEHUE MJIOTHOCTH MPECHHANTHYECKUX
5-HT, , peuentopos NpuBOAUT HYepe3 3—4 HeaeNu JIeYeHUs
AQHTHJICTIPECCAHTAMH K ITOBBIIICHNIO CHIPKEHHOM ITPH JieTIpec-
cun QyHKuMoHanbHO# aktuBHOCTH 5-HT cucremsl (Albert,
Lemonde, 2004). DTo obmenpuHATOE B HACTOSIIEE BPEMs
00BsICHEHHE OTCPOUYCHHOTO KIMHMYECKOTO A(PdeKTa 3THuX
npenapatoB. OHAKO OHO NPEATONAraeT pPa3Hyl YyBCTBH-
TENBHOCTH Npe- ¥ nocrcunantudeckux 5-HT, , penenropos
K XpOHHYECKOMY JEMCTBUIO aHTUAEIpeccaHToB. [lockonbky
9T PELENTOPbI CTPYKTYPHO UJICHTHYHBI, U30MpaTelIbHAs HIIH,
0 KpaiiHel Mepe, 3HaYUTEeNIbHO 00JIee BEICOKAs UyBCTBUTEIb-
HOCTB nocrcunHanTrieckux 5-HT, , penentopos k aeicTBUIO
5-HT Ha (oHe XpoHHYECKOTO BBE/ICHUSI aHTHJICTIPECCAHTOB HE
HaxoJuia 00BbSICHEHHNS, 0CTABasICh CIIA0BIM MECTOM T'HIIOTE3bI
Annbepra u Jlemonae. U nmumms HOBeHne maHHBIC, MTOITY-
YeHHbIE MEXIYHApOJHBIM KOJJIEKTUBOM HCCIIeOBaTeNeH,
JaroT o0wsicHeHue 3ToH 3aranke (Renner et al., 2012; Popova,
Naumenko, 2013; Naumenko et al., 2014). B ocHOBe nexat
HEJIaBHO YCTaHOBJICHHbIE (haKThl O B3AUMOJICHCTBUU U OJIU-
rogumepusanuu 5-HT peuenropos: 1) 5-HT,, penenrop
MOYET 00pa3oBEIBaTh rerepoaumMep ¢ 5-HT, penenropom;
2) rereponumepusanus 5-HT |, /5-HT; penenrtopos conposo-
JKJAaeTcs CHUKeHHeM QyHKIMOHAIBbHOM akTuBHOCTH 5-HT 4
pelenTopoB; 3) OCHOBHBIM IMyTeM MHakTuBauuu 5-HT,,
penenTopa B OTBET HAa XPOHUYECKOE BO3/JeHCTBUE ABISAETCA
MHTEPHAIN3aLNs — IepEMEIEHNE PELeTITOpa BHYTPb KJIETKH
C YTPaToil BO3MOKHOCTH PEarupoBaTh Ha HEHPOTPAHCMUTTED.
Wurepnanuzanus xe 5-HT,, peunenrtopa oCyIecTBIseTCs
B Buje 5-HT, ,/5-HT, rerepoanmepa B OTBET HA CTUMYIISLIMIO
5-HT, penenrropa; 4) miotaoctsk 5-HT, penenTopoB B pasHbix
CTPYKTYpax B3pOCJIOr0 MO3ra MIIEKOIUTAIOIINX HEOAUHAKOBA!
B CTPYKTypax MO3ra ¢ IOCTCUHANTUYECKOW JIOKaIU3aLuei
5-HT,, peuentopoB oHa HMXe, 4eM B 00JacTH sjep LIBa
CPEHEro Mo3ra ¢ MPEeCHHANTUYECKON JIOKaTu3auel 3TuX
PELenTopOB, YTO 00YCIABIMBACT pa3HOE KOJIMIECTBO 00pasy-
IOLIUXCS FETEPOIUMEPOB U, COOTBETCTBEHHO, Pa3HYIO HHTECH-
cuBHOCTh nHakTuBamu 5-HT, , penenropos. Ha ocHose sTHX
JIAHHBIX OBLIO C(OPMYITHPOBAHO CIEAYIOIIEE PEICTABICHNE
o0 pyuxunonansnoi ponu 5-HT ,/5-HT, rereponumepuzarmm
(Naumenko et al., 2014). B ¢pu3uog0oru4eckux yciaoBHsIX
koym4ectBo 5-HT, ,/5-HT, rerepomumepoB B mpecHHANTHYIE-
CKUX HEMPOHAX BBIIIIE, YEM B TIOCTCUHANTHYECKHX, B KOTOPBIX
peo0aIaloT TOMOANMEDPBI, COCTOSIINE U3 ABYX MOJIEKYJI
5-HT, , peuenropa. DTo ABIAETCSA OCHOBOW Pa3IMYHON 1yB-
CTBHUTEJIBHOCTH K MEAMATOPY Tpe- U MOCTCHHANTHYECKUX
HEHPOHOB U €€ U3MEHEHUU IPU XPOHUUYECKOM ACHCTBUU
AHTHUJIETIPECCAHTOB TPy FHTHOUTOPOB OOPATHOTO 3aXBaTa
cepotonuna. Murepnamasamus 5-HT, ,/5-HT, penentopaeix
KOMIUIEKCOB B IIPECHHANTHYECKUX TEPMHUHAISIX B OTBET Ha
nerictBue 5-HT, komu4uecTBO KOTOPOro yBEJIMUYUBAETCS IPU
6nmoxane 5-HT Tpancmoprepa, IpUBOAHUT K OCIAOICHUIO
UHTUOUPYIOWEro aeicreus npecunantudeckux 5-HT, ,
pELenTopoB Ha CEPOTOHWHOBYIO CHCTEMY, IOBBIIICHHUIO €€
(DYHKIIMOHAIBHOW aKTHBHOCTH 33 CUET YCHIICHUs (PyHKIIHO-
HaJIbHOTO BKJaja MOCTCHHANTHYECKOTO 3BEHA CHCTEMBI
M 0CJIA0JIEHUIO TIPOSIBIICHUH JIETIPECCUH.
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Heckonbko ucciiejoBaHUil CBA3BIBAIOT MOJUMOP(HU3IM
C(-1019)G B mpomotope rena 5-HT, , penentopa ¢ NOBBILIEH-
HbIM puckoM cynnmaa (Lemonde et al., 2003; Sawiniec et al.,
2007). ITokasano, uro muorHocts 5-HT, , B npedponTanbHOiM
KOpe TIOBBIIIeHA Y OOJBIIMHCTBA XKepTB cyunuaa (Sibille et
al., 2004), B TO ke BpeMs 4ETKO MPOJEMOHCTPUPOBaHA MO-
HukeHHas d(dexTuBHOCTs conpsixenus 5-HT, , penenropa
¢ G-6emkom B Mo3re camoy6wmiirl (Hsiung et al., 2003). Caunra-
eTCs TaKkKe, 4TO C ITUM MOTMMOP(PHU3MOM CBS3aHa YyBCTBHU-
TEJIbHOCTb K aHTUJEIpeccaHTaM. X0Ts B OJHOU U3 IIEPBbIX
pabor 310l cBsA3M 0OHapykeHo He Obuto (Serretti et al., 2004),
B ITOCJIEYIOMINX OBIIIO MOKA3aHO, YTO 0COOM, TOMO3HUTOTHBIE
o G-ajiento, MeHee YyBCTBUTEIbHBI K aHTHCTIPECCAHTaM
(Lemonde et al., 2004).

ArpeccuBHOe nosefeHune

MexaHU3MBI PETYISIINT arPECCUBHOTO MTOBECHUS OCTAIOTCSI
OTHOM M3 LEHTPAIBHBIX MPOOJIEM HEHPOTEHETHKH MO JIBYM
OCHOBHBIM NIPUUUHAM: |) OBBIIIIEHHAS arPeCCUBHOCTH YEJI0-
BeKa JIEKHUT B OCHOBE ACOILHAIBHOTO ¥ KPIMHHAIBHOTO ITOBE-
nenus (Blanchard et al., 1999) u 2) Hu3kast arpeccHBHOCTD WITH
€e OTCYTCTBUE SIBJISIIOTCSI HEIPEMEHHBIM YCIIOBUEM BayKHEH-
IIIET0 YBOJIFOIIMOHHOTO COOBITHUS — TIOMECTUKAIINH )KUBOTHBIX.
OHUM U3 IEPBBIX UICIO O TOM, YTO JJOMECTHKAIINS B IPEBHUC
BpeMeHa NpeJcTaBisia (paKThieckn 0ecco3HaTeNbHbIH OT-
60p Ha HU3KYIO arpeCCHUBHOCTH 110 OTHOLIEHHIO K YETIOBEKY,
BeIckazau u pazsui JI.K. bexsies (Belyaev, 1979). Arpeccus-
HOCTB 0 OTHOILLIEHMIO K YEJIOBEKY OTHOCST K BBI3BAaHHOM
CTpaxoM 3aIIUTHO-000pOHHUTENRHOH arpeccui (fear-induced,
defensive aggression) (Maxson, 1999). Ipyroii pacnipoctpa-
HEHHBIN BUJI arpeccuu, MexcamioBas (intermale) arpeccus
0 OTHOMICHHUIO K COMEPHUKY (KOHKypeHTY) (Moyer, 1968),
MIPUBOJUT K YCTAHOBJICHUIO OTHOIIEHUS JOMHHAHT—Cy0-
opauHaHT (Maxson, 1999).

C TIOMOIIBIO PaTUOIHTAHTHOTO CIEIM(PUIECKOTO perien-
TopHoro csa3biBanmst R. Hammer ¢ xoneramu (Hammer et al.,
1992) nokazanu cHmwkenue miotHocru 5-HT, . penenropos
B CPEIHEM MO3Te U TOBBIIICHHE €€ B TMIMOKAMIIE y KPBIC
71a00paTOpHON JIMHWHU, HE MOJBEPraBIINXCS HAMEPEHHOMH
CEJIEKLIMM Ha CHIDKEHHYIO arpeCcCHBHOCTb, 110 CPABHEHHIO
C TO¥MaHHBIMHU JUKUMH KHBOTHBIMH.

OTcyTCcTBHE CBSI3M JOMECTHUKALIMK COOAKH C ABYMS OTHO-
HYKJICOTHHBIMUA 3aMEHaMU B KOJUPYIOLIEH 4acTH reHa
5-HT, , peuenrtopa (G65T u A808C) n MUKpOCATEILIUTHEIM
nosropoM CA, pacrojokeHHbIM B 3'-Hekoaupylomel 00-
nacty, nokaszaiau van den Berg ¢ komeramu (van den Berg
et al., 2005).

BecnperieieHTHBIM HCCIE0BaHUEM MEXaHU3MOB 000po-
HUTEJIHLHON PEaKMM Ha YeJI0BEeKa, TECHO CBS3aHHOM C Ipo-
IIECCOM JIOMECTHUKAIIUH JKUBOTHBIX, SIBISCTCSA MPOBOANMAS
B UI{ul" CO PAH mHoTrONETHSA CeneKius cepedprcTo-uep-
HbIX Jicut] (TpyT, 1969, 1978) n auknx cepbIx KpbIC-MAaCIOKOB
(benses, boponun, 1982; HukynuHa u 1ip., 1985a; Plyusnina,
Oskina, 1997) Ha orcyTCTBHE arpecCCUBHOCTH ¥ MOBBIIICH-
HYIO arpeCCHBHOCTb MO OTHOLICHHUIO K YeJIOBEKY. B Hammx
MPEBIIYIINX UCCIIEIOBAHNAX, IPOBEICHHBIX HA CEIEKIHO-
HUPOBAHHBIX HA BBICOKYIO WJIM HHU3KYIO arpeCCHBHOCTbH IO
OTHOLICHUIO K YeJIoBeKy Kpbicax-nactokax (Popova et al.,
1991a), cepebpucTo-uepHbIx Jucumax (Popova et al., 1991b)
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n Hopkax (Hukysnuna u np., 19850), ObLI0 BriepBbIE yCTAHOB-
JIEHO, YTO OCHOBA JOMECTHKAIIH — CENIEKIUS HA OTCYTCTBUE
BBI3BAHHOI CTPAaXOM arpeccHy — CBsi3aHa cO 3HAYUTEIbHBIMHU
n3MmeHeHusMu B 5-HT cucteme mosra.

Hamu 6bina onpenenena miothocts 5-HT, , penentopos
B MO3T'€ KpBIC, CeNIeKIIMOHNPOoBaHHbIX B Tedenue 40 (Popova
et al., 1998), a nozanee 59 nokosenuii (Popova et al., 2005)
Ha BBICOKYIO arpeCCHBHOCTb 110 OTHOIICHHIO K YETIOBEKY H €€
orcyTcTBUE. BBIIO MOKAa3aHO TOBBIIMICHUE TUIOTHOCTH THX
peLenTopoB Bo ppOHTAIBHOMN KOpe, THIoTallaMyce U MUH/Ia-
JIEBUIHOM KOMIIJIEKCE HEearpeCcCHBHBIX KPbIC, B TO BPEMsI KaKk
HH B TUIIIIOKaMIIe, HU B CPETHEM MO3Te U3MEHEHHH IIIOTHOCTH
peLenTopoB He ObIJI0 0OHAPYKEHO.

Ha xppicax 59-ro mokoneHus ceIeKuu ObUTO TakxKe Mpo-
BEJIEHO Mcclle/loBaHue sKkcnpeccuu rena 5-HT, , penentopa
B CTPYKTypax Mo3ra 1 pyHKIMOHaIbHOH akTuBHOCTH 5-HT, ,
penentopoB (Popova et al., 2005). Beumn BBISBICHBI CyTIie-
CTBEHHBIC PA3JINYMsI MEKAY BBICOKOATPECCHBHBIMH W He-
arp€CCMBHBIMU KPbICAMU. C ucCIoab30BaHUEM ABYX TCCTOB Ha
(GyHKUMOHANBHYIO aKTUBHOCTB 5-HT, , penenTopa, BbI3bIBa-
emyto aronuctoM 8-OH-IITAT runorepMuyuecKol peakium,
U Tecta cokpaiieHust HrokHed ryosr (lower lip retraction)
MOKA3aHO, YTO IOMECTUKAINS KPBIC CBSI3aHA C IIOBBIIICHUEM
qyBcTBUTENBHOCTH 5-HT | , penenTopos, 4To Xopouo cora-
cyercs ¢ nopbieHHbIM yposaeM MPHK 5-HT, , peuentopa
B CPEAHEM MO3Te 1 00JIe€ BHICOKOH, €M Y arpeCcCHBHBIX KPBIC,
nnoTHocThio 5-HT,, peuentopos Bo GpoHTanbHON KOpe,
TUIOTaJIaMyce M MUHJAJIEBUIHOM KoMIIIekce. B cBoro oue-
pelb, BEI3BAHHASI CTPAXOM BBICOKAsl arpeCCHBHOCTD CBsI3aHa
CO CHHKEHHMEM DKCIIPECCHH I'eHa, KoHTposupyromero 5-HT, ,
PELEenTop, U YMEHBIICHHEM IUIOTHOCTU U (DYHKI[HOHAIEHOU
AKTMBHOCTH 3THX PELETITOPOB.

Pazmnuusa B sxcnpeccun rena, koaupyromero 5-HT, , pe-
LeOTOp B MO3I€¢ arp€CCUBHLIX U HCAIPECCUBHBIX )KUBOTHBIX,
ObUTH TOKa3aHbI HAa MBIIIAX U CBUHBAX. OTMEUEHO 3HAYNTEb-
HOE IMOBBIIIICHUE 3KCIPECCHH T'eHa M IIIOTHOCTH PELETITOPOB
B MUHJQJICBUIHOM KOMITJIEKCEC arp€CCUBHBIX MOJIOABIX CAMOK
nomamHux ceuHed (D’Eath et al., 2005) n B rummokamire
W KOpe, HO HE B JIPYT'HX CTPYKTypax MO3ra arpecCHBHBIX
mbimeit (Korte et al., 1996).

OTMeTHM, 4TO B CTAaHOBJICHHH arpecCHBHOTO (PEHOTHIIA
OCHOBHBIM SIBIISICTCS BKJIAJI T€HOTHUIIA, POJIb KE CPEIOBBIX
BJIMSHUI B paHHEM OHTOT€HE3€ OTHOCUTEJIBHO HEBEJINKA. JTO
OBLIO MOKA3aHO B OTIBITAX C IEPEKPECTHHIM BCKAPMITMBAaHHEM
(cross-fostering) y kpbic, npoBeaeHubx N.®. IlnrocHunoi
U COTPYIHUKAMHU JIAOOPATOPUH HEHPOTCHOMHKH MOBEACHUS
Ulul" CO PAH (Plyusnina et al., 2009). Pazmwaus B arpec-
CHBHOCTH MEXY KPBICSITAMH arpecCUBHON M HearpeccuBHOM
JUHUI TPOSABISAIOTCS paHo, yke B 15-1HEeBHOM Bo3pacTe.
B aToM ke Bo3pacTe KpbICsiTa arpecCUBHOM JIMHUM OTIMYa-
I0TCs, KaK M B3POCIIbIE arpecCHBHBIEC KPBICHI, TIOHMKXEHHOH
(byHKIMOHANBEHOH 4yBcTBUTENbHOCTRIO 5-HT,, peuento-
POB, XOTS XapaKTEPHBIE JUIS MOJTOBO3PETBIX KPBIC PA3IHIUS
B 3KCIIPECCHU I'€Ha W IUIOTHOCTH 3THX PELENTOPOB eIl He
nposiisitorest (Naumenko et al., 2013).

Aronuctel 5-HT, , peentopos BeI3BIBAIOT J0303aBUCUMOE
CHIDKEHHE MHTEHCHBHOCTH MEKCAMIIOBOW arpecCHy y Mbl-
mrei, kpoic (Olivier et al., 1995; Edwards, Kravitz, 1997; Abe
etal., 1998; De Boer et al., 1999, 2000; Mendoza et al., 1999;
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Pruus et al., 2000; Stein et al., 2013), komiek (Hassanain et al.,
2003), meBunx oBcsHOK (Sperry et al., 2003), xomskoB (Ricci
et al., 2006), gyenosexa (Lai et al., 2003) u ps16 (Clotfelter et
al., 2007). duddepenunpoBarb 3PPeKTbl CTUMYISAINN KaKk
npe-, Tak U nocrcuHantudeckux 5-HT,, penentopos noxa
HE y/laeTcs.

Takum 00pa3zom, HcciieJoBaHs, IIPOBEICHHbIE C TOMOIIBIO
(hapMaKoIOTMUECKUX METOIOB, @ UMEHHO C UCTIONb30BaHUEM
CEJIEKTUBHBIX arOHMCTOB M aHTaronucTtos 5-HT,, peuento-
POB, IoKa3ay, 4ro 3ot noarun 5-HT penentopos yuacTByer
B PETYIISINI MEKCAMIIOBOH arpeccril. OTHaKoO MBIIIN C HHAK-
THBUPOBAHHBIM HOKayToM reHom 5-HT, , penentopa aeMoH-
CTPHUPYIOT TOJIBKO MOBBILICHHYIO TPEBOXKHOCTH U OTCYTCTBHUE
KaKHX-JIO0 N3MEHEHHH B 3TOM BH/IE arPECCHBHOTO TIOBE/ICHUST
(Heisler et al., 1998; Parks et al., 1998; Boutrel et al., 2002).

Wnrepecnsl uccnenosanus 5-HT |, penentopos y Mbi-
el ¢ HOKayToM TeHa, kogupytomero MAO-A — ocHOBHOU
(epmenT mMerabonm3ma cepoToHMHa B Mo3re (ymHHS Tg8).
[TpumeuarensHo, yTo HOKayT MAO-A NPUBOAUT Y MBIIIEH
K yBenmmuaeHuro arpeccuBHoctH (Cases et al., 1995; Popova et
al., 2001), a cooTBEeTCTBYIOIIAsT MyTaIMsl y YEJIIOBEKA — K ACO-
aJIBbHOMY M KPUMHHAJIBHOMY IoBezieHuto (Brunner et al.,
1993). ¥ mprmeii muanm T8, XapakTepH3yIONIIXCs TOBBIIICH-
HOW MexcaMII0BO# arpeccueii (Cases et al., 1995), ormeueHO
YBEJIMUYCHUE YPOBHS CEPOTOHHMHA M CHW)KCHHE YPOBHS €rO
MeTaboINTa, 5-THAPOOKCHUHAOIYKCYCHON KHCIOTHI, B pa3-
JMYHBIX CTPYKTypax Mo3ra (Cases et al., 1995; ITorosa, 2004).
Kpowme Toro, Obli1M BBISIBICHBI TOHW)KEHNE Yy BCTBUTEILHOCTH
5-HT, , peuenTopos 1 HEOONbINOE CHUKEHUE UX IIOTHOCTH
B 00JIacTH siiep IIBa, HO HE B APYT'HX CTPYKTypax Mo3ra
(Evrard et al., 2002). B Hamix padoTax moka3aHo CHIKCHHE
(byHKUMOHANBHON akTUBHOCTH 5-HT, , peuenTopos B Mo3re
Mblied nuHun Tg8, a Takke To, 4YTO TeHETUYECKUI HOKayT
MAO-A npuBoauT K yBenu4eHuro sxkcnpeccuu rena 5-HT
perienTopa B MUHIAJIEBUIHOM KOMILIEKce 1 kope Mo3ra (Ha-
YMEHKO H Jip., 2005; Naumenko et al., 2005).

Peakuua sammpaHus

Jpyrum BUIOM BBI3BAaHHOTO CTPaXOM 3alMTHO-O0OPOHH-
TCJIbHOTO MMOBEACHUA ABIACTCA pEaKIUA 3aMHUPaHus, KOTOpas
MIPEACTaBISIET COOON COCTOSIHUE JUTMTEINEHOW O00E3IBIDKEH-
HOCTH C IDTACTUYCCKHUM (KaTaJICTICHsl) WIH PUTHUIHBIM (Ka-
TaTOHMSI) TOHYCOM MYCKynaTypbl. JKHBOTHOE WMJIM YEIOBEK
B COCTOSTHUM KaTaJIeTICHU HE CIIOCOOHBI UTNTENFHOE BpEeMs
M3MEHSTH NPUIAHHYIO UM HEYAO0OHYIO TI03Y.

VY BBICHINX ITO3BOHOYHBIX KaTaJICIICUS SIBJISICTCS pa3sHOBU -
HOCTBIO TTaCCHBHO-000POHUTENHHOW peaKINy 3aTanBaHUs
IIPY TOSIBJICHUH XHIHUKA WM KaKOH-JIMOO MHON yrpo3bl
(IToroBa, 1997; Popova, 1997; Dixon, 1998; Popova, 1999).
'Y HEKOTOPBIX MIIEKOITUTAIONINX CyOOPIMHAHTHEIHN camert, Oy-
JTy4H aTaKOBaH OOJiee arpecCUBHBIM COPOTUYEM, IEMOHCTPH-
pyeT KarajenTornogo0Hyr HenonBwkHOCTh (Dixon, 1998).
YV genoBeka B BRIpaKeHHOU (hopMe KaTasericus HalmonaeTcs
TP HEKOTOPBIX TSHKEIBIX (POPMaxX HEPBHBIX M IICUXUIECKIX
narojyioruii (Singerman, Raheja, 1994; Sanberg et al., 1988)
WM KaK HeTaTWBHBIN 3((EKT nedeHuss HeHpoJenTHKaMu
(Fricchione, 1985).

Hseectno, uro cenekruBHbii aronuct 5-HT,, penenro-
poB, 8-OH-IITAT, cymiecTBeHHO MTOJABISAET BEIPAKEHHOCTD
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dhapmakonoruueckoit moppunosoit (Broekkamp et al.,
1988) u ramonepuaonosoii (Broekkamp et al., 1988; Haleem
et al., 2004) karanencun y KpbIc U CIIOHTAHHON KaTaJICTICUU
y mbreit (Miyata et al., 2007). B ULlul' CO AH CCCP
n.60.1. B.I. KonmnmakoBeIM ¢ KoymeraMu Obljia POBEICHA
yCIIeIIHast CeJIeKIUs KpbIc ayTOpeaHol nomymsnun Bucrap
Ha BBICOKYIO IIPE/IPaCcIIONOKEHHOCTb K CIOHTaHHOM KaTaJer-
cum (bapsikuna u ap., 1983). Beicokuii ypoBeHb KaTajercuu
(50-60 % xaranenTHKOB) y Kpblc nosydenHo# suanu ['K (re-
HETHUUYECKHE KaTaJIeITHKN ) COXPaHsETCs B TeUEHHE ke Oosee
50 moxonernid. COTpyIHUKH JTaOOpaTOpPUN HEHPOTEHOMUKH
noseaenus W ul" nokasamu cuxenne miornocru 5-HT, ,
peLenTopoB Bo (pPpOHTAIBHON KOpE U CTpUATyMe KpbIC, ce-
JIEKIIMOHUPOBAHHBIX Ha BBICOKYIO IPEIPACION0KEHHOCTh
Kk karanencuu (Popova et al., 1998).

Eme oxHoii naboparopHoil MoJIebi0 HedapMaKoIorude-
CKOH KaTasencuH siBrsieTcs mumnkosas (pinch-induced) kata-
JIeTICHsI MBIIIeH. BpiTo ToKa3aHo, YTO Yy HEKOTOPHIX MBIIICH
KaTaJIenTono00Hast HeMoIBM)KHOCTb Pa3BUBAETCSI IOCIIE Ce-
PHH TTOCITEIOBATEIFHBIX IIIUITKOB KOXKHM 3arpuBKa (Amir et al.,
1981). B naboparopuu neiporenomuku nosenenust Ullul" CO
PAH 0bu1a co3nana nunust Mbitiei (Antidepressant Sensitive
Cataleptics, ASC) ¢ IOBBIIIEHHOH TPEIPaCION0KEHHOCTHIO
K JaHHOMY THITy 3amutHoro rmoseneHus (Kondaurova et al.,
2006). Mpiuu muHnu ASC ObUTH MOJTYYEeHBI B pe3ysbTare
CEJIEKIIMU Ha TMOBBIMIECHHYIO KaTAJICIICHIO U3 TOMYJISIINH
OEKKPOCCOB MEXJy MblmaMH Hekaranentndecko (AKR)
u xaranentuueckoit (CBA) munuil. Ipu uccnenoBanuy HOBOH
JIMHAH C TIOMOIIIBI0 MUKpOocaTemuTHOro aHanu3a (QTL) 6pur
00OHapy’KeH y4acTOK, JIOKaJIM30BaHHbIN Ha 13-if XxpoMocome
U CBSI3aHHBIH C HAacJIe0BaHueM Karanencuu. llponemoncTpu-
POBAHO, YTO ATOT YYACTOK BKJIFOUAET HAPSIAY C HECKOTBKUMHU
Apyrumu red 5-HT,, peuenrtopa m HacjemyeTcsi MbIIIAMH
muaun ASC ot Melmel karanentuueckoit auHuu CBA (Ky-
nkoB, basoBkuna, 2003; Kymmxos u 1p., 2003; Kulikov et al.,
2003; Kondaurova et al., 2006). Kpome Toro, MbI TOKa3aiu,
YTO KaK MOBBIIICHHAs PEIPACIIOIOKEHHOCTD K KaTalleIICUH
(mmans CBA), Tak 1 cenekuus Ha 3Ty IPeIpacioIoKeHHOCTh
(manst ASC) cBsi3aHBI C MOBBIICHHON (YHKIIMOHAIBHOM
aktusHoCThIO 5-HT,, penentopos. B To e BpeMs y MbI-
weii nuann CBA skenpeccus rena 5-HT, , penentopa 6bi1a
CHIDKEHA TI0 CPaBHEHUIO C MBIIIAMH HEKaTaJeNTHYCCKON
muann AKR, a 'y mbimeit auanun ASC oHa CyIeCTBEHHO He
oTIMYaack oT poauTenbekux Tuani (Haymenko u ap., 20006;
Naumenko et al., 2006).

3MMHAA cnAayka

3UMHSIS CIISTYKA MTPEIICTABISICT COOOM COUCTaHNE TICPUOANYC-
CKH BO3HHKAIOILIETO ITyOOKOTr0 M JTMTEIBHOIO CHA C ITyOOKO#
TUIOTEepPMHEi. DTO MOpa3UTETHFHOE IBOIIOIIMOHHOE ATl THB-
HOC TIOBEJICHUE, TIO3BOJISIONICE JKUBOTHBIM MEPEIKUTH 0€3
BOJbI U TUIIU JOJIT'ME CYPOBBIC 3SUMHUE MECAIIBI. Purm cepaua
B CIISTYKE COCTABIISIET OKOJIO 2—5 % OT 9acTOTHI COKpAICHUN
MIpHU HOPMAJIBHOM TeMIiepaType Teia. Temreparypa Tena Mo-
JKeT cHmkarbes 10 3—1,5 °C, T.e. 6osee yem Ha 30 °C. Panee
HaMmu ObUTa ycTaHOBJIEHA KirodeBas pois 5-HT B BOZHHKHO-
BEHUH U Nofepkanmn 3uMHel crisiuku ([Tomosa u ap., 1978).
Cpenu 5-HT peuenropos BuuManue npusnekaror 5-HT ,,
5-HT; u 5-HT, penenrtopsl, akTUBALUsA KOTOPBIX MX CENEK-
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TuBHBIMU aroHucTamu (m-CPBG u LP44 cooTBeTCTBEHHO)
BBI3BIBACT ITYOOKOE MaieHue Temmneparyps Tena (Naumenko
et al., 2009; Naumenko et al., 2011). 5-HT unTepecen eme
U T€M, 4TO, KpOME TUIIOTEPMUYECKOT0 JeHCTBHUS Ha TEpMOpe-
rymsro (Hjorth, 1985; Goodwin et al., 1987), on npuanMaet
ydacThe U B PETYISIHUN CHA. JIeHCTBUTENIBHO, CEICKTUBHBIN
aronucr 5-HT, , peuentopos, 8-OH-TIAT, unrubupyer na-
panokcaibpHyIO a3y cHa y Mblieii u kpoic (Popa et al., 2006),
a 5-HT, , aHTaroHuCT NpensTCcTByeT STOMY HHTHOUPOBAHHIO
(Monti, Jantos, 2004).

Kaxkne-m0o gaHHbIE 0 PO B MEXaHU3MAaX 3UMHEHN CIITIKN
5-HT, u 5-HT, penentopos orcyTCcTBYIOT. B T0 3%€ BpeMs Hamu
BBIABIICHO CYNIECTBEHHOE yBean4eHue roTnoctd 5-HT, ,
PELENTOPOB B THINIOKAMIIE, CPETHEM MO3T€, IOJIOCATOM
TeJe ¥ BO (PPOHTAIBHON KOpE CYCIIMKOB, HAXOSIINXCS B CO-
CTOSIHUM 3UMHEH CIISTYKH, 110 CPAaBHEHUIO C OOPCTBYIOLINMHU
KMBOTHBIMH. MBI BIIEpBBIE CEKBEHHMPOBAJIN (PpParMeHT I'eHa,
koaupytomiero 5-HT, , penenTop 3MMOCHAIIMX ATUHHOXBO-
cthix cycnukoB (Citellus undulatus), 1 0OHApYKUIIH BCTaBKY
TpeX HYKJIEOTHIOB B YyYacCTKE I'€Ha, KOAUPYIOLIEM TPETHIO
IIUTOILIa3MaTHUYECKYIO IeTII0 perentopa. Kpome toro, 6b1u1u
Hali/IeHbl 3HAYNTEIIbHBIE CTPYKTYpOCTEU(DHYHbBIC M3MEHEHUSI
skcnpeccun rena 5-HT, , penenropa B MO3re CyCIMKOB, Ha-
XOJISIIIIMXCS B PA3INYHBIX (pa3ax IMKIIa COH—OOpCTBOBAHME.
Oxkazanock, 4TO IKCIPECCHs UCCIETYEMOro TeHa OCTaeTcs
OTHOCHUTEIBHO BBICOKOH B TEUEHHE 3MMHEH CIIAYKH, 4TO,
HECOMHEHHO, CBUJETEIBCTBYET O BaKHOW POJIN, KOTOPYIO
5-HT,, peuentopsl UrpaloT B Pa3BUTHH U NOAACPKAHUU
YOUBUTEIBHON MPUPOAHON afanTanuy — 3UMHEH CISTIKH
(Naumenko et al., 2008).

3aknioyeHune

HaxonuBmmecs jaHHbIEe, B TOM YHCIIE M MOJyYCHHBIC B JIa-
o6opatopuu HeliporeHomuku noseaenust Ulul" CO PAH,
HECOMHEHHO, CBUETENLCTBYIOT O KimoueBok ponm 5-HT, ,
PELENTOPOB B Ay TOPETYIISALMH CEPOTOHUHOBOM CUCTEMBI MO3-
ra u 00 UX y4yacTHUH B TE€HETHYECKOI PETYISIMU PA3IMYHBIX
(hopM HOPMATIFHOTO ¥ TATOJIOTHYECKOTO TIoBeieHus. CIIeKTp
BH/JIOB MOBE/IEHNs, KOHTponupyembix 5-HT, , penenropamu,
MOPA3UTENbHO MIMPOK: OT IBOJIONMOHHO CIOXKUBIIHUXCS
MPUPOJHON afanTalyuy K 3UMHEH CIISTUKEe U TIOMECTHKAUU
MJICKOTIMTAIOIIHX JI0 TAKUX PACTIPOCTPAHEHHBIX TICHXONATO-
JIOTHH, KaK TPEBOXKHOCTh U ACTIPECCHUS.

Oco060 nHTEpeceH TOT (aKT, YTO CEIEKTUBHBIC aTOHUCTHI
5-HT, , peuenTopa NpUBOAAT K CHUKEHHIO BBIPAKEHHOCTH
BCEX OIMKMCAHHBIX ()OPM MOBEACHUS. B CBSA3M ¢ 3TUM MOXKHO
NPEeANoNOKHUTE, 4To 5-HT, , penentopsl UrparoT HHTHOUpY-
IOIIYIO POJIb B PEryssinuu 3Tux (Gopm noseneHus. [lanHble
O MOBBIIICHHONW aKTMBHOCTH W IutoTHocTH 5-HT,, peuen-
TOPOB M 3KCHPECCHN KOIUPYIOLIETO MX T'€HA, MOIyYCHHBIE
Ha KpbICaX-TTacloKax, CEJIEKIIMOHMPOBAHHBIX Ha OTCYTCTBHUE
arpecCUBHON peaKIMy MO OTHOIIEHHIO K YEJOBEKY, MOJ-
TBEPKJAIOT 3TO TPENOIOKEHHE.

Kak ysxe Ob110 0T™MeueHo, 5-HT | , penenTopsl JoKaIu3yroT-
CA KakK 1pe-, TaK U MOCTCUHAIITUYECKH, U B 3aBUCUMOCTHU OT
CBOEH JIOKaJIN3aIMHU NIPH aKTUBALNHU OKa3bIBAIOT PA3INIHbIC
3¢ EKTHI Ha COCTOSHIE CEPOTOHMHOBOM CHCTEMBI. YHHUKAIb-
Ha ¥ CUCTEMa PETYIALNKM akTUBHOCTH TeHa 5-HT, . penenTo-
pa. B mpomoTope reHa mpucyTCTBYeT crennuIecKuii caii-
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nencep (Ou et al., 2000), OTCYyTCTBHE KOTOPOTO IOBBIMIACT
skcnpeccuto rena 5-HT,, penentopos B 10 pas. Muruou-
pyromuil KOHTpONb Tpanckpunuuu rena 5-HT, , penentopa
OCYILECTBIsIeTCSl TakKe KopTukocrepounamu (Wissink
et al., 2000). benkoBas CTpyKTypa perenTopa MO3BOJISAET
MIPE/TIONIOXKHUTE HECKOIBKO CITOCOOOB MOCTTPAHCISIIIMOHHOMN
perynsiuu 5-HT, , penenropos. Oto dochopunuposanue
nporennknHazon C (Raymond, 1991) u cBs3pIBaHME C Kajb-
MOJYJIMHOM, TIOHWYKAIOIINE TyBCTBUTEIBHOCTh PELETITOPOB.
[Tomy4eHHble 3a mocieHee BpeMsl JaHHbIE BBIIBIIIN HOBBIH
MEXaHU3M ayTOPETyJISIIUN CEPOTOHNHOBON CHCTEMBI MO3Ta,
CBsI3aHHBIN C onmuromepusanuek 5-HT,, peuenropa u ero
B3auMmozencrTeueM ¢ gpyrumu Bujgamu 5-HT penentopos.
Oxka3anoch, 9TO KIIOYEBOW PEryIsaTop ATOH MeIMaTOPHON
cuctemsl, 5-HT,, penentop, cam 3aBHCHT OT CEPOTOHHHO-
BbIX 5-HT, peentopos, KoTopele, 00pasys ¢ HUM JMMEPHbIE
KOMIIJIEKCHI, BEAYT K MHTEPHAIU3aINU U (yHKINOHAIBHON
unaktuBanuu 5-HT,, penentopa. OTu JaHHBIE TO3BOIUIA
M0-HOBOMY B3IUISIHYTh HE TOJILKO Ha posb 5-HT, penenropa
U ero B3auMozeicTeus (cross-talk) ¢ 5-HT,, peuenropom,
HO ¥ Ha TPo0JIeMy MeXaHU3Ma JICTIPECCHH U ICHCTBUS aHTH-
JIETIPECCAHTOB TPYIIIbI HHTHOUTOPOB 00pAaTHOTO 3aXBaTa ce-
poronuHa (Naumenko et al., 2014).

OTcyTCTBHE AKTUBHPYOLIMX TOCTTPAHCIIAIIOHHBIX MeXa-
Hu3MOB perynsiuuu 5-HT,, penentopos Takxke cBUICTENb-
CTBYeT O BBICOKOH 0a3aipbHOM aKTUBHOCTH T'eHA PelenTopa
1 (QyHKIMOHAIIBHOM aKTUBHOCTH PELIENITOPA, YTO TO/ITBEPIK-
JIaeT 3HAYMMOCTh ATOTO PELENTOPa B PETry/IAILNH TTOBEACHUS.

Ha ocHoBe nuTeparypHbBIX JaHHBIX U JAHHBIX, TOTyYEHHBIX
YCHIINSIMU COTPYAHUKOB JIa00pAaTOPHN HEHPOT€HOMUKH TTOBE-
nenus MIIul" CO PAH, MoxHO clieiaTh BbIBOJI, YTO OCHOBHAS
perymsuus 5-HT,, peuentopa OCyIeCTBIsAETCS HA MOCT-
TPAHCIISIIIMOHHOM YPOBHE M SBJISIETCSI HHIMONpYIOLed. ITo
00BSICHAET YaCTOE HECOOTBETCTBUE BBIPAXKEHHOCTHU IKCIIPEC-
CHM T€Ha U INIOTHOCTH M YyBCTBHTEJIBHOCTH PEIETITOPOB.
TpaHCKpUIIIMOHHAS PETYISIMSA, BEPOSTHO, OCYIECTBIISIETCS
TOJIBKO B KPalHUX CITy4yasiX OTKJIOHEHHs ITOBEJCHUS OT HOP-
MBI, KOT/Ia TOCTTPAHCIALMOHHBIX N3MEHEHHH HEJIOCTATOUHO.
OO0 5TOM CBUICTEIIBCTBYIOT JaHHbIE O CHIPKEHHOW KCIIPECCHHI
rena 5-HT, , peuenropa npu AeNpecCUBHBIX PACCTPORCTBAX
U JUTATETTHHOM CeEeKIINH Ha arpecciBHOE roseaeHue (Popova
et al., 2005). B cBsi3u ¢ 3TUM ITPEACTABISAIOTCS TIEPCIICKTHB-
HBIMM JaJbHEHIINE UCCIEeJOBAaHMUS MOCTTPAHCIAUOHHON
perymsaunu 5-HT,, peuentopos ajis 0osee rrybokoro no-
HUMaHHS POJIM TUX PELENTOPOB B MEXaHU3MaxX PEryssiiuu
MOBEJICHHUS.
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B OTAe/IaX MO3ra CaMIiOB Kp
rIperryoepTaTHOI'O Bo3pacTa

TpaHCKPUNTOB BDNF
bIC

A Tleperyal: 2@, C.B. Opeitman® 3, A.O. TumkunaZ, A.C. Coxpanstea?, H.A. Aasapesa2, M.B. Onydpues® 3,

M.IO. Cremannues?, H.B. Tyasesa?

1 HayHHO-I/ICCJ'Ie,qOBaTeJ'IbCKI/IPI NHCTUTYT HapKonoruu — d)vmman G)e,qepaanoro I

OCYAaPCTBEHHOTO GlofKeTHOrO yupexaeHus «DefepanbHbli

MeANLUVIHCKINIA NCCefoBaTenbCKNii LeHTP NCUX1aTpun 1 Hapkonorumn nmenn B.M. Cepbckoro» Munsgpasa Poccrmn, MockBa, Poccun
2 DepepanbHoe rocyaapcTBEHHOE OIoKEeTHOE yupexaeHne HayKu VIHCTUTYT BbiCLUel HePBHO AeATENIbHOCTU U Hellpoduanonornm Poccrinckoi

akagemun Hayk, Mocksa, Poccua

3 HayHHO-FIpaKTI/I‘-IeCKI/IIZ LEHTP NCUXOHEBPOJIOTMX AenapTaMeHTa 34PpaBOOXPaHeHNA MockBbl, MockBa, Poccusa

lMpoBocnannTenbHbIN CTPECC, NepeHeCeHHbIV B paHHEM MOCTHaTab-
HOM nepuoae, CrnocobeH NPOBOLMPOBaTb HapyLLEeHKE PasfINYHbIX
TUNOB NOBefEHNA Y B3POC/IbIX MOSIOBO3PESIbIX 0CO6eld, Mpu 3TOM
MeXaHV3Mbl, NeXallue B OCHOBE JaHHbIX HapyLUEHWI, U3yYeHbl
HepocTaTouHO. Mo3roBol HepoTpoduyecknin pakTop (Brain-

Neurotrophic Factor, BDNF) urpaet kntoueByto ponb B peanus
HenponiacTMyecknx NpoLLeccoB Kak B HOPMe, Tak 1 Npw naTo.

Effects of early neonatal
proinflammatory stress

on the expression of BDNF
transcripts in the brain regions
of prepubertal male rats
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OT CTUMyna. Mol npeanonoXumnun, 4To HapyLeHna skcnpeccnmn

dunyecknx MPHK BDNF B oTgenax LeHTpanbHOM HEPBHOWM CUCTEMBI
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nocne cTpecca, BbI3BaHHOIo nposocnaanTesibHbIMN CTUMYJTaMU

Ha paHHMX 3Tanax OHTOreHes3a, MOryT COCTaBATb OAVH U3 MeXa-
HM3MOB MOCNEeAyoLWMX PacCTPONCTB NoBeAeHus. Lienbio paboTbl
ABUNOCb NCCNef0BaHNe BAVAHNA NPOBOCNANNTENBHOIO CTpecca

B paHHeM HeoHaTaJlbHOM nepuroge Ha cofepxaHue BDNF Ha ypoBHe
noaunenTuAa U NaTTepH 3KCNpeccum 3K3oH-cneyndryeckmnx MPHK

BDNF B HeoKOpTeKCe 1 rMnnoKamre camLoB KpbiC npeny6epT
BO3pacTa. [poBocnanunTeNbHbIN CTPECC Bbi3blBaiv NyTeM MOA
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KOXHOro

BBeAeHuA 6aKTep|/|aanoro imnononncaxapnia aeTeHbllwamM KpbiC

Ha TPETUN 1 NATbIN NOCTHaTaNbHble AHW, a aHann3 BDNF nposoannmn
B BO3pacTe 36 aHeln. KoHueHTpauuo nonunentuga BDNF B otgenax
rofIOBHOMO MO3ra OLeHUBaNN NocpeCcTBOM TBEPAOPa3HOro MMMYHO-
depMeHTHOro aHanM3a, SKCNpPeccunio 3k3oH-cneyndryecknx mPHK
BDNF nccnepoBany € MOMOLLbBIO KONIMYECTBEHHOWN NOAYMepPa3Hon

LienHo peakuumn nocne stana obpatHoi TpaHckpunumn. Cog

nonunentuaa BDNF 1 ypoBeHb TpaHCKPUNTOB, cofepalynx oowuii

3K30H IX, He MeHANUCH B pe3yrbTaTe MPOBOCNANIUTENBHONO CT|
B HeokopTeKce (HO He B rinmnokamnme) Kpbic, KOTOPbIM BBOAUIT
nunononucaxapua, cHukanca yposeHb MPHK BDNF, copepika

3K30H |V. Vi3meHeHu B ypoBHe APYryX TPaHCKPUMTOB, COAEPMKaLLUX
3K30HbI | 1 VI, He HabnoAanocb HY B OHOM U3 UCCNIeAO0BAHHbIX
OT/IeN10B MO3ra. YUnTbiBas, YTO, COrNACHO AaHHbIM INTePaTypbl,

Early postnatal proinflammatory stress provokes
behavioral impairments in adulthood; however,
underlying mechanisms are still elusive. Brain-derived
neurotrophic factor (BDNF) plays a crucial role

in neuroplastic changes in health as well as at patho-
logy. The BDNF gene is transcribed to exon-specific
MRNAs and the pattern of their expression depends
on stimulus. We suggest that disturbances of exon-
specific BDNF mRNA expression in the brain regions
after stress induced by proinflammatory stimuli

in early postnatal period could be one of the under-
lying mechanisms of consequent behavioral impair-
ments. Thus, the aim of the study was to investigate

epXxaHune
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"
wen

Y KMBOTHbIX, NepeHeCLUNX PaHHUI MPOBOCNANIUTENbHbIN CTPECC,
pa3BrBaloTCA HapyLUeHNA NOBEAEHNA, Mbl MPeAnonaraem, Yto cne-
unduryeckne n3MeHeHuA naTtTepHa skcnpeccuv BDNF moryT 6biTb

the effects of proinflammatory stress in early postnatal
ontogeny on the expression of BDNF and the patterns
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and hippocampus of prepubertal male rats. The pro-
inflammatory stress was induced by subcutaneous
administration of bacterial lipopolysaccharide (LPS)
to rat pups on postnatal days 3 and 5, while BDNF
expression was analyzed in 36-day-old rats. BDNF
polypeptide concentration was estimated by means
of an enzyme-linked immunosorbent assay, while
quantitative polymerase chain reaction followed by
reverse transcription was used to detect exon-specific
BDNF mRNA expression. The levels of BDNF and
transcripts, containing common exon IX were similar



KAK UNTUPOBATbD 3TY CTATbIO:

in the control and LPS-treated rats. In the rats treated
with LPS, the level of BDNF mRNA, containing

exon |V, was lower in the neocortex, but not

in the hippocampus. No changes in the expression
of the transcripts containing exons | and VI were
observed in any brain structure studied. We suggest
that specific alterations in BDNF expression may be
involved in the susceptibility to the development

of behavioral impairments of animals subjected

to early proinflammatory stress.

Key words: brain-derived neurotrophic factor;
BDNF transcription; early proinflammatory stress;
lipopolysaccharide; neocortex; hippocampus.
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3MEHEHHUS] TPAHCKPHUIIIIMOHHOTO NMPOQWIsL B pa3ind-

Hbix otaenax [[HC nexar B 0CHOBE 1OJTOBPEMEHHBIX

Moaudukanuii HefporutactuaHoctr (Tabuchi, 2008;
Lyons, West, 2011). C moMOIIIbI0 SKCTIPECCHOHHOTO aHAIIN3a
Ha MOJHOT€HOMHOM YpPOBHE YCTAHOBJIEHO, YTO Pa3IHYHbIC
Buasl ctpecca (Erburu et al., 2015), Bkimogas wHIynHpo-
BaHHBIA npoBocmanuTenbHbiMu cTuMynnamu (Oskvig et al.,
2012), MOTYT CONPOBOXKJIATHCS 3HAYMMBIMU H3MEHEHUSIMU
yposHs Teicsd MPHK B ITHC. Hapymenust Hefipormactud-
HOCTH, BBI3BAaHHBIE CTPECCOM, B 3HAYUTEIILHOM cTereHn 00-
YCJIOBJICHBI U3MEHEHUSMH HEHPOTPOPHUIECKOTO 00eCIIeueHHUs
KJIETOK MO3ra. B gacTHOCTH, cTpecc MoAaBIsIeT IKCIIPECCHIO
u conepskanne B [L{THC mo3roBoro Heliporpodudeckoro hax-
topa (Brain-Derived Neurotrophic Factor, BDNF), koTopsIii
UTPAET LEHTPAIbHYIO POJIb B MPOLECCaX HEWPOIIACTHIHO-
ctu (CaxapHoBa u np., 2012; NBanos, 2014; Calabrese et
al., 2014). Beenenue OakTepHaILHOTO JIMITOIOIMCAXAPUIA
(JITIC) rpeI3yHaM CONMPOBOXKIACTCS CHHKEHHUEM dKCIIPECCUT
BDNF B runmnokamie 1 HEOKOPTEKCE Ha YPOBHE KaK MOJIH-
nentuna (Guan, Fang, 2006), tak 1 MPHK (Kranjac et al.,
2012). Ilo Bce#t BuamMocTH, CHIKeHHE dkcnpeccunt BDNF
B OTJeJIaX MO3Ta SBISICTCSI OJHUM M3 KIIOUCBBIX 3BCHBCB
B pean3aliiy MOBEICHUECKUX HapyIIeHUH, OTMEYaeMbIX [TPU
Beegennu JIIIC. Taxk, B pabore Zhang ¢ xomneramu (2014)
MIPUBEJICHBI TaHHBIE 0 ToM, uTo BBenenue JIIIC npuBoant
K cHinkeHHto skcripeccur BDNF, ypoBHst pocdopuimpoBanust
ero perenitopa TrkB, MIOTHOCTH IIMIMKOB B THUIIIOKaMIIEe U
HEOKOPTEKCE, a TAKXKE K PA3BUTHIO JITIPECCUBHO-T10100HOTO
COCTOsIHUA, a cruMyisinus curHanuara BDNF nocpeacrsom
mumeTuka TrkB 7,8-runpoxcudnaBona mpegoTBpamaet
ykazaHHble HapymeHus (Zhang et al., 2014). Takum obpa-
3o0Mm, JITIC mopynupyet skcripeccuto BDNF, uto, oueBuaHo,
umeeT (PYyHKIIMOHATIbHOE 3HAYEHHE, OJHAKO MPOUCXOIST JIN
nono0HbIe 3MeHeHus pu Bo3xaeiicteun JIIIC B paHHeM
MIOCTHATAJIbHOM OHTOT€He3€, a TaKyKe MEHSIOTCS JIU TPaHC-
KPHUIIIMOHHBIE MEXaHU3MBI, JIEKAIINEe B OCHOBE JAaHHOTO
(heHOMEHa, OCTAETCS] HEM3YUCHHBIM.

Tpauckpunuust BDNF npencrasisier coOoi CII0KHO opra-
HHU30BaHHBIN MIPOLIECC, KOTOPBIH OMpPENEeNsIOT CTPYKTYpHBIE
ocobenHocTy reHa BDNF 1 KOMIUTEKC (haKTOPOB, MOYIIHPY-
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IOLIUX €r0 TPAaHCKPUIIHMOHHY!O perynsanuto. K Hacrosmemy
MOMeHTY u3BecTHO, 4To MPHK BDNF rpbI3yHOB MOXET
OpITH TIpencTaBneHa 18 pasmmuaspiMu BapuanTamu (Aid et
al., 2007). Bce oHM KOOUPYIOT OAMHAKOBYIO AMHHOKHCIIOT-
HYIO TIoclieioBareabHOCTh npenpobenka BDNF. Bomnbiioe
gucno BapuantoB MPHK o6ycnosnerno tem, uro ren BDNF
COZICP)KUT TI0 MEHbIIEH Mepe 9 3K30HOB (HEKOAMPYIOIIUE
sk30ubI [-VIII, u xopupyrommuii 3x30H X, 00wt st Bcex
TparckpunToB) (Aid et al., 2007). B 5'-o6mactu xaxgoro He-
KOAMPYIOLIETO YK30HA PACIIONIOKEHBI MHUBUIYaIbHBIE TIPO-
MOTOpBI, ¢ KOTOPBIX HHUIIMMUpYeTcs TpaHckpunims. B [THC
I'PbI3yHOB TpacKkpuntel BDNF, conepxauue 3k30HbI [, IV
n VI, nanbornee peakTUBHBI B OTHOLICHUH Pa3HOOOPA3HBIX
CTUMYJIOB. B yacTHOCTH, H3MEHEHHE TPAHCKPUIIIHOHHOTO
npoduitss BDNF ObI10 OTMEYCHO B PE3YIIbTaTe CONUATBHOTO
ctpecca (Duclot, Kabbaj, 2013) nim oOydeHus B yCIoBHIX
BBIPAKEHHOTO CTPECCOPHOTO BO3EHCTBUS, HApUMeEp MpU
BBIPAOOTKE KOHTEKCT-3aBICHMON YCIIOBHON pEaKIiy CTpaxa
(Lubin et al., 2008). M3BecTHO Takxke, 4TO cTpecc B popme
9KCIIO3ULIUU AETEHBIIEH CTPECCUPOBAHHOM MAaTEPU B PAHHEM
MIOCTHATAJIbHOM OHTOTEHE3€ MPUBOAUT K CHMKECHUIO JKC-
npeccun BDNF B Mo3re, KOTOPOE MPOUCXOIUT BCIEACTBUE
METUJINPOBAHUSI TPOMOTOPHOTO yuacTka 3k30Ha IV (Roth et
al., 2009).

Cremyer OTMETHUTB, YTO PAaHHUI MMOCTHATAIBHBIN OHTOTE-
HE3 XapaKTepU3yeTCsl BBICOKOW UYBCTBUTEIHHOCTHIO MO3ra
K BIMSHHUIO CPEIOBBIX (DaKTOPOB. XOPOIIO M3BECTHO, YTO
pa3IUYHbIE BO3AECHUCTBHS B ATOT NEPUOJ OHTOTEHE3a MOTYT
HUMETh JUIMTEIbHBIE MOCIEICTBUSA, KOTOPbIE MPOSBISIOTCS
y B3POCIBIX 0CO0€il B BHE MPEIpacIOIOKEHHOCTH K Pa3-
BuTHIO ncuxudecknx Hapymennit (O’Connor et al., 2005;
Loman, Gunnar, 2010). IIpusaaTO CUMTATh, UTO CTPECCOPHBIE
BO3JICHCTBHS HA OPTaHU3M B KPUTHUECKHE TIEPHOIBI HMEIOT
«IIpOTpaMMHUpYIOIIEe» JACHCTBUE, TPUBOASL K HEOOPATHMBIM
nmoaroBpeMeHHbIM mocnenctBusM (Lucassen et al., 2013).
K ctpeccopHbIM BO3IEHCTBHAM TTOI0OOHOTO POJia MOKHO OTHE-
CTH HapyIIEHUE POANTEIHCKON 3a00ThI O TOTOMCTBE, BKITIOUast
MarepuHcKyto aenpeccuto (O’ Connor et al., 2005), n3meHeHus
ctpykrypsl mutanus (Laus et al., 2011), smormonanbHbIE 1M0-
tpsicenns (Yehuda et al., 2005). [TpnunHO# BO3ZHUKHOBEHUS
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MOIOOHBIX JUTUTEIILHBIX N3MEHEHUH MOTYT OBITh CTPYKTYPHO-
(DyHKIIMOHAIIBHbBIEC HAPYIIECHHNS B PsIE OT/IENIOB MO3T'a, B 4acT-
HOCTH B THUIIIOKaMIIE, CO3PEBAHUE KOTOPOTO MTPOOIKACTCS
B TEUCHUE JITUTEIBHOIO BpeMEHH T0cie poxkaeHus (Altman,
Bayer, 1990; Arnold, Trojanowski, 1996).

D¢ HeKThI «IIpOrpaMMHUPYIOIIET0» BO3ACHCTBUS HA Pa3BH-
THE MO3Ta UMEET U CTPECCOPHAasi peaKLs, BOSHUKAIONIAsl B OT-
BET Ha MPOHUKHOBCHNE B OPTaHMU3M PA3IMYHBIX MaTOTCHOB.
B gacTHOCTH, MapeHTepaIbHOE BBEICHHUE JICTEHBIIIAM KPBIC
6axrepuansHoro JIIIC B paHHeM MOCTHAaTaJIbHOM MEPHOAE
BBI3BIBAET PA3BUTHE BBIPAXKEHHOM CTpECC-peaKinu, KOTopast
MPUBOAUT K 3HaUnTeNbHBIM nepecTtpoiikam B [THC. Cnencrau-
€M I10ZI00HOT0 CTPECCOPHOTO BO3/ICHCTBHUS B pAHHEM [TOCTHA-
TAJILHOM MEPHOJIE SBIISETCS BOSHUKHOBEHHE CYIIIECTBEHHBIX
HapyIICHUH MOBEICHHS y B3POCIBIX ITOJIOBO3PEIBIX 0COOCH
(Walker et al., 2009, 2011, 2012). K naubosee xapakTepHbIM
MOCJIEJICTBUSIM TAaKOTO BO3ACHCTBUS y TPBI3YHOB MOKHO
OTHECTH HapyIIECHUS yCTOMYMBOCTH K CTpeccy, MpOsBIe-
HUSI TPEBOXKHOCTH M JIETIPECCUBHO-II0JOOHOTO MOBECHUS,
CHID)KEHHE HCCIIE0BATEIbCKOW aKTUBHOCTH, HAPYIICHHS
MIPOLIECCOB HEHPOIUTACTUYHOCTH, KOTOPBIE JISKAT B OCHOBE
o0yuenust u popmuposanus namsiti (Walker et al., 2009; Rico
et al., 2010; Sominsky et al., 2012a, b; Doosti et al., 2013).
Y4uThIBast, 4TO pa3BUTHE TOCTCTPECCOPHOMN ICTIPECCHU B 3Ha-
YUTENLHOM CTENeHN 00YCIIOBJICHO HAPYILIEHUSIMH B CUCTEME
uerporpopunos (I'puropesa u ap., 2014; Stepanichev et
al., 2014), B vactaHoct BDNF, HeoOX0oanMO H3y4HTh, KaK
«IpOrpaMMUPYIOIIIEe) BO3AECHCTBHE CTPEeCcca B PaHHEM ITOCT-
HaTaJIbHOM OHTOTEHE3€ M3MEHSET MPOIIECChl, BOBICUCHHBIC
B TIPO/IKIIMIO 3TOTO HEMPOTpO(hHHA B MO3TE.

[enbio paboTHl ABUIOCH UCCIEIOBAHUE BIUSHUS PaHHE-
ro HeonatanpHoro BBenaeHus JIIIC na comepxanne BDNF
u 3Kcrpeccuto dk30H-crierpuaeckux MPHK BDNF (1, 1V,
VI u IX) B runmnokamriie 1 HEOKOPTEKCE KPHIC.

MeTtopnbi

DKCTIIEPUMEHTHI C JKUBOTHBIMH BBITMOJIHEHBI B COOTBETCTBUU
¢ TpeboBanusamu Jupextussl 2010/63/EU EBpomneiickoro
[MapmamenTta u Cosera ot 22 cenrsiopst 2010 1. u npukasza
No 267 M3 PO or 19 uronst 2003 r. B 001acTH 3aIUTELI U HC-
MOJTb30BAHMS JKUBOTHBIX B 3KCIIEPHUMEHTAIBHBIX HCCIEIO-
BaHUAX. [[POTOKON 3KCIIEPUMEHTA YTBEPKICH DTUUCCKON
komuccuert UBH/] u HO® PAH.

BepemenHbIe caMKu KpBIC TMHUH BucTap ObITH OTyYeHBI
n3 Ommana «Cronbosasy DeneparbHOTO ToCyIapCTBEHHOTO
OrO/KETHOTO yupexaeHus Hayku «HaydHoro 1ienrpa Ouo-
MEINIIMHCKUX TEXHONIOTHH DenepaabHOro MeInKo-0noio-
THYeCcKoro areHTcTBay (MockoBckast ooiacth, Pocens) u pas-
MelIeHbl MHAUBUAYAIbHO B KJIeTKax BUBapus. JKMBOTHbIE
MMeNN HeOTPaHWYEHHBIH TOCTYI K TMHIIE U BOJE, CBETOBAs
(haza cyrogroro nukia mpojonkanack ¢ 8:00 mo 20:00. [lens
POXKACHUS JIETEHBIIICH KpbIC cunTain qHeM () moCTHATaIb-
Horo nepuona (ITH0). ITocie pomoB 4mcio AeTeHbIMEH
B [TIOMETE CHM:Kau 110 aeBstu. [lo Bozpacra [IH/21 kpbicsT
cofiep’Kajii B KJIETKaX BMecTe ¢ marepsiMu. B Bospacte 21
JICHb CAMIIOB U CAaMOK PAaCCa)kKUBAJIH 110 OTACITHHBIM KIETKaM
TakuM 00pa3oM, 4YTOOBI KPBICATA, POXKIACHHBIC B OTHOM IT0-
METE, HaXOAMINCh BMECTE.

Ha tperuii u nATHIN THU TOCIE POXKIEHUS KPBICSATaM MO/~
kokHO BBOmWH Oakrepuanbhbiid JITIC w3 Escherichia coli,
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ceporun 026:B6 (Sigma, CIIIA) B 103e 50 MKI/KT B 00beMe
200 mxa/kr. JITIC pacTBOpsIN HETIOCPEACTBEHHO TIepe] BBE-
nerneM B m3otoHmYeckoM (0,9 %) BomaoM pactBope NaCl.
KoHTposbHBIE XKUBOTHBIE MOJy4aad COOTBETCTBYIONIUN
00bEM M30TOHHYECKOTO pacTBopa. Takas cxema BBEAEHUS
n no3a JIIIC He mpuBOAAT K rMOEIH )KUBOTHBIX M BBI3bIBA-
10T CTPECC-OTBET, KOTOPBIN AETEKTHpYyeTcs B TeueHue 48 u
(Shanks et al., 1995).

KuBoTtHbIX nexanuTupoBanu B Bo3pacte ITH/A36 (mpe-
myOepTaTHbIN MEepHoA) MOoA XJIOpaITHApaTHON aHecTe3uel
(350 mr/kr). Mo3r BBRIHUMAJH, TPOMBIBATIN B JEASTHOM
0,9 %-m pactBope NaCl u Ha by BBIHMMAJIM THIIIIOKAMIT
1 HeokopTeKc. CTPYKTyphbl JIEBOTO MOTyIIAPHs HCTIOIb30BAIN
Ju1s oueHku cogepxkanust BDNF, a npaBoro — s aHanusza
npo¢uins sxcnpeccun MPHK BDNF. Bo3MOXHYIO acum-
METPUIO IIPU 3TOM HE YyUMTBHIBAIHU, NOCKOJBKY Uit BDNF
OHa OblIa OTMEUEHA JINIIb B PEIKUX padoTax, U 3TH JaHHbBIE
SBJISIOTCS BecbMa npoTrBopednBbiMu (Lehmann et al., 2007,
Farhang et al., 2014). BbiOop yka3zaHHBIX pErMOHOB MO3ra
Ob1T 00YCIIOBJIEH TEM, YTO B HUX OTMEYAIOTCSI CTPYKTypHO-
(yHKIMOHAIBHBIE NEPECTPOHKH, KOTOPBIC, MO-BUIMMOMY,
OTPEENAIOT MOBEACHUYECKUE PacCTPOiiCTBa MPU cTpecce.
Kpome Toro, xak o6cyxkmanoch BbIe, 3(h(eKkTsl BBEICHUS
JITIC Ha HelpOoTPOHUHBI B MO3TE B3POCIIBIX KMBOTHBIX IIPO-
SIBJISIIOTCS HauOouiee SIPKo B 3TUX OTJIeliax.

Conepxanne BDNF B TkaHM MO3Ta KPBIC OIIEHUBAIH C T10-
MOIIIBIO TBEP0(ha3HOTO MMMYHO(DEPMEHTHOT0 aHau3a. st
aToro ucnoinb3oBaiu Habopel ChemiKine Brain-Derived Neu-
rotrophic Factor Sandwich ELISA kit (#CYT306; Millipore,
CIIA). Tkanp MO3ra FTOMOTCHU3UPOBAJIH B JIESTHOM Oydepe
COITIaCHO MHCTPYKIMHU IpousBoautesnsd. [lomyueHHsle B pe-
3yJIbTaTe HEHTPU(YTUPOBAHNS CyTIEPHATAHTHI AIUINIMPOBA-
JIM B JIYHKH IUTAHILETa C TIPEABAPUTEIHHO a/ICOPOMPOBAHHBIMHU
nepBuuHbiMU anTuTenamu kK BDNF u nanee aHanu3s nposo-
JVJTH COTIACHO MHCTPyKuuu npousBoautenst. Conepikanne
BDNF BbIpaskasu B IT/MI' Macchl TKaHH.

Dkcnpeccuio dK30H-crienupuuHbix BapuantoB MPHK
BDNF oueHuBanyu MocpeAcTBOM MPOBEAEHUS MOIMMEPa3-
Hoi nenHo# peakiuu (ITLIP) ¢ perucrpanmeii mpoayKToB
amMIT(UKAIMU B PeKUME PEaTbHOTO BPEMEHH 110CIIe ATara
obparnoi#t Tpanckpunuu. TotamsHyo PHK u3 o6pasmos
SKCTPArupoBajii ¢ MOMOILIbIO Ha0Opa peakTHBOB mirVana
(#AM1560; Ambion, CILIA). YUucTOTY U KOHIIEHTPAIHIO
totanbHOM PHK nccnenoBanu nocpeacTsomM u3MepeHust
ontuueckoi rotHocTH mpu 260 HM u 280 HM. OOpasupl,
JUISL KOTOPBIX OTHOIIICHHE ONTUYECKOM mioTHoCTH 260/280
HEe BXOIWJIO B Iuama3oH Mexnay 1,8 m 2,1, uckmouann u3
uccnenoBanus. llenocrnocTs ToTansHoi PHK onenunBamu
MOCPENCTBOM 3jieKTopodopesa B 1,5 %-M arapo3Hom ree.
st ynanenus npumeceid renomHor JIHK n3onupoBanHas
toranbHass PHK 6b11a o6padorana DNase [ (#M0303; NEB,
CIIIA). O6paTHYO TPAHCKPHIILIUIO IPOBOIAMIH C TOMOIIBIO
Habopa peakTHBOB i cHHTe3a KoMremeHTapHoii JTHK
Maxima First Strand cDNA Synthesis Kit (# K1642; Thermo
Fisher Scientific, CLIA). ITL[P npoBoamiu B AByX apauiesib-
HBIX 00pa3nax B IPUCYTCTBUU 5 TIMOJIb CHHTETHUECKHX OJIU-
TOHYKJICOTHJIOB B KaUeCTBE IPpaiMepoB € TIOMOIIbI0 Habopa
peakTuBOB, conepxaniero Taq JJHK-nmoimuMepasy ¢ nuaruou-
PYIOIINMH aKTUBHOCTH (pEpMEHTA aHTHTENIAMH, U UHTEpKa-
mupytomero ¢uyopecrentHoro kpacuresss SYBR GREEN
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MwuweHb

BDNF 3k30H VI (NM_001270630.1) TTTGGGGCAGACGAGAAAGC
BDNF 3k30H IX CCATAAGGACGCGGACTTGTAC
rpS18 (NM_213557.1) TTTTGGGGCCTTCGTGTCCG

(#PK147S; EBporen, Poccus). [locnenoBarensHocTr mnpai-
Mmepos, crnenuduunsix uist MPHK rpS18 (prbocomainbHblit
6emok S18 — ren cpaBHEHHS), OBUTH TTOOOPAHEI C TOMOIIBIO
cepsuca http://www.ncbi.nlm.nih.gov/tools/primer-blast/.
[TocnenoBarenbHOCTH MIPARMEPOB JUIsl IK30H-CIIEU(PUIHBIX
MPHK BDNF (TpaHCKpHUNTEHI, coaepxantie 3k30H I, IV wmn
VI) 6butn B3s1THI M3 padoTel Schmidt ¢ koyuteramu (Schmidt
et al., 2012). dns ouenku oOuield TpaHckpunuuu BDNF
onennBany yposenb MPHK, comepkammix sk30H IX (3TOT
9K30H SIBJISICTCS] OOIINM 1 €T0 COfIepKar Bce BapuaHTel BDNF)
C MOMOIIBIO TIpaliMepoB, onucanHbix panee (Tsankova et al.,
2004). ITocnenoBaTeTbHOCTH CHHTETHIECKHUX OTUTOHYKIICO-
THJIOB, HCIIOJIB30BAHHBIX B pa0OTe, ITPE/ICTABICHBI B TAOJIHIIE.
OJIMTOHYKJICOTH 1B OBLIM CHHTE3UPOBaHbI KoMIanuen EBpo-
reH (Poccus). ITLP nmpoBoawu mocpeacTBOM TEPMOIHKIEpa
AHK-32 (MAHIT PAH u MI'TY um. H.D. baymana, Poccust)
no ciexyroten nporpamme: 1) 10 ¢ mpu 95 °C; 2) 10 ¢ npu
65 °C; 3) 40 ¢ mpu 72 °C. Ilpu uccnenoBaHuU KOJINYECTBA
MPHK rpS18 6put0 mpoBeneHo 40 MUKIOB aMIUTH(DUKAIIH,
[IPU UCCIIC0BAaHUH KOJMYECTBA IK30H-crieupuaHbix MPHK
BDNF — 50 muxnoB ammumi¢ukanm. Komngectso cenngu-
geckoir MPHK 0ObUTO OIIEHEHO MOCPENCTBOM PETHUCTPAIHU
noporosoro uukna (C,) ¢ nomousio nporpaMmmbl ANK32 st
Windows Bepcus 1.1 (MAHIT PAH, Poccust) n mocnemyrorero
CPaBHUTEIBHOTO aHAIM3a C MCHOJIB30BAHUEM COJICPKAHUS
MPHK rpS18 B KauecTBe TeHa CpaBHEHHs 10 MeTOxy 2 AACt
(Livak, Schmittgen, 2001).

Jlnst cpaBHEHUSI TaHHBIX B SKCHEPUMEHTAIBHBIX TPYTIITax
[IPUMEHSUIN HellapaMeTpUIeCKuil Kpurepuil Manna— YurtHu,
MOCKONIBKY B OOJIBIIMHCTBE CIIy9aeB paclpeelieHue Iepe-
MCHHBIX B BBIOOPKAaX HE COOTBETCTBOBAJIO HOPMAJIbHOMY.
Paznuuust Mexly rpynmamMu CYMTaId AOCTOBEPHBIMH IPH

p <0,05.

Pesynbtatbl

Conpepxanne BDNF B HeokopTekce M THITIOKaMIIe KPBIC
Ipeny0epTaTHOTO BO3pacTa NCCIIeJOBANIN € TIOMOIIBIO TBEpP-
nodaszHoro uMMyHodepmeHTHoro aHanuza. He ynanocs
BBISIBUTH CYILIECTBEHHOIO U3MEHEHUS B conep:kaHun BDNF
HU B HEOKOPTEKCE, HU B TUIIOKAMIIE Y KPbIC, IEPEHECIINX
paHHEe NMPOBOCHAIUTENBHOE BO3/IEHCTBHUE, 110 CPABHEHUIO
C KOHTPOJIBHBIMH KUBOTHBIMH (puc. 1).

OOmuit ypoBeHb COIEPKAHUS TIPOTYKTOB TPAHCKPUIIIINI
onenuBanu no konuuectsy MPHK, Bkitouaromeit sx3o0n 1X,
KOTOPBIH SIBIIIETCS 0OITNM JUTs BceX BapuaHToB BDNF. Kax
BUJIHO U3 IaHHBIX, IPEJCTABICHHBIX HA PHC. 2 U 3, HU B HEO-
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MNMocnepoBaTenbHOCTb HYKNeoTnAoB (5'—3’)

Pazmep
AMIMIMKOHA, M. H.

obpaTHas
............... G AATGAGCGAGGTTACCAATGA77
"""""""" CTCTTACTATATATTTCCCCTTCTCTTCAGT 114
............... G GCAGTGGAGTCACATTGTTGTC81
............... A GACATGTTTGCGGCATCCAGG121
............... C AGCAAAGGCCCAAAGACTCATmz

KOpTEKCe, HA B TUIITOKAMIIE KPBIC IIPEMyOepTaTHOTro Bo3pacTa
obmuit yposenb skcnpeccuu MPHK BDNF He paznuuancs
B TIOJIOTIBITHON TPYTIIE 1O CPAaBHEHHIO C KOHTPOJIBHOW. DTH
JIaHHBIE XOPOIIIO COOTHOCSTCS C Pe3yJIbTaTaMH, Oy YCeHHBIMU
C TIOMOILbI0 UIMMYHO(pEpMEeHTHOTO aHanu3a. OHaKo B HEOo-
KOpTeKce (CM. pHc. 2) HaOIIOAINCh TOCTOBEPHBIC U3MEHEHNS
B MMaTTEpHE SKCIPECCHH SK30H-CIENN(UIHBIX BAPHAHTOB
MPHK. B wactHoCTH, OBLIIO OOHAPYKEHO CHUKEHHE YPOBHS
TPAHCKPHUITOB, coneprkamux 3k30H ['V. Conepxanne qpyrux
WCCIICZIOBAHHBIX TPAHCKPHUIITOB OBUIO CXOIHBIM C TAKOBBIM
Yy KOHTPOJIBHBIX JKUBOTHBIX TOTO JK€ Bo3pacTa. Bompeku oxu-
JIAHUSIM, HaM He YJIaJIOCh BBISIBUTH CYIIIECTBEHHBIX N3MEHEHN I
B [IATTEPHE IKCIPECCHN IK30H-CIIEU(PUIHBIX TPAHCKPUIITOB
MPHK B runmoxkammne (puc. 3).

KoppemnsiunonHsslii ananmm3 nokasadi, 4ro cogepaxanne MPHK
9k30HOB I, IV 1 VI 10cTOBEpHO NONOKUTEABHO KOPPENUPYET
¢ ypoBHeM 3Kk30Ha IX B HeokopTekce (puc. 3, a) He3aBUCH-
Mo ot BBepenus JIIIC (puc. 3, 6). Torga xkak B THIIIOKaMIIe
Beezienne JITIC Hapymano mojgoXuTeabHbIe KOPPEsInoH-
Hble OTHOLIEHUS Kk30HOB I, VI u, B Menbmieit crenenu, [V
¢ ax30HOM IX (puc. 3, 2), KOTOpBIE OTMEYAIHCh Y KUBOTHBIX
KOHTPOJIBHOH rpymnmsl (puc. 3, 8).

Takum 00pa3omM, MOKa3aHO, YTO MPOBOCHAIUTEIBLHOE
Bo3zelicTBre OakrepruanpHbIM JITIC B paHHEM MOCTHATAJb-
HOM OHTOTCHE3€ HE BBI3BIBACT CYIIECTBEHHOTO M3MEHEHUS
conepxkanus nonunentuaa 1 MPHK BDNF' B HeoxopTekce
U TUIIIOKAMIIE KpbIC MperyoeprarHoro Bo3pacTa. [1pu atom
B HEOKOPTEKCE TIPONCXO/IHT JIOCTOBEPHOE CHIDKEHNE YPOBHS
Tpa"ckpunta BDNF, copep:xauiero 3x30H IV, a B runmnoxamrie
HaOITFOAI0TCSl HAPYIIEHHS B3aMMOCBSI3H MEKTY SKCIIPECCHEH
cnemuduaecknx MPHK.

O6cyxpeHue

JlaHHBIC JIMTEpaTYphl YKa3bIBAIOT HA TO, YTO IPOBOCIIAJIH-
TCJIbHBIC CTUMYJIbI CHOCO6HbI CYIIECTBEHHO U3MCHATH METa-
6omm3m BDNF B mosre. Ilpu 3ToM B TUTIIOKamMIie 1 HEOKOP-
TEKce HAOTIOIAI0TCSl I3MCHEHHMS Ha yPOBHE KaK ITOJIMIICTITH A
(Guan, Fang, 2006; Zhang et al., 2014), rak u MPHK (Kranjac
et al., 2012). ABTOpPHI 3THX pabOT OTMEYaIH, KaK MPaBHIIO,
cHIbKeHHe ypoBHs kak nonunentuga BDNF, tak u MPHK
BDNF. B otinnuue OT 3TUX UCCJEI0BaHUM, B MIPE/ICTaBIICH-
HOM paboTte m3ydanu oTaagenHble 3¢ dexts! BBeaerns JIIC
B HEOHATAJIbHBIN NIEPHOJ Pa3BUTHA. Y KpBIC ITpenmyoepTar-
HOT'O BO3pacTa HaM He yAaj0Ch 00HAPYKUTb CYIIECTBEHHBIX
M3MEHEHNH SKCIPECCHH TTOTHUIETNITHIA U O0IIIeH TPAaHCKPHII-
LMOHHON aKTUBHOCTU reHa BDNF HU B HEOKOpPTEKCE, HU
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PaHHMI npoBOCnanuTenbHbIN CTPeCC N3MeHAeT
skcnpeccrto MPHK BDNF B mo3re KpblcC

B TUNIIOKAaMIIe, U €IMHCTBEHHBIM JIOCTOBEPHBIM 3 dekTom
9KCIIEPUMEHTAILHOTO BO3AEHCTBHUS CTAJI0 CHHKEHHE COJIep-
skanust MPHK BDNF, Bxirouatonieid 5k30H [V, B HeokopTekce.
VYuuteiBas pe3ynbTarhl npeapaymux padot (Kranjac et al.,
2012), B KOTOpBIX OBLIO MOKa3aHO cHIKeHne ypoBHs MPHK
BDNF B rumokamIie 1 HEOKOPTEKCE, MOYKHO OBLIO OKUIATH,
YTO HapsAy CO CHMIKEHHMEM JKCIPECCHUU TPAHCKPUIITOB,
COMePIKAIINX CHEIU(PUISCKUE YK30HBI, OyJIeT OTMEUaThCs
CHIDKCHHE TPaHCKPHUIITOB, UMEIOIINX 0o0muid 3k30H [X.
Opnnako nomo0OHoro 3¢ ¢dexra He HAOIIOAATOCh. Bo3MOXKHO,
JU3aiiH TPEeACTaBICHHOTO KCIIEPUMEHTa (MEHbIIas 103a
JITIC n HamHOTO OOJICe MO3MIHUK 3a00p TKaHU) HE TIO3BOIIIT
JIETEKTHPOBATh BBIPAKCHHbBIE H3MEHEHHUS.

Tem He MeHee pe3ynabTaThl HACTOSIIETO MCCIIEAOBAHUS
COIIaCyIOTCS C MPOBEACHHBIMH paHee HKCIePUMEHTaMH,
B KOTOPBIX ObLIO OOHapykeHO cHueHue ypoBHss MPHK
BDNF, conepxareit 3x30H [V, B ipepoHTaNBEHON KOpE TT0-
CJIe 3KCIO3UIIMU KPBICAT C TIEPBOTO MO CEJIbMOM AE€HB 1OCIIe
poxaenust crpeccupoBanHbiM camkam (Roth et al., 2009).
ABTOPBI YKa3BIBAIOT, UTO ATOT «IIPOTPAMMHUPYIOIITHI P PEKT
PaHHETO CTPECCOPHOTO BO3/ICHCTBHS OBIJI CBSI3aH C AIUTEHE-
TUYECKUM BIUSHUEM Ha TpoMoTop IV sx30Ha. CXOCTBO 3THX
PE3yIIBTATOB C HAINMH MOXKET CBHIETEIILCTBOBATH O TOM, UTO
MIPUPOJIA CTPECCOPHOTO (paKTOpa MEeHee BayKHA JUTS PETyIISIIAN
skcripeccun BDNF, yeM (akT Hanuuusi 3HAYMMOM cTpecc-
peaknuu, B IaHHOM CIydae BO3HHKAIOIIEH B pe3yiabTaTe
BozaeiicTBus JIIIC Ha opraHu3M B paHHEM HEOHATAJIbHOM
nepuoje. Hecmorpst Ha To, uTO B Hamel padbore spdext
PaHHETO MPOBOCHAIUTEIBHOTO BO3/ICHCTBHUS HE OTpaskalics
HETIOCPE/ICTBEHHO B JOCTOBEPHOM CHIDKCHUH MM yBEJINYe-
Hun ypoBHeil MPHK pasHbIx 3x30H0B reHa BDNF' B rumio-
KaMIIe )KUBOTHBIX ITPEMyOepTaTHOTO BO3pAcTa, TEM HE MEHEe,
HaOonanock paccornacosanue koskcrnpeccnn MPHK I, VI
U, B MeHbIIIel ctenenu, IV sk30Ha ¢ 3x30HO0M [X, 4TO MOXKET
OBITH CIIEACTBHEM HapyIICHHs PETYISIMN MIpolecca TpaHe-
KPHITIHH Y 3TUX KPBIC.

IIpomorop sx30Ha IV rena BDNF cpey IpOUUX COLEPIKUT
KOHCEHCYCHBIE CaliThl CBSI3bIBAHHUSI TPAHCKPHUIIIHOHHOTO
¢dakropa NF-kB, KoTOpBIC 0Ka3BIBAIOT MOJIOKHUTEIHHOE
BJIMSTHUE HAa aKTUBHOCTH npoMoTopa (Pruunsild et al., 2011)
u sxcpeccuro cootBercTByrfomeit MPHK (Lipsky et al., 2001;
Saha et al., 2006). NF-kB sBnseTcst xopomro oxapakTepuso-
BaHHOM HIKenexaied mumienbto perenropa JIIIC TLR4:
JITIC, cBA3BIBAsICH CO CBOMM PELIENITOPOM, HHHUITHHUPYET IICTIb
BHYTPHKJICTOYHBIX MOJICKYJISIPHBIX COOBITHH, MPUBOASIINX
K TpaHcnokauuu NF-kB B s11po 1 CTUMYIISILIMY TPAHCKPUIILIUU
reroB (Kawai, Akira, 2007). MOXXHO TpeaNOIOKHUTE, YTO
oTaeHHbIM (P (HEeKTOM paHHEro HEOHATAIHLHOTO BBEICHUS
JITIC sBnsiercs cHmkenne aktuBHOCcTH NF-kB m, kak cien-
ctBUE, cHIKeHMe skcnpeccun MPHK BDNF, conepxaliux k-
30H [V, koTopHIit HaOMOnaMK B HacTosmIel padore. C npyroit
CTOPOHBI, MBI HE MO)KEM HCKJIIOYUTH M YIIOMSHYTOTO BBIIIE
s pexTa MeTHITUPOBAHUS 3TOTO TIPOMOTOPA.

@OyHKIMOHABHAS 3HAYNMOCTb CIIOXHOHW TPAHCKPHITIIHOH-
HOM opranu3auuu reia BDNF 10 KOHIIAa He IOHSATHA, HO IIpeJl-
TIOJIATAETCs], YTO TPAHCKPHIITHI, COZIEPIKaIIlHe Pa3HBIE K30HBI,
MOTYT pa3iyarhcs JOKalu3alel BHyTpH HeiipoHoB. [Tocne
nenonsipuzanuu MPHK BDNF, copepxainas k30851 [1 1 VI,
JIOKaJIN3YETCsl IPENMYILECTBEHHO B IUCTAIBHBIX JICHAPUTAX,
a TPAHCKPHIITHI, coAeprkatye 3k30HbI | u [V, nokann3oBaHbl
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B Teine HelipoHos (Chiaruttini et al., 2008). bosee Toro, cHu-
xenue ypoBHs MPHK, conepikanieil onpeneneHHble 3K30HbI,
nocpenctBoM uHTepdepupytomux PHK cnennduueckn na-
pPYLIAET apXUTEKTOHUKY JECHIPUTOB B KYyJIbTYpE HEHPOHOB:
9Kk30HBI [ 1 IV celeKTHBHO BIHAIOT HA IPOKCUMAIIbHBIE JIE€H-
JpuThl, a 9k30HHI [ 1 VI — Ha mucransusie (Baj et al., 2011).
[To-Bunumomy, ocobenHnoctu nokanuzanuu MPHK BDNF
B3aUMOCBSI3aHbI C JOKAJIBHBIM OCIIKOBBIM CHHTE30M U JIeXKAaT
B OCHOBE IJIACTUYECKUX U3MEHEHHH.

Takum 00pazoM, MOKHO IPEAINOJIOKUTh, YTO CIIELU(H-
yeckoe cHmxkeHue skcnpeccun MPHK BDNF, copepxaieit
9Kk30H IV, B HEOKOpTEKCE MOKET OBITH BOBJICUCHO B MaTore-
He3 CTPYKTypHO-(pyHKunoHanbHbIX Hapymenuid [IHC npu
HeonaransHOM BBeneHun JIIIC u, cooTBeTCTBEHHO, B (POp-
MHUPOBAHUE NIPEAPACTIONOKEHHOCTH dKHBOTHBIX, IEPEHECIINX
PaHHUH IPOBOCHAIIUTENBHBIIA CTPECC, K PA3BUTHUIO HapyLIe-
HUH TTOBEJICHUS.
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HapylweHne aganTauuy K He61aronpusTHBIM XU3HEHHbBIM
06CTOATENbCTBAM CUMTAETCA OAHOM M3 MPUYNH BO3HUKHOBEHNA
cumnTomoB Aenpeccun. CornacHo roKoKOPTUKOMAHON rmnoTese,
BaXXHaA PoOJib B UHAYKLMU NCMXO3IMOLMOHANIbHOMO PacCTPOCTBa
NPVHaANEXUT CTPECCOPHOM aKkTUBaL MK rmnoTanamo-runodusapHo-
agpeHokopTukanbHom cuctembl (TTAC). KoHeuHble rOpMOHbI 3TOM
CUCTEMbI, FIIOKOKOPTUKOWADI, MPVHUMALOT BaXKHOe yyacTue B Gopmu-
pOBaHVM MHOTUX GM3NONOTNYECKNX Y MOBEAEHYECKMX OTBETOB

Ha cTpecc. / xoTa ocTpbIii ropMoHanbHbI oTBeT TAC Ha oTHOCK-
TeSIbHO HeMpPOJOMKMTENIbHOE BO3AeNCTBME 0becneymBaeT ObICTpyto
MOGMIM3aLMIO 3aLLUTHBIX CU OPraH13ma, Cnoco6CTBYIOLLYO
3bPeKTUBHOMY NPeoAoNeHIo NOTEHLMANbHO OMAaCcHOM CUTYyaLuK,
ANVTeNbHOE MOBbILLEHVE YPOBHA FOPMOHOB MOXET CNPOBOLMPOBaTb
pasBuTVE HeXenaTeNbHbIX NOCNeACTBII, BKOYAOLWMX AeMNPeCccuio.
Hanbonbluee BHMMaHMe Npu NCCNefOBaHUM MEXaHU3MOB CMEHbI

30 PeKTOB rMIOKOKOPTUKOUAOB C 3aLMTHbIX Ha MOBPeEXAatoLe
NpUBeKatoT rMKOKOPTUKOMIHble peuentopsl (IP). Tu peuenTtopsbl
LUIMPOKO SKCNpeccupytotca B Mo3re. OHU ABNAIOTCA BaXKHbIMU pery-
NATOPaMM TPAHCKPUMUUOHHON aKTUBHOCTU MHOTVIX FEHOB, B TOM
yncne v TPagMLUMOHHO CBA3AHHbIX C Pa3BUTMEM NCUXOIMOLMOHASb-
HbIX OTKNOHEHWI, HAaMPUMep, reHa MO3roBOro HelpoTpodUYecKoro
¢dakTopa (Brain Derived Neurotrophic Factor, BDNF). Kpome npsimoro
BO3[eNCTBMA Ha TPAHCKPUMLMOHHYO aKTUBHOCTb FEHOB-MULLEHEN,
n3MeHeHwe 3Kcnpeccun camux P B pesynbTaTe JeliCTBMA cTpecca
W/ Vnn roKOKOPTUKOMA0B MOXKET MOANPULMpPOoBaTb GyHKLOHab-
Hble OTBETbI Ha NocneayoLme CTUMybl. AHanM3 NMetLMXcA

B NUTepaType cBefeHnin 06 3pdekTax cTpecca 1 roKOKOPTUKOML0B
Ha sKcnpeccuio [P B runnokamne — CTpyKType Mo3ra, TpaauLMOHHO
cuuTatoLienca Haubonee YyBCTBUTENBbHOW K CTPECCY U MPUHUMAIOLLEN
BaXKHOe yyacTue B KOHTpOe SMoLuiA, B CBA3M C aKkcnpeccuen BDNF
1 XapaKTePOM UHAYLIMPYEMbIX CTPECCOPHbBIMU 1 FTOPMOHasIbHbIMI
BO3[eNCTBUAMY NCUXOIMOLMOHANbHbBIX OTBETOB MOCIYXKINS Liefbo
HacTosulero o63opa.

KnioueBble crioBa: cTpecc; rokokopTrkongHble peuentopbl; BDNF.
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An abnormality in adaptation to negative life events

is considered as one of the main causes of the
development of depressive symptoms. According to
the corticosteroid receptor hypothesis of depression,
stress-induced activation of the hypothalamic-
pituitary-adrenal (HPA) axis plays an important role

in the induction of psycho-emotional disturbances.
The end products of this axis, glucocorticoids, are
involved in the formation of many physiological and
behavioral responses to stress. Although the increase
in hormone levels following a short-term intervention
is directed towards rapid mobilization of the body’s
efforts for overcoming potentially dangerous situation,
a long-term exposure to stress or glucocorticoids may
have negative consequences for mood or behavior.
With respect to mechanisms of changing effects

of glucocorticoids from protective to damaging,
glucocorticoid receptors (GRs) received most attention.
These receptors are widely expressed in the brain.
They are important regulators of the transcriptional
activities of numerous genes, including the gene for
such a plasticity-related protein as the brain-derived
neurotrophic factor (BDNF) which has been implicated
in psychiatric disorders. In addition to direct effects

on gene transcription, changes in expression of GR
themselves resulting from stress and/or glucocorticoid
effects, in turn can modify the functional responses

to subsequent stimuli. The purpose of this review

was to analyze available literature data on the effects
of stress and glucocorticoids on the expression of GR
in the hippocampus, which is traditionally considered
as the most sensitive to stress brain structure.

The review also addresses the implication of GR and
BDNF interplay in the pathogenesis of stress-related
disorders.

Key words: stress; glucocorticoid receptors; BDNF.



€XaHMU3Mbl BO3HUKHOBEHHSI JICTIPECCUH, HECMOTPS Ha

pacrpoCTPaHEHHOCTh 3TOH ICHXONATOJIOTHH W He-

TaTUBHOE BJIMSHHUE Ha JKM3Hb OOIIECTBA, OCTAIOTCS
B 3HAQUUTEJIHLHOMN CTENEeHH HESCHBIMH, CIEPXKHBAas HaIpaB-
JICHHBIA TTOMCK MHIIEHEH I pa3paboTKu >(PPEKTUBHBIX
cpencTB Tepanuu. Pemienne nmpoOnemMsl OCIOXKHIETCS MHO-
JKECTBEHHOCTBIO MyTEH, BOBJIEKAEMbIX B MHIYKLUIO TICHXO-
SMOILIMOHAJIBHBIX PACCTPOMCTB, a TAKKE B IPOTUBOAEHCTBHE
9TOM MHAYKIMH, MAacCKUPYIOIINX B UTOTE PEANbHBINA BKIA]
OT/ICJIbHON CHCTEMBI WITH KOHKPETHOTO (paKTOpa B ITATO(PH3HO-
noruro 3aboneBanns. Cepbe3HBIM (PaKTOPOM PHCKA PA3BUTHS
JICTIPECCU CUUTAIOTCS] HETaTHBHbBIE )KU3HEHHBIE 00CTOSTEIb-
cTBa (HAIpUMep CMEPTh POACTBEHHUKOB, PAa3BOJ, YHIIKESHUSI
WIH TIOpakeHus, 6e3paboTniia u yxXyameHnue (puHaHCOBOTO
cocrostams) (Post, 1992; Kendler et al., 1999; van Praag, 2004;
Larkin et al., 2012). HecmoTpst Ha oOIIMpHBIE a1alTHBHbBIE
BO3MOXKHOCTH OPTaHM3Ma, MO3BOJISIOMINE OONBIINHCTBY
JIOZIeH TIpeozosieBaTh 0e3 KaKUX-THO00 MCHX03MOINOHANb-
HBIX MOCIIEACTBUI BO3IEHCTBHE JJaXKe CUIIBHBIX CTPECCOPOB,
YYBCTBUTEIIBHBIE K CTPECCY B3POCIbIC HHANBUIbI, 0COOEHHO
MpePacIOIOKEHHBIE K ICTIPECCUH B Pe3yJIbTaTe HeOmaromnpu-
STHBIX BO3/ICHCTBUI B paHHHE NIEPHOJIbI JKU3HU, MOTYT OTBE-
4aTh JIETIPECCUBHBIMU STN30[]aMU HAa HETATUBHBIE COOBITHSI.
Merta-aHamu3 JaHHBIX Ha BEIOOpKE U3 14250 y4aCcTHUKOB ITOI-
TBEP/ANII HAIMYKE 3HAYUTEIILHOM CBA3M MEXIY Aerpeccrei
u meperecenHsIM crpeccoM (Risch et al., 2009).

Cpenn pa3In4HbIX N3MEHEHNH, HHTyITUPYEMBIX CTPECCOop-
HBIMH BO3/ICHCTBUSIMH B OPraHNU3Me, BHICOKHI YPOBEHb TITIO-
KOKOPTHKOWIOB — CJIEACTBHE aKTUBUPOBAHHOM MpH cTpecce
THITOTAIaMO-THIO(N3aPHO-aIPEHOKOPTUKAIBHON CHCTEMBbI
(I'TAC) — cumTaercst OJHUM M3 BaXKHBIX (PaKTOPOB, ITPOBO-
IUPYIOIINX CUMIITOMBI IETIPECCHU. DTa PaCHpOCTPaHEHHAs
TOYKA 3pEHUS ITOIKPEIUISETCS HAOMIOIEHUSMHE JICTIPECCUBHBIX
ATN30/I0B, MPOSIBIISIIOLIMXCS B Ka4€CTBE MOOOUHBIX AP (HEeKTOB
MOBBIIIEHHOTO YPOBHS INIIOKOKOPTUKOUIOB, y MAaIlMEHTOB
¢ cunapomom Kymmnra (Kelly et al., 1983; Sonino et al.,
1998) win npu ropmoHansHO# Tepanuu (Brown et al., 2007).
B cooTBeTCTBUM C TaKMMU NPOSIBICHUSMHU Y JIIOAEH XpoO-
HUYECKOE BBEICHHE KOPTUKOCTEPOHA I'PBI3yHAM BBI3BIBAJIO
1y )KUBOTHBIX COIIOCTABUMBbIE C KIIMHUYECKHMH CUMITOMAMH
JIETIPECCUBHO-TIOT00HBIE TOBEACHIECKIE N3MEeHEHHS (Sterner,
Kalynchuk, 2010). HanGoxnee 3HauMTEIBHBIM apryMEHTOM
B [10JIb3Y THUIIOTE3bl CBS3U BBICOKOI'O YPOBHS KOPTH30JIa
¢ a(peKTUBHBIMH PACCTPOICTBAMU CITYKUT U3BECTHAsSI B Te-
YEeHHE MHOTHX JIET aCCOIMALIHS JICTIPECCUBHBIX 3a00IeBaHNI
¢ runiepakruBanueii [ TAC (Gibbons, 1964; Holsboer, Barden,
1996; Pariante, 2003; de Kloet et al., 2007; Mondelli et al.,
2010; Saveanu, Nemeroff, 2012; Herbert, 2013). Boxee Toro,
0JI0KaTOpBl CHHTE3a TIIIOKOKOPTUKOMIOB HEKOTOPOE BpPEMsI
aKTHUBHO MPOMAaraHInpoOBaINCh B KauecTBE 3(P(PEKTUBHBIX
cpencTB aHTHIenpeccanTHoi Tepanuu (Jahn et al., 2004;
Kling et al., 2009).

BmecTe ¢ TeM, TOMUMO 3THX JaHHBIX, CBSA3BIBAIOLINX
TIIIOKOKOPTHKOUIB! C TIOBBIIICHHONH BOCIPUUMYHBOCTHIO
K TICHXOIIaTOJIOTUH, YBEIMYEHUE YPOBHS TOPMOHOB SIBJISIETCSI
Ype3BBIYAHO BaXKHBIM ISl 0OECIICUeHHs aJaITUBHBIX OTBE-
TOB Ha JICHCTBHE CTPECCOPa, BKIIIOUAs! U IIOBEJCHYECKUE OT-
Bethl (Oitzl et al., 2010; Putman, Roelofs, 2011). Bee 6osnblire,
HaIpuMep, HAKaIUTUBACTCs! TJAHHBIX O TOM, UTO B 3aBHCHMOCTH
OT JUINTEJIIEHOCTH BO3ACHCTBUS TIIIOKOKOPTHKOUIBI MOTYT

0Ka3aTh MPOTUBOIOIOKHOE JEHCTBHE HA AENPECCHBHO-TIO-
J0OHOE TOBEJICHUE JKUBOTHBIX. Tak, eXeIHEBHOE BBE/ICHNE
KOPTUKOCTEpPOHA CaMIlaM MBIIIEH B TEUEHHWE MICCTH JIHEH
OKa3bIBaJIO aHTUAETIPECCAHTHBIN d((deKT, B TO BpeMs Kak
BBeZicHHE B TedeHne 18 wmm 36 mHEeil — BeIpakeHHOE TIPO-
JerpeccantHoe neiictere (Zhao et al., 2009). Kpome Toro,
DITIOKOKOPTHUKOM/IBI, 9 (EKT KOTOPBIX — IT0/[aBJIEHHE HEeHpore-
Hes3a B runmokamiie (Gould, Tanapat, 1999; Kim et al., 2004;
Mayer et al., 2006) — HanPsIMyIO BOBJIEKACTCSI B ATHOIOTHIO
nenpeccuu (Snyder et al., 2011; Lehmann et al., 2013), moryt
TIPOSBIIATE M HEHPOTPO(HHUIECKyt0 aKTUBHOCTH B 3TOI 00macTn
mo3ra (Gray et al., 2013). HakarumBaeTcst Takke Bce O0JbIIe
CBUJIETEJIBCTB aCCOLMAIIMN BBICOKOTO YPOBHSI IIFOKOKOPTH-
KOWJIOB C aHTUAETIpeccanTHBIM peroturom (Barbier, Wang,
2009; Xu et al., 2009).

Ponb MIOKOKOPTUKONAHbIX peluenTtopos

B NaTo$131ONOrnn NHAYLMPYEMOI CTPeccom
aenpeccun

Kaxymrasicss mpocToit CBsI3b MEXK/y MOBBIIICHHBIM YPOBHEM
TJTFOKOKOPTUKOHMJIOB M Pa3BUTHEM JCTIPECCHU OCIOKHSIETCS
BOBJICYCHHEM B JICHCTBHE TOPMOHOB Pa3HBIX THIIOB KOP-
TUKOCTEPOHIHBIX PEIENTOPOB: MUHEPATOKOPTUKOUTHBIX
(MP) u timoxoxoptukonnasix (I'P) (Reul, de Kloet, 1985).
Hexoropsie nosenenueckue 3dpdexrst MP u I'P okazanuch
crenu(puUIecKl 3aBUCHMBIMH OT O0JIaCTH MO3Ta M Jlaxe
npotrBononoxHeMu (Harris et al., 2013). MP ¢ Gonee Hu3knm
CPOJICTBOM K IJIFOKOKOPTHKOH/IAM CYUTAIOTCS OJIHOCTHIO MU
OKKYNHPOBaHHBIMHU YK€ NpH 0a3albHOM YpPOBHE FOpPMOHA,
B TO BpeMs Kak Ju1s okkymaruu [P tpebyeTcs cormocraBuMoe
CO CTPECCOPHBIM IOBBIIIEHHE YPOBHS TOPMOHOB B KPOBHU
(de Kloet et al., 1993). DT 0COOEHHOCTH HCTOPHUECKHU
oOycnoBmim Gonbiee BHUMaHue k ['P kak k penenTopam,
OIOCPEIYIOIINM IPEUMYIIIECTBEHHO CTPECCOPHBIE 3D (PEKTHI
TTFOKOKOPTHUKOH/IOB.

Wwmenno ocnabnenne ¢yHkunu u/wnm sxcrnpeccun [P
CYMTAETCsl OTBETCTBEHHBIM 3a runepaktubanuio ['TAC,
OTMEYaeMyIo y JenpeccuBHEIX 0oipHBIX (Holsboer, 2000;
Pariante, Miller, 2001). B nexcameTra3oHOBOM TecTe Hapy-
HIEHHE MEeXaHH3Ma OTpHuLaTesibHOI oOparHoi cBsizu B [ TAC
BBISIBIISIETCS IPHIMEPHO Y TTOJIOBHUHBI JIETIPECCUBHBIX OOJIBHBIX.
Cpenu cTpyKTyp Mo3ra, CHWXeHHe 3kcnpeccuu ['P B koro-
PBIX, KaK MOJIATal0T, BHOCUT HaWOOJIBILHI BKJIaJ] B Pa3BUTHE
JIETIPECCUH, PAcCCMaTPUBAIOTCS, MPEXE BCETO, THITTIOKaMII,
npedpoHTaNIbHAS KOPa W THIIOTATIaMYC.

MHOTOYHCIICHHBIE HCCIIEIOBAHMSI II0Ka3aJIi CIIOCOOHOCTh
cTpecca U IIIOKOKOPTUKOUJOB M3MEHATH dKcnpeccuto I'P
B Mo3re (Sapolsky, McEwen, 1985; Reul et al., 1989; Fujikawa
etal., 2000; Paskitti et al., 2000; Karandrea et al., 2002; Zhou
etal., 2008; Wang et al., 2012; Shishkina et al., 2015). Berasmns-
€MBbI€ B 3THX HCCIICTIOBAHMSX M3MEHEHUS OKa3aJINCh, OJHAKO,
HEOJIHO3HAYHBIMU ¥ MOTJIN 3aBUCETh JaXe OT I10J1a YKUBOTHOTO
(Karandrea et al., 2002). BaxxapiM (hakTOpOM, OTIpENIeIIsIo-
muM xapakrep otBera ['P Ha cTpecc M NIIIOKOKOPTHKOM/IBI,
MOXKET OBITh BpeMsl OTPE/IeNICHNUS IKCIIPECCHH TT0CIIe HavYaja
BO3JEHCTBHS, IPOIEMOHCTPHUPOBAHHOE, HAIIPHMED, B paboTe
amoHckux ncenenosarenei (Fujikawa et al., 2000). Yposens
MPHK I'P, uccienoBanHbiii B 3T0M padoTte B 3yOUaToil H3BHIIH-
HE TUIMIIOKaMITa KPbIC B Pa3HbIE MPOMEKYTKH BPEMEHH 1TOCIIE
Havaja OCTPOro CTPECCOPHOTO BO3/ICHCTBUS OTpaHUUCHUEM
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[nioKoKOPTUKOMIHAA rMnoTesa aenpeccum:
NCTOPUA U NePCreKTUBbI

MIO/IBUYKHOCTH, OBLJT IOCTOBEPHO CHM)KEH B Havajie JICHCTBUS
ctpeccopa (Ha 41 % depe3 30 MHUH), HO TOCTOBEPHO yBENH-
YeH nocie AByX yacoB Bo3aeicTus. Otet I'P MoxkeT Takoke
3aBHCETH OT IIPEAPACHIONIOKEHHOCTH OPraHu3Ma K MHAYKIIUU
CTpeccopaMH JIEPECCUBHO-TI000HOTO cocTosiHus. Harpu-
Mep, M0JIararoT, YTO HAaHOOJIBIITYTO OITACHOCTH /ISl BOSHUKHO-
BEHHsI ICUXOMATOJIOT U BO B3POCIOM BO3PACTE NMPEACTABISIET
CTpecc, IEPEHECCHHBIN B paHHUE MEPHOJIbI OHTOTEHE3a, KaK
OBl TpeipacnoNaralouMii OpraHu3M K 3a00JIeBaHUIO B TO-
ClIeyIOIei )KU3HU, OCOOCHHO B YCJIOBHSIX JIOTIOJHHUTEIb-
HBIX HETaTUBHBIX COOBITHI. B MOZIENBHBIX AKCIIEPUMEHTAX
BBIICHUJIOCH M3MEHEHHUE TIPH 3TOM Xapakrepa otsera I'P Ha
«B3pocablit» crpecc. Tak, B3pociible caMIibl KPbIC, KOTOPBIX
B TEUCHHE MEPBBIX 3 HE KU3HH MOIBEPTAIIN CTPECCUPYIOIIEH
MpoIeype OTCAXKUBAHUS OT Marepel, AeMOHCTPHUPOBAIN
1ocjie XpOHUYECKOI0 CTpecca JOCTOBEpHOE CHMKeHue [ P-
nmmyHopeakTuBHOCTH B CAl oGmactu rummokamma. B o1-
JIMYHE OT ITUX JAHHBIX, Y B3POCIIBIX KOHTPOJIBHBIX )KUBOTHBIX
0e3 oTCaKMBaHMs OT MaTepeii XpPOHMYECKHUI CTPECC yBEINYH-
Bai [ P-ummynopeaktuBHOCTB B CA 1 obmactu (Trujillo et al.,
2016). 3nauntensHoe BiusiHKE HA 0TBET I P K XpoHM4eckomy
CTpeccy MOXKET 0Ka3aTh TAK¥Ke MPOJOKUTEILHOCTh BO3CH-
cTBUsI. IMMYHOpPEaKTHBHOCTD PEIETITOPOB B J0P3aJILHOM
THIITIOKAMITE KPBIC ObliIa CHH)KEHa ITOCIIE CTPECCa, BBI3BAHHOTO
BBIC&)KMBAHUEM JKHBOTHOTO Ha MPUIOIHSITYIO OTKPBITYIO
mw1atopMy, B TeUEHHE IATH AHEH, HO yBEIMUYEHa IOCIe
20-naHeBHOTO Bo3AeicTBHs (Robertson et al., 2005). BaxxHbIM
JUIs OTBETA, OYEBHUIHO, SIBJISETCS U pUpoaa crpeccopa. Ha-
MIPUMEp, €CIH TO0CIIE YETHIPEXHEIEIBHOTO CTPecca OrpaHu-
YEeHUS O/IBI)KHOCTH C TIOTPY>KEHHEM B BOAY HAOIIOIAIOCh
yBenuyenue skcripeccuu I'P B runmoxamune kpoic (Mizoguchi
et al., 2003), To mocIe exXeTHEBHOTO CHIIFHOTO 3ByKa B TeUe-
uue 30 qHell, HanpOTHB, IPOMCXOIMIIO CHI)KEHHUE IKCIIPECCHH
stux peuenrtopoB (Eraslan et al., 2015). MunyuupoBanuoe
CTPECCOM HIIN TITIOKOKOPTHKOMAAMHU YMEHbIICHUE JKC-
npeccun ['P B rurnmokamie cormpoBOKAAIOCh B psijie padoT
YCHUIJIEHHEM CUMIITOMOB JIETTPECCHBHO-TI0JI00HOTO ITOBEICHNUS
(Skupio etal.,2015; Chen et al., 2016), 9T0 COOTBETCTBOBAJIO
TTFOKOKOPTUKOMTHOM THITOTE3€ JICTIPECCHH.

Juis BesicHeHwus, sBisiercst i nedunut [P npuunHoi
BO3HMKHOBEHHMS JCTIPECCHH U OYyJIET I CIIOCOOCTBOBATH yBe-
JIMYEHNE SKCIPECCHUH PEIETITOPOB OCIA0ICHUIO CHMIITOMOB
3a0o0JieBaHysl, ObUIH UCIIOIb30BAHBI TPAHCT€HHBIE KUBOTHBIE.
¥ mpimeit FBGRKO B nByxmecstanom Bospacte 60 % Hel-
poHOB runnokamia jumeHsl ['P, B Bozpacte 4-5 mec. Takux
HeiipoHoB yxke 90-100 %, a mocie 6 mec. I'P orcyTcTBytoT
BO BCEM TMMIIOKAMIIE, a TAK)K€ BO MHOTUX HEHPOHAX KOPbI
(Boyle et al., 2005). IIporecTupoBaHHbIe B 3TOH padore Ha
MOBEJICHYECKYO OECIIOMOIIHOCTD U aHTe/IOHHIO )KUBOTHBIC HE
OTIMYAJINCH OT KOHTPOJISI O 3HAUYEHMSAM ITHX MOKazaresei
B JIByXMECSTYHOM BO3PACTE M IEMOHCTPUPOBAIIH BBIPAKCHHBIC
CUMIITOMBI JICTIPECCUBHO-TIOZIOOHOIO COCTOSIHUSI B BO3pAcCTe
4 u 6 mec. B pabote Ridder ¢ xomreramu (2005) yBenmuerne
JIETIPECCUBHO-TTO00HOTO MOBE/ICHHS HAOIIOAATIOCH YIKE I10-
cie 50 %-ro cumxenus sxcnpeccun I'P B runnokamie, a mo-
BBIIIICHUE SKCTIPECCHH PELICTITOPOB (OVerexpression) CHIKAJO
MIPOSIBIICHUE TTOBE/ICHYECKOH OECITOMOIIHOCTH MOCIIE CTpecca
1 YCHUJIMBAJIO HETaTUBHYIO OOpPaTHYIO CBSI3b B PEryJISLUH
I'TAC. Ognaako B HEKOTOPBIX pabOTax MOKAa3aHO, YTO CHIKE-
HHE DKCIPECCHU PEIENTOPOB B OONACTSAX MEPETHEro Mo3ra
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YCHJIUBAJIO JCTIPECCUBHO-IIOI00HOE TIOBEJICHUE HE BO BCEX
ncnoib30BaHHBIX TecTax (Boulle et al., 2016), Mmoriio coBcem
He BIHATH Ha Hero (Vincent et al., 2013), a mOBBIIICHHE TaK XKe,
KaK U CHIKeHue skcnpeccuu I'P, — yBesnnuuBars nposiBiieHUE
atoro noeneHus (Wei et al., 2004).

B3aumopencTBue rMioKOKOPTUKONAHbIX
peLenTopoB 1 MO3roBOro HelipoTpodurUeckoro
dakTopa B oTBETaX Ha cTpecc

[ToBeneHueckue MOCIEACTBUS U3MEHEHUS SKCIPECCUU pe-
LIENTOPOB B OOIIMPHBIX OOTACTAX MO3Ta MOTYT CKJIabIBATHCS
n3 crenupuIecKux 0coObeHHOCTeH IPPEKTOB OTACIBHBIX
oOracteii, HarpuMep, 00yCIIOBICHHBIX B3aUMOJICHCTBHEM
PELEeNnTOpOB B 3TUX 00JACTAX C APYrUMH (YHKIHOHAINb-
HBIMH CHCTEMaMH, TPEKIE BCETO CEPOTOHUHEPTHUECKIMU,
AKTHBHO BOBJICKa€MbIMU B KOHTPOJIb IICHX09MOIIMOHAIIEHOTO
noBesieHNs. B mociennee BpeMs MOSBIIINCH CBUAETENHCTBA
TOTO, YTO CTPECCOPHBIC BO3ACHCTBHUS CIIOCOOHBI N3MEHUTD,
HalpUMeEp, 4epe3 yCUWICHUE CEPOTOHUHEPrUYeCKOW HEeUpo-
tpancmuccrn (Robertson et al., 2005), He TOITBKO SKCTIPECCHIO
I'P B o0OnacTsx runmokamIia, Ho ¥ ()yHKIIOHAJIbHBIE, BKITIOUast
u Tpanckpunuuonnsie (Datson et al., 2013), oTBeTsl 3TOM
CTPYKTYPBI Ha ITOCIEAYIOIIEe AEHCTBUE IIOKOKOPTHKOUIOB,
YTO PacCMaTPHUBACTCS KK YaCTh MOJICKYJISIPHOTO MEXaHH3Ma
YYBCTBHUTEJILHOCTH K MHIIyLIUPYEMBIM CTPECCOM IICHXOIIa-
TOJIOTHSIM.

[ ITIOKOKOPTHKOM/THBIE PEIETITOPHI SIBISIOTCS Ba)KHBIMU
TPAHCKPUITLMOHHBIMHU (haKTOPaMHU, U B KJIIETKaX MO3Ta CTpec-
CHPOBAaHHBIX JKMBOTHBIX HAONO/IaeTCs 3HAUYUTEIBHOE YBe-
JMYEHNE TPAHCJIOKAIMHA TOPMOH-PELETITOPHOTO KOMILIEKCa
u3 nutoruiasmel B siipo (Noguchi et al., 2010; Caudal et al.,
2014). B gononHeHue K MPSIMOMY BIFSTHAIO Ha TPAHCKPHII-
IIMOHHYIO aKTUBHOCTh T€HOB-MHUIICHEH BHI3BAHHbIE CTPECCOM
W3MEHEHUsI B OKCIIPECCUH CAMUX PELETITOPOB MOT'Y T MO (H-
IIUPOBATh MOCIEAYIONINE OTBETHI TEHOB U CBA3aHHBIX C HUMHU
(hyHKIMI Ha cTpecc, Kak ObIIO0, HAPpUMeEp, TOKa3aHo JUIs AKC-
Ipeccuy Mo3roBoro Heliporpoduueckoro dakropa (BDNF)
(Alboni et al., 2011). B mocnenHee BpeMs 3HAYUTEIBHBIN
MHTEPEC BBI3BIBACT HAJIMYHME BO3ZMOKHOTO B3aWMOJICHCTBUS
Mexay crpeccopHbiMu orBeTamu I'P u BDNF B onpenenenuun
3P PEKTUBHOCTH ICHXOIMOITMOHATIFHON aaNTAIIIH K CTPECCY
(Arango-Lievano et al., 2015; Daskalakis et al., 2015).

Uro xacaercss BDNF, T0 B cBO€ BpeMsi MHOI'OYHCIICHHBIE
HaOJIFO/ICHNST U3MEHEHHH €T0 3KCIPECCHHU B OTBET Ha CTPECC
1 TIOBBILICHUE YPOBHS IITIOKOKOPTHKOM/IOB MHUIMHAPOBAIN
CO3JlaHHe TaK Ha3bIBaeMOW HEHPOTPO(UYECKON I'MIIOTE3bI
nenpeccuu. bello mpennosokeHo, YTo0 HU3KUH ypOBEHb
BDNF, npuBoas K CHU)KEHUIO KOTMUYECTBA KIETOK B MO3TE,
SIBIISIETCSI TIPUYMHONW BO3HUKHOBEHHUSI 9TOrO 3a00JIeBaHUs,
0COOEHHO MHIYIIUPYEMOTO CTPECCOM, B TO BPEMsI KaK TOBBI-
menue yposHs BDNF, aktuBupylomee HelporeHes, JI€KUT
B OCHOBE TepaneBTHYECKHX IP(PEKTOB aHTHIEIPECCAHTOB
(Duman, Monteggia, 2006). [TTIOKOKOPTUKOUIBI MOTYT pe-
rynupoBats dkcnpeccuto BDNF gepes akrtuBanuio I'P kak
TpaHCKpHUIIHMOHHBIX (hakTopoB (Hansson et al., 2006). Kpome
TOTO, TIIIOKOKOPTHKOUBI MOTYT BIUATH Ha GyHKIMH BDNF,
akTuBHpYys ero Trk-penentopsr (Jeanneteau et al., 2008). On-
HAaKO 0Ka3aJ0Ch, YTO B OTBET HA CTPECC U NIIFOKOKOPTHKOU/IBI
skcnpeccust BDNF B Mo3re, Bkitodast U TUIIIOKaMII, MOXKET HE
TOJIEKO CHM)KATBCSI, HO ¥ HE I3MEHSTBCS 1 Ia)KE TTOBBIIIATHCS,
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a caM 1o cebe HeHpoTpoHH He TOCTATOUYCH M KOPPEKIIUH
MHOTHX BBI3BIBAEMBIX CTPECCOM HETAaTHBHBIX M3MEHEHUH
B THIIOKaMITanbHOU cTpykType (Gray et al., 2013). Bmecte
C TE€M BBISICHIJIOCH, YTO MBIIIHN C TCHETHICCKH MTOBBITIICHHON
skcnpeccueit I'P B oTaenax Mo3ra, BKIIrOUasi TUIITIOKAMIL, U Xa-
PaKTepHU3YIOIINeCs YCTOMYMBOCTRIO K MHIYKIIHHA CTPECCOM
JIETIPECCUBHO-TTOI00HOTO MTOBEICHHUSI, UMEIN B TUITIIOKAMIIE,
(hpoHTANBEHON KOPE N MUHJAJIMHE 3HAYUTEIILHO OOJIbIIee CO-
nepxanne BDNF, uem sxkuBoTHBIC 1uKoro remoruia (Schulte-
Herbriiggen et al., 2006). beuto Takke 0O0HapYX)EHO, YTO
BDNF moxert Busith Ha ['P-crieniupudeckuii TpaHCKPHUIITOM,
a coBMecTHOe o0aBienHne nekcamerasona © BDNF B kyiib-
Typy HeHPOHOB HHAYIIMPOBAIIO KCTIpeccuto [ P-oTBeuaromix
TeHOB, BOBJIEKAEMBIX B KOHTPOJIb HEHPOHAJIBHOI'O pOCTa
u nuddepennuposku (Lambert et al., 2013). Takoii addexkr,
KakK TI0Ka3aHO B ATOH paboTe, MOXKET OBITh OOYCIIOBIICH MH-
nykuueir BDNF gochopunuposanus I'P.

BzaumopeiicreBue BDNF u I'P nonaratror B Hacrosiiee
BpeMsl BaXKHBIM COOBITHEM B ITaTOTEHE3¢ MHAYIIHPYEMBIX
cTpeccoM rcuxonaronoruidi. KomOuHamus oJHOBpEMEHHO
HU3KUX ypoBHeH skcnpeccun ['P u BDNF cmocoGcTByer
BOCTIPUIMYUBOCTH K Pa3BUTHIO 3TUX MATOJIIOTHH KaK B TOA-
POCTKOBOM, TaK ¥ B3pOCJIOM BO3PACTe, 0COOCHHO B YCIIOBHAX
JIOTIOJIHUTEIIBHBIX CTpecCOpHbIX Bo3meicTBuil (Daskalakis
et al., 2015). OgHako u BBHICOKHE YPOBHH ITH ITapaMeTpPOB
MOT'YT TIPEJICTABIATh PUCK €CJIM HE Pa3BUTHSL, TO, 110 Kpai-
HEH Mepe, yCyTryOIeHNs HeraTUBHBIX IICUXOIMOIIHOHATBHBIX
nposiBieHni. Tak, BEDKMBaHWE WHIMBHUIA B YTPOXKAIOIIIX
YCIIOBUSIX 3aBUCHT HE TOJIBKO OT CHIOMHHYTHOT'O OTBETa Ha
CTpeccop, HO U OT CIOCOOHOCTH 3aIIOMUHATH U HHTETPHPOBATh
WHPOPMAITHIO O JICHCTBYIOIIEM CTPECCOPE C METHI0 HCIOTh-
30Barh TOT onbIT B OyayiieM (Finsterwald, Alberini, 2014).
[onaratot, uro aktmBanus ['P mpu cTpecce crmocobcTByeT
KOHCoONHIanuu namatu uepes 3amyck BDNF/CREB(cAMP
response element-binding protein)-3aBucumoro nytu (Fin-
sterwald, Alberini, 2014). OgHaKo 0CTAETCSI HESICHBIM, KaK
9TO COTYIACYETCA C NaHHBIMH 00 yTHETAIOMEM BIUSHUH
cTpecca u rokokoptukou 0B Ha I'P u BDNF, a Taxxe
¢ ocsiabJIeHHEeM I10]] MX JISHCTBHEM KOTHUTUBHBIX (DYHKIINH,
BKITIOUAIOMINX W MaMsITh. B oTimdne oT amantuBHON (OPMBI
namsaTtv, GpopMupyemas B YCIOBHSX CTpecca U JUIUTEIBHO
COXPAHAIONIASACSA KOHTEKCTyaJ bHAs MAMATH «CTPaxa» ycyryo-
JISIeT HETaTUBHBIC TICHXOIIOTHYECKHE MOCIEACTBUS CTpecca
W 3aTpyAHsIeT mporecc peadunuranuy. HenaBHo mokasaHo
(Revest et al., 2014), uro B yCHJICHHE 3TOH MaMSITH TaKKe
BoBieKkaeTcs Bzaumozeicteue Mexay I'P u BDNF. Asropsl
obHapyxuiy, yro aktuBanus ['P npu crpecce B pesynbra-
T€ YCWJICHHONW CEKPEUHH IITIOKOKOPTHKOUIOB MOBBIIIAECT
skcpeccuro 6erxoB pro-BDNF u tPA (tissue plasminogen
activator). Muaykuust tPA, B cBOIO odepe/ib, YCKOpSIET Mpo-
necc oopazoBanus 3penoit popmer BDNF u3 pro-BDNF, uro
TaKXXe NPUBOAUT K yBeanueHuto ypoBHs BDNF Bo Bpems
crpecca u ycunenuio yepes TrkB-Erk1/2MAPK cyrpansabii
IIyTh KOHTEKCTYyaJIbHOHM aMATH. Pazpeluenue npoTuBopeunit
MEXy BBI3BIBAEMBIMH CTPECCOPAMH U TITFOKOKOPTUKOMIAMHU
ociabjieHueM KOHUTHBHBIX CBOMCTB M (DOPMHUPOBaHUEM
a/IalITUBHOM U [1aTOJIOTUYECKOi (hOpPM MaMsITH U TIOBEICHUS,
a TaxkKe BEISICHEHHE POJIH  MEXaHU3MOB AeicTBus [ P B aTHIx
3¢ ¢ekrax TpedyeT NaabHEHIIINX UCCIICIOBAHHA.

G.T. Shishkina
N.N. Dygalo
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[IpencraBiennsie B 0030pe JaHHBIE CBUJECTEILCTBYIOT
0 BaxHO# ponu ['P B rHOKOM KOHTpOJIE OTBETOB OpraHU3Ma
Ha CTPECC U MOBBIIIEHUE YPOBHS NIIOKOKOPTUKOUIOB, a TAKKE
CIJIO)KHBIX MOJIEKYJISIPHBIX ITYTSX, BOBJIEKAEMbIX B 00YCIIOBIICH-
HBIE 3TUMH BO3JCHCTBUAMHE IICUXOMOBEICHUECKHE H(PDHEKTHI.
Nmeercs Bee Ooiblee KOMMUECTBO CBUACTEIBCTB B3aUMO/ICH-
crBus I'P ¢ BDNF, oTkphIBaromux BOIIPOCH O MEXaHU3MaX
9THX B3aMMOJICHCTBUH, 0COOCHHO B paHHHUE TIEPHO/IBI )KU3HN
nHauBHA. JlanpHeillee UccIen0BaHUE 3TUX MEXaHH3MOB
U MOJICKYJIAPHBIX MMyTeH OyIeT crocoOCTBOBATh Pa3BUTHUIO
HOBBIX CPEICTB TEPANUU NCUXUATPUYECKUX PACCTPONCTB,
00yCIJIOBIICHHBIX HEOIaronpusTHBIMH CTPECCOPHBIMU BO3-
JIEUCTBUSMU.
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Helpoxrnmunyeckne mexaHn3mbl 3anycka 1 peanusaumm CyfopoXHOro
npunagka npv anNunencuy B HacToALee BPemsa OCTalTCA Mano
N3YYeHHbIMY 1 NPaKTUYeCKn HeT paboT, OLeHUBAIOLLNX COCTOAHME
HerpoMeAnaTOPHbIX CUCTEM Ha PaHHKX 3Tanax CyA0POMXHbIX
NPUNagKoB Ha reHeTUYECKNX MOAENAX XKNBOTHbIX C MOBbILLEHHOWN
CYAOPOXKHOW roTOBHOCTbI0. bblNo NpoBefeHo nccnenoBaHme ponu
ERK1/2 knHa3 (extracellular signal-regulated kinase) B perynaumm
AKTUBHOCTU rnyTamat-, TAMK- n podamrHeprmyeckrx HeMpoHoB
HUTPOCTPUATHOW CUCTEMbI KPbIC MNHUMN KpyLInMHCKOro — MonoaKuHom
Ha KNOHMKO-TOHMYECKOW CTaAnM 1 Ha CTaAUM aTaKCUM ayMiOreHHOTo
CYAOPOXHOro npunagka. NokasaHo, UTo Npu NpeAbABNEHUN KpbiCam
nuHUM KpylumHckoro — MonofKHom cneumdmnyeckoro 3syKoBoro
pasgpaxuntena NPoucxoanT yBenuyeHne aktneHocty ERK1/2 knHas

B CTpraTyMe 1 B YepHOW Cy6CTaHLMM MO CPAaBHEHMIO C MHTAKTHLIMM
Kpblcamu KpywnHckoro — MonoaKnHom, 4To CONPOBOXAAeTcA ycune-
Huem akTMBHOCTU Synapsin 1. B pe3ynbraTe akTBaumy 3K3041TO3a
ycunmBaeTca BbIGPOC rnyTamaTta B CTpraTyMe, UTo NPUBOANT K UHU-
umrauum cygopor. OfHaKo Ha CTafnmy KNOHUKO-TOHNYECKUX CTagUii

B CTPUaTyMe Mbl BbIABUNWN PALJ U3MEHEHWN, NPUBOAALLNX K OCTaHOBKe
CyLOPOXHOrO Npunaaka. MNosbiweHne pochopunmposaHna TUPO3NH-
rMAPOKCMNa3bl B KOMMAKTHOW YacTu YepHOW CybCcTaHLUm 3a cueT
ycuneHna aktmsHoct ERK1/2 KnHas npuBoanT K MIHTEHCUBHOMY
Bbl6pocy AodamumHa B cTpuatyme. [Npu 3TOM NponcxoanT yBenmye-
Hue cofepkanna D2- n cHukeHne D1-peLienTopos, YTO yKasbiBaeT

Ha ocnabnenne D1 (npoanunentuyeckoro) n aktnsauum D2 (@HTU3MNK-
NenTnyeckoro) 3aBUcUMbIX NyTen perynauyumn TAMK-epruyeckimx
HeMpPOHOB YepHOW cybcTaHLUMKU. Mbl MOKasany yBenmyeHne Cogepxa-
HUA pepmeHTOB cnHTe3a TAMK B peTUKynsapHOI YacTv YepHou cy6b-
CTaHLMK, YTO, BO3MOXKHO, MPUBOAUT K UHIMOMPOBaHMIO rTyTamaTtepri-
YeCKMX HEMPOHOB TaslaMyca 1 ABNAETCA OQHUM 13 MEXaHN3MOB
TOPMOXEHWA CYyAOPOXKHOM aKTUBHOCTMN Ha CTafAMM aTakChK.

KntoueBble cnoBa: Kpbicbl KpyLumHcKoro — MonogKkmHom;
MMMYHOTMCTOXMMIS; BecTepH GNIOTUHT; HArPOCTpraTHas CUCTEM];
nodamunHepruyeckme HenpoHbl; D2- n D1-peuentopbl godamMmHa;
ERK1/2; rnytamat; TAMK; Synapsin 1.
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Functional state

of the nigrostriatal system

of Krushinsky—Molodkina rats
during audiogenic seizure
expression

N.A. Dorofeeva, L.S. Nikitina, D.V. Zosen,
M.V. Glazova, E.V. Chernigovskaya@

Sechenov Institute of Evolutionary Physiology
and Biochemistry of the Russian Academy of Sciences,
Saint-Petersburg, Russia

Neurochemical mechanisms of initiation and
expression of epileptic seizures are poorly explored,
and there are no published data that could demon-
strate the functional state of the neuromediator
systems at the initial state of seizure in the animals
genetically prone to seizure. In the current work,

we studied the role of extracellular signal-regulated
kinase (ERK1/2) in the regulation of the nigrostriatal
glutamate, GABA and dopamine neurons of Krushin-
sky — Molodkina rats at clonus-tonus and ataxia stages
of audiogenic seizure. We demonstrated upregulation
of ERK1/2 activity upon audio stimulation which was
accompanied by increased activation of Synapsin |

in the striatum and substantia nigra in comparison

to intact Krushinsky - Molodkina rats. The observed
exocytosis activation led to secretion of glutamate

in the striatum and, as a result, to stimulation

of seizures. However, at clonus-tonus stage in the stria-
tum we revealed the changes that could participate

in further inhibition of seizure activity, such as
increased phosphorylation of tyrosine hydroxylase
upon increased ERK1/2 activity followed by activation
of dopamine release in the pars compacta of the
substantia nigra. At the same time, enhanced D2

and increased D1 dopamine receptor contents were
observed. These data revealed attenuation of direct
(pro-seizure) and indirect (anti-seizure) pathways of
the regulation of the substantia nigra GABA neurons.
We demonstrated activation of GABA in the substantia
nigra pars reticulate, which probably results in the inhi-
bition of glutamate neurons of the thalamus and could
be one of the mechanisms inhibiting seizure activity
during ataxia.

Key words: Krushinsky-Molodkina rats;
immunohistochemistry; Western blot; nigrostriatal
bundle; dopamine neurons; D1 and D2 dopamine
receptors; ERK1/2; glutamate; GABA; Synapsin 1.



MUJIETICUSL — OJIHO U3 PaclpOCTPAHEHHBIX HEBPOJIO-
THYECKHX 3a0oneBaHuii, KoTopsiM crpagatoT 0,5-1 %
mupoBoro HaceneHnus (Hauser, 1994). B nacrosmee

BpeMsI JUIsl U3YUSHHUS] MEXaHU3MOB ()OPMHUPOBAHUS SITHIICTITH-

(hopMHOI aKTUBHOCTH IIMPOKO MCHONB3YIOTCS SKCIIEPUMEH-

TaJbHBIC MOJAETH AyJHOTCHHOM SITMICIICHU Ha >KUBOTHBIX,

MUMEIOIINX TeHETHYECKYIO MPEIPACIIONIOKEHHOCTh K Cy/10-

poxxHBIM TpunaakaM. OHOM U3 TAKUX SKCIEPHUMEHTATbHBIX

MoyIeNeH SBISIFOTCST KpbIchl nHOpeaHoi K KpymHceko-

ro—Mononkuno#t (Kpymunckuii, 1960). )KuoTtHble 3TOMH

JIMHUH, XapaKTePHU3YIOIIUECs IBYXBOIHOBBIM KIIOHHUKO-TO-

HUYECKUM IPUTAIKOM, KOTOPBIH BO3HHKAET Y HUX B OTBET

Ha 3BYK BBICOKOM MOIIHOCTH, OBUIM TIOJIyYeHbI Ha OCHOBE

ayTOpeaHO momy sy Kpsic Bucrap.

3HAYUTENIBLHYIO POJIb B PETYIISIIN ABUTATEIEHOIN aKTHBHO-
CTH, B TOM YHCJIE CYJJOPO’KHBIX PUITAKOB, UTPAET KOMILIEKC
CTpyKTyp OasanbHbIX ranrmmes (Deransart, Deraulis, 2002).
LleHTpaJIbHBIM 3BEHOM CHCTEMBI 0a3aJIbHBIX TAHIVINEB MOXKHO
CUUTATh CTPUATYM, B KOTOPOM ITPOMCXOAUT cOOp M aHAJM3
WHPOPMAIIH, TPUXOIAIICH U3 IpyTuX oTAenoB Mo3ra (Gray-
biel, 1990; Gurney et al., 2004).

B pabore paccmoTpena jopcosarepajibHasi 4acTh CTPH-
aTyma, KOTOpas, MOMUMO ITyTaMaTeprHYeCKUX MPOEKIUi
13 CEHCOMOTOPHOW M acCOIMAaTHBHOW oOJacTei KOpbl, MH-
HEPBUPYETCS NT0PaMUHEPTUYCCKUME HEHPOHAMHU UYEPHOU
CyOCTaHIINH, B CBOIO OYEPE/b, OITYUYAFOIIIMHU MIPOEKIUN OT
I'AMK-epruueckux Heriponos crpuaryma (Lynd-Balta, Haber,
1994; Durieux et al., 2012). B HacTosiiee Bpemsl MPUHSTO
pas3nuuars JBe CyOmomy sIIny ATMHHOAKCOHHBIX YMEPEHHO-
mnukoBbIX TAMK-epruueckux HeHpOHOB, pa3NNYarOMIUXCS
0 HampasiieHHI0 3((epeHTHBIX NPOEKLUI U COCTaBy JKC-
nmpeccupyeMbix OenmkoB. [lepBas cyOmomyssmuss HEHPOHOB
WHHEPBUPYET PETUKYJISIPHYIO YacTh YEPHOH CyOCTaHIUH,
XapakTepu3yercs 3Kcmpeccuen perentopa godamunaa D1
U JTa€T Ha4yaJIo MpOCY0POKHOMY MPSIMOMY ITyTH 0a3aIbHBIX
raHmmeB. Bropas cyOmomynsnns HampasisieT OTPOCTKH
K OJIeZIHOMY 1Iapy, SKCIpeccupyeT perentop nopamuna D2
U JTaCT HaYaJio HeNpsIMOMY aHTUCYJOPOXHOMY ITyTH Oa3aiib-
HeIx raarmieB (Gerfen et al., 1990; Le Moine, Bloch, 1995).

OnunenTuOpMHBIC COCTOSHUS OOYCIIOBICHBI HapyIIIe-
HHEM MEXaHHU3MOB, KOTOPbIE 00ECIIEUNBAIOT OalaHC MEKIY
BO30Y)XKJIalOIMMH ¥ TOPMO3HBIMH CHCTEMaMH MO3Ta — JI0-
(amun-, rryramar- 1 TAMK-eprudyeckumu, B TOM 4ucie
B 0azanbHbIX TaHMIMSIX. HapyieHne B3anMoaeHCTBUS 3THX
CHCTEM MOYKET IPOUCXOINTH HA yPOBHE HAPYIICHUS CHHTE3a
HeMpOMeIMaTopoB, PELENTOPHOIO CBSI3bIBAHMSI U HA dTaIle
UX BBIBE/ICHHS 32 CUET U3MEHEHNUS B IIPOIeccax HK30LUTO3a
(Bradford, Peterson, 1987; Scharfman, 2007). OxaiM 13 Koop-
JIMHUPYIOUIMX MEXaHU3MOB BIMSIHUS J0(aMyHa 1 [iTyTamara
Ha akTHBHOCTH [AMK-eprudecknx HeHpOHOB cTpHaTyMma
spisiercst ERK1/2 curnansubiii kackan (Valjent et al., 2000;
Guerrero et al., 2002; Chen et al., 2004; Nateri et al., 2007).
Ces3pBanme D1-penentopa ¢ MeAMaTOpPOM BBI3BIBAET aKTH-
Barmro ERK 1/2, 9to, B CBOIO 04Yepe/Ih, MOBHINIACT aKTHBHOCTh
NR2B cyowsenuuninsr NMDA-penentopa (Greengard, 2001;
Lee et al., 2002). Ctumynsius KOPTUKOCTPHATAIBHBIX TIPO-
SKIMH BBI3BIBACT akTHBaIMio GochopunupoBannss ERK1/2
kuHa3 B D2-1m0o3uTHBHBIX HelipoHax cTpuaryma (Sgambato et
al., 1998; Gerfen et al., 2002; Kotecha et al., 2002; Bertran-
Gonzalez et al., 2008).

Ha pasnuunbix mofensix Obuto mokasano, uro ERK1/2
KMHAa3bl UTPAIOT BAYKHYIO POJIb B (YOPMHUPOBAHUH PA3ITUIHBIX
(hopm anericny y uenoBeka 1 xxuBoTHBIX (Nateri et al., 2007;
O’Sullivan et al., 2008; Lindgren et al., 2009; Osterweil et al.,
2010; Glazova et al., 2015). HexoTopbie aBTOpEI paccMaTpH-
BAIOT BO3MOXHOCTB Hcroib3oBanus GpyHkunii ERK1/2 n nx
omokaropoB B ¢apmakonoruu (Nateri et al., 2007; Sebolt-
Leopold, Herrera, 2004). Bce 910 mM03BOMISET PEATIONOKHTE
yuactue ERK1/2 kuHa3 B peryssinuyi akTHBHOCTH HEHPOHOB
HHUIPOCTPUATHON CHCTEMbI B XO/I€ ay/INOT€HHBIX CYIOPOXKHBIX
MIPUTIAJIKOB.

ERK1/2 xuHa3bl 0Ka3bIBaIOT BIHUSHHE HA IIPOIICCCHI
OuocuHTe3a HeiipomenuaropoB. Hampumep, oHM SIBISIOTCS
OJHUM U3 (aKTOPOB aKTHUBAIUU THPO3UHTHAPOKCHIIA3HI,
¢dochopunmpys ee no cepuny-31 (Haycocket al., 1992).
ERK1/2 xuHa3bl MOTYT HE TOJILKO PETYJIMPOBAaTh HHTEHCHB-
HOCTB ochopunupoBanust TI, HO 1 BIUATH HA SKCIIPECCUIO
TeHa THPO3MHTHJIPOKCHIIA3BI, YTO NMPHUBOANUT K YCHIICHHUIO
ouocunre3a nodpamuna (DeCastro et al., 2005; Shah et al.,
2006; Bjorklund, Dunnett, 2007). ERK1/2 xuHa3sr MoTyT
MPUHUAMATB YIacTHE B PETY/IALNN HEHPOHATLHOW aKTUBHOCTH
TaK)Ke Ha JTalle BBIBEICHUS! HEHPOTPAHCMUTTEPOB, 32 CUET
AKTMBAIUM CUHTE3a U/WUIM aKTUBHOCTH OEJIKOB 3K301IMTO3a,
tochopmmupyst Synapsin 1 (Murray et al., 1998; Longuet et
al.,2005; Vara et al., 2009; Benagiano et al., 2011). [Tpu 3Tom
MOKa3aHO, YTO OENKM HK30IMTO3a BHOCAT CYIIECTBEHHBIN
BKJIa]] B TIPOLIECC AMMWICNTOreHe3a. MHOTHe aBTOphI paccMa-
TpuBalOT Synapsin 1 kKaK OAWH M3 BaXXHEHIIUX AJIEMEHTOB
sToro mporecca (Yamagata et al., 1995; Garcia et al., 2004;
Etholm, Heggelund, 2009; Vara et al., 2009; Fassio et al.,
2011; Ketzef et al., 2011).

ERK1/2 aBasroTcs Takke BaKHBIM KOMIIOHEHTOM, BBI-
3BIBAIOIINM MHAYKIHUIO TIIyTaMaTepruiyeckoil CHHaNTHYe-
CKOI aKTHBHOCTH, OOYCJIOBICHHON YCHJIGHHEM JKCIIPECCUH
VGLUT?2 (vesicular glutamate transporter 2) (Doyle et al.,
2010), siBRsIFOIIETOCS OHUM W3 MapKepoB WHTEHCHBHOCTH
BBIBE/ICHHS IiTyTamara. Kpome Toro, u3BeCTHa CBS3b MEKIY
HapymenneM skcnpeccun VGLUT2 u MOBBIIEHHON CyIO-
poxxHO# aktuBHOCTBIO (Schallier et al., 2009). Panee namu
ObUTO TIOKa3aHo, yTo mHakTuBaims ERK1/2 npusena k oT-
MEHE WM CHIDKCHHIO TSKECTH CyHOPOKHBIX IPHUIAIKOB
y KpbIc yuHNK KpymmHckoro—MOoNOIKHUHOM, YTO COMPOBO-
JK/1AI0Ch TOPMOXKEHUEM BBIBEJICHUS [ITyTaMara, BbI3BAHHOTO
CHIDKCHHEM ypoBHA (ocopunupoBanHoro Synapsin 1
B TUITIIOKAMIIE. DTO MO3BOJIMIIO MIPEATIONOKHUTE BAXKHYIO POITh
ERK1/2 B naunmanuu cynopoxxHoit aktuBHoctu (Glazova
etal., 2015).

[enpio HaIIETO MCCIIENIOBAHMS SIBISIOTCS U3Y4YEHHE 0CO-
OeHHOCTEl OTBEeTa HUTPOCTPUATHOMN CHUCTEMbI KPBIC JIMHUH
KpymnHackoro — MoslogKMHON, UMEIOIIUX I'€HETHYECKYIO
MIPE/IPACIIONIOKEHHOCTD K ayJHOTCHHBIM AMICHTH(HOPMHBIM
npumnaakam, u uccienopanue poiaun ERK1/2 kuna3 B smu-
nentoreHese. B pabore moka3aHo, 4TO B MOMEHT BO3HUKHO-
BCHHMS CYJIOPO’KHOIN aKTUBHOCTH MPOHUCXOIUT 3HAUYUTEIIbHAS
aktuBaims ERK1/2 kuHa3 kak B crpuaryme, Tak U B YepHOI
CyOCTaHIINH, YTO, OYEBUAHO, IPUBOANUT K U3MEHEHHIO B CO-
cTostHUM Jo(daMuH-, iyTamar- 1 TAMK-eprudecknx cucrem
HUTPOCTPHATHOTO KOMILIEKCA.
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DyHKLMOHaNbHOe COCTOAHNE HUTPOCTPUATHON CUCTEMbI KPbIC
nHUM KpywnHckoro — MonoaKrHOM B Xofe ayAvoreHHbIX Cy[opor

MaTeleaﬂbl n Mmetogbl
B kauecTBe MozieH HCCIIeIOBAaHUS CYTOPOXKHON TOTOBHOCTH
BbIOpaHbI KPbICHI HHOpeqHOM JnHIK Kpyurinackoro—Moron-
KMHOU C HacJIeZICTBEHHOM ayAMOoreHHOo! sanunencueid. Kpeicb
Kpymmuckoro—MonoaxiHOM 0TBE4ar0T Ha 3ByKOBOH CTUMYIT
MOJIHBIM M CTa0OMJIBHBIM KJIOHHUKO-TOHUYECKUM CyaIOpPOKHBIM
npunagkoM B 99 % ciryuaes. IloBbIlIeHHAS CyTOpOXKHAS TO-
TOBHOCTb TIOJTHOCTBIO (POPMHPYETCS Y HUX K KOHILY TPETHETO
Mecsila JKU3HH, U 110 JJOCTHIKEHUH TOTO BO3pacTa OHH OT-
BEUYAIOT CTAOMIIEHBIM CYIOPO’KHBIM MPHUITAIKOM Ha 3ByKOBOH
curnain (CemuoxuHa u 1ip., 2006). B Hammx sxcriepuMeHTax
KPBIC COIEP KA B UHAUBULYAJIBHBIX KJIECTKAX BUBAPUS IIPU
€CTECTBEHHOM OCBEIIEHUH U CBOOOIHOM JIOCTYIIE K IHIIE
u Bozie. Bce mporerypsl MpOBOAMIN COTIACHO STHYECKUM
[IPUHLUIAM, U3J0KEHHBIM B EBpOneiickoll KOHBEHIIMU 110
3aIIUTE TO3BOHOYHBIX KUBOTHBIX, HCTIOIb3YEMBIX IS SKCTIe-
PUMEHTAJIBHBIX U IPYTHUX HAyYHBIX Ieield. B pabore ucronb-
30Bai Kpbic BecoMm 250-300 r crapiie Tpex mec. CynopoxHast
AKTUBHOCTb y KpbIC JuHUU KpymunHckoro—MooakuHon
BBI3BIBAJIACH 3BYKOBBIM CTHMYJIOM (MHTEHCHBHOCTBIO 50 1B,
gactoTo# 10 k['11), mogaBaembIM ¢ reHeparopa. CynopokHOe
MIOBE/ICHUE KPBIC TECTHPOBAJIOCH MO CIIETYIOUINM XapakTe-
PHCTHKaM: HaJW4YHE W JUIMTEIBHOCTD JIATEHTHOTO MepHoja
AyJUOTrC€HHOTO IMpHUIlaaKa, «IUKOIo 6era», KIIOHUYCCKHUX
Y TOHUYECKUX CyJOpOT M arakcuu. Bce KpbIckl ObuM TOJI-
BEPrHYTHI 3BYKOBOW CTHMYJISIIIMM 3a JBE HEJEJU JI0 Havyasa
OKCIECPUMCHTA IJIAA ITPOBEPKU UX TOTOBHOCTHU K CyTOPOKHBIM
MIPUIAKaM 1 IepBast, KOHTPOJbHAs, TPYIIa KPbIC OblIa BbI-
BEJ/ICHA M3 DKCIICPUMEHTa 03 MPEbsBICHHS 3BYKOBOTO CTH-
myna. Kpbic aToro %e Bo3pacTta BTOpOM IpYIIIbI OABEPralli
3BYKOBOW CTUMYIISIIMM M JEKAMUTHUPOBAIN Ha CTaJUM KJIO-
HHUKO-TOHHYECKHX CYIOPOT IOCIIE MPEIbIBICHHUS 3BYKOBOTO
curHaia. Kpeicel TpeTbel Ipymnibl ObIITH AEKaTUTHPOBAHBI
Ha CTaJNU aTakCHy. Bce Tpu rpynIbl >KUBOTHBIX OBUTH BBI-
BEJICHBI M3 DKCIIEPUMEHTA B OJIMH JIeHb. MO3T pazaeisiii Ha
JIBE TIOJIOBUHBI B CarUTTaIbHOM IJIOCKOCTH. Jlanee u3 ogHoM
TIOJIOBHHBI HCCEKAIH CTPUATYM M YEPHYIO CyOCTaHIIUIO IS
MIPUTOTOBJICHHS TIPOO JUISl TIOCJIETYIONIETO OMOXUMHUYECKOTO
(BectepH-0110T) aHanu3a. Bropyro moioBuHy Mo3ra (hUKCH-
poBaiu B 4 %-M napadopmaibaeruie, pa3BeeHHOM Ha (oc-
(arnom Oydepe n oxnaxaeHHoM 10 4 °C JuIs mocieyone-
ro UMMYHOTUCTOXUMHYECCKOTO aHaJInu3a.
HNmmyHorucroxumudeckuii meroa. Ilocie crannapr-
HOW mpenBapuTeIbHONH 00paboTKM cpe3bl HHKYyOHpOBaIH
¢ nepBuyHbIME aHTUTEeIamMu Kk GAD67 (1:750, Millipore);
GADG65 (1:750, Abcam); VGLUT2 (1:200, Abcam); pocdo-
Sinapsin 1 (1:500, ProSci Incorporated); ¢ocdo-ERK1/2
(Thr202/Tyr204) (1:250, Cell Signaling Technology),
thocdo-tuposuarHapokcunase (Ser31) (1:1000, Millipore),
tuposuHruapokcmiase (1:1000, Sigma-Aldrich), D1a-u D2-
peuenrropam (1:1000, Millipore) B reuenue 12 4 npu KOMHAT-
Hoii Temneparype. [locne mpomeiBku B PBS cpessr o6pada-
THIBAJIM OMOTHHWJIMPOBAHHBIMU BTOPHUYHBIMH aHTHTEIAMHU
(Vector Labs) u cTpenTaBuarH-IEPOKCHIA3HBIM KOMITJIEKCOM
(Sigma Aldrich). [IposiBiieHre peaxknuy MPOBOIMIN C TOMO-
mbto tuamuHooenzuanHa (0,05 %) ¢ nobaBeHneM MepeKucH
Bonopoxna (0,01 %). UMMyHOTHCTOXUMUYECKHE PEaKIINU Ha
Ka)KJIbIi1 O€JIOK TIPOBOAMIIMCH OHOBPEMEHHO Ha BCEX CPE3ax
B CTAaHIApPTHBIX YCJIOBUAX. [l OLEHKH crienu(pUIHOCTH
MMMYHHOT'O OKpaIlIMBaHHs B KQKIOM ClIydae JeNajiy OTpHlia-
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TENbHBIA KOHTPOJIb (BBIITOIHEHHE UMMYHOTUCTOXUMUYECKOM
peaxmm 6e3 MepBUYHBIX aHTHTEN), PE3yTETaTOM Yero OBIII0
OTCYTCTBHE HMMYHHOTO OKpAIIMBaHuUs. AHAIIN3 TPOU3BOIIIH
C IOMOIIBIO CBETOBOTO MUKpOCKora Zeiss Axio Imager Al.

BectepH-010TTHHT. {7151 TPUTOTOBICHUS MTPOO M3 MO3ra
MCCEKaJIN CTPHATyM U YepHYI0 cyOcTaHImio. benkn B mpodax
Pa3essUIU ¢ IIOMOLIBIO AIEKTPO(opesa B HOTHAKPUIAMUIHOM
rene o JIammin (SDS-PAGE). anee GenkoBbie (hpaxiym
MIEPEHOCHIIN HAa HUTPOIIEIUTIONO03HY0 MeMOpany (Amersham
Biosciences, Freiburg, ['epmanus). Vcnonbs3zoBanu te xe
MEPBUYHBIC AHTUTEINA, YTO U TIPH HIMMYHOTHCTOXUMHUYIECKOM
ananmse. {1 BU3yanu3anuu pesyasraros uenonbsizosanu ECL
plus-cucremy (Amersham Biosciences). Jlencuromerpuye-
CKMH aHajau3 MPOBOJAMIM C IMOMOILIBIO IporpaMMbl Imagel.
YpoBeHb IKCIIpeccHy CenUpUIECKUX OCITKOB OBLT CKOPPEK-
TupoBaH 1o curiany GAPDH, BerBisemomy U1 onpenese-
HUS YPOBHS OOIIEro KoJm4decTBa Oenka B mpobax. YpoBEeHb
(ochoprmposanmnst ERK1/2 kuHa3 1 THpO3HHTUIPOKCHIIA3EI
OBUI CKOPPEKTHPOBAH 10 YPOBHIO OOIIEr0 KOJINYECTBA dTHX
6enKoB B mpodax.

MopdopyHkuuoHaabHbIi aHaau3 marepuasa. Komnu-
YEeCTBEHHAsl OL[EHKAa COACPIKAHUS MCCIIETYyEMbIX BELIECTB
B CTpHATyMe M YEPHOH CyOCTaHIINH IPOBOMIIACE HA OCHOBA-
HHUHW U3MEPEHHS ONITUYECKOH IIIOTHOCTH HMMYHOPEAKTHBHOTO
BEILECTBA B TeJIaX HEHPOHOB MJIM BOJIOKHAX Ha MUKPO(OTO-
rpadusax ¢ MOMOIIBIO MMPOrpaMMHOTO obecriedenus Bumeo-
Tecr, a Taxke Ha TUIeHKaxX BecTepH-0510T aHAIM3a C TOMOIIBIO
nporpammHoro obecrieuenusi ImagelJ. JlanHble ObLIM BbIpa-
KEHBI B yCIIOBHBIX €IMHUIIAX ONITHYECKOH III0THOCTH. Kpome
OLICHKH COJIep>KaHusl B HeHpOHAaX IMMYHOPEAKTHBHOTO Bellle-
CTBa, B HEKOTOPBIX CITy4asix IPOBOJMIICS MOJICYET KOJIMYECTBA
HEWpPOHOB, IABIINX MHTEHCUBHYIO HIMMYHOTHCTOXUMUYECKYTO
PeaKnuio Ha BBISBISIEMbIE OCIIKH.

CrarncTuyeckuii aHaan3 pe3yabTaroB. Bee nonmyueHHbie
JTaHHBIE 00pabaThIBaIM CTATUCTHYCCKH 110 /-KpuTeprio CThIO-
JICHTA, a TAaKXKe 10 KpuTepuio MaHHa—YHUTHH, NIPU OLICHKE
JIOCTOBEPHOCTH OTJIMYMM MEXKIY IPYIIIAMU 71 = KOJIMYECTBY
YKUBOTHBIX B rpynine. B kaxn0il skciepuMeHTaIbHON rpyIne
OBUIO MCCIIEOBAHO IO MATH KpbIc. JlaHHBIC TpeCcTaBICHbI
B BHUJIE CPEJHEr0 3HAYEHUS [0 KaXJOH I'pymme >KUBOT-
HBIX = CTaHJAPTHOE OTKIJIOHEHWE JJIsl CPEAHEro 3HAuCHHUS.
JIOCTOBEpHBIMHU CUHTAIUCH OTIMYMUS TPU yPOBHE 3HAUH-
MoctH p < 0,05.

Pe3ynbratbl

M3Menenne akTHBHOCTH IIyTaMaTePrU4eCKUX HelipOHOB
B crpuaryMe kpbic Kpymuuckoro—MoJ10aiKMHOH NpPH
NpeIbsIBJICHUH 3BYKOBOTO CUTHAJIA. B cTpraryme Ha craanu
KJIOHMKO-TOHUYECKUX CY0POT HaO0Ial0Ch 3HAYUTEIbHOE
cumxkenue ypoBHs VGLUT2 (puc. 1, a—e). Ot manasie
MOATBEPKIaeT yBenmueHue hocdoprmimposanus Synapsin 1
(puc. 1, 0, e), BBI3BaHHOE MOBBIICHHON aKTUBHOCTHI0 ERK 1/2
knHa3 (puc. 1, orc). Ha cragnm arakcnn, HeCMOTPS Ha BBICOKOE
coznepxkanne Gocpo-ERK1/2 ka3, KonndecTBO akKTHBHBIX
dbopm Synapsin 1 CHIKAETCs, XOTh U OCTAETCS HECKOJIBKO
BBIIIIE KOHTPOJIBHOTO YpOBHA (puc. 1, 0). Bumumo, 3To mpu-
BOJIMT K CHI)KCHHIO MHTEHCUBHOCTH BBIOpOCA TITyTamaTa Ha
CTaaAuu aTaKCUM W HAKOIUJICHUIO €TI0 B TCPMUHAJIBHBIX OT-
eJax, 4TO BhIpa)kaeTcsl B MOBBIMIEeHUH coaepxkanns VGLUT2

(puc. 1, a).
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Puc. 1. Copepxanue VGLUT2 (a), ocdo-Synapsin 1 (0) n pocdo-ERK1/2 () B cTpraTyme Kpbic nuHumM KM B KOHTPOIIE, Ha CTaAnU KIOHUKO-TOHMYe-

CKVMX CY[OPOT 1 aTakcuu.

CopepaHue VGLUT2 (a), n pocpo-ERK1/2 () oLeHMBanm no ypoBHIO MMMYHOPEAKTUBHOCTM GEIKOB Ha MMCTONOMMYECKMX NpenapaTtax nocne npoBefeHus
MNMMYHOFMCTOXUMIUYECKNX peakLmin K nccneayembim 6enkam. YpoBeHb skcnpeccum pocdo-Synapsin 1 onpeaenanu BectepH-6not aHanusom (e). Ha rpadukax
npefCcTaBneHa CpeiHAs ONTNYECKas MIOTHOCTb, BbiPaXKeHHas B YCTIOBHbIX eHNLaX + CTaHapTHOe OTKIIoHeHMe. *p < 0,05 Mo CPaBHEHIIO C KOHTPONeM;

**p < 0,05 NO CPaBHEHMIO C KTOHUKO-TOHUYECKIMI Cyioporamit. IMMyHorcToxummnyeckoe Bbisisnenne VGLUT2 B koHTpore (6), Ha KNOHUKO-TOHUYeCKON

cTapmu (8) 1 aTakcuu (2) B cTpratyme Kpbic nHUM KpyLmHckoro — MonogKuHo.

HN3menenue aktuBHocTH TAMK-epruyeckux HeiipoHOB B CTpHATYMe U Yep-
HO#i cyOcTanuuu kpbic KpymmHckoro—MoJi0oAKHHON NP NpeXbsBJIeHHH
3BykoBoro curnana. Conepxanne GADG67 yBenuuuBaeTcs y»ke Ha dTame BO3-
HUKHOBEHHUSI CY/IOPOYKHOM aKTHBHOCTH M OCTAETCS IIOBBIILICHHBIM JI0 KOHIIA CTaIUN
araxcuu (puc. 2, a, 0).

B BOJIOKHaX peTHKYISIPHOW YacTH 4depHOW cyOcTaHumMM Kpbic KpymmHcko-
ro—MOJIOIKHHOI Ha BCeX dTanax Cy0por HaOJIIo1aeTcsl IOBBIILIEHNUE COJlePIKaHHs
6emxa GADG67 (puc. 3, a, 6), uTo TOBOpUT 00 ycuieHnu ypoBHA cuHTe3a TAMK.
Coneprxkanne GAD65 Ha KIIOHHKO-TOHUYECKOH cTaaun cHikaercs (puc. 3, 6), 3To
CBUJIETENIBCTBYET 00 MHTEHCUBHOM BbIOpoce AMK B 1aHHO# CTPYKType U MOJKET
MPHUBOIUTH K TopMokeHHI0O [AMK-eprudeckux HeHpOHOB YepHON CyOCTaHITHH.

H3meHneHne aKTHBHOCTH J0(aMHUHepPru4ecKUX HEHPOHOB B CTpHATyMe
U YyepHoili cyOcTanmmuu kpbic Kpymunckoro—MonoaknHoii npu npeabsiBie-
HHMM 3BYKOBOI'0 CHT'HaJIa. BbI3BaHHBIN crieu(UUecKuM 3BYKOBBIM CTHMYIIOM
CYIOPOKHBIM IpUNagoK y kpsic KpymmHckoro—MoonknHo#i xapakrepusyercs
MOBBIIIEHNEM aKTUBHOCTH J10(paMUHEPTUYECKUX HEHPOHOB KOMIIAKTHOM yacTh
YepHOW CyOCTaHIIMH, O YeM CBHICTEIHCTBYET YBEIMUCHUE cofepx anus dpocdo-
TUPO3WHTHIPOKCHUIIA3El Ha (OHE CHIKEHMS OOIEero KolndecTBa Oeska THpO-
3UHTUAPOKCHIIA3bl (pHC. 4, a—2), YTO KOPPEIUPYET C NOBBIIIEHHEM aKTHBHOCTH
ERK1/2 xuna3. B ctpuaryme Takke 0TMEUEHO TOBBIIIEHHE YPOBHS Pocho-THpo-
3MHTHIPOKCHIIA3bI TIPH YBEJIIMUCHUN COAEPKAHUS OOIEH THPO3HMHIHAPOKCHIIA3bI
(puc. 4, 0, e).

[ToBbIlIeHHAsI aKTUBHOCTD 0(paMUHEPIHYSCKAX HEHPOHOB YepHOi cyOCcTaHIIuK
MIPUBOJINT K MOBBIIICHUIO YPOBHSI D2-perentopoB cTpuaTyma Ha CTaIud KIOHH-
KO-TOHMYECKHUX cyfopor (puc. 5, a, 6), B To BpeMsi Kak conepxkanue D1 cHmxeHo
(puc. 5, 6—e). OmHaKo yXe HA CTQAWU aTaKCHH copepkaHue D2-perentopos mo-
(hammHa BO3BpaIaeTcsi K KOHTPOIBHOMY YPOBHIO (pHcC. 5, a, 0).
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Puc. 2. CopepxaHue GAD67 (g, 6) B cTpraTyme
KpbIC MHUN KpyLinMHCKoro — MonoakunHon

B KOHTPOJIe, Ha CTaAnM KIOHUKO-TOHNYECKUX
Cy[OPOr 11 aTakCuK, OLleHEHHOE C MOMOLLbIO
BecTepH-6n0T aHanv3a.

Ha rpadukax npeacraBneHa cpefHAs onTu-
Yeckasn NNOTHOCTb, Bblpa)keHHasA B YCOBHbIX
eAnHMLaXx £ CTaHAapTHOE OTK/IOHEHMe. *p < 0,05
MO CPAaBHEHMIO C KOHTPONEM.
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DyHKLMOHaNbHOe COCTOAHNE HUTPOCTPUATHON CUCTEMbI KPbIC
nHUM KpywnHckoro — MonoaKrHOM B Xofe ayAvoreHHbIX Cy[opor
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KM-koHTponb KM-cypoporn KM-atakcua
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KM-koHTponb KM-cypoporn KM-aTakcua

Puc. 3. CopepxaHue GAD67 (a, 6), GAD65 (8)

B YepHOW cybCTaHLmM KpbIC MHUM KpyLwnH-
cKkoro - MonofKHOWM B KOHTPONe, Ha CTaann
KNOHWKO-TOHUYECKUX CYy[OPOT 1 aTakcuu,
OLleHEeHHOe C NMoMOLLbio BecTepH-6n10T aHanu3a.

Ha rpaduike npefcraBneHa cpefiHAs onTuye-
CKaA NNOTHOCTb, Bblpa)keHHasA B YCIIOBHbIX
einHMLax + CTaHJapTHOE OTK/IOHEHMe. *p < 0,05
MO CPaBHEHMIO C KOHTPONEM.

O6cyxpeHue

Helipoxumuueckue MexaHU3MBbI 3a-
MycKa ¥ peajliu3aluu CyI0pPOXKHOTO
TIPUTIA/IKA TIPU STTHJICTICHH B HACTOSIIIEE
BpeMsI OCTAIOTCS MaJOW3y4YCHHBIMHU.
Hamu Ob110 MpoBenEeHO COMOCTaBIIe-
HUE COCTOSHHUS OCHOBHBIX Helpome-
JUATOPHBIX CHCTEM HHUTPOCTPHATHOTO
KoMIUIekca Kpbic KpymmHckoro—Mo-
JIONKUHON Ha KJIOHHKO-TOHHYECKOU
CTaJIM¥ U CTaauu atakcuu. [Ipu 3TOoM
HE00XOUMO OTMETHUTH, UTO HHTEPIIPE-
THPOBATh XapakTep W3MEHEHHH TP
B3STHH MO3ra Ha CTaJuU KJIOHHKO-TO-
HUYECKOT0 Ipunaka cioxHo. C oqHoi
CTOPOHBI, 3TO MOTYT OBITH MEXaHU3MEI,
HAIpaBJICHHBIC HA 3aITyCK CYTOPOKHOMN
AKTUBHOCTH, C }IpyFOﬁ — BBISIBJICHHBIC
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Puc. 4. CopepxaHue ¢pocho-TPO3UHINLPOKCUIIa3bl, BbIABNIEHHOE MMMYHOTMCTOXUMUYECKM

B UepHoWi cyb6cTaHLmm (a) B KOHTpone (6), Ha CTagun KIIOHUKOTOHUYECKUX Cyfopor (8) 1 aTakcuu (2).
CopepkaHune pocho-TMPO3MHIMAPOKCMIIa3bl B CTPMaTyMe, OLeHEHHOE C MOMOLLbio BecTepH-6n0T
aHanwsa (0, e).

Ha rpadukax npeacraBneHa cpeHAA onTnyeckasn NIOTHOCTb, BbpaKeHHasA B YCIIOBHbIX eUHNLaxX +
CTaHAapTHOE OTKMOHeHue. *p < 0,05 MO CPABHEHNIIO C KOHTPOTEM.

M3MEHEHHUSI MOTYT SIBJISITHCSI PE3YJILTATOM UCTOILCHUS aKTHBHO pabOTAIONIMX HE-
POMEINATOPHBIX CUCTEM, YTO MPUBOAUT K MPEKPAIICHHUIO MPHUITAIKA U EPEXOLy
KPBIC B CTAJIMIO aTaKCHU.

CynopokHBIN MPUNANOK y Kpblc TUHUN KpymuHckoro—MonoaxkuHON pa3Bu-
BAETCsl B TEUCHNE HECKOJIIBKUX CEKYHJI ITOCIE MPEAbABICHNS 3ByKOBOTO CUTHAIA,
YTO 3aCTaBIISCT MPEIITONIOKNUTh, YTO HA HEHPOXUMHYECKOM ypOBHE M3MEHCHHUS
AKTHBHOCTH BO30YXX/IAIOIUX U TOPMO3HBIX HEHPOTPAHCMHUTTEPOB JIOJKHBI OBITh
CBSI3aHBI C OBICTPHIMU MPOLIECCAMH, B TOM YHCIIE C BHIOPOCOM HEHPOHTPAHCMUT-
TEpoB B cHHATcax. J{efCTBUTENBbHO, 3aBHCUMOCTb SMIIENTH(HOPMHON aKTHBHOCTH
OT YPOBHSI 9KCIIPECCHU OCIIKOB, OTBEUAOLIHX 32 BbIBEICHHE HEHPOTPAHCMUTTEPOB,
ObLTa MoKa3aHa B 9KCIIEpUMEHTaX Ha HOKayTHBIX KuBOTHBIX (Kataoka et al., 2011;
Matveeva et al., 2012; Corradini et al., 2014). Kpome Toro, BeposTCH BKIIa I H3MCHE-
Hust 6ananca Gochopunuposanusi — aedochopuInpoBaHUs OCIKOB B PeaTU3aIHIO
CyaopokHoTro mpumajaka. Hamu panee ObIIO MOKa3aHO, 4TO KpbICk! KpyrmmHcko-
ro—MOJIOIKHHOM B MHTAKTHOM COCTOSIHMM XapaKTEPU3YIOTCs TOBBIIICHHBIM CO-
nepxxanreM VGLUT?2 B cTpuaryme, SBJISIONIETOCS MapKEPOM [Ty TaMaTeprudecKux
netiporoB (Dorofeeva et al., 2015). MbI npeInOA0KMIN, 9TO 3TO CBUACTEIHCTBYET
0 HaKOIIJICHUH HEHpOMeanaropa B TePMUHAIBHBIX OT/eNIaxX M3-3a HAPYIICHMUS €TO
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Functional state of the nigrostriatal system of Krushinsky —
Molodkina rats during audiogenic seizure expression

BBIBE/ICHHS B PE3yJIbTaTe MOHWKEHHON
MHTEHCUBHOCTH (oCHOpUIHPOBAHUS
Synapsin 1 (Dorofeeva et al., 2015).
Ha xJIOHMKO-TOHHYECKOH CTajuu Cy-
JIOPOXKHOTO TIpHUIagKa HaOII0gaeTCs
MOBBIIICHUE conepxkaHus pocdo-
Synapsin 1 Ha ¢oHe ycunuBaromieics
aktuBHOCcTH ERK1/2 xmuaz. Bee ato
COIIPOBOJKIACTCS 3aMETHBIM CHHKEHH-
em koimnuectBa VGLUT?2 B ctpuarywme,
YTO, BEPOSITHO, CBHIETEIHCTBYET 00
AaKTUBHOM BBIOpOCE Meauaropa B CH-
HaNTHYECKOE MPOCTPAHCTBO M CBSI3bI-
BaHWUHM TITyTaMaTa C PEerenTopaMu 3KC-
npeccupyembiMu FAMK-epruueckumu
HelipoHaMmu. PaHee ObLIO MOKa3aHo,
YTO CHIDKEHHE ypOoBHA (ochoprmmpo-
BaHUs Synapsin | npu MHAKTHBALUA
ERK1/2 xuHa3 B xo/1e ayAHMOrCHHOIO
MIpPHUITaKa COTPOBOXKIACTCS HAKOTLIEe-
nueM VGLUT2 B cTpuaryme, a Takxke
B runmnokamrie (Glazova et al., 2015).
COBOKYITHOCTB 3THX JJAHHBIX YKa3bIBACT
Ha 3aBUCHMOCTb BEIOpOCa IITyTamara oT
aktuBHocTH ERK1/2 kxuna3. Takum 00-
pa3oM, HHTCHCHBHAS HEHPOTPaHCMHUC-
CHsl TIIyTamaTa B CTpUAaTyMe SIBISICTCS
OJTHOU M3 BO3MOXKHBIX NMPUYHH BO3-
HUKHOBEHUS CyTOPO’KHOTO MPHUITAIKA.
BricTpoe yBenmueHnue copepikaHus
BBISIBIISIEMBIX OEJIKOB Ha CTaJHM KJIO-
HUKO-TOHUYECKHX CYIOpOT BBI3BIBACT
YAUBJICHHUE, OJHAKO PAa3JIMYHs, OIH-
CaHHbIE HAaMH, SIBIISIFOTCSl CTaTHCTH-
YECKH OCTOBEPHBIMH. MBI ITOKa3aiIu
noBeiienne GAD67 B ctpuatyme Ha
KJIOHMKO-TOHMYECKON cTaauu (Impu-
6msuTensHO uepe3 20-30 ¢ moce mo-
Jla4¥ 3ByKa), 9YTO MOXKHO paccMaTpuBaTh
KaK HauyaJIbHbBII ATal BOCCTAHOBIICHMS
3amacoB 'TAMK, u3pacxoqoBaHHOTO
B IIPE/IBIAYIIHNE 3TAIbl CYyAOPOKHOIO
npurnaaka, Tak Kak U3BECTHO, YTO
GADG67, sBnsromuiicss KOHCTUTYTHB-
HBIM OEJIKOM, B OCHOBHOM OTBEYaeT
3a cuare3 [AMK (Asada et al., 1997).
JanbpHelmee yBeIU4YEHHUE €r0 CO-
Jiep)KaHusl Ha CTaJUH aTaKCUH MOXKET
SIBJIATBHCSI OJIHOW M3 IIPUYMH OCTaHOBKU
CYIOpOKHOTO Tpumanka. VHTeHcHuB-
HocTh cuHTe3a TAMK B cTpuatyme
B OOJIBIIION CTENIEHN 3aBUCHT OT aKTHB-
HOCTH J0(paMHHEPTHYEeCKON cucTe-
MBI 4epHOH cyOctanmmu. Ha ctagun
KJIOHUKO-TOHHYECKHUX CYJ0pPOT MBI
OTMETHITH TIOBBIMICHHE YPOBHS ocdo-
PUIMPOBAHUS THPO3HHTHIPOKCHIIA3EI
no Ser3] B KOMIIAKTHOW 4acTu 4epHOI
cyOcTaHIIMU. AKTHUBAIUS THPO3HHTHU-
JIPOKCHJIa3bl MOXKET OBITH CIICICTBUEM

N.A. Dorofeeva, L.S. Nikitina, D.V. Zosen
M.V. Glazova, E.V. Chernigovskaya

2016
20-2

a . 4
v 16
>
8
5 1.2
<]
I
15
= 08
=
x
¢
S 04
1]
T
s
E 0
o KoHTponb  KnoHuko-  Atakcus
TOHWUYecKne
cypoporu
[pynnbl >XKMBOTHbIX
6 0
D2 | — e . ——
1 2 1 2
KM-koHTponb KM-cypoporn KM-atakcusa
AKTVH
1 2 1 2 1 2
KM-koHTponb KM-cypoporn KM-atakcusa
8 ; D1aR €

o o
> o

o
)

OnTunyeckas NIOTHOCT, Y. €

o

Atakcua

KoHTponb  KnoHuko-
TOHUYeCKne
cypoporu

Tpynnbl XKMBOTHbBIX

Puc. 5. CogepxaHue D2-penentopoB godammHa (g, 6), oLeHeHHoe ¢ MOMOLLbio BecTepH-6510T aHa-
nu3a n D1-penentopos (8), BbIABAEHHbIX IMMYHOTMCTOXUMUYECKM METOAOM B CTPUATYMe KPbIC
nuHUK KpywmnHCKoro — MonofKnHom B KOHTpore (2), Ha CTafnm KIIOHUKO-TOHUYECKIX cyaopor (0)
n aTakcum (e).

Ha rpadukax npeacrtaBiieHa CpeAHAA ONTUYECKan NIOTHOCTb, BbPaXKeHHasA B YCNIOBHbIX €ANHM-
Liax + CTaHapTHOe OTKNOHeHwe. *p < 0,05 Mo CpaBHEHMIO C KOHTPONEM.

yeunenust pocpopunupoannst ERK1/2 kuna3 npu npeabsBIeHNN KpbIcaM 3BYKO-
Boro curuana. Kpome Toro, rnpu nojade 3ByKOBOro CUTHaJIa Ha (poHEe yBeJIMueHHs
aKTMBHOCTH J0()aMHHEPTHUECKUX HEHPOHOB YEPHON CyOCTAHIMU HMPOHUCXOAUT
W3MEHEHHUE COJICPKaHuUs PEIeNTOPOB 10(paMIHa B CTpUAaTyMe: MOBBIIICHHE YPOBHS
D2 u cuwkenune D1. B HacTosiiiiee Bpemst [oKa3aHo, 4To 00a THIIa 3TUX PELCHTOPOB
BOBJICUEHBI B PETyIANNio akTUBHOCTH [ AMK-eprudecknx HEHpOHOB CTpuaTryMa.
Crumynsanust D1 npuBOAXT K YCUIIEHHIO, B TO BpeMs Kak cTUMyIsiius D2 npuso-
T K ocabienuto BeiBeaeHuss TAMK B akcriepuMenTax in vivo u in vitro (Girault
et al., 1986; Bernath, Zigmond, 1989; Floran et al., 1990). Ha ocHoBanuu mnoiny-
YEHHBIX PE3YyNBTAaTOB M JAHHBIX JINTEPATYPhl MOKHO CJIEJIaTh BBIBOJA O TOM, YTO
B MOMEHT CYIOPOXHOTO Ipumnaaka y kpsic Kpymimackoro—MonoakuHol npouc-
XOAWT MHTEHCUBHBIN BHIOPOC JO(aMiHa B CTPHATyMe, BBI3BIBAIOLINI YBEITHICHHE
skcripeccun D2-penentopoB nodaMuHa U TOCIEAYyONIee TOPMOKEHNE BBIOpoca
T'AMK D2-skcnpeccupytomumu TAMK-epruueckumMu HelipoHaMu CTpHaTyMa.
OTO0 NPUBOANT K WHAKTUBALMH HENPSIMOTO (AHTUCYAOPOXKHOTO) MyTH PETYISAILNN
F'AMK-eprudecknx HelipoHOB uepHO# cyOcrannnu. CHibkeHne coaepskanus D1-
pelenTopoB Ha KIOHUKO-TOHHYECKOW CTaJuU MPUBOJUT TAKXKE K TOPMOKECHHIO
BeiBeneHnss [AMK. B pesynbrare mporcXoauT TakKe WHAKTUBAIIHS IPSIMOTO (TIPo-
CyIopoxkHOTO) Iy TH peryisiim [ AMK-eprudecknx HeHpOHOB YepHOI CyOCTaHIINH,
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YTO IIPUBOAUT K AKTUBALIUH STUX HEHPOHOB, O UM CBUAETEIb-
CTBYeT TOBbIIIeHNE comepkanusi GADO6S B peTHKymsapHOH
YacTH YepHOW CyOCTaHIIMN. YCHUIICHHE TOPMO3HOTO BIIMSTHUS
'AMK-eprugeckux HeHpPOHOB PETHUKYIIIPHOI YacTH YepHOH
CyOCTaHIIMM Ha TITyTaMaTepruuecKue HEHPOHbI Tajamyca,
OYEBHIHO, MTPUBOJNT K CHIKCHUIO MOTOPHOH aKTHBHOCTH
Ha CTaJUU aTaKCUH.

HecmoTpst Ha CIIOXKHOCTh MHTEPHpPETAIMU U HEOOXOAM-
MOCTh KPUTHYECKOH OIICHKHM IOJIYYCHHBIX PE3yIbTATOB,
MBI PUCKHYJIU CJeNaTh clenyromee 3akiaoueHue. OqHoi u3
OCHOBHBIX IIPUYMH BO3HUKHOBEHHUS CYIOPOKHOTO MPUTIAIKA
MOXKHO cunTath akTrBanuio ERK1/2 kuna3 B ctpraTyme Kpbic
Kpymmackoro—MonoakuHOH, IPUBOITYIO K MHTEHCHBHO-
My QochopunupoBanmio Synapsin 1. [loBweHHast aKTHB-
Hocth ERK1/2-3aBucumoro Oenka Synapsin | B ctpuaryme
CONpOBOXKAAeTCsl yMeHblleHuem coaepxanust VGLUT2,
YTO CBHUJICTEIBCTBYET 00 YCHICHHH 3K30IMTO3a IIyTaMara.
OnHaKo Ha CTaJMN KJIOHUKO-TOHUYECKUX CTa I MBI BBISIBU-
T psA7l U3MEHEHHUH B CTpHUaTyMe, IPUBOIAIINX K OCTAHOBKE
CyIopoXHOTO Tipumaaka. [loBeimenne ¢hochopummpoBanus
THUPO3UHTUIPOKCHIIA3bI B KOMITAKTHOM YaCTH YEpHOM cyOcTaH-
I[UH 3a cueT ycuieHus aktuBHocTr ERK 1/2 kuHa3 BbI3biBaeT
WHTCHCUBHBIN BBIOpOC AodamuHa B cTpratyme. [Ipu 3Tom
MBI HaOJIIOfaeM yBeIWYEHHE coyiepkaHus D2- U CHIDKeHUe
D1-peuenrtopos, uro ykassiBaeT Ha ociabienue D1 u D2
OTIOCPEAOBAaHHBIX MyTeil perynsaiuu ctpuarymom [AMK-
epruuecKuX HEHPOHOB YEpPHOH CyOCTaHIIMHU, PUBOISIICE
K YCHWJIGHHIO UX aKTHBHOCTH M, KaK CIIE/ICTBUE, K MHTMOU-
POBaHUIO TIIyTaMaTepruiecKuX HEHPOHOB Tajamyca, uTo,
BO3MOJKHO, SIBJISICTCSI OZTHUM M3 MEXaHHU3MOB TOPMOXEHUS
CYJOPO’KHOW aKTUBHOCTH.
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TUpo3SMHTUOAPOKCHUIIIa3a MO3ra

N ee peryjiaianms r'ifOKOKOPTNKONAaMU

E.B. Cyxapera! @, T.C. Kaannnnal> 2, B.B. Byasirunal, H.H. Apiraaob 2

T ®epepanbHoe rocynapcTBeHHoe 6lofKeTHoe HayuHoe yupexaeHne «DeaepanbHblil NccnefoBaTeNnbCKnii LeHTP HCTUTYT LMTONOTN 1 FeHeTUKN

Cunbupckoro otaeneHns Poccuiickon akagemmm Hayk», HoBocnbupck, Poccus

2 DepepanbHoe rocyfapcTBeHHoe aBTOHOMHOE 06pa3oBaTesibHOe yupexaeHne Bbicliero obpasoBaHusa «HOBOCMOUPCKMI HALMOHaNbHBIN

NCCNeAoBaTeNibCKN roCcyfapCcTBEHHbIN YHUBepcuTeT», HoBocmbupck, Poccus

B ocHoBe fonroBpeMeHHbIX U3MEHEHN HENMPOXMMUYECKUX CUCTEM
MO3ra 1 perynmpyembix UMu Grsnonornyecknx GyHKLMn 1 noBeaeHns
nop AeicTBrEM HEOGNAronpPUATHbLIX GakTOPOB PaHHEro OHTOreHe3a
HaXOANTCA N3MEHEHME SKCNPEeCCMU BaXKHbIX ANA GYHKLMOHMPOBaHNA
HEeNPOXUMMNYECKOI CMCTEMbI TeHOB. KntoueBoll GepmeHT BrocrHTe3a
KaTexonamunHoB, TMpo3nHruapokcunasa (1), onpepenseT akTUBHOCTb
HENPOXMMMNYECKOW CUCTEMbI U MHAYLIMPYETCA FOPMOHaMM CTpecca,
rIOKOKOPTUKOMZAMW, in Vitro v in vivo. AHann3 co6CTBEHHbIX U NUTe-
paTypHbIX JaHHbIX NO BANAHUIO FOPMOHOB CTpecca — MIOKOKOPTU-
KOUJOB — B KPUTUYECKME Nepunofbl NeprHaTaibHOro OHTOreHesa

Ha aKcnpeccuio reHa Tl, ypoBeHb ero 6esika 1 akTMBHOCTb hepMeHTa
B MpoLecce pa3BUTYA, @ TakKe PaCCMOTPEHMEe BO3MOXKHbIX MeXa-
H3MOB TaKOro BAVAHWSA NOCNYXW/O 3ajayeil 063opa. BeepeHve
[leKcameTa3oHa Un rmapoKOPTM30Ha NOBbILWAET Yepes 6 Y ypoBeHb
MPHK TI B ctBONE mo3ra 20-CyTOYHbIX NAOA0B U TPEXAHEBHbIX
KPbICAT, UTO COMPOBOXAAETCA yBENMYEHNEM aKTUBHOCTY depMeHTa

1 IMMYHOTUCTOXMMIMYECKN BbisiBRiAeMoro 6enka Tl B cTBOMe mMo3ra.
N3meHeHwne skcnpeccnn reHa TI B KpUTUYECKUI Nepuos paHHero
pa3BuUTMA NPUBOAUT K NOBbIeHMto ypoBHA MPHK TI B cTBONe mo3ra
25- 11 70-AHEBHbIX KPbICAT U aKTUBHOCTU GpepMeHTa B CTBOJE U KOpe
MO3ra B3pOC/bIX XMBOTHbIX. lMepuog uyBcTBUTENBHOCTY TI K YPOBHIO
rNIOKOKOPTUKOMAOB 3aBUCUT OT BO3pacTa. BeeeHre ropmoHoB

Ha BOCbMOW AieHb XM3HU He COMPOBOXAAETCA N3MEHEHUAMMN

B ypoBHe MPHK 1 akTnBHoCTM depmeHTa. lNMpomoTop reHa Tl He nmeeT
Knaccmyeckoro GyHKLMOHANbHO akTMBHOIO FOPMOHO3aBNCUMOTO
anemeHTa. MexaHn3m ropMmoHanbHOW MHAYKUMK sKcnpeccun TT
MOXET ObITb OCHOBaH Ha HEKAHOHNYECKOM My TV AeNCTBUA IMIOKO-
KOPTUKONLOB B pe3ysibTaTe M3BECTHOro 6enok-6enKkoBoro B3aMmo-
[eCTBUA MMIOKOKOPTUKOULHOIO peLenTopa C APYrMmy TPaHCKpU-
LIMOHHBbIMU daKkTopamMu, TakuMmu Kak 6enku AP-1 komnnekca. imeHHO
3TOT MexaHu3M perynauum skcnpeccun TI gekcameTasoHOM ycTa-
HOBNEH ANA KyNbTypbl GeoxpomaLmTombl. [JokazaTenbCcTBo CyLLeCTBO-
BaHUA NOJOGHOIro MexaH13Ma Ans MKOKOPTUKOMAHOW perynauum
TI in vivo Heo6xo[MMo A NOHVMaHNA MHOroobpasna ypoBHel
perynaumm skcnpeccum HemporeHoB GpakTopamm BHELLHeN cpefpbl.
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Tyrosine hydroxylase
of the brain and it’s regulation
by glucocorticoids
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Early life stress events can produce long-lasting
changes in neurochemistry and behaviors related to
monoamine systems, with increased risks of cardio-
vascular, metabolic, neuroendocrine, psychiatric
disorders, generalized anxiety and depression

in adulthood. Tyrosine hydroxylase (TH), the key
enzyme for catecholamine synthesis, also plays

an important role in the activity of the noradrenergic
system and may be a target for glucocorticoids during
the perinatal programming of physiological functions
and behavior. Administration of hydrocortisone or
dexamethasone to female rats on day 20 of pregnancy
and to 3-day-old neonatal pups significantly
increased TH mRNA levels (real-time PCR) and enzyme
activity as well as protein levels determined by ICH

in the locus coeruleus. Moreover, our treatment led

to increase in TH mRNA levels in 25- and 70-day-old
animals, as well as an increase in enzyme activity

in the brainstem and cerebral cortex of adult rats.

The long-term changes in TH expression are limited by
the perinatal period of development. Administration
of hormones on day 8 of life was not accompanied

by changes in TH mRNA levels or enzyme activity.
Glucocorticoids use several mechanisms to bring
about transactivation or transrepression of genes.
The main mechanism includes direct binding

of the hormone-activated GRs to glucocorticoid
responsive elements (GREs) in the promoter region

of genes. However, despite optimistic claims made
the classical GRE was not found in the TH gene
promoter. Protein—protein interactions between
hormone-activated GR and other transcription factors,
for example, AP-1, provide an additional mechanism
for the effects of glucocorticoids on gene expression.
An important feature of this mechanism is its depen-
dence on the composition of proteins formed by
AP-1. Hormone-activated GRs are able to enhance
gene expression when AP-1 consists of the Jun/Jun
homodimer, but do not do that when AP-1 appears

as the Jun/Fos heterodimer. Furthermore, as has

been shown recently, the GRE/AP-1 composite site is
the major site of interaction of glucocorticoids with



KAK UUTUPOBATbD 3TY CTATbIO:

the TH gene in the pheochromocytoma cell line.
Ontogenetic variation in the expression of Fos and
Jun family proteins, which affects their ratio, can be
one of the reasons for the TH gene regulation by
glucocorticoids at near-term fetuses and neonates.
However, to date this hypothesis has been sup-
ported only by in vitro data, and the existence

of this mechanism in in vivo conditions needs to be
explored in further studies.

Key words: tyrosine hydroxylase; glucocorticoids;
ontogenetic programming; gene expression; brain.
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€0IaronpusITHBIC YCIOBHS IPOTEKAHKS IEPHHATAILHO-
IO OHTOT'€HE3a, KaK IPaBHJI0, CTPECCOPHbIE, BBI3BIBAIOT
JIOJITOBPEMEHHbBIE, COXPAHSIOIINECS Ha MPOTSHKEHUN
JUTUTEJIBHOTO TIepHO/Ia BPEMEHH, MOCIeACTBUS. D10 (yH/a-
MEHTAJIBHOE SIBJICHHE, MOAKPEIUICHHOE 3IUAEMHUOJIOrHYe-
CKUMH JIaHHBIMH, TTOJYYHIIO Ha3BaHHE KOHTOICHETHUECKOE
nporpammupoBanue» (Barker, 1995). IToBblmenne ypoBHS
TOPMOHOB CTpecca, INIIOKOKOPTUKOUIOB, 1 JJaXKe TaKue cliadble
BO3/ICHCTBHSA, KaK CHIDKEHHE KadeCcTBa MaTePUHCKOM 3a00THI
B TIEPBBIC JIHU/MECSIIbI )KU3HU, HAPYIIAIOT (HYHKIIMOHUPO-
BaHME MEAUATOPHBIX CUCTEM U PErYIUPYEMBIX UMU Pa3HBIX
(dhopM moBesieHHs, B TOM YHCIIE COMPSDKEHHBIX CO CTPAXOM
u TpeBoxkHOCTRIO (Harris, Seckl, 2011; Markham, Koenig,
2011; Bingham et al., 2013; Gallo et al., 2013; Reynolds,
2013). HecmoTpst Ha OYEBHIHYIO BaXXHOCTH BBIICHEHUS
MPOIIECCOB, 00ECIEUNBAIOIIMX J0JTOBPEMEHHOE MPOrpam-
MUPOBAHUE HeﬁpOXHMHH MO3ra 1 1noBCACHUs, MCXaHU3MBI,
JIeXKaIe B UX OCHOBE, JI0 CHX IOp OCTAIOTCS J0 KOHIA He-
sicHbIMH. Kak ObLJI0 MOKa3aHO, B TOM YKCJIE U B HAIIIUX UCCIIe-
JIOBaHMSIX, JJa)Ke KPAaTKOBPEMEHHOE M3MEHEHUE IKCIPECCHU
KJTFOYEBBIX ISl (PYHKIIMH HEUPOXMMUYECKOI CHCTEMbI TEHOB
B KPUTHYECKHUE MMEPUOJIbI OHTOTEHE3a CIIOCOOHO B JalibHEl-
IIE€M BbI3bIBATh UBMCHCHUEC IICUXOOMOIIMOHAJIBbHbBIX peaKuHﬁ
(Shishkina et al., 2004a, b; Dygalo et al., 2008).
Hopaapenepruueckas cucteMa Mo3ra, Hapsity ¢ CepoTo-
HUHEPrUYeCKOM, OTHOCUTCA K MOJYJIUPYIOIIMM MEInUaTop-
HBIM CHCTEMaM M MPHUHAMAET HEMOCPEICTBEHHOE y4acThe
B PETyJISIIUA MHOTHUX (PU3HOTOTHYECKUX CHCTEM U (DYHKIIHH,
a TaKk)Ke pa3iIMuHbIX Ncuxomnaroioruii. KiroueBbiM epmen-
TOM CHHTE3a HOpaJpeHaJIHHa, ONPEASISIONUM (YHKIIUIO
MEIMATOPHON CUCTEMBI, SIBIISETCS TUPO3UHTHIPOKCHUIIA3a
(TT) (Kvetnansky et al., 2009; Tekin et al., 2014). Dxcrnpec-
cusl TeHa 3Toro ()epMeHTa, He UMEIOIIETr0 KJIACCHYECKOTO
(YHKIMOHATIBHO aKTUBHOTO FTOPMOHO3aBHCUMOTIO JIEMEHTA
(Sabban, Kvetnansky, 2001), Tem He MeHee, HHIYIUPYETCS
TIIIOKOKOPTUKOHUIAMH in Vvitro u in vivo (Rani et al., 2009;
Kalinina etal., 2012). Ananm3 coOCTBEHHBIX 1 JINTEPATYPHBIX
JaHHBIX IO BJIMAHWIO TOPMOHOB CTPECCA — ITTFOKOKOPTUKOU-
JIOB — B KPUTHUYECKHE MIEPUOJIbI IEPUHATAILHOTO OHTOTeHEe3a
Ha sKcrpeccuto rera TI, ypoBeHb ero 0eka U aKTUBHOCTb
(hepmeHTa B poLiecce pa3BUTHS, & TAKKE PACCMOTPEHUE BO3-
MOYKHBIX MEXaHHW3MOB TaKOTO BIUSIHUS TOCIYXHUIIH 3a1aueit
JTAaHHOTO 0030pa.

TuposuHrngpokcunasa:

reH, 69]10K, JNIOKannsauma

Tuposunrugpoxcunaza (EC 1.14.16.2) — dpepmeHT, KOTOpBIi
JUMHUTHPYET CKOPOCTh OMocHHTE3a JodhaMrHa 1 HopaJpeHa-
JIMHA, TIPeBpaIias THPO3HUH B quokcuermtananuH (JJODA)
C MCHOJIB30BAaHUEM MOJIEKYJISIPHOTO KHCJIOposa U KodakTo-
pa — terparuapoduonrepuna (Nagatsu et al., 1964; Kvetnan-
sky et al., 2009; Tekin et al., 2014).

B renome GonprmHcTBa oprann3moB red TIT mpucyTcTBy-
eT B BHJIC OJJHOH KOIHH, 32 UCKIFOYCHUEM KOCTHUCTBIX PBIO
(Candy, Collet, 2005; Yamamoto et al., 2010), ¢ pa3HsIM
YHCIIOM 9K30HOB: ceMb y npo3oduisl (Friggi-Grelin et al.,
2003), 13 y GonbImMHCTBA MIIEKOMTUTAIOMINX, 14 y YemoBeka
(Lenartowski, Goc, 2011). I'er TT genmoBeka pacmoiokeH
Ha KopoTkoM Tuteue 11-it xpomocomsl (Craig et al., 1986;
Bademci et al., 2012). CoceacTBo mociienoBare/ibHOCTH, KO-
mupytoreit TT, ¢ mocnenoBaTeIbHOCTHIO HHCYITHHOMIOTOOHOTO
TeHa YBOJIOIMOHHO COXPAHUIOCH B XPOMOCOMaX IT03BOHOY-
HbiX (Hernandez-Sanchez et al., 2006). B renome Mbitin Takast
CHHTEHHAas 00JacTh HAXOAUTCS B KOHIIE 7-i, a Y KpbIC — 1-i
xpomocomsl (Tekin et al., 2014). Y GonpIoImHCTBA MICKOIIH-
Tarowux ¢ reda TI' cuHTe3upyeTCst TONBbKO OMH TPAHCKPUIIT
(Haycock, 2002). Y kpbICHI ero [iHa cocTaBisieT okoio 1 800
HYKJICOTHIOB, 13 KOTOPBIX 1494 KoanpyIoT cOOCTBEHHO MOJIH-
NENTUAHYIO Ienb GpepMenTa, a 35 —B 5'- u 265 — B 3'-o0mactu
SABIISTIOTCST HeKomupyrommumu yaactkamu (Kvetnansky et al.,
2009; Lenartowski, Goc, 2011). B roimoBHOM M0O3re U Ha/IImo-
YEeUHHMKAX YeJ0BeKa 0OHapy KeHb! yeThipe popmbl kak MPHK,
Tak U, coocTBenHo, oenka T, ommnyaronyuecs: HaJMaIreM 1b
1/ Wi 2 5K30HOB U 4 1/ 1iu 27 aMUHOKHCIIOT COOTBETCTBEHHO
(Tekin et al., 2014). CpaBHUTEIBHBIN aHATH3 TIPOMOTOPOB TT'
YeJIOBEKa, KPHICHI ¥ MBI BBISIBAJ IISITh TOMOJIOTHYHBIX 00-
JacTel, IpH 9TOM 00111ast TOMOJIOTHsI MKy poMoTopamu TT°
YeJI0BeKa M MBIIIH cocTaBisieT 47 %, a 4enoBeka i KPBICH — He
6omee 30 % (Romano et al., 2005).

CTaOMIBHOCTD M aKTUBHOCTB (PEpMEHTA, a TAK)KE KHHETH-
YeCKHe CBOMCTBA €ro pa3jIMYHbIX M30(OPM OIPEACIISIOTCS
JUIMHOM MOCHEeJ0BATEIbHOCTH HYKIEOTHAO0B, C KOTOPOH
MIPOUCXO/IUT CHHTE3 CaMOT0 OeJIKa, ¥ YKCIIoM caifToB docdo-
punupoBanus MPHK. TpaHcnsaus npoxoauT He co BCeX Cy-
mectByronmx ¢popm MPHK TT" (Haycock, 2002). Usmenenuns
B crabmisHoctd MPHK TI' n cymectBoBaHMe pa3iudHBIX
TPAHCKPUIITOB 32 CUET aJbTEPHATHUBHOIO CIUIAHCHHTa IPEJIO-
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CTaBJIAIOT AOIIOJTHUTCIIbHBIE BO3BMOXKHOCTH IJIS PEryIAlUn
skcrpeccnn TT (Kumer, Vrana, 1996; Tekin et al., 2014).

Benok depmenra npeacrasisieT codoi TeTpamep, COCTOsI-
i u3 498 aMHHOKHUCIIOT B KQXK/I0W CYOBEIMHUIIC C BapHa-
6e1bHBIM N-KOHIIEBBIM PETyISITOPHBIM U KOHCEPBAaTHBHBIM
KaTaJUTHYECKUM JOMeHOM Ha C-KOHIIe MOJIEeKyIbl. MIMeHHO
KaTaJIUTUYECKHUE JOMECHbI YUaCTBYIOT B o6pa303aH1/11/1 TEeTpa-
Mepa 10 TUITy «JieinnHoBEIX 3acTexkex» (Tekin et al., 2014).

TT skcmpeccupyercst B KarexoJdaMUHEeprHIecKuX HeHpoHax
neprepruuecKo 1 IEHTPAIbHOI HEPBHOM CHCTEMBI,  TAKKE
B XpoMaPUHHBIX KJIETKaX MO3TOBOTO BEIIECTBA HAIIO-
4yeqHnKoB. DepMeHT obecneynBaeT Kak 0a3aabHbBIH YPOBEHb
nodaMiHa U HOpaJIpeHAINHA, TAK K HEOOXOIMMOEC U3MCHCHHE
YPOBHEH HEMPOMEIUATOPOB NPU IEHCTBUU 3HI0- U IK30I€H-
HBIX CTUMYJIOB. MakcuMarbHast akTUBHOCTH (pepmenTa B [THC
IpeJ/ICTaBIeHa B 00JIaCTH MEPUKAPUOHOB KaTeXoJlaMHHEePI U~
YECKUX HEHPOHOB (TIPOIONTOBATHIH M CPETHII MO3T, 00J1acTh
MoOCTa), MUHUMaJIbHast — B 00J1acTH MX TepMHHANIEH (Kopa,
THIITOKAMII, MO3XE40K). J[e()HHUTHBHBIC YPOBHU DKCIIPEC-
CHUHM TeHa, OesTka U aKTUBHOCTDH ()ePMEHTA yCTaHABINBAIOTCS
B TIpOIlECcCe Pa3BUTHSI.

3KCI'IpECCI/Iﬂ TUPO3NHIN[POKCUI1a3bl
B OHTOreHese
Pa3BuTue HellpoMeAUaTOPHBIX CUCTEM MO3Ia OIpeeiseT-
Cs TIOCNIEOBATEIHLHON aKTHUBAIMEH Kackaga MOp(hOTeHOB
1 TPaHCKpUNIMOHHBIX (akropos (Goridis, Rohrer, 2002).
[TyckoBbIM (DakTOpPOM IpH ClENHATU3ANNH J0P3aJbHOM
4acTH HEPBHOW TPYyOKH, U3 KOTOPOH M 3aKJIaABIBAIOTCS HEH-
POHBI CHHETO IISTHA CTBOJA MO3Ta, OCHOBHOTO MCTOYHHUKA
HOPAaJPEHEPTUYECKUX HEMPOHOB, BBICTYIIA€T KOCTHBIA MOpP-
thorenernueckuii 6emox (BMP) (Altmann, Brivanlou, 2001;
Vogel-Hopker, Rohrer, 2002). Yposens skcnipeccun BMP
OIIPEIENISIeT MECTO JIOKATU3ALIUH [IEPUKAPHOHOB ATUX HEHPO-
HOB — YeM CHJIbHEE IKCTIpeccHs Oenka, TeM Ooree 10p3aabHO
3aKJIa/IbIBAIOTCS] HEHPOHBI, POy LIUPYIOIINE HOPAAPCHAINH
(Barth et al., 1999; Guo et al., 1999). CHmwkeHue ypOBHS IH-
norenHoro BMP ymenspiaer uncio TI'-o3UTHBHBIX KIETOK
B KYJBTYpE KJICTOK CTBOJIa MO3ra |3-CyTOUHBIX SMOPHOHOB
Meiu (Holm et al., 2006). Bocemoti haktop pocta pudpo-
6mactoB (FGF8) siBisteTcst KoopraHM3aToOpOM pa3BUTHS KIIETOK
CHHEro IsTHa coBMecTHO ¢ Mopdorenom Sonic Hedgehog
(SHH), perynupyst ¢popmupoBaHue UCTMycCa — I'PAHHIIBI
MEXKAY 33JHUM, T1e 1 GOPMHUPYIOTCS HOpPaIPEHEPTUUECKUE
Heliponsl, n cpenqaum mozrom (Wurst, Bally-Cuif, 2001;
Holm et al., 2006). Dxcnpeccust KayaajibHee HCTMyCa T'EHOB
Eglwn Eg2, rOMOJIOTUYHBIX T€HAM CETMEHTAI[H HACEKOMBIX,
obecrieunBaeT KOppeKTHOE 00pa30BaHKE KJICTOK CHHETO ITSITHA
y Mbiie# (Simon et al., 2005). HopmanbHoe pa3BuTHe HEHpo-
HOB CHHETO IIITHA IIPOMCXOIUT O1aroiapsi Iocie0BaTeIbHON
AKTHBAIMU YETHIPEX TPAHCKPHUITIIMOHHBIX (pakTopoB: Mashl,
Phox2a, Phox2b u Rnx/TIx3 (Morin et al., 1997; Hirsch et
al., 1998; Pattyn et al., 2000; Qian et al., 2001).

[Ipu dopmMupoBaHuK HOpaAPEHEPTUIECKUX HEHPOHOB
B CUMIIaTMYECKOM HEPBHOM CUCTEME IIOCIIEI0BATEILHOCTD aK-
TUBALIMH TPAHCKPUIILIMOHHBIX ()aKTOPOB OTIMYIHA OT TAKOBOM
B rostoBHOM Mo3re (Goridis, Rohrer, 2002; Hippenmeyer et al.,
2004), uTo CBUAETEIBCTBYET O CI0KHOM MPOrpaMMHUPOBAHUN
Pa3BUTHSI HEHPOHOB PA3HOTO MPOUCXOKICHUS, JAXKE UCTIONb-
3yIOIIMX OAMH U TOT )K€ HeHpoTpaHcMHTTEp. Bmecte ¢ Tem
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TpaHckpunuuonnsie paxropsl Mashl u Phox2b seistrorcs
OCHOBHBIMH JI€TEpMUHAHTaMU ()OPMUPOBAHUSA HOpajpe-
Heprudeckoro (eHornna u mosra, u nepudepuu. B nemom
MopdoreHes HOpaJApeHEePruiecKol CHUCTEMBbl T'OJOBHOTO
MO3ra HAYMHAETCs B KOHIIE ITEPBOH MTOJIOBUHBI SMOPHOTEHE3A,
MIPOXOIMT C JIOCTATOYHO BHICOKOH CKOPOCTBIO M 3aBEPIIACTCS
B paHHEM IOCTHATalbHOM nepuozae passutus (Herlenius,
Lagercrantz, 2004).

OIHOBPEMEHHO C 3aKJIaAKOH HOpagpeHEepTrHYEeCKUX
HEHUPOHOB CTBOJIa MO3ra HauMHAeTcCs dKcupeccus rexa TI.
B cTBOMOBOI wactu mosra rpeizyHoB MPHK n 6enok TI™ ne-
TEKTHPYIOTCs Ha 8-i—10-11 1eHh SMOPHOHAIBHOTO Pa3BUTHUS
(Thomas et al., 1995; Fujinaga, Scott, 1997), B runoranamyce
aKTUBHOCTH (pepMeHTa onpenensercs ¢ 13-ro, a B Kope Mo3ra
¢ 18-ro nus npenaransHoro pazsuths (Puymirat et al., 1982).
Huskuil y HoBopokaeHHbIX KpbIcaT ypoBeHb MPHK TT ¢ Bo3-
pacToM yBEIUYUBAETCSI, HO TUHAMHKA N3MEHEHHS KCIIpec-
CHM T€Ha U aKTUBHOCTH (pepMEHTa B PAa3HBIX OTAEIAX MO3Tra
HMeeT peruoHajbHbie ocoOeHHOocTH (Bonnin et al., 1994;
Kammnuna, {pirano, 2013). YpoBeHs 3KcIpeccn rexna, Oemka
n aktuBHOCTH TT, XapakTepHBII AJs1 B3POCIBIX )KUBOTHBIX,
YCTaHaABIIMBAETCS K NOJIyTOpaMeCsIHHOMY Bo3pacty. [Ipu atom
Hanbosee OBICTpPhIC TepHoaB! (HOPMHUPOBAHIS HEHPOXUMHYE-
CKO CHCTEeMBI, OIepesKarolye 001ee pa3BUTHE OPraHN3Ma,
Y KpbIC IIPUXOASTCS Ha KOHEI| MPEHATaJbHOTO OHTOreHe3a
n "eTBepTylo Henmenro ku3Hu (Kalinina et al., 2012). Bo3aeii-
CTBHE UMEHHO B 3TH CPOKH IPHUBOJUT K JOJTOBPEMEHHOMY
W3MEHEHUI0 MEJIUATOPHOW CHUCTEMbl U PETYIUPYEMBIX €€
(hyHKIWH, 9TO MTO3BOJISIET CUNTATH JAHHBIE TIEPHUOIBI PA3BUTHUS
KPUTUYECKUMH B OHTOTCHE3E HOpaJpEeHepruieckod Menu-
atopHoii cuctemsl! ([pirano, Kanununa, 1993; Kanununa,
Jeirano, 2013).

Jnst HopmasibHOTO pa3BuTHs opranusma TI abcomroTHO
Heobxoauma (Carson, Robertson, 2002; Lopez-Sanchez et
al., 2010), mokayTsl o reny TI nmeTambHBI U3-3a TATOIOTUN
cepaedHo-cocyaucTo cuctemsl (Zhou et al., 1995). Beenenue
JIODA Bo Bpemsi OEpEMEHHOCTH MO3BOJISIET TAKHM KHBOT-
HBIM POJMTHCS, HO 0O€3 JanbHEeHIeld Teparnuu OHU THOHYT
B TIEPBbIC HEJEH )KN3HH. DEPMEHT METaHOIUTOB — THPO3HU-
Ha3a — CrocoOeH CHHTE3UPOoBaTh 10(haMHUH U HOPaAPEHAINH
B 00xox cunTtesa n3 JODA. [TosToMy MHIMEHTHPOBAHHBIC
HOKayThlI 110 TeHy TI" BbDKMBAIOT. JIBoliHBIE HOKayThl 1o TT
U THPO3HHA3e TaKkxke jetanbhbl (Rios et al., 1999). Ho naxe
MTUTMEHTUPOBaHHBIE HOKAYTHI 10 TI” Menmbue cBOMX copoan-
4ell IMKOTO TeHOTHUIA, UMEIOT TOHM)KECHHBIH TOHYC COCYZ0B
U JIe30pTraHU3aLHI0 KapIMOMUOLIUTOB B 1iesioM. HecmoTpst Ha
3aMecTuTensHyIo Tepanuio JJODA, y Takux MBIIIEH CHIKe-
HBI COJIep)KaHHNE KaTeX0JaMUHOB B HA/ITOYEYHUKAX U MO3TE,
ypoBeHb KopTukocTepona B kposu (Kobayashi et al., 1995;
Bornstein et al., 2000).

B nenom skcnipeceust TT' B Mo3re mporpeccuBHO MOBBIIITA-
€TCs1 CO BTOPO# MOJIOBUHBI SMOPHOHAIBHOTO PA3BHUTHS, IOCTH-
rast K IOJlyTOPaMeCsTIHOMY BO3PacTy YPOBHsI, XapaKTEPHOTO
JUISl B3pOCIBIX ®KHUBOTHBIX. Tpanckpunnus TI” Haxoqurces mox
KOHTPOJIEM IIJI0T0 psijia PErysTOPHBIX (pakTopoB, B3auMO-
JIEHCTBYIONINX C POMOTOPHOI 001aCThIO TeHA.

Perynauus skcnpeccun TMPO3UHIMAPOKCANA3bI
AKTHBaIUs yxe uMmeromuxcs monekyn TIT perymupyercs
oOpaTuMbeIMu peaknusiMu pocopunpoBanus— aedocdo-
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punupoBanusi. TI' umeer caiitbl pocopunnpoBanust Tpems
KJIacCaMH NPOTEUHKHHA3: UAM®-3aBUCHMbIMY, KaJbLUN-
KaJIbMOYJIMH-3aBUCUMBIMU, 1l M®-3aBucuMbIiMU. OCHOB-
HbIMH caiiTamMu (hocOpUITUPOBAHHS SIBIISIFOTCSI CEPHHBI B 8-,
19-, 31- m 40-m momoxeHnu N-peryIaTOpHOTO JOMEeHa OenKa,
npu 3toM Ser-31 u Ser-40 BHOCAT HanboIee CyIIeCTBEHHBIH
BKJIaJl B aKTHBAlMIO (pepMEHTa U MPUCYTCTBYIOT Y BHJOB,
UMEIoInX MHOKecTBeHHbIe (hopmbl pepmenta (Dunkley et
al., 2004; Lenartowski, Goc, 2011; Tekin et al., 2014).

Bce xarexonaMunbl ”HrUOUpYIOT akTuBHOCTH T1" 10 Mexa-
HU3MY OTPHIIATEIFHON 00paTHOM CBSA3M, HAPYIIas CPOICTBO
(epmenta k kodaktopy. AktuBHOCTE TI' CHIDKaeTcst Ipu
YCHJICHHMHM OOpaTHOro 3axBaTa MEIMAaTOPOB M yBEJINYHBA-
eTcs MPU MOBBIIIEHHOM BBIOPOCE B CHHANTHYECKYIO IIETh
(Lenartowski, Goc, 2011). Anmnocrepudeckue W3MEHEHUS
KoH(opmaruy 6es1koBoi Mosiekyibl TT pu B3aumMoeicTBum
C TIONTMAaHUOHAMH — TeTTapuHOM, POCHOTUMUIAMH U T. I1. — IT0-
BeimaroT aktuBHOCTE TI (Kumer, Vrana, 1996; Tekin et al.,
2014). B ecrectBeHHbIX ycnoBuax TI akTHBHpYeTCs B OTBET
Ha UMMOOMIM3ALMOHHBIHN CTPECC KaK B HAATIOYEUHUKAX, TAK
Y B CHHEM IISITHE TOJIOBHOTO MO3Ta, U 3TH 3P ]EeKThI orocpe-
JIOBaHbI PA3JINYHBIMU TPAHCKPUIIMOHHBIMU (pakTopamu,
AKTHBAIIS KOTOPBIX 3aBUCHT OT JUTUTEIBHOCTH cTpecca (Sab-
ban et al., 2004; Hebert et al., 2005; Kvetnansky et al., 2009).
TpanckpunuuonHas peryasauus reda T BIseTcst KOMILIEKC-
HOHM M TKaHecmenu(UIHOHN, TOCKOIBKY 3aBHUCHUT OT ITyJa
TPAaHCKPUIIIMOHHBIX (haKTOPOB B TKaHU. CyIeCTBYeT BUI0BAs
CHeUU(pHUIHOCTb pacIpeAeICHHs PEryIATOPHBIX JIEMEHTOB
B TIPOMOTOPAX MBIIIIEH, KpBIC 1 gesoBeka (Romano et al., 2005).

DKcHpeccHs TeHa Perylnupyercs HO3UTUBHBIMHU M Hera-
TUBHBIMH PETYJISITOPHBIMU JIEMEHTaMu NpomMoTopa reHa TT°
(Sabban, Kvetnansky, 2001; Kvetnansky et al., 2009). B ipo-
MOTOpPHOH 007acTH reHa (hepMeHTa U3BeCTHB MHOXKECTBEH-
HBIE TPAHCKPHUITIHOHHBIE (PAaKTOP-CBS3bIBAIOIINE CANTHI: JIBA
AP-1, SP-1, AP-2; nea CRE; Oct/HEPT motuB; E-box/0OnBa-
JICHT W JIpyTUe, KOTOPBIC MO3BOJISIOT PA3IMYHEIM (hakTopam,
takuM Kak Ca?", TIIOKOKOPTHKOMIbI, YPOBEHb KUCIOPOIA
u ctpecc, peryauposatsh yposeHb MPHK TI' (Kvetnansky et
al., 2009; Rani et al., 2009; Lenartowski, Goc, 2011). Hau-
OomnbInnit BKIAJ B perynauuio TpaHckpuniuu TTT BHOCAT
AP-1 (-205/-195) u CRE (—45/-38) aneMeHTHI IpoMOTOpa.

CRE/CaRE (TGACGTCA) sBnsieTcst 31eMeHTOM, 00e-
CIEYMBAIOIUM OCHOBHOM M MHIyIIUPOBAHHBII YPOBHU IKC-
npeccuu reHa TT" (Rani et al., 2009; Lenartowski, Goc, 2011)
[pU U3MEHEHHUH B KIIeTKe ypoBHel HTAM® u Ca?!, a Takke B
OTBET Ha JICHCTBHE arOHMCTOB XOIMMHEPTHUECKUX PELETITOPOB,
thopOomoBoTO 3PHpa, HUKOTHHA, YTO YBEINIMBAET TPAHC-
kpunnuro reHa TT. ITpu 5ToM 1715t MaKCHMalTbHOTO OTBETA reHa
TT Ha tAM®-3aBrcHMbIE TIPOLICCCHI HEOOXOAMMA AKTUBALINS
IBYX TAM®-3aBHCUMBIX CATOB, PACTIOIOKEHHBIX B 00IaCTH
—102 u —73 . 1. (Nagamoto-Combs et al., 1997).

IIpoxcumansuslit AP-1 (TGATTCA) anemeHT mpomMoTopa
TI" onpenenser ypoBeHb TpaHcKpunuuu reHa TI' B oTBer
Ha Bosneiictere Ca’’, arOHUCTOB MYCKAPUHOBBIX PELENTO-
poB, THUIIOKCHH, (opOoIoBEIX 3dupoB. B neinom Hamuuue
B 5'-06mactu rena TT caitroB AP-1 u CRE Bricoko KoHCEp-
BaTUBHO M OOHApPYXXEHO y BCEX MCCIICJOBAaHHBIX HA JaHHBIH
momeHT BuioB (Lenartowski, Goc, 2011). [Tomumo akruBupy-
IOLUX TPAHCKPUIILHIO 3JIEMEHTOB, B ipoMoTope T1" nmerorcst
PeTyIsITOPHBIE CAWTHI, TTOAABISIONINE HYKCIPECCHIO TeHa,
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Hanpumep rentamep (HEPT), pacnionoxxennsiit mexxay AP-1
n CRE/CaRE, xotopsrii B3aumozaeiictyet ¢ Oct-2 1 HHTHOH-
pyert Tpanckpunuio rena epmenta (Lenartowski, Goc, 2011).

HcenenoBanus HOCIEIHUX JIET CBUJIETENBCTBYIOT O BAYKHOM
BKJIaJI€ MOCT-TPAHCKPHUIIIMOHHBIX TIPOIIECCOB B M3MEHEHHUE
aktuBHOCTH TT romoBHoro mo3ra (Tank et al., 2008; Boschi
et al., 2015) u HaamoueunukoB (Sun et al., 2004). Ycunenue
TpaHCcKpumniwy reHa T MOoJKeT COnpoBOXKIaThCs yBENNIEHH-
em cradbmwipHOCTH e¢ MPHK. YcTanoBieHo, 9T0 yUIMHCHHE
Bpemenu nonyxxkuziu MPHK TT' npu runokcun nponucxoaut
B pe3ynbrare B3anMoneiricteus PHK co crmennduueckum
OemkoM, 3aruIIaonrM ee ot Hykieas (Paulding et al., 2002).

B nenom, HecMOTpsl Ha MHOTOJIETHHE HCCIEOBAaHUS pe-
TYISIAN TPAHCKPUMIUK U TpaHcmsinuu TT, 10 HacTosimero
BPEMEHH MHOTHE JCTAIU ATHX MPOIECCOB OCTAIOTCS He-
scHbIMH. Kak yTBepiK1atoT aBTopbl 0030pOB, MOCBSIIEHHBIX
stim Bonpocam (Lenartowski, Goc, 2011; Tekin et al., 2014),
TMOSIBJIIIOTCST BCE HOBBIE (DAKThI, OATBEPIKAAIOIINE CIIOXK-
HOCTb M MHOTOATAITHOCTh PETYIISILIUY SKCIIPECCHHU KITIOUEBOTO
(hepmenTa cuHTe3a A0hamMHuHa U HopaapeHaanHa. K ux unciry
OTHOCHUTCS TpoOIeMa MEXaHU3MOB TTTIOKOKOPTHKOHMIHOM
peryssuuu resa TT.

Perynauma askcnpeccnm TMPO3NHINgpoKcunasbl
rMIOKOKoOpTUKoOngamm

JleficTBre cTpecca pa3IMIHON MPUPOABI — XOIOI, UMMOOH-
JU3AIHS, U3O0JSIIIHS, TUTIOTTMKEMUS | T. 1. — OBHIIIACT yPO-
Benb MPHK, Genka u aktuBHOCTh TT" Kak B MO3re, Tak 1 Ha
nepudepun (Makino et al., 2002; Sabban et al., 2004; Kvet-
nansky et al., 2009). OnHako HEMOCPEACTBEHHOES BBEICHHE
TOPMOHOB CTpecca — NIIOKOKOPTHUKOUIOB — BBI3BIBAET I10/[4aC
HEOJHO3HAYHBIE ¥ IPOTHBOPEUHBHIC PE3yBTAThI, CBI3aHHBIC
B OCHOBHOM C IICPHOJIOM BO3JICHCTBHSI, T030H BBEICHHOTO
rOpMOHa, UCCIIEyEMON JIMHUEN KUBOTHBIX.

B xymprype xiietox heoXpOoMOIHMTOMBI WHAYKIHS TIIO-
KOKOPTHKOHMIAMU 3Kcripeccnn T ycTaHOBIIEHA MHOTO JIET
nazan (Lewis et al., 1983) u HeOqHOKpATHO TOATBEPIKACHA
B nanpHeiieM (Tank et al., 1986; Fossom et al., 1992; Hagerty
et al., 2001; Radcliffe et al., 2009; Rani et al., 2009). Bonee
TOro, 00paboTKa KyJBTYPbI KJIETOK JAEKCaMETa30HOM Oblia
WCTIONB30BaHa TPH OTPEeNICHIH HYKICOTHIHON MOCIeo-
BarenpHOCTH TeHa TT (Lewis et al., 1983).

PabotsI psiia uccienoBaresnield M Halllk ONBITHl YOS IUTeb-
HO CBUJETEILCTBYIOT O TOPMOHAJIBHON MHAYKUMU reHa TT'
in vivo IpH BBEJICHUH TTFOKOKOPTUKOUIOB B pAaHHEM OHTO-
reHe3e y rpbI3yHOB, a Takke 00 yyactuu TI mosra B rop-
MOH-3aBHCHMOM «OHTOT€HETHYECKOM POTPAMMHUPOBAHUI.
ITocrne BBeIeHNUS TITFOKOKOPTUKOHIOB B KOHIIE TPEHATAIBHOTO
OHTOTCHE3a aKTUBHOCTH (pepMeHTa B 00JIACTH JIOKATH3AIMU
MIEPUKapHIOHOB HOPApPEHEPTHIECKUX HEHPOHOB MOBHIIIACT-
csl y’Ke depe3 6 9 M OKa3hIBaeTCsl H3MECHCHHOW BO B3POCIIOM
cocrosiuuu (Markey et al., 1982; J{pirano, Kanununa, 1993;
Dent et al., 2001; Kanuauna, [prano, 2013).

HccrienoBaHus MOCICTHAX JIST TTOKA3AJIH, YTO ITOBBIIIICHIEC
aktuBHocTH TI' B paHHEM OHTOreHE3€ IpPU BBEIACHUM Kak
JIeKCaMeTa30Ha, TaK U THAPOKOPTH30HA COMPOBOXKIACTCS
yBenmuenueM MPHK ¢epmenra (Kalinina et al., 2012). beiio
YCTaHOBJIEHO, YTO [EPUO MHTYLIUPYIOIIETO IEHCTBUS ITTFOKO-
KOPTUKOWIIOB y TPHI3YHOB OXBAaThIBAET KOHEIl BHYTPHUYTPOO-
HOTO—HayaJio MOCTHATAIEHOTO pa3BUTHs. BBeeHne ropMmona
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Tupo3MHrMapoKcnasa mosra
1 ee perynauus roKoKopTUKOMAaMMN

a 20-cyTOouUHble noabl 6 *

TpexcyTouHble
KpblcATa

L % L

150

o
o

[onsa K KoHTponio, %
w
o

[lona K KoHTponio, %

172 3 172 3 172 3 172 3
MPHK T AktuBHoCTb TI MPHK Tl Benok Tl

Puc. 1. YposHu MPHK 1 akTBHOCTb/3KCNpeccus 6enka Tl B cTBone
MO3ra NIoAoB (a) U TPEXCYTOUHbIX KPbICAT (6) Yepes 6 4 nocne BBEAEHNA
fleKkcameTasoHa.

T — MHTaKTHbIN KOHTPOJb, 2 — BBeAeHMe ¢13. pacTBOPa, 3 — BBEAEHNE AeKCa-
MeTa30Ha. *p < 0,05 MO CPaBHEHNIO C KOHTPOSbHbLIMYA rpynnamu.

a AktusHOCTb TI . 6 250 CTBOM MPHK TT *
70-e CYyTKM XN3HU
150
200
R =3
150
g 100 g
= =
I I
g g
x < 100
x x
:5[ 50 ':5[
50
0 0
1 2 12 1 2 12

CrBon

Kopa

25-e cyTkM

70-e cyTKM
Puic. 2. OTpaneHHble NOCNeaCcTBUA BBEAEHVA AeKCaMeTa3oHa BO Bpems
6epemMeHHOCTY (a) N Ha TPETbU CYTKM XnU3HN (6).

a - akTMBHOCTb TI B cTBONE 1 KOpe Mo3ra 70-AHEBHbIX XXUBOTHbIX; 6 — YPOBHU
MPHK TT B cTBONE mo3ra 25- 1 70-4HEBHbIX >KMBOTHbIX. | — KOHTPOIb, 2 — BBE-
AeHue flekcameTasoHa. *p < 0,05 Mo cpaBHEHMIO C KOHTPOSLHO FPyMMoM.

Kak Ha 20-i1 1eHp MpeHaTaJIbHOTo OHTOTreHe3a (puc. 1, a), Tak
n Ha 3-i neHb xu3HU (puc. 1, 6) IPUBOJUT K yBEITHICHHUIO
MPHK rena TT, a Takke pocTy akTUBHOCTH MJIM UMMYHHO-
TUCTOXMMHYECKH BBISBICHHOTO Oenka epmMeHTa depes3 6 1
nocie Bo3aeiicTBua. OTaaneHHble MOCIEACTBUS BBEICHUS
rOpMOHA MPOSIBIISIIOTCS KaK MOBBIIIEHHON aKTUBHOCThIO TT°
B CTBOJIE M KOPE MO3Ta YK€ B3POCIIBIX JKHBOTHBIX (pHC. 2, a),
TaK U 3HAYUTEIbHBIM IPEBBIILIEHHEM YPOBHS DKCIPECCHU TeHa
B CTBOJIC MO3Ta FOBCHUJIBHBIX U B3POCIBIX KPBIC (pHC. 2, 6).
CrenoBarenbHO, TOPMOHAIBHAS MHTYKIHS B UyBCTBUTEIIBHBIN
TIepHO/] pAaHHETO OHTOTeHEe3a CII0COOHA Ha JUTUTENILHBIN TIepH-
0J1 MOIM(HUIIUPOBATH XOJI Pa3BUTHUSI MEIMATOPHON CHCTEMBI
U T€M CaMbIM U3MEHUTH €€ (DYHKIIMOHNPOBAHHUE.
OTCcpoYeHHBIE MOCIEACTBUS TOPMOHAIBHOTO BO3/I€HCTBUS
PacnpoCTpaHsIIOTCs Ha yPOBEHb T0(haMUHA M HOpaipeHaInHa,
00MEH HEMPOTPAaHCMHUTTEPOB IIPH CTPECCE, a TAKKE HA PETy-
JMpyeMble KaTeXolaMUHAMU (yHKIIMH 1 TIOBE/ICHUE B3POCIBIX
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skuBoTHBIX (Naumenko, Dygalo, 1980; Matthews et al., 2001;
Kreider et al., 2006; Slotkin et al., 2006; McArthur et al., 2007;
Kapoor et al., 2008; Champagne et al., 2009).

Bwmecte ¢ Tem Bonpoc o mexaHuszme perynsuuu TI miro-
KOKOPTHKOMAAMHU OCTAETCS OTKPBITBIM Ha NPOTSKCHHUH
MHOTHX JIET €r0 MCCIEI0BAHMSL. DTO CBSI3aHO C OTCYTCTBHEM
(DYHKIMOHAJIHO aKTHBHOTO ITFOKOKOPTHKOM/-3aBHCUMOTO
anementa (GRE) B mpomortope rena TT, B3anmMmonelicTBue
C KOTOPBIM IIIOKOKOPTHKOUIHBIX PELIENTOPOB SBIISIETCS 0051
3aTeNIbHBIM ATAIOM peryisiiuu dkcrnpeccun reqos (Oakley,
Cidlowski, 2013), cormacHO KaHOHHYECKOMY MEXaHU3MY
JICUCTBUSI CTEPOHTHBIX TOPMOHOB. Bce monbITKH 00HAPYKHUTH
«padoratomuity GRE B perynstopubix oonactsix rena TI
y TPBI3YHOB U YelIOBEKa, HadaBIIuecs yxe 0oxee 30 et Hazaxa
(Lewis et al., 1983; Tank et al., 1986; Fossom et al., 1992;
Hagerty et al., 2001), He a1y MOJOKUTEIBHOTO PE3yJIbTaTa.
ITocnenoBarensHoCTH, cxonuble ¢ GRE B mosunmsix —454 1. H.
u —2,5 ThIC. I. H. OT cTapTa TpaHckpunuuu B npomorope TT,
nu00 COBCEM HE pearupoBayid Ha jaekcamera3oH (Lewis et
al., 1983), nrubo uX aKTHBHOCTH HE TMOATBEPINIACH B JTaJb-
neiimem (Hagerty et al., 2001; Rani et al., 2009). Perymsus
NIFOKOKOpTUKOUAaMu 3kcnpeccun TI' B Mo3re B3pocibIx
KMBOTHBIX HE HAXOJUT SKCTICPIMEHTAIIbHBIX ITOATBEPKICHUH
(Sabban, Kvetnansky, 2001; Makino et al., 2002; Kvetnansky
etal., 2009; Lenartowski, Goc, 2011). CtocoOHOCTE rOpMOHa
nHayurposars TI' B paHHEM OHTOIE€HE3€ TAKXKE OrpaHuye-
Ha OIIpE/IECJICHHBIM BPEMEHHBIM MHTEPBAJIOM — BBEJICHHUE
[JIFOKOKOPTUKOMJIOB Ha BOCBMOM JICHb J)KU3HH HE MPUBOINIIO
K KaKuM-T00 n3MeHeHusiM B ypoae MPHK wim aktuBHOCTH
tdhepmenTa (Kalinina et al., 2012).

OueBniHOE NpoTHBOpeure Mexay orcyrctBueM GRE u BbI-
SIBIEHHOM INIIOKOKOPTUKOUTHOM MHAYKLMEHN 3KCIIPECCUN I'eHa
TT B psine Mozeneit (KyabTypax KJICTOK U B ONPECICHHBIN
MIEPHO]] PAHHETO OHTOT€HE3a) TO3BOJIHJIO TIPE/IIOI0KHTh BO3-
MO>KHOCTb HEKAHOHUYECKOTO ITyTH PETYIIALIIN TOPMOHOM HKC-
npeccun pepmenTa. MexaHn3M HEKaHOHUYECKOTO JICHCTBUS
ITFOKOKOPTHKOM/IOB, MPEATIOKEHHBIH elrfe B cepeaune 1990-x
TOJI0B, HAXOZIUT BCE OOJBIIIE SKCIIEPUMEHTABHBIX TOJTBEPXK-
nennii (Groeneweg et al., 2012). CoracHO 5TOMy MEXaHH3MY,
PEryJsiyst SKCIIPECCHU TeHOB IIIIOKOKOPTHKOWIAMH MOYXKET
OCYIIIECTBIIATHCS 3a CUET OETOK-OEITKOBOTO B3aNMOICHCTBHUS
AKTHBHPOBAHHOTO TOPMOHOM peIenTopa ¢ OekaMu Jpyrux
TpaHCKpUIIMOHHBIX (hakTopos (Liberman et al., 2007; Beck et
al., 2009; Langlais et al., 2012), cpeau KOTOPBIX HANOONBIINH
UHTEPEC NPEACTABIAET TPAHCKPUIIIIUOHHBIN KoMILTeKke AP-1
(Diamond et al., 1990; Pfahl, 1993; Teurich, Angel, 1995;
Kassel, Herrlich, 2007). Oco6ennocth BoBieuenus AP-1
B PETYJISLHUIO 3KCIIPECCHU TEHOB COCTOMT B 3aBUCHMOCTH Ha-
NPaBJICHHs] ©3MEHEHHSI KOMIIOHEHTHOT'O COCTaBa OEJIKOB, €ro
obpasyromux (Teurich, Angel, 1995). IIpu B3anmMoneiicTBun
TITFOKOKOPTUKOMIHOTO penentopa ¢ AP-1 kommiekcom, 00-
pa3oBaHHBIM TeTepoaumepoM Fos/Jun, TIFOKOKOPTHKOUIBI
MTOAABIISIIOT, a TIPH B3aMMOJICHCTBHH ¢ ToMotuMepoM Jun/Jun,
HAIpOTHB, aKTUBHUPYIOT TpaHckpumiuio reHos (Teurich,
Angel, 1995; Sapolsky et al., 2000; Kassel, Herrlich, 2007;
Newton, Holden, 2007).

IIpomorop rena TT' comepkuT aBa caliTa CBSI3BIBAHUS
TPaHCKpUIIMOHHOTO KoMIutekca AP-1 (-207/-201 n —5728/
—5734) (puc. 3) (Fung et al., 1992; Rani et al., 2009). Vua-
ctue aucranbHoro AP-1 B MIIOKOKOPTUKOMIHON MHITyKUIUHU
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resa TI" B kynbType KiIeTOK (peoXpOMOIUTOMBI KPBICHI
(Rani et al., 2009) u yenoBeka (Rani et al., 2013) mokazano.
(DyHKIMOHMPOBaHKE MTOJOOHOTO MEXaHU3Ma in vivo, B pas-
BUBAIOIIEMCSI MO3T'e, €1lIe IPE/ICTONT YCTAaHOBHUTH. V3BecTHas
BaprabeIbHOCTH AKCTIpeccuu 6enkoB Fos u Jun B xome pas-
Butus (Pennypacker, 1995; Zhong et al., 2001; Okada et al.,
2003; Raivich, Behrens, 2006), onpenensromas pe3yabrat
0eIT0K-0eTKOBOTO MEXaHM3Ma JEHCTBHUA TOPMOHA, MOXKET
OBITh OCHOBOH 3aBHCHMOCTH WHAYLHUPYIOMHX 3PPEKTOB
rmokokopTukouoB Ha TT™ ot crajmu ontoreHesa (Kalinina et
al., 2012). B mumoTHBIX SKCTIEpIMEHTaX OBIJIO YCTAaHOBIICHO,
YTO YpPOBEHb HaTUBHOH 3KCIPECCHM I'€HOB ceMmeicTBa Jun
(c-jun, junB, junD) BO MHOTO pa3 BBIIIE€ YKCIPECCUU TEHOB
Fos (c-fos, fosB) B 4yBCTBUTENBHBIN K YPOBHIO TOPMOHA
nieproyt pa3BuTHs (20—21-CyTouHbIe MIOIBI U TPEXIHEBHBIC
KpBICSITA), 4UeM BHE €ro (BOCHhbMUIHEBHBIE )KUBOTHBIE) (Cyxape-
Ba 1 1ip., 2015). Kpome Toro, camo BBeieHUE JeKcaMeTa30Ha
Ha TPETHH JIEHb XU3HU CHIIKACT 3KCIIPECCHIO TeHa C-fos
B CTBOJIE F'OJIOBHOTO MO3I'a, TEM CaMbIM CMEII[asi COOTHOIIICHUE
6emxoB AP-1 B cTopoHy npeobiananus 6emaKxoB Jun, He06x0-
JIMOTO JUUIsl TIPOSIBJICHUS TJTFOKOKOPTUKOMIHOW MHIYKIINU
rena TI" (Cyxapesa u ap., 2016).

B 11e510M COBOKYITHOCTD N3BECTHBIX Ha CETOHSAIIHUN IEHb
JTAHHBIX O PETYJSIINHU DIIOKOKOPTHKOUAAMH 3kcnpeccun TT
MO3ra B KPUTHYECKHUIl IEPHUOJ pPaHHEro OHTOTeHe3a, Ipell-
CTaBJIEHHBIX B 0030p€, CBUJIETENILCTBYET O BXKHOU POJIH F'eHa
KJTFOYEBOTO (hepMEHTa CHHTE3a HOPAIPeHAINHA B IPOLIECCAaX
«OHTOT'€HETHYECKOTo MporpaMmmupoBanus». MccienoBanue
Ha €T0 OCHOBE MEXaHM3Ma HEKAaHOHUYECKOTO JIeHCTBUSI TITIO-
KOKOPTHUKOHJIOB B PE3YJIbTaTe B3aWMOACHCTBHUS C JAPYTUMH
TPAHCKPHUITIUOHHBIMH (DaKTOpaMu AaeT MCKIIOUUTEIbHYIO
BO3MOXHOCTB JUISl PACIIMPEHUS] TOHUMAaHHUs MHOTOOOpa3ust
YPOBHEH PETYISALUU 3KCIIPECCHH HEHPOTCHOB (haKTopaMu
BHEIIIHEH Cpe/ibl.
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OKCHUTOIIVIH: KO3SBOJIIOIINS UejlOBeKa
N 0OoMeCTNLIMPOBAHHBIX XMIBOTHBIX

10.9. Tep6ex! @, PI. I'yaenuul, A.B. lllerreaesal, B.B. Tpunesnu>@

T ®epepanbHoe rocynapcTBeHHoe 6lofKeTHoe HayuHoe yupexaeHne «DeaepanbHblil NccnefoBaTeNnbCKnii LeHTP HCTUTYT LMTONOTN 1 FeHeTUKN

Cunbupckoro otaeneHns Poccuiickon akagemmm Hayk», HoBocnbupck, Poccus

2 [pynna no nsyuyeHuio HeriponenTaos nM. Lannepa, HemeLKuni LeHTp nccnefoBaHnii paka, LieHTpanbHbI MHCTUTYT NCUXMYECKOro 30POBbSA,

lenpenbbeprcknin yHmsepcuTer, leiiaenbbepr, MaHHrenm, lepmaHma

Henponentug okcmtounH (OT) 1 €ro romonorun CUHTe3npyoTca
cneunan3npoBaHHbIMU HEMPOHaMK, COCPeAOTOYEHHbBIMY Y MO3BO-
HOYHBbIX >KMBOTHbIX B 3BONTIOLMOHHO-APEBHEM OTAESE rOSIOBHOMO
Mo3ra — runotanamyce. AKCoHbl OT HepPOHOB CneayioT B HEMpPOru-
nowus, otkyaa OT BblgensaeTca B 06U KPOBOTOK. Hapagy ¢ 3Tum
Konnatepanu akcoHoB OT HeMPOHOB, Kak MOKa3aHo y MyieKonuTato-
WX, CnegytoT B pasfivyHble oTAenNbl NepefHero Mo3ra, B Kotopbix OT
MOAYNNPYeT aKTUBHOCTb NTOKasIbHbIX HEMPOHHbIX Lienen. Ha nose-
ZeHueckoMm ypoBHe OT obneryaeT BHyTPUBUZOBbIE COLMabHble
KOHTaKTbl Y MIeKOMMTaloLWMX, UCNOMNb3YA LMPOKYIO ManuTpy Mexa-
HN3MOB: OT MOAABNEHNA aKTUBHOCTM HEMPOSHAOKPVHHOW OCK CTpecca
[10 NPAMOro AeNCTBMA Ha HENPOHbI CTPYKTYP MO3ra, y4aCTBYIOLLNX

B KOHTPOJIe coLaibHOro noeefeHuns. PaboTbl nocnefHUx net npoge-
MOHCTpupoBanu yyactme OT B GopMUPOBaHNN COLManbHbIX CBA3EN
MEXAY OJOMALLUHEHHBIMU XMBOTHbIMM (CO6aKK, 0BLbl, KOPOBbI)

1 yenosekoM. OHM yKa3biBaloT Ha CBA3b NOBbILLEHHOWN KOHLIEH-
TPaLUKN SHLOTEHHOTO OKCUTOLMHA B Neprdeprnyeckom KpoBOTOKe

(1 APYrnX >KNAKOCTAX OPraHn3ma, B TOM Yncie CloHe 1 Moye)

1 NPOABNEHUN KOMMYHMNKATVBHOIO NOBEAEHMA Y >KUBOTHbIX MO
OTHOLLEHUIO K YeNIOBEKY 1 MeXay coboi. OnncaHo, YTo y JoMall-
HUX >KNBOTHbIX Nepudepryecknin yposeHb OT KoppenupyeT c yac-
TOTOW KOHTaKTOB C YeJIOBEKOM U BHYTPUBULOBbBIM COLNANIbHbIM
nosefeHnem. Kpome Toro, B nMtepaTtype npuBogATCA SKCNepPUMEHTbI
C VIHTpaHa3anbHbIM BBefeHrem OT cobakam, UTo, KaK v Npu BbICO-
KOM ypoBHe 3HAoreHHoro OT, NpUBOAMWT K NMOBbILIEHWIO YaCTOTbl
KOHTAKTOB C XO3IIHOM. /I3BE€CTHO, YTO OfOMaLLHEHHbIE XXNUBOTHbIE
XapaKTePK3YTCA BblpaXkeHHbIM COLaNbHO-KOMMYHUKATUBHbIM
noBefeHneM, CHUPKEHHbIMW arpeccrein n ctpecc-oteeTom. loatomy
B laHHOM KpaTKOM 0630pe Mbl TaKXKe 3aTparmBaem BOMpOChl ponu
OT B perynaumm pasnnyHbix GopmM coLmanbHOro NoBeaeHns:

OT MOHOTaMHbIX OTHOLLEHWI O MAaTEPUHCKOrO NOBeeHNA U COLK-
aNnbHOro pacrno3HaBaHWUA y NOAEN 1 XUBOTHbIX, a TaKKe Kacaemca
3HaueHnA OT B MOZgynALMM arpecCBHOIO NOBELAEHNA U CHUXEHNN
CcTpecc-peakunn n TpeBOXKHOCTY. MNpur cuctemaTn3aum HaKoMEHHbIX
[JaHHbIX MpefnoMeHbl HOBble BO3MOXKHOCTU n3ydeHnsa ponu OT

B KOMMYHUKATMBHbIX KOHTAKTaX MeXAy OAOMALLIHEHHbIM >KUBOTHbIM
1 YenioBekoMm, CGOpPMMPOBABLLMXCA B NPOLIECCeE COBMECTHOW 3BOJIO-
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The neuropeptide oxytocin (OT) and its homologues
are produced in specialized neurons located in Verte-
brates exclusively in a deep and evolutionarily old
part of the forebrain, the hypothalamus. The axons

of OT neurons form the classical hypothalamic-neuro-
hypophyseal tract terminating on blood vessels of the
neurohypothysis to release OT into the systemic blood
circulation. However, as was recently demonstrated

in mammals, collaterals of OT axons concomitantly
project to various forebrain regions to modulate the
activity of local networks. At the behavioral level, OT
facilitates intraspecific social contacts in mammals via
various mechanisms ranging from the suppression

of neuroendocrine stress responses to the direct OT
action on neurons of socially relevant brain regions.
Recent reports indicated possible contribution of OT
to the formation of the social bond between domes-
ticated mammals (dog, sheep, cattle) and humans.
Indeed, social interaction between humans and

a domesticated animal resulted in the elevation

of peripheral OT levels (in blood, saliva or urine) and,
in congruence, exogenous (intranasal) OT application
led to more frequent contacts between the owner
and the domesticated animal. It has been known for
decades that domesticated animals exhibit profound
socio-communicative abilities accompanied by
suppressed aggression and stress responsiveness.
These peculiarities of their behavior and physiology
may be influenced by the activity of the central OT
system. Therefore, in the present mini-review we
focus on the role of OT in the orchestration of distinct
forms of social behavior, including the monogamous
bond, maternal care, social memory and recognition,
aggression, and anxiety. As a conclusion, we pro-
pose possible directions for exploration of the OT
contribution to empathy between humans and
domesticated animals, which was likely established

in the course of their co-evolution during last 10.000-
15.000 years.

Key words: oxytocin; evolution; domestication; silver
fox; dog; volf; human-animal bond.



...cobaku, Bblpaxad CBOK NPUBA3aHHOCTb, no6aT TepeTbCA OKOJIO XO3AMHa U AOBOJIbHbI,
KOrga OH JlaCKaeT N rMagnT nx, Tak Kak BCeacTene yxXxaXnBaHusA 3a CO6CTBEHHbBIMU
LWeHATaMN MPUKOCHOBEHNE K J'IIO6VIMOMy npegmeTy HepaspbiBHO acCcOUMMpPOoBanochb B UX
yme c ouwyieHmem npuBA3aHHOCTU.

nmoTaraMuaecknii Heripornentuy okcuronnd (OT) — mo-
JIeKyJIa NECSATWICTHS — B HACTOSIIEE BPEeMsI IIPUBIICKACT
BHHMAaHHUE KaK CIICLUAJIMCTOB B 00J1aCTH HEHPOOHOIIOT 1Y,
TaK ¥ MIHPOKOI OOIIECTBEHHOCTH. DTOT MHTEPEC BHI3BAH
€r0 IMOJIOKHUTENBHBIM 3(h(EKTOM Ha CONMAILHOE TTOBEJCHUE
Y pa3iIMuHbIX BUJIOB IO3BOHOYHBIX U YEJIOBEKA.
3anonro o Toro kak du Vigneaud ¢ xomureramu B 1954 1.
cunTe3upoBanu okcuronnH (du Vigneaud et al., 1954) (Ho-
GeneBckas mpeMus mo xumuu 1955 1), Hemenkuii aHatoMm
Ernst Scharrer oTKpbUT THTAaHTCKHE KJISTKH B THTIOTAJIaMyce
Y KOCTHCTBIX PBIO, ITO3/IHEE Ha3BaHHBIC MAarHONEILTIONISIPHBIMU
Heiiponamu (Scharrer, 1928). DT HelpOHBI ObLIN HalICHBI
y MpeACTaBUTENIEH BCEX KJIACCOB IMO3BOHOUHBIX U, KaK OBIIO
MOKA3aHO, MPOIYLUPYIOT OKCUTOIMH ¥ Ba30NPECCHH, a TakK-
e ux romonoru (Knobloch, Grinevich, 2014; Grinevich et
al., 2015, 2016). B xagecTBe HEHPOIHIOKPHHHOTO (aKTOpa
OKCHTOLIMH ITOCTyHaeT B 3aJHIOK0 A0iI0 Tunodmusa, a 3a-
TEM B KPOBb U OKa3bIBaeT BIUSHHE Ha IepUpepudecKkue
MUIIEHN, KOHTPOINPYsl 0OpaTHBIM 3aXBaT HATPHS B MMOYKAX
W MOJIYJIUPYSl aKTHBHOCTh aBTOHOMHOW HEPBHOM CHCTEMBI,
MeTa0OIUUECKUE MTPOICCChI, HOIHUIICIIIII0, 00e300InBaHKE
n ummyHHBIH oTBeT (Grinevich et al., 2015, 2016; Eliava et
al., 2016). OxcuTonnH UrpaeT BaXXHYIO POJIb B IpOIEcce
POMOB W JIAKTALUU Y MJICKOIMTAIOIINX, METAaHUH HKPBI Y
pBI0 1 aM(puONi, OTKITAABIBAHUH UL Y PENITIIINN M IITHIL.
Hecmotpst Ha CXOCTBO XUMHYECKON CTPYKTYPhI OKCHTOLH-
Ha U ero TOMOJIOrOB, ITyTH TPAHCIIOPTa OKCUTOLIMHA B MO3Te
CYIIECTBEHHO U3MEHSUINCH B XOJIE IBOJIFOINN. B TO Bpems kak
Y HU3IIHUX IT03BOHOYHBIX (PBIOBI M aM(pHOMH) TOMOJIOTY OKCH-
TOLMHA MTPEUMYILECTBEHHO BBIJEISIOTCSI HEMOCPEICTBEHHO
B CIIMHHOMO3TOBYIO XHJKOCTb, Y 00JIee IBOIIOHUOHHO MPO-
JIBUHYTBIX MO3BOHOYHBIX HEHPOIIENTH] BHICBOOOXK/IACTCS
B Pa3JIMYHBIX OTJIEJIaX MEPEeHEr0 MO3ra, CTBOJIA U CHMHHOTO
Mo3ra (Tak Ha3piBaeMoe Beiaenenne OT u3 TepMuHAIeH ak-
conoB) (Knobloch, Grinevich, 2014). BaxHO OTMETHTB, 4TO
napaJulebHO C U3MEHEHNEM B MEXaHH3MaX BHICBOOOKICHUSI
OKCHTOIIMHA B MO3T€ 9KCIPECCHS PELIENTOPOB OKCUTOIIMHA TaK
K€ IMPOKO U3MEHSIETCSI B 3aBUCHMOCTH OT CHENAIN3AIAN
OT/ICNIBHBIX CTPYKTYp MO3Ta, B OOJIBIION CTENEHH COOTBET-
CTBYSl aKCOHAJFHOMY TpaHcHopTy okcuronuHa (Grinevich
et al., 2015, 2016). DTOT 3BOIOIIMOHHO BBIPAOOTAHHBIN Me-
XaHHM3M TI03BOJISIET [10-HOBOMY B3IJISTHYTh Ha OpPTraHHM3aIHIO
LEHTPAIBHON OKCUTOLMH-3PIrUYECKONH CUCTEMBI, KOTOpast
nuMeeT OOJIBIIOE CXOACTBO C IPYTHMHU HEHPOMOIYIATOPHBIMHU
CHCTEeMaMH MO3ra, B YaCTHOCTH C JI0(paMHUHOBOI U CEpOTO-
HUHOBOM. JleficTBuTenbHO, Bhinenenue OT u3 TepMuHanei
AKCOHOB B Pa3HbIX CTPYKTypax rOJIOBHOTO MO3Ta ITO3BOJISIET
OIPEACIHUTH PA3INYHOE BIMSHUE OKCUTOLIMHA HA PETYIISLIUIO
CHeNU(pUIECKUX TUIOB MOBEJCHUS, KOHTPOINPYIOIINXCS
OTIpEeICTICHHBIMH YYaCTKaM1 MO3Ta.

Y. flapsuH. O sbipaxeHuuU owyweHuu
y 4es108eKa U XUBOMHbIX

aBOHIOLI,I/Iﬂ KOMMYHMKAaTBHOIo noBegeHnA
nero perynayma oKkCMtToynHom

MoHOramHble OTHOLIEeHNA,

poAunTenbCcKoe 1 colnanbHoe NoBefeHne

HWccnenoBanus pa3HBIX BHIOB MIICKOITUTAIOIINX, B OOJIBIICH
CTCIICHU TPBI3YHOB WM YCIIOBCKA, BBISIBUIN Psia (HOpM CO-
LAAJIBHOTO IMOBEICHUS, B PETYISALNUNA KOTOPBIX Y4aCTBYIOT
OT u ero pernienitop. Y HEKOTOPBIX PHIO, 3 MHOBOIHEIX, ITPe-
CMBIKAIOIIMXCS ¥ ITHIT TAKXKE MTOKa3aHa poiib romosioroB OT
B coransHoM noBeneHun (cM. Knobloch, Grinevich, 2014).
Tak, I30TOLNH, BBEICHHBIH B ITPEONITHYCCKYO 00IACTh TIEPe-
HETO THIIOTaJIaMyCa, YCIIUBACT CONUAIBHYI0 BOKATH3AIIUIO
y poiobi-muumana (Porichthys notatus) (Goodson, Bass,
2000). Y xpseic u MpIeit mokazano ydactae OT B coraabHOM
pacro3HaBaHUU U MaMSTH, Kyla BXOIUT CIIOCOOHOCTH OTIIH-
YUTh 3HAKOMYIO 0COOb OT HE3HAKOMOM. DTOT BT TIOBEICHUS
SBIISICTCSI BOXKHBIM (pakTOpoM (DOPMHUPOBAHHS COIHATBEHON
CTPYKTYpbI TIOMYJISAIUU U BIUSCT HA YPOBCHb COIHMAIBHON
arpeccun (bonmaps, Kynpssuesa, 2005). Oqaum u3 crioco0oB
OIICHKHU COITHMANIFHOM IMaMSsTH SBJISIETCS OIPEIeTICHIE BpeMe-
HH, NPOBEAECHHOTO PSJIOM C JIPYTMM >KHBOTHBIM. Psom co
3HAKOMOH 0COOBIO )KMBOTHOE MPOBOAUT MEHBIIE BPEMEHU
(Ross, Young, 2009). ITokazaHo, 94TO BBEIEHHE OKCUTOIIMHA
B PA3IIMYHBIC CTPYKTYPhI MO3Ta KPBICHI (BKJIFOYAS JaTEPalhb-
HBIN KEITYyAOUCK, T'MIIITOKaMIl, MEAHAJIbHY O IIPCONITUYCCKY IO
001acTh WM OOOHATEIbHBIC JTYKOBHIIBI) CHIDKAET BPEMS,
MIPOBEAEHHOE OKOJIO 3HAKOMOW OCOOM, TOrJa KakK BBEICHHUE
AQHTaroHUCTa OKCHTOIMHA, HA00OOPOT, CYLIECTBEHHO CHUKACT
conuanbHyto mamsTh (Popik et al., 1992; Benelli et al., 1995;
Ross, Young, 2009). M3yuenne AMHUHA MbIIIeH, HOKayTHBIX
no reHam OT wmm OT penentopa, MoKa3ano uxX CHIKEHHYIO
CIIOCOOHOCTH K COIMAIFHOMY PACIO3HABAHUIO. DTH MBIIIH
HE 3alIOMUHAIIU COILMAIBHBIC 3aIIaXOBBIC CUTHABI, OJHAKO
HapyuieHue B cucteme OT He BIIMSUIO Ha UX CIIOCOOHOCTB 3a-
MTOMUHATH U Paclio3HaBaTh HecoIranbHbIe 3anaxu (Ferguson
et al., 2001). Beegenue OT B MenmuaibHOE SAPO MIHIAITUHBI
BOCCTAHABJIMBAJIO CIIOCOOHOCTh MBIIIEH K COLUAIBLHOMY
pacIio3HaBaHHUIO.

Counainpnbie 3pdekrsr OT Takxke ObLTH XOPOIIO H3yde-
HBl B CEPUU DKCIICPUMEHTOB Ha KEJITOOPIOXHX IOJIEBKAX
(Microtus ochrogaster). Y oco0eil TaHHOTO BUIa, XapaKTe-
PU3YIOLIMXCSI MOHOTAaMHOCTBIO, ypoBeHb 3kcrpeccun OT
peLenTopa B MO3re KOppeIUpPyeT CO CTETICHBIO IPEANOYTECHUS
K mosoBomy naptaepy (Ross, Young, 2009). Bomnee Toro, BBe-
nenue OT nim ageHoacconMMPOBAaHHOTO BUPYCHOTO BEKTOPA,
coaeprkariero JIHK OT perienitopa, B xKemymodek Mo3ra caMoK
croco0cTBOBAIO (POPMHUPOBAHUIO YCTONUMBBIX ITap U TOBBI-
IIaJIo0 KOJIMYESCTBO COIUanbHBIX KOHTakTOB (Cho et al., 1999).
Hanporug, BBenenue antaronncta OT B npedpoHTaIBHYIO

leHeTuKa d)yHKLWIVI FOPMOHOB runoTasiamyca
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OKCUTOLMH: KO3BOMIOLMSA YenoBeka
1 JOMECTULMPOBAHHBIX >KUBOTHbBIX

Kopy, npuiexaiiee sapo (nucleus accumbens) uiam anrTaro-
aucta OT perenitopa B 60KOBOH JKEITyJOYEK MO3Ta CHIYKAJIO
y CaMOK MPEANOYTEHHE K TapTHEPY 0€3 3HAYUTETHHOTO CHH-
skeHus konndectsa ciapuBanuii (Insel, Hulihan, 1995; Young
et al., 2001; Ross, Young, 2009). IToaToMy HEyAMBHTEIEHO,
YTO MPU CPABHEHUHU MO3Ta JIBYX BHJIOB IOJICBOK — MOHOTAM-
HOW keNToOproX0it (Microtus ochrogaster) n MoIUraMHOU
ropHo# (Microtus montanus) — 6onsmee xonmugectBo OT
petientopa 6610 00HAPYKEHO Y MOHOTAMHOTO BU/IA B TIPHJIE-
JKaIleM siipe v BeHTpaibHoM cTpuatyme (Young et al., 2001).

Mupoxko m3BecTHO, uTo OT HrpaeT KIIOYEBYIO POIb
B MHHUIIMAIMU POJIOB, KOPMJICHUH U MATEPUHCKOM MOBEICHUHN
mitekonmraromux (Francis et al., 2000; Ross, Young, 2009).
Kpome Toro, OT y4acTByeT B peryJsiiiid KOMMYHHKAaTHBHOTO
MOBEJICHHSI TI0 OTHOIICHUIO K HOBOPOX/ICHHBIM JIETEHBIIIIAM
Yy HEpPOXKABIIMX CaMOK IoJIeBOK: 50 % caMoK >kenToOproxoi
TOJIEBKU TIPOSIBIISTIOT «CIIOHTAHHYIO» MAaTEPUHCKYIO 3a00Ty
(Olazébal, Young, 2005), mpudeM, OKa3aHO, YTO y TaKHX
camok noBsbinieHo kosnmuectBo OT penenrtopa B npuiiexa-
IIEM ¥ XBOCTATOM S/Ipax MO3ra, a BBefieHue antaronucta OT
B IIPUJISIKAIIEE AP0 HHIMOUPYET «CHOHTAHHOE» MaTepPHH-
ckoe nosenenue (Olazabal, Young, 2006). Takum oOpazom,
paccMmaTpuBasi COIMANIbHOE MOBEACHHE 110 OTHOIICHHIO Kak
K TI0JIOBOMY MAPTHEPY, TAK ¥ HOBOPOJKJACHHBIM JICTCHBIIIAM,
JIOTUYHO 3aKJIIOYUTh, YTO Y CAMOK MOHOTI'aMHBIX ITOJICBOK
OT wurpaer omnpeeNsonyo pojib B KOMMYHHUKATHBHOM
MOBE/ICHUH.

OKCUTOLIMH N CHXKEHME arpeccum
[Tomumo ydacTusi B KOMMyHHKaTHBHOM moBeaeHnu, OT cBsi-
3aH C peryisiiueil pasHbIX (GOpM arpecCMBHOTO OBEICHUS
(Bosch, Neumann, 2012; Calcagnoli et al., 2013, 2014). Uc-
crenoBaHus Ha camuax kpeic Groningen 35-ro MOKOJICHHS
pa3BeICHUS B HEBOJIE, MIMEHOIIUX JOBOJIHO OOJIBIIION pa3opoc
MEXCaMIIOBOH arpecCyH, BBISIBUIIN OOpaTHYIO 3aBUCHMOCTD
Mexy ypoBHeM arpeccuu u konuuectsom MPHK OT B na-
PaBEeHTPUKYIISIPHOM sifipe runotaiamyca, a Beegenue OT
B JKETyZO4YEK MO3ra BBI3BIBAJIO JJ0303aBHCUMOC ITOHIKEHHUE
arpecCUBHOCTH 3THX KPBIC, IPHYEM sipue (P (eKT IposiBIsuICs
y Oosee arpeccuBHbIX Kpbic (Calcagnoli et al., 2013, 2014).
B paHHUX nccieoBaHMAX HE OBUIO MTOKA3aHO TAKOTO YETKO-
ro apexra OT, ckopee Bcero, u3-3a 6oiee HU3KOTO YPOBHS
arpeccuBHOCTH y OOJIBLIMHCTBA JIAOOPATOPHBIX JIMHUK 110
cpaBHeHHnio ¢ kpeicamu Groningen (de Boer et al., 2003).
C npyroii CTOPOHBI, B psi/ie KCCIICIOBAaHNH, B 0COOCHHOCTH Ha
4eJIoBeKe, M0KazaHa MHUBUAYaIbHOCTh dddekroB OT, koro-
pasi 3aBUCHT OT CUTYalUH, (PU3HOIOTHYECKUX M TeHETHIECKHX
ocobenHocreii opranmsma (Bartz et al., 2011; Olff et al., 2013).
OnHaKo cieayer MoAYepKHYTh, YTO OIlEHKa KOJIMYeCcTBa pe-
nenrropa OT B Mo3re kpbic Groninger, B IPOTHBOITOJIOKHOCTh
camomy OT, BeIsSIBIIIA IPSIMYTO B3aUMOCBSI3b MEXKIY YPOBHEM
arpeccuy M KOJIMYEeCTBOM pelenTopa B IIeHTPaIbHON MHUH/ 1a-
JIMHE ¥ OTIOPHOM sifipe TepMuHaIbHOTO TsKa (Bed nucleus of
stria terminalis). BeposTHO, IMeHHO OoJblIEe KOIMYECTBO
peuenropa OT u sBisiercst npuauHOU OGoee siproro addexra
ot BBeaeHns OT B xkelyoueK Mo3ra y Hanoosee arpecCHBHBIX
kpbic (Calcagnoli et al., 2014).

Heckonbko nHas kapruHa HaONIomaeTcsi MpH arpeccuu
y CaMOK KpbIC. B KOHIIE a101eCLIeHTHOTO TIeproia pa3BUTHS
arpeccusi, HalpaBJICHHAass HA CaMKy TOTO JKe BO3pacTa, CO-
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BIIAJIAET C MOHMKEeHHOU akTuBanueit OT HelpoHOB B mapa-
BeHTpUKyIsipHOM spe (de Jong et al., 2014). [Ipu sTom, Kax
n'y camuoB, Beezienre OT B sraTepaibHbIi KeTyIoueK Mo3ra
TaK)Ke MPUBOAMIIO K CHIDKCHHEO arpecCuu, ofHaKo dpdekra
He Habmronanocs y Kpsic muann HAB, xapakrepusyromunx-
sl TIOBBIIIICHHON TPEBOXKHOCTHIO 1 arpeccueil (de Jong et
al., 2014). B npoTHBOIOJI0XKHOCTh 3TOMY, MaTePUHCKHE
arpeccust 1 3a00Ta, T0-BUANMOMY, CBSI3aHBI C MTOBBIIICHHBIM
kommuectBoM OT B Mo3re, a IMEHHO B TaKUX CTPYKTypax,
KaK LEHTpaJibHas MUHJAIMHA, N1apaBEHTPUKYISIPHOE SIPO
THIIOTAIaMyca, OIOPHOE AP0 TEPMHHAIBHOTO TSAXKa, XOTS
a¢pdexrsr OT Bo MHOTOM 3aBUCST OT T€HOTHIIA KUBOTHBIX
(Bosch, Neumann, 2012).

OKCUTOLMH, HEMPOSHAOKPNHHAA rMnoTanamo-
runodusapHo-agpeHOKOPTUKa/IbHaA cUcTEMa

1 TPEBOXHOCTb

B teuenune mocenanx 20 mer (cm. Neumann, 2008) Ob110
MHOT'OKpaTHO Toka3aHo, yto OT nojapisieT peakiuio runora-
nmamo-runopuzapHo-agpeHokopTukaabHoii cuctemsl (I TAC)
B OTBET HA pa3HbIC BUJIBI CTPECCa KaK IPH €ro IEHTPAITEHOM
BBesieHnn y xkuBoTHBIX (Windle et al., 2004), Tak u nocie uH-
TpaHa3zagbHOTO IpuMeHeHus y monen (Meinlschmidt, Heim,
2007). B o0onx ciydasx MPOMCXOANIO CHIKEHHE YPOBHEH
KOPTUKOCTEpOHa (TpbI3yHbI), KopTu3ona (mpuMatsl) 1 AKTT,
3aBUCAIUX OT BBoAMMOW KoHneHTpanuu OT. OcHoBHOM
mutensto OT sBsrores nentpanbuble HelpoHbsl I TAC, cun-
tesupyronne koprukoauoepun (Jurek et al., 2015). Oxgnako
»TH Helipons! He copepkatr OT penenrtopos u aeficteue OT,
CKOpEee BCETo, OOCPEI0BaHO TaMMa-aMHHOMACIISTHON KUCIIO-
toi (TAMK) (Biilbiil et al., 2011).

Hapsny ¢ mefiposanoxpuaasM 3¢dexrom OT ma TTAC
9TOT HEWPONEITH]] OKa3bIBACT MOIIHOE aHKCHOIUTHYECKOE
neiictBue (Neumann, Landgraf, 2012), onocpeoBanHoe ero
nerictBueM Ha TAMK-spruyeckrue HEHpOHBI LEHTPATIBLHOTO
sapa muananuael (Huber et al., 2005; Viviani et al., 2011),
YTO TAKXKE MOATBEPKIACTCS JAaHHBIMU (DYyHKIMOHAIBHOMN
MarHUTHO-PE30HAHCHON TOMOTpaduu 1mociie MHTpaHa3allb-
noro BBeneHust OT (Kirsch et al., 2005; Domes et al., 2007).

OKCI/ITOLWIH n Kossonwuma

B3aMIMOOTHOLLUEHUI YenioBeKa U »KNBOTHbIX
DBOJIIOLUS COBPEMEHHOIO YEJIOBEKa CBsi3aHa C OJOMalll-
HUBaHWEM (WJIN TOMECTHUKAIMeH) KUBOTHBIX, MOCKOIBKY
B TIPOIIECCE OOMAIITHIBAHIS YETIOBEK CO3IAIT IJIsI ce0sT HOBYIO
cpey, 3HaYUTEIHHO [TOBJIHSBIIIYEO HA BCE CTOPOHBI €TI0 YKU3HH.
Taxum 06pa3om, IPoIecC pa3BUBAJICS B IBYX HAIPaBICHISIX:
YeJIOBEK MOJIOKHMII Hadajao OJOMAIIHWBAHUIO KHBOTHBIX,
a IOMECTHKAI[Us CTaja OJHUM W3 BaXHEHIINX (HAKTOPOB
(hopMHUPOBAHUS COIMATBHON CTPYKTYpPHI YEIOBEYECKOTO
obmectsa (Price, 2002). Cxoxu faxxe COMUATLHBIC CUTHAIBL,
Takue Kak 0OMEH B3IVISIIaMH, [103bl WK MUMHKA, HE TOJIBKO
B OOIIEHUH MEXKAY YeTIOBEKOM M )KHBOTHBIMH, HO 1 BO BpEMS
BHYTPUBHU/IOBBIX MEXIMYHOCTHBIX KoHTaKkTOB (Kujala et al.,
2012; Palagi et al., 2015). OTcyTCTBHE arpecCH K YSIOBEKY
Y IOMaNIHUX KUBOTHBIX CBS3BIBAIOT CO CHIDKCHUEM CTPECC-
aKTUBHOCTH Tipu gomectukamuu (Belyaev, 1979; benses,
1981; Tpyt u np., 2004; Trut et al., 2004; Jensen, 2014).
JloMecTHIIMpOBaHHbIC KUBOTHBIE HE TOJIBKO HE TPOSBISIIOT
arpeccyio, HO UCTBITHIBAIOT MOJIOKUTEIBEHBIC SYMOIUU TIPU
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BCTpEYE C X03IMHOM. MexaHu3Mbl ()OpMHUPOBaHHMsI TIOJOOHOTO
MOBeZIeHNsT MOTYT OBITh cBsi3aHbl ¢ OT, KOTOpPEIH, ¢ omHON
cTopoHsl, onasisgeT akTuBHOCTh [ TAC (Neumann, 2008),
a C Jpyroii — B psijie CiIydaeB CIOCOOCTBYET COLUAILHOMY
1 KOMMYHHKaTHBHOMY TioBeeHuto (Ross, Young, 2009).

B nccnenoBanusX MoCIeaHUX JIET OBUTO MTOKA3aHO, YTO TPH
OHOHYKJICOTHIHBIX moaumopdusma (OHII) B mpomorope
rera OT penentopa co0aku acCOMUPOBAHBI C PEaKIHEH
Ha genoBeka. OHIT 212A/G cBsi3aH cO CTENCHBIO KETaHUS
co0akM B3aMMOJICHCTBOBATh KaK C HE3HAKOMIIEM, TaK U C XO-
3siMHOM (coOaku-HOcuTeNu ayutens G MeHee CKIIOHHBI K B3aH-
mozeticteuto) (Kis et al., 2014). OHIT 19131A/G urs8679684
ACCOLIMUPOBAHBI C YPOBHEM IPOSIBICHHUS JIPYKEITIOOHOTO
MOBe/IeHNsI cO0aK B OTBET HA ITACCHBHOE, a TAKXKE yrpoXKa-
IolIee ToBeJeHne He3Hakomna. OHako B JaHHOM ciydae,
B oTin4ne o1 212A/G, y IByX pazHbIX IOPOJ] COOAK OJIHU U TE
K€ aJUIEITH OBUTH CBSI3aHBI C MPOSBICHUEM ITPOTUBOTIOIOKHBIX
THUIIOB ITOBEACHUSL.

BaxHbIM OTJINYMEM JOMECTUIUPOBAHHBIX JXKUBOTHBIX,
B 0COOCHHOCTH €00aK, OT APYTUX KMBOTHBIX SIBIISIETCS XO-
polee pacro3HaBaHUEe HEKOTOPBIX KOMMYHHKATHBHBIX CHT-
HAJIOB, KOTOPBIE UCIIOJB3YET YEJOBEK: CO0aKa HaXOIUT I10
JKecTaM WJIN HAIPaBIICHUIO B3IVIs/Ia YEJIOBEKA CIPSTAHHYIO
€Ly W JIJIaeT ATO 3HAYMUTEIBHO JTydlIlle, YeM MINMITAH3€ U MTPH-
pyuennbie Bosiku (Hare et al., 2012). [Ipyrum coruanbHbIM
CHUTHAJIOM, KOTOPBIM IOJIB3YIOTCSI COOAKM MPHU KOMMYHH-
KaI[i{ C YEJOBEKOM, SIBJISCTCS OOMEH B3INISAMH, YETro He
HaOIoaercs y npupy4eHHbix Boskos (Miklosi et al., 2003;
Nagasawa et al., 2015). OcHOBBIBasICh Ha OITMCAHHBIX BBIIIC
0COOCHHOCTSIX CO0aK, MOXKHO TIPE/IIONIOKNTD, YTO IBOJIONHU-
OHHOE BO3HHKHOBEHHE CXO)KNX KOMMYHHUKATHBHBIX CHI'HAJIOB
YeJI0BeKa M JOMECTHIMPOBAHHBIX KHUBOTHBIX MPOUCXOIMIO
13-3a OINHAKOBOW HAIPaBJICHHOCTH €CTECTBEHHOTO 0TOOpa
B TIPOLIECCE aHTPOIIOTeHE3a U UCKYCCTBEHHOTO — IPU HCTO-
pudeckoif momectukanuu (Briine, 2007; Trut et al., 2009;
Hare et al., 2012). [To-BuguMoMy, eCTECTBEHHBIIH OTOOD TIO
MOBEJCHUIO NIPY JBOJIIOLIMOHHOM CTAHOBJICHUH YEJIOBEKA
ObUT HaNPaBIICH HAa CHIDKEHUE arPECCUBHOCTH, YTO IIPHUBEIIO
K BOBHUKHOBEHHIO IIEJIOTO0 KOMIUIEKCA (DU3HOIOTHYECKUX
1 MOP(]OJIOrNYECKHX MPU3HAKOB, CXOXKUX Y YEIOBEKa 1 JIOMe-
CTHIIMPOBAaHHBIX )KXUBOTHBIX (Briine, 2007; Hare et al., 2012).

B HemaBHUX MCce0BaHUAX OBUIO TIOKa3aHO, YTO OOMEH
B3IVISIIAMU MKy COOAKOM U €€ XO3MHOM, CBSI3aHHBIH C I10-
JIOXKHUTEIbHBIM 3MOIMOHAIBHBIM COCTOSHHEM, BBI3BIBACT
noBelienue koHnenTpauu OT B Mode Kak y cobakH, Tak
u ee xo3simHa (Nagasawa et al., 2015). OgHAaKO [0 STHM MTOKa-
3aTeJSIM CIIeTyeT O4eHb OCTOPOKHO CYAUTH 00 akTuBHOCTH OT
CHCTEMBI B MO3T€, TTOCKOJIBKY BhifieneHne OT B KpoBb (a OTTy-
Jla B CIIIOHY WJTK MOUY) HE BCEI/ia KOPPEIUPYET C JIOKATbHBIM
BeigenenneM OT 13 akcOHaNbHBIX TEPMHUHANIEH B PA3THIHBIX
obmactsx rooBHoro Mo3sra (Knobloch et al., 2012; Grinevich
et al., 2015, 2016). CoOTBETCTBEHHO, B SKCIICPUMEHTAX Ha
yenoseke BBeneHne OT (0OBIYHO B BHIE CIIpesi B HOC) CTH-
MYJIUpYeT 0OMEH B3IISIaMH, YIydIlaeT MamsTh Ha JIUIA |
MOTEHIUPYET COLMANbHBINA AIMOIMOHANBHBIN OTBeT (Bartz et
al., 2011). Ananormuanstit 3¢pdexr OT BBI3BIBaeT u 'y cobax:
rocie uHTpanasabHol ammmnkanun OT noseImaercst mpo-
JIOJDKUTEIBHOCTh 0OMeHa B3INIsiAaMu ¢ Xo3stuHOM (1), 4To
MPUBOJIUT K MTOBBIIIEHUIO KOHIIEHTPAIIMU OKCUTOIMHA B MOYE
xo3simHa (Nagasawa et al., 2015); ymyumnraercst pacnosHaBa-
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HUE )KECTOB, YKA3bIBAIOINX MECTO HAXO0XKACHU A CHpﬂTaHHOﬁ
i (2) (Oliva et al., 2015), 1 oBBIIIIAETCSI KOTHMYECTBO
KOHTAKTOB C XO3SMHOM M JpyruMu cobakamu (3) (Romero
et al., 2014). laTepecHbIil pe3yabTaT oKa3a 3KCICPUMCHT,
B KOTOPOM OIIPE/ICICHHOE MECTOIIOJIOKEHHE MHCKU COOT-
BETCTBOBAJIO HAJUYUIO UIIH OTCYTCTBUEO KOPMA: €CITH MHCKa
pacnojarajacb MEXAy NPHUBBIYHBIMU O6’beKTaMI/I, TO K BbI-
BOJY, YTO B HEH €CTh KOpM, ObUTH OoJiee CKIOHHBI COOAKH,
KOTOPBIM NpeABapuTeNbHO BBOMMIM okcuTounH (Kis et al.,
2015). Dddext OblT 0COOSHHO SIPKO BBHIPAKEH, €CIH OKOJIO
MHCKH CTOSJ 4denoBek. BepostHo, 3dpdext OT Ovi1 cBsA3an
C MOZABJICHUEM CTpecca U TPEBOXKHOCTH B YCIOBHSAX COLIHU-
aJIbHOI'O KOHTCKCTa (T. €. IIOBBIIICHHA KOJIMYECTBA B3ITIAA0B
B IJIa3a 4YeJOBEKY, BOCIPHUATHE BepOaJbHBIX CHI'HAJIOB), YTO
MOIJIO CHUKATh HANIPSHKCHHOCTD U BBI3BIBATH ITOJIOKUTEIIBHBIC
samonmu (Kis et al., 2015).
[Ipocounansubie 3¢ pexTsr OT OBITH OTMEIESHBI HE TOITBKO
y cobak: ArHATA MPOSBIAIOT MPHUBI3aHHOCTh K YEIOBEKY,
YXaXXuBaromemMy 3a HUMHU, CXOXKYI0 C NPUBA3AHHOCTBIO
k mMarepu (Nowak, Boivin, 2015). YauBuTepHO, 9TO y STHAT
koHueHTpauusi OT B KpOBH MOBBIIIANACH KaK [IPU COCAHUH
MOJIOKa MaTepH, Tak M IpU KOHTAaKTe C yesioBekoM. boiee
TOTO, IPHCYTCTBHE YEIOBEKa BHI3BIBACT Y SATHAT IIOBBIICHUE
aktuBHOCTH OT HEHPOHOB U Psijia CTPYKTYp MO3ra, UMH HH-
HEpBUPYEMBIX (Kak OOHAapY)KEHO Y KPbIC) U Y4acCTBYIOLIUX
B BO3HMKHOBEHHH SMOLMH M CONMAIBHOM pPAclO3HABAHHH
(Nowak, Boivin, 2015). BeposTHo, 9BONIOIIMOHHOE TTPOHC-
XOXKJIACHUC TOMECTUKAIITMOHHOI'O ITIOBEACHUA MOXKET BOCXOAUTH
K B3aMMOOTHOIICHHSAM MaTepy M AETCHBIIA, YTO OTMEYall
eme Y. lapsun (Darwin, 1872), n sMnarust yenoseka, Ha-
IMpaBJICHHas Ha AOMAlIHUX XWUBOTHBLIX, MOIJIa BOBHUKHYTbH
TIPY TEHETHYECKON M KyIbTypHOH KosBomronnu (Bradshaw,
Paul, 2010). Ha panHux 3Tamnax pasBUTHs 4eJI0BEKa CII0OCO0-
HOCTb yXaXXHUBaThb 3a ACTCHBIIIAMH KUBOTHBIX, BO3MOKHO,
Oplna BEIOpaHa B Ka4eCTBE MMOKa3aTels YpOBHS Oyaymieit
MAaTEPUHCKOM 3a00ThI 7151 IEBOYCK-TI0IpOCTKOB. Kpome Toro,
(hopMHpOBaHKE IMITATHH, HAITPABICHHON HA JKUBOTHBIX, MOT-
JI0 1aTh TPYIIIaM M 3BOJIOLHOHHOE IPEUMYIIECTBO B OXOTE
U NpupydeHnn KUBOTHBIX (Bradshaw, Paul, 2010).
Baxabim JJIA U3YUCHUA COMAJIbBHOTO MOBECJACHMS, XapaK-
TEPHOTO IS YeIOoBeKa M JOMECTUIIMPOBAHHBIX JKUBOTHBIX,
SBJISCTCS CpaBHEHUE moiuMmopdusma rena peuenropa OT
y uesioBeka, 6oHo00 u mummnanse (Staes et al., 2014). Ot-
00p Ha CHIDKCHHE arpecCHH, IMO-BUANMOMY, HIpall CyIle-
CTBCHHYIO POJIb B 3BOJIIOIIMM 4elloBeKa M OOHO0O, 4TO HE
MIPOUCXONMIIO B 3BOJrOIMK mumman3e (Briine, 2007; Hare
et al., 2012). M3BectHo, uto OHII rs53576 (A/G) acconu-
MPOBaH C COLMAJBbHBIM MOBeJcHUEM denoBeka (Rodrigues
et al., 2009; Lucht et al., 2009). Hocuremnu amiens A yarie,
4eM HHIUBUIYYMBI ¢ reHOTHIIOM GG, XapaTepu3yloTcsi CHU-
JKEHHBIM YPOBHEM SMIIATHH U IPOCOLHAIBLHOTO TTOBEACHHUS.
XoTsl y UCCIICIOBAaHHBIX IIMMITaH3¢ U O0HOOO ayeneit A
o0HapyKeHO He OBIJI0, y ITMMITAaH3€ B TOM K€ PErHOHE ObLTH
unentrunuposansl apyrue OHIL, KoTopbie MOTYT SBISTHCS
¢ynkunonanbubiMu (Staes et al., 2014). OrcyrcTBue 10-
muMopdu3Ma B HCCIIEOBaHHOM paiioHe TeHa penentopa OT
60HO00 MOXKET OBITH CBSI3aHO C ropas3o OoJiee BRIPAKEHHOH
OMIIATUEH, YeM y MuMIIaH3e 1 4desnoBeka. OHAKO clienyeT
HNOAYEPKHYTh, YTO IIMMIIaH3€, HECMOTPS Ha M3BECTHYIO
BHYTPHBHUJIOBYIO arpecCHIO, CIIOCOOHBI MPOSIBIISTH IMITATHIO
leHeTuKa d)yHKLWIVI FOPMOHOB runoTasiamyca
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Kk corutemenHukam (de Waal, 2008). Bosiee Toro, oOHapysxeHo
noBblenne korteHrpannn OT B MOUe HIMMITaH3e, €CIH OHa
MOJENUIIACH MUILECH CO 3HAKOMOI HJIM HE3HAKOMOW 0COOBIO
(Wittig et al., 2014).

MepcneKTnBbI

OKCUTOLMH 1 coumanbHoe noBefeHne

Yy AOMECTULIMPOBaHHbIX *KMBOTHbIX

OCHOBBI COLIUATIBHOTO MTOBECHNUS JOMECTUIINPOBAHHBIX JKHU-
BOTHBIX JI0 CHX ITOp BO MHOTOM HesicHBI (cM. Price, 2002; Trut
etal., 2009). OnHako uccnenopanust OT crcTeMbl y TOMaIIHUX
JKMBOTHBIX, KOTOPBIE aKTUBHO IIPOBOATCS B IIOCIISHUE TOJIBI,
TMIO3BOJISTIOT MO-HOBOMY B3INISTHYTh Ha IAHHYIO IPOOJIEMY, XOTSI
ClIelyeT MPU3HATh HECKOJILKO OrPaHUYEHHU I, KOTOpbIE HE00XO-
JMMO YYUTHIBATh IIPU MHTEPIIPETALIMH [TOTyYSHHbIX JTaHHbIX.
Bo-nepBbix, a¢pexr OT Kkak y )KUBOTHBIX, TaK U y YeJIOBEKa
WHIIMBH/yaJIeH ¥ 3aBUCUT OT MHOTUX (DAKTOPOB, TAKHUX Kak
sHnoreHssit yposerb OT (Bartz et al., 2011; Romero et al.,
2014) u rennep-3aBucumblii 3¢ dext (Bosch, Neumann, 2012;
Rilling et al., 2014; Nagasawa et al., 2015; Oliva et al., 2015).
Bo-Broperx, OT MokeT UMETh MPOCONHANBHBINA 3P PEKT,
HarpaBJICHHBIH Ha 3HAKOMBIX WHAWBUIYYMOB, ¥ aHTHCOIIHU-
aJbHBIN — Ha He3HakoMbIX (Shamay-Tsoory et al., 2009; de
Dreu et al., 2011). I[Ipu 3ToM MOXXeT HaOTIOOATHCS M TPETUI
BapHaHT MOBEACHUS: MOCIIe HHTpaHa3aIbHOro BBeAeHUS OT
co0aky MeHee IPYKEIr0HO BeayT ceOst B OTBET Ha YIpo-
JKalolee MOBEJCHNE X035MHA M B TO K€ BPeMs MOTYT dalle
00MEHMBAThCSI B3IVIAZIOM C HE3HAKOMBIM SKCTIEPUMEHTATOPOM
WA XO3SIMHOM, BeAyIIuM cebst HertpansHo (Hernadi et al.,
2015). I[IpumedaTenpHO, YTO y TEJIOK C BHICOKHM yYPOBHEM
OT ObIIO MOBBIIIEHO YHCIO KaK KOMMYHHKATHBHBIX, TaK
1, HA00OPOT, arpecCUBHBIX B3aUMOCHCTBUI Mex1y co0oil
(Yayou et al., 2015).

MogennpoBaHue 3BONIOLNOHHbIX

npeob6pa3oBaHuii NOBeAEHNA NPy AOMeCTUKaL K

B uccnepoBaHuu posn OKCUTOLMHA MPU JOMECTHUKAUU
CYIIECTBEHHOH MPOOJIEMOi SIBIISIETCS TO, YTO B HKCIIEPUMEH-
Tax B OCHOBHOM HCITONB3YIOTCS coOaku. OHU TMPONLTH TyTh
MOPOI000Pa30BaHMSL, YTO HAJIOXKUIIO CYIIIECTBEHHBIH OTIEeYa-
TOK Ha uX noseaeHue. Kpome toro, npu cpaBHEHHH coOaku
C BOJTKOM, KaK B riccriefoBanny Nagasawa et al., 2015, ciemyer
YUHUTHIBaTh, YTO CPABHEHHE MPOBOJUTCS C COBPEMEHHBIM
BOJIKOM, KOTOPBIH MPOIIET CBOIl ITyTh ABOMIOLNH, XOTh U 0e3
CTOJIb PE3KHUX Ipeodpa3zoBaHuil. PesynbraTel HccnenoBanus
YPOBHSI OKCHTOIIMHA y TIPHPYYEHHBIX BosKoB (Nagasawa et
al., 2015) BBI3BIBAIOT CJIOKHOCTH B MHTEPIPETALMH, TAK KaK
paHHHUE TTOCTHATAFHBIC BO3ICHCTBHS (HAIPAMED, XIH/ITHHT)
MOT'YT OKa3bIBaTh BIIMSIHUE Ha KOJIMUECTBO OKcUTOMHA (Alves
et al., 2015). PemeHreM yka3aHHBIX MPOOIEM MOXKET CTaTh
HCTIOJIF30BaHUE SKCIIEPIMEHTAIEHON MOJIEIH JJOMECTHKAITHN
Ha cepeOpHCTO-YepHOIl JINCHIIE, TOTYYECHHOH MyTeM MHOTO-
JICTHEH CeJIEKLUH 10 MOBEJCHUIO Ha TOJIEPAHTHYIO, a 3aTeM
HMOIMOHAIBEHO-TTOJIOKATEIEHYIO PEAKIHIO 10 OTHOIICHUIO
K uenoBeky (Belyaev, 1979; Bensies, 1981; Tpyt u np., 2004;
Trut et al., 2004, 2009). [IpeumyiecTBO AaHHON MOJICIU
COCTOHUT B TOM, YTO OHA IO3BOJISAET MPOBOAHUTH CPaBHHU-
TEJBHBIN aHANN3 KUBOTHBIX ITHX MOACIBHBIX TOIMYIISIIHN
C J)KUBOTHBIMHU UCXOJIHBIX TOMYJISIIIUMA, )KUBYIIUMHU B TOT K€
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MEPUO U B TCX KE YCIIOBHUAX, a TAKIKE UCKIIIOYUTDH BJIIMAHUC
BTOPUYHOTO 0TOOpa mpu mopogoodpazoBannu. KoHTakT mu-
CHII C YCITIOBEKOM TP COACPIKaHINHA MUHUMAJICH U UCKITFOYaeT
3 PEKT HEOHATAILHOTO X3H/INHTA.

JlomecTrnmpyeMble JTHCHLIBI 00TaJatoT PSIOM MIPH3HAKOB,
KOTOPBIC MOTYT OBITh aCCONMUPOBAHEI C aKTUBHOCTHEIO OT
CHCTEMBIL. DTO U SMOLOHAIbHO-TTOJIOKUTEILHOE OTHOILICHNE
K MIPUCYTCTBHUIO YEIIOBEKA, MPOSBIISAIONICECS B CICAYIOMICM.
[pu npubmmKeHnN SKCIepUMEHTaTOpa (Kak 3HAKOMOT0, TaK
1 HE3HAKOMOTO) TOMECTHIIUPYEMBbIE JIUCHUIIBI CMOTPSIT B CTO-
POHY HYeJIOBEKa, CTPEMATCSA K HEMY, TIOKOPHO MPIKUMAIOT
VIIY, BHJISIOT XBOCTOM, CKYJIST, U3AFOT IITyMHBIC 3BYKH MTPH
4aCTOM IMOBEPXHOCTHOM JIbIXaHUH, Cer6yT JlalmtaMu KJIETKY
W MHUCKY, IPWBJICKas BHUMAaHNE YEJIOBEKa, MPIKUMAIOTCS
K CTCHKE KJICTKH BOJI3H YelloBeka. [Ipu NBMKEHUU PYKH IO
KJIETKC JIMCULIBI «UI'PAK0T», CICAY 3a Heﬁ, a IIpy TaKTUJIbHOM
KOHTAKTe TpeJyIaras 4ecarhb TYJIOBHIIE F TOJIOBY, IEPEBOPAYH-
BAaIOTCS HA CIIMHY, TIO3BOJISS UECATh )KUBOT, BRIPAXKast IOBEPHE
K YCJIOBEKY. COLU/laJ'II/ISI/IPOBaHHI)Ie JIMCUIIbI, KOTOPLIC KUIIU
C OKCIIEPUMEHTATOPaMH, KaK M cO0aK, BRIpaXKaiu OOJbIIIe
MO3UTHBHBIX PEAKIHUil IO OTHOMICHHIO K 3HAKOMOMY YeIl0-
BEKY, CTPEMUIINCH JIn3aTh eMy pyku u jmio (Belyaev, 1979;
Benses, 1981). [TosTomy 1o aHamoruu ¢ codakamMu, IpuoOIH-
JKCHHUE K KOTOPBIM 3HAKOMOTO YEJIOBEKA, a TAK)KE BEpOaTbHBIH
n pusznyecknit KOHTAKT BbI3bIBAIOT NOBBIIeHHE OT B KpoBH
(Rehn et al., 2014), MO’)XHO OXHJIAaTh TIOJOOHOE MTOBBIIIEHUE
U Y JOMECTUIIUPYEMBIX JIHCHII.

OOBIYHO ITPOLIECC JOMECTHKAIMHU CBS3bIBAIOT CO CHHIKEHH-
€M CTpeCC-pPeakTHBHOCTH y TUKUX KUBOTHBIX, UTO TIO3BOJISIET
UM HE BOCIIPHHUAMATH YelIOBEeKa Kak cTpecc-areHTa (Belyaev,
1979; Benses, 1981; Tpyt u ap., 2004; Trut et al., 2004,
2009; Jensen, 2014). JlomecTHIIIpYyeMbIE JTHCHUITBI TAKKE OT-
JIMYAFOTCS CYIICCTBEHHBIM CHIKCHIEM CTPECC-PECaKTUBHOCTH
n aktuBHOCTH [ TAC Bo Becex ee 3BeHbsx (TpyT u ap., 2004;
Trut et al., 2004, 2009). Ot pa3nuuus TakKe MOTYT OBITH
CBSI3aHBI C LEHTPAIbHBIM HHTHOHpYROmUM dpdekrom OT
(Windle et al., 2004).

CyIIecTBeHHBIM OTIIMYHEM JJOMECTHIINPOBAHHBIX KHBOT-
HBIX OT JHWKHX, KaK YKa3bIBAJIOCH BHIIIE, SIBISCTCS XOPOIIee
pacro3HaBaHUE COLMAJIBHBIX CHTHAJIOB uejoBeka, n OT
UTpaeT BYXHYIO POJIb B 3TOM MPOIIECCE, YTO TOIHKHO PACTIPO-
CTPaHATHCS U Ha JIFCHII, TaK KaK MICHKH JJOMECTHIIUPYEMBIX
JIMCHI] PacIiO3HAIOT yKa3aTeJIbHbIE )KECThI UeJIOBEKa TaK XKe,
Kak IIEHKH cO0aK, 1 JIydIlle, YeM IIIEHKH HECEJICKIINOHUPOBaH-
ueix ucuil (Hare et al., 2005). DTo TO3BOISET MPEIOIATraTh,
4qTOo CHOCO6HOCTI) Yy AOMECTUIIUPOBAHHBIX )KMBOTHBIX K pac-
MMO3HABAHUIO KOMMYHHKATUBHBIX CUTHAJIOB YEJIOBEKA MMEET
TCHETUYCCKYIO KOMITOHCHTY, @ TAKXKE UTO ¢ BOSHUKHOBCHHE
B TIpOLIECCe JOMECTHKALUH MOXET OBbITh CBSI3aHO C M3MEHe-
HHEM CHCTEM, (OPMUPYIONUX arpecCUBHOE, TOJIEPAHTHOE
WM 3MOIHUOHAIBHO-TIONOKHTEbHOEe TToBeneHue (Hare et
al., 2012), T.e. cucrem, cpeid KOTOPBIX [IEHTPAIILHOE MECTO
3aanMmaet OT.

Jus ucenenosarms poru OT cHCTEMBI B TOMECTHKAITIH Ce-
PpeOpUCTO-USPHBIX JIMCHL] HAM IPEICTABIISIETCS BAYXKHBIM IIPO-
BECTH CPAaBHUTEIBHBIH WMMYHO-THCTOXHMHYCCKUH aHATN3
OT B MO3re TOMECTHIIMPYEMBIX U HEOMECTUIIUPYEMBIX JTH-
CHll, a TaKke aBropaauorpadutio ero peuenropa. Kpome toro,
y4UTBIBas pabOThI TOCTICTHIX JIET 10 COMATHHOMY MTOBEIC-
HUIO JOMECTUIIUPOBAHHBIX )KUBOTHBIX U YeroBeka (Romero



Oxytocin: co-evolution of human
and domesticated animals

’ Cob6aKa nocne BBefjeHNs
OKCUTOUMNHA
‘ YcnneHme KOMMYHVKaTUBHOIO
noeefeHus

Cobaka

ApKO BblpaKeHHble
NoJIOXKNTENIbHbIE SMOLUN.
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DomecTuympyemas nucmua
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[LlomecTuumpyemas nucuua

APKO Bblpa’KeHHbIe MONOXUTENbHbIE IMO-
LK, NOXOXKME Ha peakumto cobakn. IddpekT
Ha KoHueHTpauuto OT Hem3BecTeH (Npepamno-
NOXKUTENBHO, POCT)

Hepomectuunpyemas nucuua

nocsie BBeAEHNA OKCUTOLMHA

DddeKT Ha NoBeAeHNe HeM3BeCTEH
(NpeAnonoXnTenbHO, CHUXKEHNE arpec-
CUW 1, BO3MOXHO, NOAB/EHNE
NPW3HAKOB KOMMYHUKATUBHOTO
noseneHus)
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Hepomectuumpyemas nucuua

Peakuus nsberaHus, arpeccus. dpdekT
Ha KoHLeHTpauuto OT HeunsBecTeH (Npea-
NOJIOXKUTENbHO, OTCYTCTBYET)

KOHTaKT c 4enoBeKkom Bbi3biBaeT SMOUMNOHAIbHO-MONOXNTEJIbHYI0 peaKUMo U POCT KOHUEHTpaunum nepm¢epv|quKoro OKCUTOUMHa
Y AOMeCTUUNPOBAHHDBIX >KUBOTHbIX. I'Ipw npenBapuTesbHOM NHTPaHa3a/lbHOM BBEAE€HNN OKCUTOLMHA Ha6)'|l0ﬂaETCF| ycnneHne KOMMYyHUKATUBHOIO

nosefeHnA, HanpaBneHHOro Ha YesioBeka.

Mbi npepnonaraem, 4To Npu XPOHNYECKOM BBEAEHNN OKCUTOLMHA Yy AOMECTULIMPYEMbIX NNCUL, YCUITATCA NPOABNEHNA KOMMYHUKaTUBHOIO NoBeAeHUA,
ay HefomMecTuympyemblX CHU3UTCA arpeccnsa n, BO3MOXKHO, MOABATCA NPU3HAaKN KOMMYHUKaTVUBHOIO NoBeAeHNA, HanpaB1€HHOro Ha YesioBekKa.
OT - OKCUTOLNH; <€ — KOHTAKT XNBOTHOTO C YeJIOBEKOM; < — KOHTAKT C Ye/TOBEKOM »KWBOTHOIO NOC/ie BBeAeHUsA eMy OKCUTOLMHa.

etal., 2014; Nagasawa et al., 2015; Oliva et al., 2015), umeer
CMBICJI CPABHUTH EPUPEPUICCKYIO KOHIICHTPAIIUIO OKCHTO-
IIUHA y JOMECTUIIUPYEMBIX W HEJJOMECTHIINPYEMbIX JIMCHII.
IMockonbky uHTpanazamsHOE BBeAcHne OT HegomMecTuIupy-
€MBIM JIUCHIIAM MOXKET HE JIaTh JKEJIaeMOI0 pe3yJibTara n3-3a
6oIree BEICOKOH CTPEeCCHPYEMOCTH STHX JINCHII IO CPABHEHUTO
C IOMECTHITUPYEMBIMH, 00JICE IIPEAMTOYTUTEIIEHBIM SIBIISICTCS
aktuBanus uinu nogasienne OT HEMPOHOB ¢ MPUMEHEHUEM
BHPYCHBIX U (hapMaKoreHeTHndecKux TexHonorui (Grinevich
et al., 2016; Somatic transgenesis..., 2016, B megaru). He-
CMOTpSI HA TPYAOCMKOCTh, CPABHUTEIIbHBIC HUCCIICIOBAHMUS
JIOMECTHIIMPYEMBIX M HEIOMECTHIIMPYEMBIX JIFICHI[ BHECYT
CyIIeCTBEHHBIN BKIIaJ B uccienoBanue poau OT B mpomecce
JIOMECTUKALUH (PUCYHOK).

bnarogapHocTn

Pabora BbINoIHEHA B paMKax TOCYAapCTBEHHOTO 33/1aHHS 110
mpoekty Ne 0324-2015-0012, mognepkana rpantom PODU
Ne 16-04-00637 (10.5.I, PI'I",, A.B.111.) n Hay4uHbIM OHIOM
Uuxku n Xaiinna [Hamepos (B.B.T0).

Cnucok nutepartypbl

benses J1.K. lectabunusupyromuii oT60p Kak Gpakrop 10MeCTHKALIUH.
I'enernka u Gnarococrosinue uenoBedectsa. M.: Hayka, 1981.

bonnaps H.II., Kynpsisuesa H.H. Hapymenue conuanbsHOro pacnosHa-
BaHHA y CaMI[OB MBIIIEH ¢ MOBTOPHBIM OIBITOM arpeccuu. JKypH.
BbIcHL. Hep. esT. 2005;55(3):378-384.

Japsun Y. O BbIpaKeHHH OIIYIICHUH y YeloBeKa 1 )KUBOTHBIX. Cno.:
Tunorpadus ®.C. Cymmunckaro, 1872.

Tpyt JL.H., ITmocuuna U.3., Ocbkuna M.H. DxcniepumeHT no 1oMecTu-
KaIlUH{ JIUCHUI U JUCKYCCHOHHBIE BOIPOCHI BOMONMY cobak. [eHe-
tuka. 2004;40(6):794-807.

Alves E., Fielder A., Ghabriel N., Sawyer M., Buisman-Pijlman F.T.A.
Early social environment affects the endogenous oxytocin system:
a review and future directions. Front. Endocrinol. 2015;6:32. DOI
10.3389/fendo.2015.00032

Bartz J.A., Zaki J., Bolger N., Ochsner K.N. Social effects of oxytocin
in humans: context and person matter. Trends Cogn. Sci. 2011;15:
301-309. DOI 10.1016/j.tics.2011.05.002

Belyaev D.K. Destabilizing selection as a factor in domestication. J.
Hered. 1979;70:301-308.

Benelli A., Bertolini A, Poggioli R, Menozzi B, Basaglia R, Arletti R.
Polymodal dose-response curve for oxytocin in the social recogni-
tion test. Neuropeptides. 1995;28(4):251-255. DOI 10.1016/0143-
4179(95)90029-2

Bosch O.J., Neumann [.D. Both oxytocin and vasopressin are mediators
of maternal care and aggression in rodents: from central release to
sites of action. Horm. Behav. 2012;61(3):293-303. DOI 10.1016/j.
yhbeh.2011.11.002

Bradshaw J.W.S., Paul E.S. Could empathy for animals have been
an adaptation in the evolution of Homo? Anim. Welfare. 2010;19:
107-112.

Briine M. On human self-domestication, psychiatry, and eugenics. Phi-
los. Ethics Humanit. Med. 2007;2:21. DOI 10.1186/1747-5341-2-21

Biilbiil M., Babygirija R., Cerjak D., Yoshimoto S., Ludwig K., Taka-
hashi T. Hypothalamic oxytocin attenuates CRF expression via
GABA(A) receptors in rats. Brain Res. 2011;1387:39-45. DOI
10.1016/j.brainres.2011.02.091

Calcagnoli F., de Boer S.F., Althaus M., den Boer J.A., Koolhaas J.M.
Antiaggressive activity of central oxytocin in male rats. Psychophar-
macology. 2013;229:639-651. DOI 10.1007/s00213-013-3124-7

leHeTuKa d)yHKul/lVl FOPMOHOB runoTasiamyca

225



OKCUTOLMH: KO3BOMIOLMSA YenoBeka
1 JOMECTULMPOBAHHBIX >KUBOTHbBIX

Calcagnoli F., Meyer N., De B.S.F., Althaus M., Koolhaas J.M. Chron-
ic enhancement of brain oxytocin levels causes enduring anti-ag-
gressive and pro-social explorative behavioral effects in male rats.
Horm. Behav. 2014;65:427-433. DOI 10.1016/j.yhbeh.2014.03.008

Cho M.M., DeVries A.C., Williams J.R., Carter C.S. The effects of oxy-
tocin and vasopressin on partner preferences in male and female prai-
rie voles (Microtus ochrogaster). Behav. Neurosci. 1999;113:1071-
1079. DOI 10.1037/0735-7044.113.5.1071

de Boer S.F., van der Vegt B.J., Koolhaas J.M. Individual variation
in aggression of feral rodent strains: A standard for the genetics
of aggression and violence? Behav. Genet. 2003;33:485-501. DOI
10.1023/A:1025766415159

de Dreu C.K.W., Greer L.L., Kleef G.A.V.,, Shalvi S., Handgraaf M.J.J.
Oxytocin promotes human ethnocentrism. Proc. Natl. Acad. Sci.
USA. 2011;108:1262-1266. DOI 10.1073/pnas.1015316108

de Jong T.R., Beiderbeck D.I., Neumann I.D. Measuring virgin female
aggression in the female intruder test (FIT): Effects of oxytocin, es-
trous cycle, and anxiety. PLoS One. 2014;9:¢91701. DOI 10.1371/
journal.pone.0091701

de Waal F.B.M. Putting the altruism back into altruism: the evolution
of empathy. Annu. Rev. Psychol. 2008;59:279-300. DOI 10.1146/
annurev.psych.59.103006.093625

Domes G., Heinrichs M., Glascher J., Biichel C., Braus D.F., Her-
pertz S.C. Oxytocin attenuates amygdala responses to emotional
faces regardless of valence. Biol. Psychiatry. 2007;62:1187-1190.
DOI 10.1016/j.biopsych.2007.03.025

du Vigneaud V., Ressler C., Swan J.M., Roberts C.W., Katsoyannis P.G.
Oxytocin: Synthesis. J. Amer. Chem. Soc. 1954;76(12):3115-3118.
DOI 10.1021/ja01641a004

Eliava M., Melchior M., Knobloch-Bollmann H.S., Wahis J., da Silva
Gouveia, Tang Y., Ciobanu A.C., Triana del Rio R., Roth L.C., Al-
thammer F., Chavant V., Goumon Y., Gruber T., Busnelli M., Chi-
ni B., Tan L., Mitre M., Froemke R.C., Chao M.V., Giese G., Spren-
gel R., Kuner R., Poisbeau P., Seeburg P.H., Stoop R., Charlet A.,
Grinevich V. A new population of parvocellular oxytocin neurons
controlling magnocellular neuron activity and inflammatory pain
processing. Neuron. 2016;89(6):1291-1304. DOI 10.1016/j.neuron.
2016.01.041

Ferguson J.N., Aldag J.M., Insel T.R., Young L.J. Oxytocin in the me-
dial amygdala is essential for social recognition in the mouse. J.
Neurosci. 2001;21(20):8278-8285.

Francis D.D., Champagne F., Meaney M.J. Variations in maternal be-
haviour are associated with differences in oxytocin receptor levels in
the rat. J. Neuroendocrinol. 2000;12:1145-1148.

Goodson J.L., Bass A.H., 2000. Forebrain peptides modulate sexu-
ally polymorphic vocal circuitry. Nature. 2000;403:769-772. DOI
10.1038/35001581

Grinevich V., Desarménien M., Chini B., Tauber M., Muscatelli F. On-
togenesis of oxytocin pathways in the mammalian brain: late matu-
ration and psychosocial disorders Front. Neuroanat. 2015;8:164.
DOI 10.3389/fnana.2014.00164

Grinevich V., Knobloch-Bollmann H.S., Eliava M., Busnelli M.,
Chini B. Assembling the puzzle: Pathways of oxytocin signaling
in the brain. Biol. Psychiatry. 2016;79(3):155-164. DOI 10.1016/j.
biopsych.2015.04.013

Hare B., Plyusnina I., Ignacio N., Schepina O., Stepika A., Wrang-
ham R., Trut L. Social cognitive evolution in captive foxes is a
correlated by-product of experimental domestication. Curr. Biol.
2005;15:226-230. DOI 10.1016/j.cub.2005.01.040

Hare B., Wobber V., Wrangham R. The self-domestication hypothesis:
evolution of bonobo psychology is due to selection against ag-
gression. Anim. Behav. 2012;83:573-585. DOI 10.1016/j.anbehav.
2011.12.007

Hernadi A., Kis A., Kanizsar O., Toth K., Miklosi B., Topal J. Intra-
nasally administered oxytocin affects how dogs (Canis familiaris)
react to the threatening approach of their owner and an unfamiliar
experimenter. Behav. Process. 2015;119:1-5. DOI 10.1016/j.beproc.
2015.07.001

226

BaBunnoBcKuii }KypHan reHeTuKkn n cenekuymm « 20+ 2 - 2016

10.3. Tep6ek, PI. lynesuy
[1.B. Wenenesa, B.B. prHeBnY

Huber D., Veinante P., Stoop R. Vasopressin and oxytocin excite distinct
neuronal populations in the central amygdala. Science. 2005;308:
245-248. DOI 10.1126/science.1105636

Insel T.R., Hulihan T.J. A gender-specific mechanism for pair bonding:
Oxytocin and partner preference formation in monogamous voles.
Behav. Neurosci. 1995;109:782-789. DOI 10.1037/0735-7044.109.
4.782

Jensen P. Behavior genetics and the domestication of animals. Annu.
Rev. Anim. Biosci. 2014;2:85-104. DOI 10.1146/annurev-animal-
022513-114135

Jurek B., Slattery D.A., Hiraoka Y., Liu Y., Nishimori K., Aguilera G.,
Neumann [.D., van den Burg E.H. Oxytocin regulates stress-induced
CRF gene transcription through CREB-regulated transcription co-
activator 3. J. Neurosci. 2015;35(35):12248-12260. DOI 10.1523/
JNEUROSCI.1345-14.2015

Kirsch P., Esslinger C., Chen Q., Mier D., Lis S., Siddhanti S., Grup-
pe H., Mattay V.S., Gallhofer B., Meyer-Lindenberg A. Oxytocin
modulates neural circuitry for social cognition and fear in humans.
J. Neurosci. 2005;25(49):11489-11493. DOI 10.1523/JNEUROSCI.
3984-05.2005

Kis, A., Bence M., Lakatos G., Pergel E., Turcsan B., Pluijmakers J.,
Vas J., Elek Z., Brader 1., Foldi L., Sasvari-Székely M., Miklosi A.,
Roénai Z., Kubinyi E. Oxytocin receptor gene polymorphisms are
associated with human directed social behavior in dogs (Canis fa-
miliaris). PLoS ONE. 2014;9:¢83993. DOI 10.1371/journal.pone.
0083993

Kis A., Hernadi A., Kanizsar O., Gacsi M., Topal J. Oxytocin induces
positive expectations about ambivalent stimuli (cognitive bias) in
dogs. Horm. Behav. 2015:69:1-7. DOI 10.1016/j.yhbeh.2014.12.004

Knobloch H.S., Grinevich V. Evolution of oxytocin pathways in the
brain of vertebrates. Front. Behav. Neurosci. 2014;8:31. DOI
10.3389/fnbeh.2014.00031

Knobloch H.S., Charlet A., Hoffmann L.C., Eliava M., Khrulev S., Ce-
tin A.H., Osten P., Schwarz M. K., Seeburg P.H., Stoop R., Grin-
evich V. Evoked axonal oxytocin release in the central amygdala
attenuates fear response. Neuron. 2012;73:553-566. DOI 10.1016/j.
neuron.2011.11.030

Kujala M.V., Kujala J., Carlson S., Hari R. Dog experts’ brains distin-
guish socially relevant body postures similarly in dogs and humans.
PLoS ONE. 2012;7:e39145. DOI 10.1371/journal.pone.0039145

Lucht M.J., Barnow S., Sonnenfeld C., Rosenberger A., Grabe H.J.,
Schroeder W., Vélzke H., Freyberger H.J., Herrmann F.H., Kro-
emer H., Rosskopf D. Associations between the oxytocin receptor
gene (OXTR) and affect, loneliness and intelligence in normal sub-
jects. Progress in Neuropsychopharmacology and Biological Psy-
chiatry. 2009;33:860-866. DOI 10.1016/j.pnpbp.2009.04.004

Meinlschmidt G., Heim C. Sensitivity to intranasal oxytocin in adult
men with early parental separation. Biol. Psychiatry. 2007;61:1109-
1111. DOI 10.1016/j.biopsych.2006.09.007

Miklosi A., Kubinyi E., Topal J., Gacsi M., Viranyi Z., Csanyi V.
A simple reason for a big difference: wolves do not look back at hu-
mans, but dogs do. Cur. Biology. 2003;13(9):763-766. DOI 10.1016/
S0960-9822(03)00263-X

Nagasawa M., Mitsui S., En S., Ohtani N., Ohta M., Sakuma Y., Ona-
ka T., Mogi K., Kikusui T. Social evolution. Oxytocin-gaze positive
loop and the coevolution of human-dog bonds. Science. 2015;348:
333-336. DOI 10.1126/science.1261022

Neumann [.D. Brain Oxytocin: A key regulator of emotional and social
behaviours in both females and males. J. Neuroendocrinol. 2008;20:
858-865. DOI 10.1111/j.1365-2826.2008.01726.x

Neumann 1.D., Landgraf R. Balance of brain oxytocin and vasopressin:
implications for anxiety, depression, and social behaviors. Trends
Neurosci. 2012;35:649-659. DOI 10.1016/j.tins.2012.08.004

Nowak R., Boivin X. Filial attachment in sheep: Similarities and differ-
ences between ewe-lamb and human-lamb relationships. Appl. Anim.
Behav. Sci. 2015;164:12-28. DOI 10.1016/j.applanim.2014.09.013

Olazabal D.E., Young L.J. Variability in “spontaneous” maternal be-
havior is associated with anxiety-like behavior and affiliation in na-



Oxytocin: co-evolution of human
and domesticated animals

ive juvenile and adult female prairie voles (Microtus ochrogaster).
Dev. Psychobiol. 2005;47(2):166-178. DOI 10.1002/dev.20077

Olazabal D.E., Young L.J. Oxytocin receptors in the nucleus accum-
bens facilitate “spontaneous” maternal behavior in adult female
prairie voles. Neuroscience. 2006;141(2):559-568. DOI 10.1016/j.
neuroscience.2006.04.017

OIff M., Frijling J.L., Kubzansky L.D., Bradley B., Ellenbogen M.A.,
Cardoso C., Bartz J.A., Yee J.R., van Zuiden M. The role of oxyto-
cin in social bonding, stress regulation and mental health: an update
on the moderating effects of context and interindividual differences.
Psychoneuroendocrinology. 2013;38(9):1883-1894. DOI 10.1016/j.
psyneuen.2013.06.019

Oliva J.L., Rault J.-L., Appleton B., Lill A. Oxytocin enhances the ap-
propriate use of human social cues by the domestic dog (Canis fa-
miliaris) in an object choice task. Anim. Cogn. 2015;18:767-775.
DOI 10.1007/s10071-015-0843-7

Palagi E., Nicotra V., Cordoni G. Rapid mimicry and emotional con-
tagion in domestic dogs. Roy. Soc. Open Sci. 2015;2:150505. DOI
10.1098/r50s.150505

Popik P., Vetulani J.M., van Ree. Low doses of oxytocin facilitate so-
cial recognition in rats. Psychopharmacology (Berl.). 1992;106(1):
71-74.

Price E.O. Animal Domestication and Behavior. Oxon, N.Y.: CABI,
2002.

Rehn T., Handlin L., Uvnéds-Moberg K., Keeling L.J. Dogs’ endocrine
and behavioural responses at reunion are affected by how the human
initiates contact. Physiol. Behav. 2014;124:45-53. DOI10.1016/j.
physbeh.2013.10.009

Rilling J.K., Demarco A.C., Hackett P.D., Chen X., Gautam P., Stair S.,
Haroon E., Thompson R., Ditzen B., Patel R., Pagnoni G. Sex dif-
ferences in the neural and behavioral response to intranasal oxytocin
and vasopressin during human social interaction. Psychoneuroendo-
crinology. 2014;39:237-248. DOI 10.1016/j.psyneuen.2013.09.022

Rodrigues S.M., Saslow L.R., Garcia N., John O.P., Keltner D. Oxyto-
cin receptor genetic variation relates to empathy and stress reactivity
in humans. Proc. Natl Acd. Sci. USA. 2009;106:21437-21441. DOI
10.1073/pnas.0909579106

Romero T., Nagasawa M., Mogi K., Hasegawa T., Kikusui T. Oxyto-
cin promotes social bonding in dogs. Proc. Natl Acad. Sci USA.
2014;111:9085-9090. DOI 10.1073/pnas.1322868111

Ross H.E., Young L.J. Oxytocin and the neural mechanisms regulating
social cognition and affiliative behavior. Front. Neuroendocrinol.
2009;30:534-547. DOI 10.1016/j.yfrne.2009.05.004

2016
20-2

Yu.E. Herbeck, R.G. Gulevich
D.V. Shepeleva, V.V. Grinevich

Scharrer E. Die Lichtempfindlichkeit blinder Elritzen (Untersuchungen
uber das Zwischenhirn der Fische). Z. Vergl. Physiol. 1928;7:1-38.
DOI 10.1007/BF00341151

Shamay-Tsoory S.G., Fischer M., Dvash J., Harari H., Perach-Bloom N.,
Levkovitz Y. Intranasal administration of oxytocin increases envy
and schadenfreude (gloating). Biol. Psychiatry. 2009;66:864-870.
DOI 10.1016/j.biopsych.2009.06.009

Somatic Transgenesis in Molecular Neuroendocrinology, Wiley and
Son, 2016 (in press).

Staes N., Stevens J.M.G., Helsen P., Hillyer M., Korody M., Eens M.
Oxytocin and vasopressin receptor gene variation as a proximate
base for inter- and intraspecific behavioral differences in bono-
bos and chimpanzees. PLoS ONE. 2014;9:e113364. DOI 10.1371/
journal.pone.0113364

Trut L., Oskina I., Kharlamova A. Animal evolution during domestica-
tion: The domesticated fox as a model. BioEssays. 2009;31:349-360.
DOI 10.1002/bies.200800070

Trut L.N., Plyusnina I.Z., Oskina I.N. An experiment on fox domesti-
cation and debatable issues of evolution of the dog. Russ. J. Genet.
2004;40:644-655. DOI 10.1023/B:RUGE.0000033312.92773.cl

Viviani D., Charlet A., van den Burg E., Robinet C., Hurni N., Aba-
tis M., Magara F., Stoop R. oxytocin selectively gates fear respons-
es through distinct outputs from the central amygdala. Science.
2011;333:104-107. DOI 10.1126/science.1201043

Windle R.J., Kershaw Y.M., Shanks N., Wood S.A., Lightman S.L.,
Ingram C.D. Oxytocin attenuates stress-induced c-fos mRNA ex-
pression in specific forebrain regions associated with modulation of
hypothalamo-pituitary-adrenal activity. J. Neurosci. 2004;24:2974-
2982. DOI 10.1523/JNEUROSCI.3432-03.2004

Wittig R.M., Crockford C., Deschner T., Langergraber K.E., Zieg-
ler T.E., Zuberbiihler K. Food sharing is linked to urinary oxyto-
cin levels and bonding in related and unrelated wild chimpanzees.
P. Roy. Soc. Lond. B Biol. 2014;281:20133096. DOI 10.1098/rspb.
2013.3096

Yayou K., Ito S., Yamamoto N. Relationships between postnatal plasma
oxytocin concentrations and social behaviors in cattle. Anim. Sci. J.
2015;86(8):806-813. DOI 10.1111/asj.12363

Young L.J., Lim M.M., Gingrich B., Insel T.R. Cellular mechanisms
of social attachment. Horm. Behav. 2001;40:133-138. DOI 10.1006/
hbeh.2001.1691



ﬂ g?;g'PrMKa $YHKLMI ropMOHOB rnoTanamyca

BaBunoBCKui XKypHan reHeTnky 1 cenekuymn. 2016;20(2):228-233
DOI 10.18699/VJ16.142

ECcTeCTBEHHBIN U ICKYCCTBEHHBIN

oe@UIINT Ba3oIpecCcHa:

IouemMy IIOC/IeOHUI SIBJISIETCSI JIeTAJIbHBIM ?

A. 3eaena

WNHCTUTYT aKCcneprMeHTanbHOM meanuunHbl, byaanewt, BeHrpua

TexHonormm nonyyeHna TPAHCreHHbIX MbILIEN LUNPOKO UCMONb3YHOTCA
npwv aHanuse ¢usmnonormyecknx GyHKUMIN, ogHaKo K HacTosALemy
BpeMeH yCTaHOBJIEHO, YTO 22,0 % nccnefoBaHHbIX Hyb-MyTaLum
ABNAIOTCA NleTanbHbIMU. [oNHOe oTcyTcTBME BasonpeccrHa (AVP)

Y TPAHCreHHbIX MbILLIE MPUBOZUT K X T’MOENN K BO3pacTy OTbeMa
oT MaTepu. BmecTe ¢ Tem npupoaHble MyTaHTHble Kpbicbl Brattleboro,
nuweHHble AVP, BMosHe Xn3HecnocobHbl. besycnosHo, AVP numeet
CylL|eCTBEHHOE 3HayeHe ANA BbPKMBAHUA, OfHAKO Kakas 13 ero
pa3Ho06pa3zHbIX PYHKUMI ABNSETCA Hanbosee BaXKHOM ANs 3TOroO —
ocTaeTca HeAcHbIM. AVP oKasblBaeT cBoe fiecTBue Yepes cneundu-
yecKue peLenTopbl NiasmMatnyeckor memopaHsl. Petentopbl V1a Tvna
MOTYT BbI3blBaTb CyXeHVe KPOBEHOCHbIX COCYAOB ANA NoaAep»KaHnA
apTepuanbHOro AaBneHna B TeyeHne runosonemun. Peyentop V1B

B nepeaHeit gosne runodusa nrpaeT BaxkHyo posib B agantauum

K cTpeccy. Peuentopbl V2 noaTuna, skcnpeccupyemble B MOYKax,
Cnoco6CTBYIOT 3aiepKKe BOAbl B opraHu3me. [eH avp copeput
nocnefoBaTeNbHOCTM HYKNEOTUAOB, KOAVPYIOLME CUTHANbHBIN
nentug, cobctBeHHo AVP, Helpodu3smH 2 n C-TepM1HANbHBbIN
rnvkonenTua. Bo3HMKLLaA ecTeCTBEHHbIM NyTeM MyTaLuMA B palioHe,
KogupytoLem Hellpodur3KH, BbI3blBaeT CABUM PaMKM CUUTbIBAHNA

1 TeM CaMbIM MPVBOAUT K noAsneHnto AVP-gedurumnTHbIX KpbiC
Bpattn6opo (Brattleboro) c ueHTpanbHbIM HecaxapHbIM ArabeToM.

B runoTtanamyce 3tux )nBoTHbIX AVP He crHTe3npyeTcs, Of4HaKo

B HEKOTOPbIX Nepudepryeckmx TKaHAX STOT FOPMOH cnocobeH
JKCMPEeCCUpPOBaTbCA, YTO NpefnonaraeTt Haanmyme anbTepHaTUBHOrO
nyTu ero cvHTe3a. HokayTHble NO avp MbiLUN X13HECNOCOOHDI

K MOMEHTY poXaeHus, Ho 6e3 nepudepuyeckoro sefeHns AVP oHr
norunéatot. CpaBHMBaA Metowmeca mogenu gepuumta AVP, MOXXHO
3aKJII0UYNTDb, YTO OAHOBPEMEHHaA yTpaTa 3PpPeKTOB, onocpeayembIx
V1an V2 peuentopamu, a UMEHHO apTepuasibHas rmnoTeH3na

1 NoTeps BoAbl, CNOCO6Ha BbITb MPUUNHON NeTanbHOCTU. KaK y KpbiC
BpaTtTn60po, TaK 1 HOKayTHbIX MO avp MbilLel BO3MOXHO COXPaHeHne
noKanbHoro cnHtesa AVP B ceppue, 1 3STOT FOPMOH MOXeT MOoCTynaTb
B 06LLYI0 LMpKyNALmio. Taknm 06pa3om, y STUX XKUBOTHbIX CYKeHUe
COCY/1I0B MOKET KOMMEHCPOBaTb MMNOBONIEMUIO.

KntoueBble cnoBa: Kpbicbl BpaTTn6opo; Mbilwn, HOKayTHble
1o Ba30MNpeccrHy; reH Ba3onpeccuHa; peLenTopbl Ba3onpeccrHa;
rMnoBoNemMus.

KAK ULUTUPOBATb 3TY CTATbIO:
3eneHa [l. ECTeCTBEHHDbIN 11 NCKYCCTBEHHDIN fednLMT BazonpeccuHa: no-

yemy NocneHNN ABNACTCA NeTallbHbIM? BaBUIOBCKNI XXypHan reHeTUKm
1 cenekumn. 2016;20(2):228-233. DOI 10.18699/VJ16.142
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Comparison of natural and
artificial vasopressin deficiency:
why the latter is lethal?

D. Zelena

Institute of Experimental Medicine, Budapest, Hungary

The transgenic mouse technology is widespread,
however, untill now 22.0 % of tested null mutations
was found to be lethal. The complete lack of vaso-
pressin (AVP) resulted also in preweaning lethality.

It is surprising take into consideration the viability

of the AVP mutant Brattleboro rats. Thus, AVP is
essential for survival, but which of its ubiquiter

role is the most important. AVP exerts its effect
through specific plasma membrane receptors.V1a
receptors can induce vasoconstriction maintaining
blood pressure during hypovolemia. The V1b
receptor on the anterior pituitary has a role in stress
adaptation. The V2 subtype is located in the kidney
and contributes to the antidiuresis. The avp gene
consists of a signal peptide, AVP, neurophysin 2 and
a C-terminal glycopeptide. The naturally occuring
AVP-deficient Brattleboro rat has a framshift mutation
in the neurophysin portion resulting in cental
diabetes insipidus. In its hypothalamus AVP is not
produced, while in certain peripheral tissues it may
be expressed, suggesting the existence of a different
synthetic pathway. The avp knockout mice can also be
produced, they will be born, but without peripheral
AVP administration they will not survive. Comparing
available knockout models we can conclude that

the combined V1a and V2 receptor mediated effects,
namely hypotension and water lost together may led
to lethality. As in Brattleboro and targetted knockout
mice the local synthesis of AVP in the heart can be
maintained and AVP can be released into the general
circulation. Thus, in these animals vasoconstriction can
compensate the hypovolemia.

Key words: Brattleboro rat, vasopressin knockout
mice, vasopressin gene, vasopressin receptors,
hypovolaemia.



OKayTHbIE KUBOTHbIE. [[J11 n3ydyeHus posid TON Uiu

WHOI MOJIEKYJIbI B OPraHMU3Me OCHOBHBIM MHCTPYMEH-

TOM SBJIACTCSA HAapYHICHHUE €€ MHIICHU. Texnonorus
MOJTyYEeHUs TPAHCTEHHBIX MBIIIEH pa3pabaThIBaIach B HaUale
1980-x (Hanahan et al., 2007), a nepBble HOKayTHBIC MBIIIH
obutn cosznanbl B 1989 r. (http://www.nature.com/scitable/
content/Knockout-mice-timeline-6638351). Y4ensie, 4o HO-
BAaTOPCKHE UCCIICIOBAHUS ITPUBEIH K CO3/IaHUIO «HOKAYTHBIX»
MbIiei, OpTn oT™MedeHbl HobOeneBckoit mpemueii 2007 1.
B Hacrosimiee Bpemst 3TOT METOJI TPUMEHSETCS TPAKTHIECKU
BO BCEX 00JacTAX OMOMEIUIMHBL: OT (PyHIAMEHTAIbHBIX
UCCIIE0BaHUI 10 pa3pabOTKKU HOBBIX METOJIOB JieyeHus. Ha
CETOAIHSAIIHNN JICHb 00JIee YeM AECATH THICSY FEHOB MBIIIH
(IpUMepHO TMOJIOBHHA I'€HOB B I'€HOME MJICKOIHMTAIOMINX )
OBUIN «HOKAyTHPOBAHBD), U OTPOMHBIH 00bEM JIaHHBIX CTa
JIOCTYTICH OJaromapsi 3TOW TEXHOJIOTHH (HApUMep, pe3yib-
taTel oucka B PubMed mo ximodeBbM croBaM «knockout
micey» garot 6osee uem 110 Thic. CCHUTOK). Mexk TyHapOIHBIN
koHcopryM «Hoxaytras mbermsy (International Knock-out
Mouse Consortium, IKMC) cucremarnieckn co3gaet My-
TAaHTOB 3M6pI/IOHaJ'H)HI)IX CTBOJIOBBIX KJICTOK JJIsI KaXXJ10T'0
reHa B reHoMe MBI (20 ThIC. OETOK-KOIUPYIOMINX TCHOB),
a MexyHapoaHslii KoHCOpIyM (enotunuposanus (Inter-
national Mouse Phenotyping Consortium, IMPC) onucsiBaet
(eroTunsl 3TUX Mblmeil. Celfyac yCTaHOBICHO, YTO HYJb-
MyTaumu 1o 22,0 % ucciae10BaHHbIX TeHOB Ha FTEHETUYECKOM
dhone BON neranshbl (https:/ www.mousephenotype.org/
data/phenotypes/MP:0011100).

[MomHoe orcyrcTBHE BaszompeccuHa (AVP) mpuBomut
TPaHCTEHHBIX MBILIEH K THOENN B BO3pacTe OTheMa OT MaTepu
(https://www.mousephenotype.org/data/genes/MGI:88121).
DTO HECKOJIBKO YIUBHUTEIILHO, YUUTHIBAs )KN3HECTIOCOOHOCTD
KpbIC JJMHUM bpaTTinioopo, MyTaHTHBIX 10 reHy avp. OnHaKo
9Ta JIMHUS ABJIACTCS PE3yIbTaTOM CIOHTAaHHOW MyTanuu. Yto
KacaeTcs CHOHTaHHBIX MyTaIMH, TO CYIIECTBYIOT «HOPMaJIb-
HbIC» Bapualuu B IIpEaciiax Ka)K,HOfI JIMHUH, U )KUBOTHBIC
MOTYT OBITH CENIEKTUPOBAHBI 110 KOHKPETHOMY ITPU3HAKY, KaK,
HarpuMep, KPbICHI X MBIIIN — HA BBICOKHH WJTH HU3KUH YPOB-
Hu TpeBokHocTH (Landgraf, Wigger, 2003, Landgraf et al.,
2007), n ux reaeTndeckuii HoH MOXKET OBITH H3yueH. Bmecte
C TEeM 32 Pa3JIN4Msl UHIUBH/IOB O OIPEACICHHOMY IIpH3HAa-
Ky B 6OJ'II)IJ_II/IHCTBe CJIy4acB OTBC€YACT HC OAWH I'CH. I/IHOFI[a
HOKayT >KHUBOTHBIX ITOMOTAeT UACHTU(HUINPOBATH MyTALUIO,
00yCIoBIMBAONIYIO HacieacTBeHHOe 3a0onesanue (Furuse,
2009). C npyroii CTOPOHBI, B TPUPOJIE Y HEKOTOPBIX )KUBOTHBIX
BCTPEYAIOTCSI MYTAIlMM OJHOTO T'€Ha, MPUBOASIINE K TaTo-
JIOTHYECKOMY (PCHOTHITY, KaK, Hanpumep, myTanus Piebald-
Lethal B rene pernentopa sHa0TEIMHA-B, Benymas k yrpare
CerMeHTa TOJICTOM KHUIIKH, KaK Mpu Ooje3Hu [ wmpmmpyHra
(Hirschsprung disease; Hosoda et al., 1994). IIpuponnas
MyTalusi, IMUTUPYIOLIasi HecaxapHblid 1nalet, Ipon3omuia
Y OZIHOM M3 caMOK KpbIc B KostoHnu Long Evans, mmemeit 17
MIOTOMKOB, poruBIIHXcst 24 despaist 1960 1. B Bepmonre, B 3a-
nanHoi bparmibopo (Valtin, 1982). [Tockosbky HEKOTOpbIE
13 IMTOTOMKOB 3TOH CaMKH TOTPEOISITH aHOMAJIFHO OOIbIIoe
KOJIMYECTBO BOJABI M 3TO MOXKHO OBUIO CKOPPEKTHPOBAThH
npumeHeHrneM AVP, OblJI0 yCTaHOBJIEHO, YTO 9TH KUBOTHbIE
HUMEIOT HACIEICTBEHHBIN THIIOTAIAMUYECKHI HECaxapHbIN
muaber (diabetes insipidus — DI). ITocne nepsoro onmcanus

aTOro (heHoMeHa yxe OblIo onyonukoBano 6osee 1500 cra-
Tel, mpexae ueM B 1984 1. (Schmale, Richter, 1984) 6puta
YCTaHOBJICHA TCHETUYECKAsi OCHOBA ATOW MMATOJIOTHH.

Ponb Ba3onpecCrnHa B opraHn3me

Cyns no Tomy, uto AVP noBceMecTHO NPUCYTCTBYET Y MHO-
JKECTBA BUJIOB, OH MMEET Ba)KHOE 3HAUCHHE JJIsl BBDKMBAHMS,
OIIHAKO MBI MOXKEM TOJIBKO JIOTaJIbIBATHCS, KOTOpasl M3 €ro
MHOT000pa3HbIX (QyHKIMI ABIsIeTCs Hanbosee BakHOH. AVP
OKa3bIBAaCT CBOE BJIMSHHUE IIyTEM B3aMMOJCHCTBHUSA C peLen-
TOpPaMH PsiZia TUIIOB, JIOKAJTU30BAHHBIMU B IJIa3MaTHYECKOM
MeMOpaHe KJIETKH M MMEIOIIUMH CEeMb TPAaHCMEMOpaHHBIX
JoMeHoB (Zelena, 2012). Penieniropsr V1a noxruna (cocyau-
CTbIE) MIMPOKO PACIIPOCTPAHEHBI B KJIETKAX IIIAJAKUX MBIIII]
COCY/IOB, KapJIMOMHOIINTAX, TEHATOUTAaX W TPOMOOIUTAX,
a TaKKe B OTACIBHBIX 001aCTAX FOJIOBHOTO MO3Ta, HalpuMep
B JIaTEPATBHON MEPETOPOJKE, THITIOKAMIIE, THITOTAIaMYyCe.
[Monarun penenropa V1b (rumoduzapHslif) OblT EepBOHA-
YaJIbHO OITKCAH B Iepe/iHeit joie runodusa, Ho OH TakkKe ObLT
00Hapy»XeH BO MHOTUX JAPYTUX TKaHSIX, TAKUX KaK, HAllpuMep,
ocTpoBKH JlaHTepraHca MOKETyT0UYHON XKele3bl, MO3To-
BOE BEILIECTBO HA/ANOYSYHHKOB M COOHMpATebHbIE TPYOKH
BHYTPEHHET0 MO3IOBOI'0 OT/eJIa MoYeK. B romoBHOM Mo3re
V1D penienitrops! ObLTH HaliIEHBI B 00OHSTEIBHOM JTYKOBUIIE,
MEPEropojKe, KOpe TOJIOBHOTO MO3Ta, THIIIIOKAaMIIe, TUIIOTa-
JamMyce M HEeKOTOPBIX APYTHux odnmacTax. Penentopsr AVP V2
THUIa (IOYeYHbIe) HAXOAATCs B Oa3onarepaibHON MeMOpaHe
KJIETOK cCOOMparelibHbIX TpyOoK nouek. Bue nouek MPHK V2
penenTopoB ObUTa 0OHAPY)KEHA TOTHKO B MOIKEUKE.

Camoii n3BecTHOH (yHKIMEH nupKynupyromero AVP
SBIISICTCSI AaHTUAMYPE3 B MOYKAX, IIe€ OH UTPaeT poib rop-
MOHa Tepu(pepUIecKOi Ba30MPECCHHEPTUIESCKON CHCTEMBI
(Ring, 2005). Hapymienust B 3To#i cucreme npuBosT K DI,
XapaKkTepu3yeMoMy 3KCKperueil 00X KOJINYeCTB MOYU
¥ KOMIIEHCAIMOHHBIM NOTpeOIeHNEM OOIBIINX KOIHUECTB
JKUJIKOCTEH, KOTOPbIE MOTYT yIpOXaTh KH3HH, €CIIH 3TH Ha-
pylIeHus He mpeaoTBpamars. DI siBnsercs penkum 3aboneBa-
HHEM, HaOII0gaeMBIM ¢ yacTOTOM 1 Ha 25 ThIC. yenoBek. Han-
Gosnee pacrpocTpaHeHHOH (HOPMOIA SIBISIETCS] LICHTpAJIbHAS,
HeiiporenHas DI, nmpu xotopoil nospexaen AVP, Torna xak
npu niepudepuydeckoil (moueqHo, Wim HeppOTeHHOI) Gop-
Me UMEeeTCsl HapylIeHne ero pernentopa V2 Turma i Oenka
aKBalopHHa 2, SIBISIOIIETOCS BOJHBIM KaHAJIOM. BaxkHbIMU
npuanHaMu DI eHTpanbHOTO reHe3a MOTYT OBITh TOBPEK-
JICHHSI B PE3yJbTaTe YepPEIHO-MO3TOBBIX TPaBM, OITyXOJICH
TOJIOBHOTO MO3T'a, XUPYPrHH, HEKOTOPBIX 3a00JIeBaHHUI U MH-
(hexmmit WM KPOBOMNIUSIHUI B MO3T, ofHako 50 % ciryuaes
SIBJISTIOTCSI MINOTIAaTHYECKUMH. VIccrenoBaHMs TI0Ka3bIBAIOT,
YTO HEKOTOPBIE M3 ATUX CIIy4aeB MOTYT MMETh Ay TOUMMYHHYFO
OCHOBY. [ eHeTHUECKHEe aHOMAIMH TAKXE MOTYT IPUBECTH
k DI ienTpansHoit 1 nepupepruuecKoi Npupobl.

Kpome antuamypesa, 6onbime 10361 AVP uepes Vla pe-
LENITOPBI MOT'YT BBI3BIBATH COKPAIIIEHUE TPAKTHYECKHU JTI000H
IJIaJIKOMBIIIEYHON TKAaHHU B OPTaHU3Me, HO COMHHUTEIBHO, YTO
3TO UMEET XOTh KaKOe-TO CYIIeCTBEHHOE (PU3UOIIOTHUECKOe
3HaueHue. TeM He MeHee MUPKyIupyromuii AVP BaxeH s
MOAJICP KaHHsI APTEPUAILHOTO JIABJICHHS, KOT/Ia )KUBOTHBIC
HAXOJSATCS B THIIOBOJIeMUYeckoM coctosiauu (Ganong, 1984).
AVP, neiictBys uepe3 V1b perentopsl, SBIsSeTCS BaKHBIM

leHeTuKa d)yHKLWIVI FOPMOHOB runoTasiamyca

229



EcTecTBEHHbBIN N UCKYCCTBEHHDBIV AedULUT Ba3omnpeccuHa:
noyemy nNociefHVIN ABAAETCA eTanbHbIM?

PEryJsiITOpOM IHIIOTaJIaMO-THITO(H3apHO-HAIIOYEYHUKOBOK
OCH, BHOCSI TEM CaMbIM CYIIIECTBEHHBIH BKJIa/] B 4 aNTAIHIO
K cTpeccy (Zelena, 2012).

AVP nposiBisier MUTOTeHHYI0 akTUBHOCTH (Serradeil-Le
Gal etal., 1994), ocobeHHO B Me3aHTHAITBHBIX KieTKax (Tahara
et al., 2011), u cnocoOcTBYeT THNEPTPODUHN KapAHOMHO-
uroB (Hiroyama et al., 2007). DTOT TOpMOH TaKXe sSIBIISIET-
Csl TIPSIMBIM MMMYHODETYJISITOPOM. Y/laJIleHHe 3afHeil 10IH
runoduza CHIKAIO KJIETOYHBI IMMYHHBIH OTBET, KOTOPBII
BOCCT@HABIIMBAJICSI C ITOMOIBIO aroHUCTa V2 peLenTopos
necmomnpeccura (Quintanar-Stephano et al., 2012). AVP
Croco0eH OKa3bIBaTh NPSIMOE BIMSIHUE HA META0O0IIHM3M, BbI-
3bIBasi TUTIEPIVIMKEMHUIO M TIIIOKO3YpHI0 uepe3 V 1a perentopbl
(Montero et al., 2006). Kpome Toro, AVP moBbITIIaeT BEIKH-
BAaE€MOCTb KJIETOK MPH MX MOBPEXKACHUU T'HIIOKCHEH —pe-
okcurenanueit (Zhu et al., 2013) u 3amumaer HeHPOHbI
THIIOKAMIIa OT arornTo3a, HHIYIMPOBAHHOTO HEOCTAaTKOM
MUTaTeNbHBIX BemiecTB uin riryramaroM (Chen, Aguilera,
2010). Bee atH 3pekTsl MOTYT BHECTH CBOM BKJIAJI B [10JI0-
KUTEIbHbIC TOCIeACTBUS BBeneHuss AVP npu cenTnieckom
moke (Oba, Lone, 2014).

B xone oHTOreHe3a 3TOT TOPMOH CHOCOOEH CTUMYIIHPO-
BaTh POCT OTPOCTKOB HeHpoHOB (HeiipoTpodusm) (Chen
et al., 2000), a Takxe TUPPEPSHINPOBKY KICTOK NEUCHH
(Serriere et al., 2008). AVP takxe crocodOeH HHrHOUpOBaTh
mponugeparuio 3I0kadecTBeHHbIX KieTok (Forti, Armelin,
2011). BBeneHHbIH MbIIIaM, OH MOBHIIAT (GOPMUPOBAHUE
OCTEOKJIACTOB, PE30POUPYIOIIUX KOCTh, H MOHIKaIl 00pa3o0-
BaHME 0CTEO0TACTOB, POPMHUPYIOITHX KOCTh, COOTBETCTBEHHO
(Tamma et al., 2013).

Poxbp AVP B HepBHOM peryisiuu paziauyHbIX (GOpM Io-
BEJICHUS TAKKE XOPOIIO YCTaHOBJIEHA. DTOT TOPMOH CIIO-
co0eH BIMATH Ha TOBEICHYECKNE TPOSBICHHS, M0 KpaiHei
Mepe, MSITH BUAOB: HUPKAJHYI0 PUTMHUYHOCTD, BOCIPHSITHE
601, conManbHOE MOBEICHNIE, 00ydeHIE 1 TaMSTh, a TaKKe
Ha BBI3BIBAEMBIC CTPECCOM 3MOLMH TPEBOTH U JCTPECCUU
(Zelena, 2012).

leH Ba3onpecCrnHa 1 ero n3BecTtHble

ecTeCcTBeHHble BapunaHTbl

JlpeBHUI HOHANIENTH] ApPTMHUH Ba30TOLUH NPHCYTCTBYET
B HACTOSIIIIEE BPEMsI Yy BCEX TTO3BOHOUYHBIX, HCKITFOYast MIIEKO-
nuratonux (Neumann, Landgraf, 2008), u naxe y HEeKOTOPBIX
MOPCKHX BHJIOB 0OJice PaHHMX 3TAIOB BOJIOLUH, a TAKKeE
y HacekoMbIX (Zelena, 2012). AVP, 3ameHuBIIMI Ba30TOLNH
y OOJIBLIIMHCTBA MJICKOIIMTAIOIINX, OTJIMYAETCSl OT IOCIIe/-
HETO 3aMEHOH TOJIBKO OZHOTO AMHHOKHCIOTHOTO OCTaTKa.
I'en Bazoroumna aymuuuposaics 450 MiH JeT Ha3ad, AaB
OCHOBY 00pa30BaHHUIO OKCHUTOIMH-IIOAOOHBIX MEITHIOB
(y pp16 — n3otonmH), oTnuyaromuxcs oT AVP Tompko ogHIM
AMUHOKHCIIOTHBIM OCTaTKOM. B CBSI3M ¢ 3TUM BO3HHUKIIO
4eTKoe pasfenieHue QyHKIui Mmexay AVP, perynupyrommm
SKOHOMHIO BOJIbI U SHEPTUH, U OKCUTOI[MHOM, OCYIIECTBIIS-
IOIIMM KOHTPOJIb Ha/l COKpPAIIEHHEM MYCKYJIATypbl MaTKH
1 BBIJICJICHHEM MOJIOKA.

Pasmep rena avp cocraBmser npumepro 2 Kb. On Ha-
xomurest Ha 20-if xpomocome y denoseka (B 13-if mo3uimu,
ot 3082554 no 3093520 napsl ocHOBaHUiT), 7-i XpoMocoMe
Y KPBICHI U 2-i XpOMOCOME Y MBIIIH (Tapbl OCHOBAaHHUHA OT
130580620 no 130582554) (http://www.ncbi.nlm.nih.gov/
230
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gene). DTOT T'eH COCTOUT U3 3 SK30HOB U 2 WHTPOHOB, KOJIU-
PYIOIMINX CUTHATBHBIN enTH I (19 aMIHOKHCIIOT B TEPBOM K-
30He); TopMOH AVP (9 aMHHOKHCIIOT TaKsKe B IEPBOM HK30HE);
HeripodusuH 2 (NP2, 93 aMHHOKHCIIOTHI), KOIUPYEMbIii BCEMU
Tpems 3K30HaMH, 1 C-KOHIIEBOH IIHKOTIENTH KorenTHH (39
AMHMHOKHCIIOT B TPETHEM 9K30HE) B TIEPEUNCIICHHOM ITOPSIJIKE
(Iwasaki et al., 2000, Koufaris et al., 2015). OcobeHHOCTBIO
MPHK avp sBrnsercs mammume 3'-monn(A) KOHIIA, KOTOPBIH
peryimpyercsi B 3aBUCHMOCTH OT OCMOTHYECKUX IpolieM
1, KaK M3BECTHO, MOBbBIIACT d(Y(PEKTUBHOCTD TPAHCIISILUH
n yBenmunBaeT crabunpHOCTh 3TO MPHK (Carrazana et
al., 1988). O6sran0 Nepuon nomypacnana MPHK avp — 6 4.
[TpenporopmMoH ajipecyeTcsi CHrHaJIbHBIM IENTHIOM B DHJI0-
IUIA3MaTHIECKUI PETUKYITYM, TJI€ 3TOT HENTH/ OTLIETUISETCS,
a KOTIETITHH DIIMKo3uiupyetcs. [Tocie pacuienienus 1 Moau-
(huKanuK B X0/1€ TPAHCHIOPTHUPOBKH 110 aKCOHAM U3 THUIIOTalIa-
Myca B 33/IHIOIO JOJTI0 TUTIo(u3a ropMoH AVP 1 ero 6eTkoBBIi
HocuTenb, NP2, cekperupyrores (Grant et al., 1993).

Panee ynomuHaBmmecs Kpbicbl bparmioopo uMeroT MmyTa-
LU0 — OTCYTCTBHE OJHOTO HYKJICOTHJA BO BTOPOM IK30HE,
00yCIIOBIIMBAIOIIYIO C/IBUT PAMKH CUNTHIBAHUS B YaCTH I'eHa
avp, kopupytomieid NP2, Ho criocOOHBI CHHTE3UPOBATh OKCH-
TonnH u ero Hepodusun (NP1). [umoramaMmyc 3TUX KpbIC
COZIEPXKHUT OOHAPYKMBAEMOE, XOTS M 3aMETHO ITOHMKEHHOE
KOJIMYECTBO TPAHCKPUITA TeHA avp, pakTHYECKH HEOTINYH-
Moe 110 pa3mepy ot MPHK mHopmansroTO avp (Majzoub et al.,
1987). Onnaxo myTanTHbIi Bapuant MPHK avp He pearupy-
€T Ha OTKJIOHEHHUS OT HOPMBbI OCMOTHYECKUX U OOBEMHBIX
mapaMeTpoB MUPKyIHpyromei xunkoctn (Majzoub et al.,
1987), u ero Tpancnsums HapymieHa (Schmale et al., 1984).
[TockonbKy 9TO pereccuBHast MyTalys, JIMIb TOMO3UTOTHbIE
’KMBOTHBIC HE CITOCOOHBI CHHTE3MPOBATh I'MITOTAIaMUIECKHUH
AVP u cBazannblii ¢ HuM NP. MyTtauus npuBoauT K moTe-
pe CTOMN-KO/I0HA C MOCHEAYIOUIeH TpaHCIAnuel JJIMHHOTO
nonu(A) XBOCTa, TEHEPUPYIOLIETO ATHHHBIN TOIMIN3UHO-
BbIii C-KOHEl, MPENATCTBYIOIINI NPAaBUIBHON TPAHCISILUU
myrtantHoii MPHK. Emie Goiee BeposTHO, 4TO M3MEHEHUS
B aMUHOKHCIIOTHOH MOCJIEJOBATEIbHOCTH B KOAUPYIOLIEH
oOmactu camu 10 cebe SBISIOTCS MPUYUHON HapyIICHUS
TPAHCISILUU aVp, TOCKOJIBbKY HCKYCCTBEHHO CO3JAHHBIE MY-
TAaHTHbBIE KJIETKH C HOPMAJIbHBIM CTOI-KOJIOHOM TaKXke He
skcnpeccuposanu AVP.

XoTs1 00JIBIIMHCTBO CilydaeB HeHTpaibHbIX DI, HaOmonae-
MBIX B KTHHHUYECKON MPAKTHKE, SIBIISTFOTCS TPUOOPETEHHBIMH,
OJIHAKO €CTECTBEHHO NMPOMCXOSIINE MYTAIlMN TaKKe ObLTH
O0OHapyXKCHbI y MAIMCHTOB ¢ HeporeHHo# cemeitHon DI
(Iwasaki et al., 2000, Babey et al., 2011). Kpsicer bparti6opo
MMEIOT PELIECCHBHYIO ay TOCOMHYIO MYyTaIIHIO, B TO BPEMSI KaKk
cemeiiHble Heliporunogusapueie DI yenoBeka mouTu Beerna
HAcJIEAyIOTCs 110 ayTOCOMHO-JIOMUHAHTHOMY THITY, U JIHIIb
TOJIbKO HECKOJIBKO CEMEH C 3TOH NMaToorueit JTeMOHCTPUPYIOT
ee ayTOCOMHO-pereccuBHbIN Tril HacnenoBanus (Koufaris et
al., 2015). B rene avp Ob110 ommcaHo mo KpaiHei mepe 60
MyTalui, CrlocoOHBIX BBI3BATh Y UeNIOBEKa Helporumnoduzap-
Hyt0 (popmy DI. BOJBIIMHCTBO U3 ITUX MyTalHii (B OCHOBHOM
B oOmactu NP) mpuBOAAT K 3aMeHE aMHHOKHUCIIOT B TIPETIPO-
TOpPMOHE MJIM K 00pa30BaHUIO aHOMAIIbHO KOPOTKOH Bepcuu
9TOU MOJIEKyJIbl. McciienoBanus IOKa3bIBaOT, YTO U3MEHEH-
HbIE MyTalUsIMA MOJIEKYJbI TPETIPOrOPMOHA HE CHOCOOHBI
MOKMHYThH KJIETKY M OKa3bIBAIOTCS B HEH, KaK B JIOBYILKE.



Comparison of natural and artificial vasopressin
deficiency: why the latter is lethal?

JledexTHBIC MOJIEKYITBI C TEICHHEM BPEMEHHN HAKATUTHBAIOTCS
1 B KOHEYHOM UTOT€ OBPEXKIAIOT U YOUBAIOT 3TH KIIETKH, YTO
npuBoauT K Aedunury AVP u B pesynbrare k DI.

Hebomnpmme m3MeHeHns B TeHe avp (HalpuMep, OTHOHY-
KJICOTH/IHBIC 3aMEHBI B PETYIISITOPHBIX 00JIACTSIX FeHa) MOTYT
BBI3BATh H30BITOYHYIO SKCIIPECCUIO U UPE3MEPHYIO CEKPEIINIO
AVP, pesynsrarom kKoTopbix OymeT He DI, HO BbICOKas Tpe-
BOXKHOCTB, KaK 3T0 ObLI0 0O0HapykeHO y Kpbic (Landgraf et
al., 2007).

Ocob6eHHOoCTU Kpbic BpaTtTn6opo

N HOKAYTHbIX mbilien

B rumoranamyce xpreic bpartnbopo nmentuny AVP He cuH-
TE3UpPyeTCs, HO B HEKOTOPBIX Nepr(EeprIecknx TKaHIX OH
croco0eH dKcrpeccupoBarbesl. K TakuM TKaHSIM OTHOCSATCS
HaJIOYCYHHKH, B KOTOPBIX 0OHapyxuBaercst AVP (Nussey et
al., 1984), u, B oTIMYKE OT MyTaHTHOTO @Vp TUIOTATAMYCa,
IKCIIpeccHsl HaoYeuHnKkoBoro AVP pearupyer Ha remop-
paruto (Somova et al., 1986). O6HapyxeHue y kpbic bpaTti-
60po skcnpeccun AVP takoke B ssuunukax (Lim et al., 1984),
CeMEHHHMKax W TacTpoayojeHanbHoM Tpakre (Friedmann
et al., 1993a, b) mpexamonaraer Hanmu4YNe MyTeH CHHTE3A,
OTIIMYHBIX OT (YHKIMOHUPYIONMX B HEMpOHAaX TMIIOTaa-
myca. JleiictBurensno, MPHK avp nepudepudeckux Tkanei
o0naiaeT 04eHb KOPOTKUM ITOJIH(A) XBOCTOM, KOTOPBIH MTpH-
BOJMT K YJUIMHEHUIO TIOJIUTIENTH/HON LIEIH IPH €€ CHHTE3¢e
npuMepHo Juib Ha 10 ocraTkoB u3uHa Ha C-koniie (Ivell et
al., 1986). DTOT mpeIIecTBeHHUK TOPMOHA 3aTeM CITOCOOeH
HOPMaJILHO TPaHCIMPOBATHCS, YTO MO3BOJISIET MY N30€XkKaTh
UCKJIFOUCHHUS U3 MPAaBUILHOTO ITyTH TIPEBPALCHUS B 3PEIIbII
TOPMOH, ¥, TAaKUM 00pa3om, AVP MoxkeT OBITH yITakoBaH
BTPaHyJIbl 1 HOPMaJIbHO CEKPETHPOBAH.

HecooTBeTcTBHSA MEXK Ty LIEHTPAIBHBIM U IEpUPEPUIECCKIM
cuHTe3oM AVP mpencraBisioTcss B3aUMHO ITPOTHBOPEYH-
BBIMH, OJIHAKO MBIIIK CO CBEPXIKCIPECCHEH avp, HeCyllue
B T€TEPO3UTOTHOM BapHaHTE KOMHUIO T€HA aVvp, CIUTOTO ¢ 35
rTapaMy OCHOBAHMH, COZIEP KaIINX TOCIIEI0BATEIbHOCTD, 00e-
CIIEUMBAIOIIYIO €T0 HKCIIPECCHIO U B HEHPOHAX, TAKIKE UMEITH
HeKoTophkIe Helipocnenuduueckune ocodennoctn (Habener et
al., 1989). OtMeTrM, 9TO BOAHBIN OallaHC Y ATHX TPAHCTCH-
HBIX )KUBOTHBIX He ObuT u3MeHeH (Grant et al., 1993, Miller
etal., 1993).

MBIIHM-HOKAyTHl TIO @vp Takke ObUIM mosydeHsl. OHK
poxaarTcs, HO 0e3 mepudepuueckoro BeeacHus AVP He
BBDKHBAIOT (J1M4HOE coobiienne JA Majzoub u https:/www.
mousephenotype.org/data/genes/MGI:88121). ITockombKy OT-
cytcTBUe AVP He BBI3bIBaE€T BHYTPUYTPOOHOI! 1€TaNbHOCTH,
pons AVP B perynsnuu pa3BuTHsI HE MOXKET ObITh KOHETHON
npuarHON cMmepTu. Tak Kak nepnupepuuKecKr BBEICHHBIN
AVP He npoxoauT yepe3 reMaTodHIehannuecKkuii 0apbep
(Ermisch et al., 1985), cienyer npeamnonoxuTs, 4ro (yHja-
MEHTaJbHAs! BUTAIBHAS POJIb HTOTO TOPMOHA PEaN3yeTcst
yepes nepudepuyeckre perentopsl. [IpaBaononooHeM 00b-
SICHEHHEM MOXET SIBUTHCSI COXPAHEHNE BOJIBI ITyTE€M JEHCTBUS
TOpMOHA Yepe3 V2 penenTopsl, TOCKOIbKy 0e3 meueHus DI
B JIOJITOCPOYHOM MEPCHEKTUBE MOXKET NMPHUBECTH K CMEPTH.
Tem He MeHee KpbIChl bparTinbopo Takxke HMEIOT GEeHOTUI
DI, xoTopslii He siBAsIeTCs JIeTanbHbIM. Elie oHON NpUYuHON
MOTYT OBITh (PU3NYECKUE — pa3MEpHBIC PA3JINUHSI MEXKIY
MBIIIAMU U KPBICAMM, TAaK KaK BOJHO-COJIEBOH IOMEOCTa3
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0CcO0M MEHBIIIETO pa3Mepa MOXKET ObITh 0oJiee YSI3BUMBIM
(marmprmep, et Gosee ySI3BUMBI K 00€3BOKHBAHHUIO, YEM
B3pocible (http://medical-dictionary.thefreedictionary.com/
Electrolyte+Supplements). DTo npearnonoxeHne 0T4acTH Moj-
TBEPKJACTCSI OTCYTCTBUEM MBbIIIEH-HOKAYTOB 110 PELETITOPY
V2 tuna, oHaKo He SICHO, SBIISIOTCS JI HOCUTEIIN TAKOH My-
Tanuu He)KI/l3HeCHOCO6HbIMl/I, WJIA KE MPOCTO HUKTO HE OBLT
3aMHTEPECOBAH B €€ MOyYeHNN. BMecTe ¢ TeM HCKyCCTBEHHO
CO3/IaHHBIE MBIIIH-HOKAYThI IO @Vp, Y KOTOPBIX CUHTE3 TOp-
MOHa OJIOKUpOBaH TOJILKO B rumoraiamyce (nucleus para-
ventricularis hypothalami, nucleus supraopticus hypothalami
and nucleus suprachiasmaticus), nmes DI ¢enorur, ouens
MOXOXKUI Ha TakoBOH y Kpbic bpartidopo, Bce paBHO ocTa-
FOTCS JKU3HECTIOCOOHBIME (Avpt™Hari | AyptmILiay (http://www.
informatics.jax.org/allele/summary?markerld=MGI:88121).
Kpowme Toro, anTaroHucThI perentopa V2 mnpoKo UCIIoNb3y-
I0TCS ISt JICYEHUsI CEPCUHON HEAOCTAaTOYHOCTH | TAf0T Oa-
TOTIPUATHBIN TepareBTraecknii 3¢ dexr (Izumi et al., 2014).
BospaxeHnneM MoxeT ObITh TO, 4TO OJIOKaaa Kakoro-aubo
3¢ exTa B 3pesIoM BO3paCTe IO CBOUM TOCIEACTBHIM MOXKET
CYIIECTBEHHO OTIINYATHCS OT €T0 BPOXKJICHHOTO OTCYTCTBUSI.

OTMeTUM, YTO CO3JIaHHBbIE MBI ¢ HOKayTamu o Vla
(Bielsky et al., 2004, Egashira et al., 2004) nim V1b (Tanoue
et al., 2004, Roper et al., 2010), a Takxe ¢ TBOWHBIMU HOKAY-
tamu 1o V1a/V1b (Nakamura et al., 2009) AVP peuentopam
COXPAHSUIN CIIOCOOHOCTH K PEMPOMYKIHH, U UX TIOTOMCTBO
ABIISIETCS )KM3HECIOCOOHBIMM 0€3 Kakoii-nnbo Tepamnuw,
CBUJICTEJILCTBYS O TOM, YTO JeTaabHbIN 3 dekT HokayTa 1o
TEHY avp HE MOXKET OBbITh CBSI3aH C TUIIOTOHUEH U3-3a OTCYT-
CTBHS Ba3oKoHCTpuKIH (V 1a) Wi HapyIeHHOH ajanTanum
K ctpeccy (V1b).

[ToaToMy MOXHO MPEANOIOKHUTH, YTO OJHOBPEMEHHOE
Hapyenue 3¢ dexroB AVP, onocpenyemsix Vlau V2 peren-
TOpaMH, a UMCHHO apTepraibHasA rUIIOTCH3UA U IOTEPS BOADI,
COBMECTHO MPHUBOAT K JIETATIBHOMY HCXOAY, HO 00a perenTo-
pa MOTYT JIMIINTHCS CBOETO JIMTaH/Ia Kak y KpbIc bpartidopo,
TaK ¥ HOKayTHBIX MblIei. OfHAKO NPUCYTCTBYIOT JIOKAIbHBIN
cunte3 AVP B cepare (o kpaifHell Mepe y KpBIC), a TaKxKe
BBIJICJICHHE TOPMOHA B cepaednblii kposotok (Hupf et al.,
1999). Xots 3TO U He MOATBEPKICHO IKCIEPUMEHTAIBHO,
HO Kak y KpbIc bpaTtinbopo, Tak M HOKayTHBIX *KMBOTHBIX
9Ta CHCTEMa MOXET OBITh COXpaHEHa W MPOM3BOAMTH JI0-
cTaTouHoe KojuuectBo AVP mis obecredeHus cepaeuHo-
cocyaucToro 3¢ ¢exTa, KOTOPHIH criocoOeH KOMIICHCHPOBATh
TUIIOBOJIEMHUIO, HHAYIUPOBAHHYIO M30BITOUHBIM OTTOKOM
Moun (Ganong, 1984). JlefictBuTtensHo, Vla pernentopsl
MPUCYTCTBYIOT Y JKUBOTHBIX JIWHUN BparTi6opo, 1 ux 4nciio
Jlake M3MEHSCTCSI B COOTBETCTBHHU C IIMPKAJHBIM PHTMOM
(Young et al., 1993).

B nenom AVP nmMeeT )kM3HEHHO Ba)KHOE 3HAUCHHE TTPEKIC
BCETO M3-3a €r0 POJIM B TOJICPKAHNHU HUPKYIALIUH ITyTEeM
peryisiuyu HE TOJIBKO 3aAC€PKKKW BOJbI B ITOYKAX, HO TAaKXKE
COCYIOCYKUBAIOIIETO ACHCTBUS. B 6orree mmpoKkoM cMBICiIe
3¢ dexTsr AVP criocoOCTBYIOT TOBBIIICHHIO Ka4eCTBA KH3HH,
BJIMSISL HA MIPOLIECCHI OOLIMPHOTO CIEKTpa: OT MeTadosIn3Ma,
UMMYHHNTETA, PEMOJICTUPOBAHNS CKEJIETA U BILUIOTh A0 TICH-
XHMYECKOTO OJIaronoyyusi.

KoHbnuKT nHTepecos
ABTOp 3asIBIISIET 00 OTCYTCTBUH KOH(IMKTA HHTEPECOB.

leHeTuKa d)yHKLWIVI FOPMOHOB runoTasiamyca
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BimssHMe Ba3oIlpeccHa Ha 3KCIIPpeCCuIo reHOB,
KOOVIPYIOLINX K/IOUeBbie (pepMeHThl MeTabo/Iim3Ma
rrMajJypoHaHa MHTePCTULIAIbHOM TKaHU,

I HA KOHILIEHTPUPVIOIUIYIO QVHKIINIO ITIOYKM KpbIiC WAG

AH. Vipanosal 2, A B. Babunal 2@, I.C. Barypunal, A.E. Karxopal

' MepepanbHoe rocyaapcTBEHHOE GIOAKETHOE HayuHOe yupexaeHue «DefepanbHbiil UCCIEoBATENbCKII LIeHTP VIHCTUTYT LUTONorn 1 reHeTkn Cbupckoro
oTaeneHna Poccrinckon akafemmim Hayk», Hoocnbumpck, Poccus

2 DepepanbHOE rocylapCTBEHHOE aBTOHOMHOE 06Pa30BaTENbHOE YUpeXaeHIe BbiClIero 06pasosanua <HOBOCMGIPCKMIN HALMOHABHBIN NCCIeA0BaTENbCKMIA
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ApruHuH-BasonpeccuH (ABIM) y mnekonuTalowmx ABAAETCA raBHbIM
rOPMOHOM, PEryNMpYoLLUM peabcopbLmio BOAbI B MOYKE NyTeM
MOBbILLEHNA OCMOTUYECKON MPOHULAEMOCTH 3NUTeNna cobmpa-
TeNbHbIX TPY6OK. OCHOBHbIM 3BEHOM BHYTPUKIIETOUHbIX peakLui,
NHAYyuUMpoBaHHbIX ABI, ABnAeTCA TpaHCIOKaLMA Be3NKY, cofepa-
LNX BOAHbIE KaHanbl (aKBanopuHbI-2), B Mia3mMaTnyeckyo MemopaHy
rNaBHbIX KNETOK 3NuUTeNnuna cobupatenbHbix Tpy6oK. B nHTepctumm
BHYTPEHHero MO3roBoro BeLecTBa NOYKM COCPEfOTOYEHO 3HaUUTENb-
HOe KONMYeCTBO OTPULaTENIbHO 3apAXKEHHOTO MOKO3aMUHOMNKaHa,
rnanypoHaHa, KOTOpPbI MOXET BAVATb Ha Anddy3unio BOAbl Mexay
CTPYKTYpaMu KOHLIEHTPUPYIOLLEro MexaHn3Ma B 3aBUCMOCTH

OT COCTOAHMA ero NoAUMepHocTU. Bonpoc o ponu rmanypoHaHa

B perynauum TpaHCnopTa BoAbl B MOYKe MIEKONMUTAIOLLNX OCTaeTCA
OMCKYCcoHHbIM. C ncnonb3osaHuem OT-TLP peanbHoro Bpemeru
npoBepsAnacb rMnoTesa o0 BOBNEYEHWN reHOB, KOANPYHIOLLMX KIlloYeBble
bepmeHTbl MeTabonIM3Ma rmanypoHaHa, B JONTOBPEMEHHDI 3bdeKT
Ba3onpeccrHa Ha KOHLeHTpUpyoLLyto GyHKLMIO Noyek. IKcnpeccna
reHOB ranypoHaH-crHTa3bl 2 (Has2), rmanypoHugasbi-1 v rmanypo-
Hupasbl-2 (Hyal1 v Hyal2), nccnegoBaHa B NoUKe rmapaTupoBaHHbIX
Kpblic nuHmun WAG (Wistar Albino Glaxo) vy KpbIc, KOTOPbIM B TeUeHne
LBYX AHEN BHYTPUOPIOWMHHO BBOAWUCA CENEKTVBHbIN arOHUCT
V,-peuentopos BazonpeccuHa dDAVP (200 MKr/Kr Beca Tena, ABaxppl
B iIeHb BHYTpUbptowmnHHO). CogepkaHne MPHK Has2 6bino Hanbonee
BbICOKMM B MO3rOBOM BeLLECTBE, COCOYKE MOYKN MM PaTUPOBaHHbIX
kpbic. dDAVP nHayLmpoBan 3HaunTeNnbHOE CHUXEHME coflepKaHnaA
MPHK Has2 B 3Toi1 30He, B KOPKOBOM BeLLecTBe N3MeHeHusA Obinn
MeHee Bblpa)keHbl. B npoTmBononoxHoctb Has2, BBepgeHne dDAVP
COMPOBOXKAANOCh 3HAYNTENbHbIM NOBbILEHNEM cogep>kaHnA MPHK
Hyal1 v Hyal2 B cocouke noyku, npu 3Tom Habnofanvcb BblpaXkeHHoe
NOBbILLEHNE aKTUBHOCTM rManypoHKAa3bl B MOYEYHOW TKaHW 1 Hapa-
CTaHue OCMONAPHOCTY oTAenALenca moun. MpeanonaraeTcs, UTo
Ba30MPECCVH UHIMOMPYET CUHTE3 rManypoHaHa U OLHOBPEMEHHO
CTUMYNNPYET ero ferpagaumio B MHTEPCTMLMANbHON TKaHU COCOUKa
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In mammals, arginine-vasopressin (AVP) is a major
hormone involved in the regulation of renal water
reabsorption, acting via an increase in the osmotic
permeability of the collecting duct epithelium.

The AVP-induced intracellular events include, as

an essential step, the trafficking of the vesicles
containing the water channels, aquaporin-2,

to the apical plasma membrane of the collecting
duct principal cells. The interstitium of the renal inner
medulla contains abundant linear negatively charged
glycosaminoglycan hyaluronan (HA), which affects
the water flow depending on their polymeric state.
Using real-time RT-PCR, we tested the assumption that
the renal hyaluronan may be involved in the long-
term vasopressin effect on water reabsorption.

The expression of the genes encoding hyaluronan

NouYKM, MOBbILLIAA NPOHMLAEMOCTb MaTPUKCa 1 obneryas Tok Bofbl
MeXAy dNeMeHTaMy NPOTVBOTOYHON KOHLIEHTPUPYIOLLEN CUCTEMbI
nyTem perynauum SKCNpeccun reHoB KoueBbix GepMeHTOB MeTabo-
Nn3Ma rmanypoHaHa.

KntoueBble cNioBa: Ba30NpeccuH; NoyKa; rManypoHaH; rmanypoHaH-
CYIHTa3a-2; rmanypoHugasa-1, 2; sKcnpeccmsa reHoB; OCMOTMYecKoe
KOHLIeHTpUpOBaHue.

synthase-2 (Has2) and hyaluronidase-1, 2 (Hyall,
Hyal2) in the kidneys of Wistar Albino Glaxo (WAG)

was studied. Has2 mRNA content was the highest

in the kidney papilla of the hydrated rats. The V, recep-
tor-selective vasopressin analog dDAVP (100 pg/kg bw,
ip, twice a day for 2 days) induced a considerable
decrease in Has2 mRNA content in the papilla with less
pronounced changes in the cortex. In contrast to Has2,

dDAVP treatment caused a significant increase in Hyal1
and Hyal2 mRNA content in the renal papilla. There
was a good fit between Hyal1 and Hyal2 transcriptional
level and changes in hyaluronidase activity in the renal
tissue. It was suggested that vasopressin is able to
inhibit the synthesis of hyaluronan and concomitantly
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KAK UUTUPOBATD 3TY CTATbIO:

promotes its degradation in the renal papilla
interstitium, thereby facilitating water flow
between elements of the renal countercurrent
system. The implications for this effect are
discussed in the context of the literature data.

Key words: vasopressin; kidney; hyaluronan;
hyaluronansynthase-2; hyaluronidase-1, 2; gene
expression; water reabsorption.
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CHCTEME PETYIISIIN BOIHO-JIEKTPOJIMTHOTO TOMEOCTa3a
Y MJICKOIIUTAIOUINX TJIaBHBIM (haKTOPOM, CTHMYIIUPYIO-
MM PeabCcopOIUI0 BOABI B IMOYKE ITyTEM IMOBBIIICHUS

OCMOTHYECKOH MPOHUI[AEMOCTH 3IMUTENNS AUCTATBHBIX Ka-

HaJIBIIEB, SBIISICTCS HEHPOTUIO(PHU3apHBIN TOPMOH Ba3oIpec-

CHH. OTKpI)ITI/le AKBaIllOPUHOB, BOAHBIX KaHAJIOB KJICTOYHBIX

MeMOpan, ormederHHoe B 2003 1. HoGemneBckolt mpeMuei

(Agre, 1997, 2004), mocay>XuJ10 OCHOBOH Iporpecca B U3-

YUY€HUU MOJICKYJIAPHBIX MEXaHU3MOB [leﬁCTBMSI ropmMoHa.

ComtacHO COBPEMEHHBIM IIPEJICTaBICHHUSIM, Ba30IPECCHH,

CBSI3BIBASICH CO CHENM(HUECKIMHU PELENnTOpaMu 0a3abHOM

MeMOpaHbI IIABHBIX KJIETOK AIHUTEIHs COOMPATENIbHBIX TPY-

00K, HHIYIIHPYET LIeNb Peakiuii, BKIIOYAIOINX B Ka9eCTBE

IIABHOTO 3BCHA TPAHCIIOKAIMIO AKBAIIOPUHOB B alTMKAJIBHYIO

MeMOpaHy KJICTKH, U yBenndeHue ee npounuraemoctu (Niel-

sen et al., 2001; Noda, Sasaki, 2005; Rinschen et al., 2010).

ITomumo OricTporo 3¢ddexra, pazBuBaromerocs B TEUCHNE

HECKOJIbKMX MHHYT, Ba30IPECCHH OKa3bIBACT JIOITOBPEMEH-

HOE JIefiCTBHE Ha MPOHMIIAEMOCTh COOMPATEIBHBIX TPYOOK

Ha TCHOMHOM YPOBHE, CTUMYINPYsl OMOCHHTE3 aKBaIlOPHHOB

(Ecelbarger et al., 1996; Uawithya et al., 2008). HecmoTpst

Ha yCIleX, JOCTUTHYTHIH B NOCJIEIHUE TOJIbl B U3yUECHUH

KJICTOYHBIX MEXaHH3MOB JICHCTBHUS Ba30NPECCHHA, MHOTHE

BOIIPOCHI PEryJsiIMY KOHUEHTPUPYIoLied (QyHKIHMN MmovYex

OCTa0TCs HepelmeHHbIMH. [Iporecc 0cMOTHYECKOTO KOH-

LEHTPUPOBAHUS JOCTHI'AET MAaKCHMaJILHOTO YPOBHS B 30HE

BHYTPEHHEIO MO3IOBOI'0 BELIECTBA — COCOUKE I10YKU. B 31O

30He Oapbep st MU Py3UH BOABI H3 COONPATENFHBIX TPYOOK

B KPOBOTOK IIPEJICTABIICH HE TOJBKO AMUTEINEM, HO TaKKe

IIJIOTHBIM BHEKJIETOYHBIM MATPHUKCOM, Pa3ACIIAIOUIUM 3JIe-

MEHTBHI KOHIIEHTPUPYIOIIETO MPOTHBOTOUYHOTO MEXaHM3Ma.

OCHOBHBIM KOMITOHEHTOM BHEKJICTOYHOT'O MAaTPHKCA SBIISIETCS

ruagypoHaH (THarypoHoBast kuciorta, ['K) — nuHelHsli oT-

PHIIATENBHO 3aPSKEHHBIH NTNKO3aMUHOIINKAH, TIOCTPOSHHBIN

13 TOBTOPSIOMINXCS TUCAXapUIHbBIX eMUHAL J[-TIIToKypoHO-

BO# kuciotel U N-anermwinioko3amuna (Comper, Laurent,

1978; Lee, Spicer, 2000). B mouke MIEKONHUTAIONINX pac-

npenenenne 'K rereporeHHo: BbICOKash KOHIIEHTpAIUs Xa-

pakTepHa Jyisi BHyTPEHHEH 30HBI MO3IOBOT'O BEIIECTBA, B TO

BpeMs Kak B KOPKOBOM BelecTse coaepxkanue I'K B necsitku

pa3 Hwke (Ivanova et al., 1982; Riigheimer et al., 2008).

B BoIcokononumeprom coctosuun I'K o6nanaer yHukaibHOM

CHOCOOHOCTRIO (HOPMHUPOBATH TPEXMEPHBIH T'ellb, CBA3BIBATH

Oonpirie 00bEMbI BOJBI U TOJOXHUTEIHHO 3apsKEHHBIC

MOHBI, M 3TO CBOHCTBO MOXET BIMATH KakK Ha Tu(p( y3UI0
BOJIBI M PACTBOPOB B METYJIJIC TIOYKH, TaK ¥ Ha TOAICPIKAHHE
KOHIIeHTparoHHoro rpaauenta (Day, 1952; Hedbys, 1963;
Preston et al., 1965; Pinter, Shohet, 2009). brarogapst BeIcokoi
Bsi3koctH 'K Tarxke MoxkeT o0manars QpyHKIHEH MeXaHO-0C-
MOTHYECKOTO ITPe00pa30oBaTe’isi, KOHBEPTHPYIOIICTO SHEPT U0
MIEPUCTATBTHYECKOTO COKPAIIEHHUS TJIaIKUX MBIIII] TTOYeTHON
JIOXaHKU B aKCHATBHBI OCMOTHYCCKHUI TPAIHCHT B COCOYKE
(Knepper et al., 2003; Pinter, Shohet, 2009).

A.T". TurermackuM B 1958 1. ObIa peiioskeHa Tumoresa
0 BOBJICUYCHUU THATYPOHHUIA3bI B MCXaHU3M JICHCTBUS Ba30-
npecuHa Ha peabcopOuuto Bojpbl B mouke (Ginetzinsky, 1958).
B mmonepckux paborax ero mabopatopun OBLIO HaiieHO,
YTO THATYPOHUIa3HAst aKTHBHOCTh MOYH HAPACTaCT MPH JIc-
THJpaTaliy ¥ BBEICHHUH TIpENapaToB HeHporunodu3apHoro
TOpPMOHA ¥ TTaJiaeT MPAKTHYECKH JI0 HYJIS TP BOTHOM HArpy3-
Ke. [1pr 5TOM THCTOXUMUYECKH BBISBISIOTCS CYIICCTBCHHBIC
N3MCHCHUA COCTOAHNSA MHTEPCTULIMAJIBHOTO MaTPUKCa U MEK-
KJICTOYHBIX KOHTAKTOB B SITUTEINH COOMPATENbHBIX TPyOOK
(BanoBa, 1958; 3akc, Tutosa, 1959; Harounn, 1959; MBaHo-
Ba, Bunorpanos, 1962). HTepec k «ruasypoHUIa3HOM THITO-
Te3e» BO30OHOBHUIICS B ITOCTICIHNE TOIBI B CBSI3H C TIOSIBJICHIEM
HOBBIX JIAaHHBIX O OOJIBIIOHN 3aBICHMOCTH THATYPOHUIA3HON
AKTUBHOCTU U COACPIKAHUA I'Ks IIOYKE OT MHTCHCHUBHOCTHU
OCMOTHYECKOTO KOHIIEHTPUPOBAHHUS U YPOBHS Ba30IIPECCHHA
B kpoBH (Ivanova, Melidi, 2001; Harada, Takahashi, 2007;
Riigheimer et al., 2008). OxHako BOIPOC O MOJIEKYISPHBIX
MexaHm3Max BosieueHus I K mHTepcTHIINATBHOTO MaTpUKCa
B 3¢ (eKT Ba3ompeccHHa HA TPAHCIIOPT BOIBI B TIOYKE OCTa-
€TCsI TUCKYCCHOHHBIM U TPEOYeT TabHEHIITIX UCCIICIOBAHUI
(Pinter, Shohet, 2009; Stridh et al., 2012).

I'ereporernocts pacnpenenenus ['K mo GpyHKIIHOHATHHBIM
30HaM IMOYKH U U3MCHCHHUE €T0 KOHICHTpaUWUU IPU CMCHE
BOJHOTO PEXXHUMa, IO-BHINMOMY, MOTYT OBITh OOBSICHEHBI pa3-
JUYHOW MHTEHCUBHOCTHIO OMOCHHTE3a ITOTO MMOJIMcaxapuia
WK €ro Jerpajanuu. Y MIICKONUTAIOMNUX HICHTUDUKAIH-
poBaHBI TpH H30(OPMBI THATYPOHAH-CHHTA3HI, OCYIIECT-
Bistromue ouocuaTe3 'K — HASI1, 2 u 3 (Spicer, McDonald,
1998). B mouke kpbic 0OHAPYKEHA IKCIPECCHUS BCEX TPEX
tdepmenToB (Riigheimer et al., 2009). [To-Buaumomy, Hau-
Ooree cymiecTBeHHBIH BKiIaa B comepkanne ['K BHOCHUT
HAS2, nnsa xoTopoit xapakTepHbl IPOAYKIUS IMOJuMepa
MaKCHUMaJbHON JTHHBI U OONBIIast CKOPOCTh IMOINMEpPH3a-
mun (Itano, Kimata, 1996; Jacobson et al., 2000; Bartolo,

leHeTuKa d)yHKLII/IIZ FOPMOHOB runoTasiamyca
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Donald, 2007). B aerpaganuu 'K B coMaTiueckux TKaHIX
MJIEKOTIMTAIOIINX OCHOBHYIO POJIb UTPAIOT JIN30COMAJIbHBIE
THJIPOJIA3bl: THAypOHHUAa3a 1-ro THma, B-IIoKypoHHIa3a
u B-N-aleTHinioko3aMUHKIa3a U THATYPOHKa3a 2-T0 TH-
ma, (PMKCHpOBaHHAs Ha TJIa3MaTHYECKOH MeMOpaHe KIETOK
(Csokaetal., 2001; Jedrzejas, Stern, 2005; Harada, Takahashi,
2007). HYAL2 ¢yHKUMOHHpYET BHEKIETOYHO, THIPOIU3YSI
I'K ¢ nmpenmy1iecTBEHHBIM 00pa30BaHUEM KPYTTHBIX OCTaTKOB
nopsanaka 20-50 x/la, KOTOpble UHTEPHAIM3YIOTCS B KJIETKY
Y THIPOJIM3YIOTCS Jlajiee JIM30COMaIbHBIMU (PepMEHTAMHU
(Stern, 2003; Ericsson, Stern, 2012). B Hacrosmem uccie-
JIOBAaHWU TIPOBEJICH aHAJIN3 JICHCTBUSI Ba30IIPECCHHA HA IKC-
MPECCHI0 TeHOB, KOAUPYIOLINX KIIF0YeBbIe ()epMEHThI 00MEeHa
I'K, B pa3nmuHbIX 30HaX MOYKH Kpbic WAG B COTTOCTaBICHUN
C TTOKA3aTeISIMU TTOYCYHON (PYHKINH.

MaTepmanbl n metogbl

JKcnepuMeHTaIbHbIE JKUBOTHBIE. PaboTa mposeneHa Ha
nosioBo3penbix kpbicax JuHuu WAG Becom 200-250 1, BbI-
pamenHbix B LIKII «BuBapuil KOHBEHIIHOHAJIBHBIX KUBOT-
ueix» ULul" CO PAH (1. HoBocubupck). Kpsic comeprxanu
IpynIamMu 1o YeTbIpe—IIecTh 0co0eH B CTaHIaPTHBIX YCIIO-
BHUSIX CO CBOOOJHBIM JIOCTYIIOM K NMUTHEBON BOJIE U CyXOMY
xopmy. VcerrenoBanme BBITIOIHEHO B COOTBETCTBHH ¢ «IIpaBu-
JaMu paboT C MCIIOJIb30BAHHEM IKCIIEPUMEHTAIBHBIX KH-
BOTHBIX» (TpuioxkeHne K mpukaly Ne 755 Munucrepcrsa
31paBooxpaHeHus ot 12 aBrycra 1977 1), a Taxoke ¢ MEeXIy-
HapOAHBIMU IpUHLUIIAMU XEJIbCUHKCKON JEKIapaluu O Iy-
MaHHOM OTHOIIEHUH K )KHUBOTHBIM.

3a 7eHb /10 SKCTIIEPUMEHTA KPbIC TOMEIIAIN B HHAUBHUILY-
aJbHbIE KIETKU C CEeTYaThIM THOM, B KOTOPBIX UX COZIEPIKaIU
B TEYEHHUE BCETO IKCTIEPUMEHTAIBLHOTO NIEPUO/IA, U COOMpan
CTHIOHTAHHO BBIJICJISBIINECS MPOOBI MOYH JJISI OTIPECTICHUS
cieayromux (QyHKIHMOHAIBHBIX MApaMETPOB: JHYpe3, CKO-
POCTH KITyOOUKOBOH (DHIBTPAIIMY MO KIUPEHCY KpeaTHHUHA
1 YPOBEHb peadbcopOIMu OCMOTHYECKH CBOOOTHON BOJIBI
(ngo). B KoHILIE SKCIIEpUMEHTA KUBOTHBIX aHECTE3UPOBAIIN
TrorneHTanoM Hatpus (10 Mr/kr Beca Tena, BHyTPHOPIOIITHH-
HO) 1 TIOCJIE JICKAUTAINH 3a0MPaIi MPOOBI KPOBU M 00Pa3IIbl
nmoueyHoi TkaHU. KOoHIIEHTpanMio KpeaTHHUHA B IIa3Me
KpPOBH U Moue m3Mepsiu cnekrpodoromerpudecku (PD 303
UV, Apel, SInonust). OcMOISIBHOCT MOYH | TUIa3MbI KPOBH
OIPEAEIISIIIA KPHOCKOITUUECKUM CIIOCOO0M (MUIIZTHOCMOMETP
MT-2, Poccus). Pacuer moueqHbIX QyHKIHIA TPOBOIIIIH IO
CTaHAAPTHBIM (DOpMyITaM.

Ju3aiin sxcnepumenTa. Bee sxuBoTHBIE OBUTH pa3eeHbl
Ha TPU TPYMIIBL:

1) KOHTpOJBHBIC KPBICH (17 = 4) cOAepKAINCh HA CTaH-
JIApTHOM KOpPME CO CBOOOHBIM JIOCTYIIOM K MUThEBOU BOJIE;
KMBOTHBIM 3TOH TPyMNITbl BBOAWIN (DPU3HUOIOTHUECKUH pac-
TBOP (0,5 M1 BHYTPHOPIOIINHHO, ABAX/IBI B JICHb) B TCUCHNE
JIByX JIHEH;

2) TuapaTHPOBAHHBIE KPBICH (77 =4); )KUBOTHBIX B TEUCHHE
JIBYX JIHEH JINIIANM CTaHAapTHOTO KOpMa, HO OHU MMEIH
CBOOOJHBII JOCTYI K TMIIOTOHHYECKOMY 4 %-My pacTBOpy
caxapo3bl, B IaHHBIX yCIOBHUSIX NOTPEOIEHHE KOTOPOTO KPBbI-
camu gocturairo 60—70 % oT Macchl Tella B IeHb; )KUBOTHBIC
THJIPATHPOBAIINCH U CEKPEIHsl HIOT€HHOIO Ba30NpecCcHHa
MO/IaBJISIIACE;
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3) kpbichl (n = 4) ¢ BBeIEHUEM CEJIEKTHUBHOIO aroHUCTa
V,-penenrtopos BasonpeccuHa (aesamuHo-Cysl,D-Arg8-
BazonpeccruH, dDAVP, Sigma, CILIA); npenapar BBOIHIN
BHYTPHOPIOIIMHHO JIBAX/bl B JICHb B TEUCHHE JIBYX JIHEH
B 03¢ 100 MKI/KT Macchl Tefa; >KHBOTHBIX CONEpIKalIHd Ha
CTaHAAPTHOM KOPME CO CBOOOJIHBIM JOCTYIIOM K HMHUTHEBOH
BOJIE.

Ouenka 3xcnpeccun MPHK renoB B nouke kpbic. Ypo-
BeHb dkcnpeccun MPHK renoB, kopupyrommx ¢epMeHTE
metabomusma I'K (Has2, Hyall, Hyal2), onpenensiiu B Kope
1 BHYTPEHHEM MO3TOBOM BetecTse moyku Mmetomom OT-TTLP
B peanbHOM BpeMeHH. OOpasibl TKaHeH MOYKH, B3STHIC Ha
XOJIOZIe Cpasy IMociie JACKalUTalUH KUBOTHBIX, TTOMEIAIIH
B CTEPUIIbHBIE MPOOUPKH, 3aMOPAKUBAIN B )KUIKOM A30TE
u xpanunu npu —70 °C no Beinenenus PHK. Toranbnyto
PHK w3 TkaHeli moyek nosyyalii ¢ UCIoJIb30BaHHEM Habopa
pearearoB Aurum Total RNA Mini kit (Bio-Rad, CIIIA) ma
KOJIOHKaX COTJIACHO NpHJIaraeéMoMy IpoToKoiTy. KoHreHnTpa-
uro PHK B monyuenHoM 00pasiie u3Mepsijiu Ha CIeKTPOOTo-
metpe Eppendorf BioPhotometer Plus (Eppendorf, I'epma-
HUsT). UNCTOTY OINPEAENSIM MO COOTHOIICHHUIO ONTHYECKUX
IUIOTHOCTEH 00pasna, n3MepeHHsIX mpu 260 u 280 HM; B pa-
60Te ncnorp30BaHbl MPOOHI ¢ K03 durmertTom donee 1,8.

Jsa mpoBeneHns 00paTHOW TPAaHCKPUIIMK CMEIINBa-
nu 2 mxr ToransbHot PHK B 20 MK peakiimoHHOl cMmecH,
B KoTopyto Bxommmu: 200 eqwHUI] 0OpaTHON TpaHCKpUITA-
361 M-MLV RT (buocan, HoBocubupck, Poccust), 0,1 MM
omuro-dT 18 npaiimepsr (buocunres, HoBocubupck, Poc-
cusi), | XMLV RT 6ydep (Promega, CIIIA), 3,5 MM dNTP
(Cub3u3uM, HoBocubupck, Poccus), 5 MM autuorpenTton
(DTT, Sigma, CILIA), 20 enunui nHruOuTOpa pHOOHYKIIEas3
(Fermentas, JIutsa). B HeraruBHOM KoHTposie BMecTo PHK
JI00aBISUTN AJIMKBOTY OMIMCTWIIMPOBAHHOM BOoxbl. CMech
nHKyOupoBanu 60 muH npu 42 °C, peakius npepbiBaiach
WHAKTHBaIMe ¢pepmentoB B Tedenue 10 mun mpu 95 °C.
Pa6ora Bemonnena B ammmndukarope BUC (Poccus). [Tomy-
yeHnyto kJIHK xpannmu npu —20 °C.

[IIIP B peanbHOM BpEeMEHHM IPOBOAMIU B PEAKLMOHHON
cMmecu oObemoM 25 mki, comepikameit 2,5 mxa kJJHK
n 22,5 MKII cMecH, cocTosiiiei u3 2,5 MM 1e30KCUHYKIIe0-
suarpudocdaros, 10-kparnoro ILP 6ydepa, 25 MM MgCl,,
5 E/mkn Taq AHK-nonumepasbl ¢ HHrIONPYIONIMMHI aKTHB-
HOCTh (DEpMCHTA aHTHUTEJIAMHU, TCHOHHU3UPOBAHHON BOIBI
(Habop pearenToB st npoBenenus [11[P-PB B mpucyrcTBun
kpacutens EVA Green, Curron, Poccus), cmecu 12,5 mkmons
npsiMoro 1 ooparHoro npaiimepos (buocunres, HoBocubupck,
Poccus). B HeratuBaOM KoHTpOse BMecTo KIHK nobapmsimm
OMIMCTIIIIIMPOBAHHYIO BOAY. AMIUTU(HUKALINIO TIPOBOIIIN
B cucteme CFX96 real-time PCR (BioRad, CIIIA) o ciiemyro-
et cxeme: 1) aenaryparust 95 °C — 5 muH; 2) neHaTypanus
95 °C—10 ¢, oT>KUT IpH ONTUMAIEHON TEMIIEPATYPE IS BBI-
OpannbIx mpaitmepos (60 °C)— 30 ¢, anonranus 72 °C —20 c,
39 muKkIoB; 3) onpeneneHne KPUBBIX IUIaBICHHS TPOAYKTOB
aMIUTHQUKAIK B JTHana3zoHe Temieparyp ot 65 mo 95 °C
npu mare B 0,5 °C i moaATBepKICHUS CICIUUIHOCTH
aMIIM(UKanuU 1 OTCYTCTBUS JMMEPHBIX Npaiimepos. IeH-
crienuQUIHbIe MpaiiMepbl pe/cTaBlIeHbl B Ta0M. 1, mogbop
MIPOBOJIMIIM TAaKUM 00pa3oM, 4TOObI COOTBETCTBYIOLINE (par-
MeHThl reHoMHOM JIHK coneprkanuce BHyTpU OAHOIO 3K30Ha.
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Ta6bnuua 1. HykneotuaHble nociefoBaTenbHOCTY 1 XapakTepuctuky npanmepos ana OT-NLP B peanbHoM BpemeHM

leH HyKJ'IeOTVI,D,HbIe nocnenoBatesibHOCTU npaﬂmepos

[nvHa amnanKkoHa, . H.

KonnuectBennyro ouneHky ypoBHs skcrpeccun MPHK m3ydaembIx reHoB
MPOBOJMIIN TI0 OTHOIIGHHIO K OKCIPECCHH I'€Ha «JOMAIIHEero XO03sSHCTBa»
runokcanTuHpochoprudosunTpanchepassl-1 (HPRT1), KOTOPHIH CIyKUJI BHYTPEH-
HHUM cTaHgapToM oOpartHoii Tpanckpunuunu. [Tocne nposenenns OT-ITLP nannsre
aHaim3upoBai B nakere nporpamm CFX Manager Software ver. 1.5 (Bio-Rad,
CIIA). Kaxmoe m3MepeHne BBIOTHSUIA B TPEX MOBTOPHOCTSAX W HOPMHPOBAIH
OTHOCHTEINIBHO dKcnpeccuy reHa [H/PRT ¢ ucnoab30BaHUEM CTaHJapTHOTO METOAA
(Bookout et al., 20006).

[ocne mpoBenenus [P mpomyKThl aMIITH(UKAINN HACHTADUIIMPOBAIH TIPH
MOMOIIH 3JeKTpodopesa ¢ ucnonbzoBanueM | %-ro stumuym 6pomuna (Menu-
reH, HoBocubupck, Poccust) B 1,8 %-m arapo3nom rene (araposa — Sigma, CIIIA)
¢ 1 xTBE 6ydepom (pazdasienue TBE x 10, xmogaromiero 108 r tpuc, 54 T 6opHOi
kucnoTsl, 20 M 1M DITA, nuctiumrpoBanHas Boga — 1o 1 11). UnerTndukanmro
npoBoawiu otHocutenbHo JIHK-mapkepos (Fermentas, Jlutea). Dnekrpodopes
OCYyIIECTBISUTH TTpH Hanpspkernn 120 B B Teuenne 30 MuH B anmapare st TOpH30H-
tanpHOTO AMekTpodopesa (Helicon, Poccust), renms GpotorpadupoBanu potoxkamepoit
Olympus B ynsrpaduosieroBom ceere (300 HM) Ha TpaHcHIUTFOMUHATOpE (pHc. 1).
Kaxnast mapa nmpaiiMepoB JaBaja OfiHy HOJIOCY MTPOAYKTa 0KHMIAEMOT0 pa3Mepa.

Onpenenenne aKTHBHOCTH THAJYPOHU/1a3bl B TKaAHU Mo4KH. J[71s1 onperierne-
HHSI TMaJTyPOHH/IA3HOM aKTHBHOCTH B IIPO0aX KPOBU M PACTBOPAX TOMOTEHATOB KOPbI
1 COCOYKa MOYKHU HCIIOIb30BAIH (DITIOOPHMETpHUIECKH MeToa Moprana—OiIbCoHa
B Moauukannu Takaxamm (Takahashi et al., 2003) B yciioBHsIX TpeX4acoBOTO I'-
npoinu3a rpu 37 °C no koHeuHoMY npoayKTy — N-anetuinnitoko3amuny (GlcNAc).
AKTHBHOCTB COIyTCTBYIOIINX 9K30TUIPOJIa3 B PEAKIIMOHHON CMECH HHTHOMPOBAIIH
0,02 M pacTBOpOM Cc3eBOH KUCTIOTHL. DIIF0OpECHEHINIO U3MEPSIH Ha (urtoopare-
2M (JIFOMDBKC, Poccus) npu BonHe Bo30yxaeHus 545 HM u amuccun — 602 HM.
3a eMHUIy aKTUBHOCTH TMATyPOHHA3bl IPHHUMAIIN KOJIUYECTBO (PEPMEHTA,
HEOOXOANMOTrO B JAHHBIX YCIIOBHSIX PEAKIMH JUI 00pa30BaHMs OJHOTO MKMOJb
KOHIIEBOTO IVIFOKO3aMMHA 32 OfHy MUHYTY. COOTBETCTByOIIas KaaruOpoBOYHAs
KpHBasi CTAaBUJIACh C N3BECTHBIMHU KOHIIEHTPAMAMHU N-alleTHITTIOKO3aMHUHA.

H3mepenue coepskanusi rHaIypoOHAHA B TKAHH MOoYKH. OOpa3ibl TOYEIHON
KOPbI M COCOYKA 3aMOPaKMBAIN B JKUJKOM a30T€, M3MEJIBYaIH U BBLICPKUBAIN
B CMECH 3TaHoNa 1 3¢upa, BHICYIINBAIN U B3BEIINBAIN. | HaTypoOHaH SKCTparu-
posamu B 0,5 M NaOH B teuenue 154 npu 4 °C. Ilocne neHTpu(yrupoBaHus
(2000 g, 20 muH, 4 °C) cynepHaTaHT aHAJIM3UPOBAIH, UCIONB3Yst Ha0op ELISA
(Echelon Bioscience Inc., CIIIA).

I'meroxumMuyeckoe BbIsIBJIeHHE THAJypoHaHa. CBETOONTHYECKOE HCCIe-
JIOBaHME BBITMIOJIHEHO HA YPOBHE KOPBI IMIOYKH U CPEIHEH TPETH COCOYKA ITOYKH,
coziepxKaliel CTPYKTYpPbl, OTBETCTBEHHBIE 32 OCMOTHIECKOE KOHIICHTPUPOBAHHE.
J11st moAroTOBKM OJIOKOB K MPOBEACHHUIO THCTOXUMHUYECKOTO aHAJM3a COJIeP KaHHs
THaJyPOHOBOM KHCIIOTBI OT MOYKH IOCJE U3BJICUCHHUSI OTCEKANIN ITI0JII0Ca; MOITY-
YEHHBIN ()ParMeHT, BKIIOYAIOMIMN BCE 30HBI MOYKH, momemany B 12 %-it gpop-

leHeTuKa d)yHKul/lVl FOPMOHOB runoTasiamyca

leH 1T 2 3 4 5 6
210 262 181 126 126

[nvHa npogykTa
(n.H.)

=

300 M. H.

200 n.H.

100 n.H.

Puic. 1. Arapo3HblIii refib C NPOAyKTaMm am-
nnudukaumm nccnepyembix reHos Has2, Hyall,
Hyal2, reHa nomaluHero xo3anctsa HPRTT,
HeraTtmsHOro KoHTpons MNLUpP.

1 - OHK mapkep; 2 - Has2; 3 - Hyal1; 4 - Hyal2;
5—Hprt1;6 - Hprt1 (no RT).

ManuH Ha 48 4. Jlanee ocyiecTBIsuM
00€3BOKMBAHNE U 3aJIMBKY TKaHH B
cpeny Histomix (buoButpym, Poccust)
o craHAapTHbeIM MeToaukam. Cpe-
3Bl TOTOBWJIM Ha CAHHOM MHKPOTOME
Microm HM430 (Microm International
GmbH, I'epmanus) TOMIUHON 5 MKM.
OkpammBaHue IS CHeIU(PUIECKOTO
BBISIBIICHHS KUCITBIX NTMKO3aMUHOTIIMKA-
HOB TIPOU3BOJIMJIM JILIMAHOBBIM CHHUM
(buoBwutpym, Poccus), ncrons3oBanu
1 %-11 pactBOp Kkpacutens npu pH 2,5
B TeueHue 3 MuH. [Jist TOro 4yToObI U3-
OekaTh TOSIBICHHS apTe(aKkTOB OKpa-
CKH, CPEe3bl KOHTPOJBHBIX W OIBITHBIX
Ipynn OKpanIuBalu OJHOBPEMEHHO.
[Tpemaparel U3ydaau MO CBETOBBIM
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Bnnanune Ba3onpecCcnHa Ha aKcnpeccuio
reHoB MeTabosnmsma r’manypoHaHa

J1.H. UBaHoBa, A.B. BabuHa
I.C. batypuHa, J1.E. KatkoBa

Ta6bnuua 2. Bnuanuve rugpatauun n seegeHma dDAVP Ha dyHKUMOHanbHbIe NoKasaTenn noykm

MoueyuHan dyHKUMA

KoHTponb

JKcnepuMeHTanbHasa cepus

BeepeHune dDAVP

CKopoCTb KnyboukoBol GpunbTpaumm (KNMpeHc KpeatuHHa),  10,8+2,0 129+1,4

MJ1/4x 100 r maccobl Tena
ocmonﬂanOCTbMOqMMOCM/KFHZO ................................................. 170918561i14*** ...................................................................
OCMonﬂanOCTbnna3Mb|MOCM/KFHZO311i17298116 .......................................................................
peaﬁcopﬁumOCMOTM%CKV.CBO@AHOMBonb,+129i022_07i0014*** ............................................................

Mi1/4u X 100 r maccol Tena

**p < 0,01, **p < 0,001 Mo cpaBHEHMIO C KOHTPONEM.

mukpockorioM Axioscop 40 (Carl Zeiss, ['epmanust) npu yse-
JI4YeHn 00bekTHBa X 63. CHUMKH IPEnapaTroB BhITOIHEHbBI
C HCTIONB30BaHneM 1 poBoii poronacaaku AxioCam MRc
(Carl Zeiss, 'epmanms).

Craructuyeckasi 00padoTka JaHHbIX. J[0CTOBEpHOCTh
Pa3IUuUi B N3y4aeMBbIX TPYyTIaxX OLEHUBAJIH 10 (~KPUTEPUI0
CrplofieHTa JUIsl TTIAPHBIX cpaBHEHUWH. [ cpaBHEHHs He-
3aBUCUMBIX BBIOOPOK aHAJIU3 JOCTOBEPHOCTH Pa3IMYUi
MIPOBO/IMIIN C TTIOMOIIBIO OMHO(PAKTOPHOTO AUCIEPCHOHHOTO
anannza ANOVA. Crarnctuaeckyio 00padoTKy IIPOBOIUIIH B
nakete nporpamm Statistica (StatSoft, CILIA). locToBepHbIMU
npu3HaBay pasnuaus npu p < 0,05. [IpuBenenusie B padore
JTaHHBIC TIPEICTABIICHBI B BUJIC: CpeHee + OMOKa CpeTHeTo
(M+SEM).

Pe3ynbratbl
Ouenka nmapaMeTpoB no4yeuyHoii gynxkuun. Jjis xuBoOT-
HBIX Pa3HBIX SKCIEPHUMEHTAIBHBIX TPYIIT ObLTH XapaKTePHbI
CYIIECCTBCHHBIC PA3INYMs KOHICHTPHUPYIOMEH (YyHKIINH
nouexk (tadi. 2). KoHTposibHbIE KPBICHI AKCKPETHPOBAIIN TH-
MEePTOHNYECKYI0 Mody. OOMIBHOE MUTHhE THHOTOHUIECKOTO
4 %-T0 pacTBOpa caxapo3bl B TEUECHHE JBYX JHEH NPHBOIH-
JIO K BO3PACTaHMIO CKOPOCTH MO4Ye€00pa30BaHMs U PE3KOMY
CHI)KEHHIO OCMOJBSUIBHOCTH 3KCKPETUPYEeMOW Mo4H, 00-
YCIIOBJIEHHOMY TOPMOXXEHHEM peadbcopOLny 0CMOTHUYECKH
cBOOOIHOH BOJbI. OCMOJISUTBHOCTD IJIa3Mbl KPOBH B JIaHHOI
9KCTIEPUMEHTAIBHON TPYIIE HE OTAMYaNach OT KOHTPOII.
OueBUTHO, TO CBSI3aHO C MEpepaclpeeIeHUeM KUAKOCTH
MCXKAY KOMIIApTMEHTAMU B YCJIOBUAX T'HApaTaliuu. BBC}ICHI/IC
dDAVP B Teuenne qByX IHEH HHIyIIHPOBAJIO CYIIIECTBEHHOE
BO3pacTaHue peadbcopOIi OCMOTHYECKH CBOOOHOM BOJIBI,
U OCMOJIAJIBHOCTH MOYHU JOCTHUIraJla MaKCUMaJIbHBIX 3Ha-
yeHni. CymecTBeHHBIX Pa3IUIniil CKOPOCTH KITyOOIKOBOM
(uneTpaly, N3MEPEHHOM 0 KIIMPEHCY KPeaTHHUHA, MEKITY
9KCIIEPUMEHTAJILHBIMHU IPYIIaMU HE HaOII0AaI0Ch.
YpoBeHb 3Kkcnpeccud reHoB (epMeHTOB MeTa00Jau3Ma
ruanyponana. Ilpu nposenenun OT-III[P B peanbHOM
BpeMeHHU 0bu1o 0O0HapyxkeHo, uto MPHK rena Has2 sxerpec-
CHpYeTCsl B KOPE ¥ BHYTPEHHEM MO3TOBOM BEILIECTBE ITOYKH
(puc. 2, a). Camxenue peadbcopOIu 0CMOTHIECKH CBOOOIHOM
BOJIbI 1OCJIE JIBYXJIHEBHOW T'MJpaTalliid CONPOBOXKAAIOCH
noBeIieHueM skcnpeccuil MPHK rena Has2 Bo BHyTpeHHEM
MO3TOBOM BEIIECTBE IMOYKH MO CPABHEHUIO C KOHTPOJIEM.
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B kxope mouku rusipaTnpoBaHHbBIX KpbIC HAOII0aI0Ch YBEIHU-
yeHHoe cozepkanne MPHK Has2, Ho B 3To#i 30He mpuUpocT
ObUT 3HAYNTETHHO MEHBIIE, YEM BO BHYTPEHHEM MO3TOBOM
BelllecTBe. BBenieHne CeeKTHBHOIO aroHucTa V,-pelenTopos
BazonpeccuHa (ADAVP) npuBoauiio K CHUKEHHIO IKCIIPECCHU
Has2 B xope MOYKH 110 CPAaBHEHHIO ¢ KOHTPOJIEM H TPYTIIOi
THJIpaTalnny, OTHAKO HanOoJee pe3Kre pasinyus COIep KaHNs
MPHK Has2, no cpaBHeHHIO C TPYMIION T'UapaTaliuu, OTMe-
YaJich BO BHYTPEHHEM MO3TOBOM BEIIIECTBE.

Coneprxanne MPHK rena Hyal-1 B Kope IOYKH 10CTOBEP-
HO HE M3MEHAJIOCh B YCIOBUAX THApATAllUM UM BBEICHUS
dDAVP (puc. 2, 6). OnHako BO BHYTPEHHEM MO3TOBOM
BernectBe npu BBeaeHU dDAVP BBISBICHO CYIIIECTBEHHOE
yBenueHue yposHs akcrpeccurt MPHK Hyal-1.

TeHnneHuus k Hapactanuo ypoBHs skcripeccun MPHK rena
Hyal-2 nabmionanach B KOpe TOYKH B YCIOBHSAX BBEJCHUS
dDAVP (puc. 2, g). [Ipu 3ToM rugpaTanus rTioTOHUICCKUM
pacTBOPOM caxapo3bl BbI3BaJIa JTOCTOBEPHOE CHUKCHHUE
conepxkanust MPHK Hyal-2 B xope noukn. Ilo cpaBHEHHIO
C KOHTPOJIEM CYIIECTBEHHbIE U3MEHEHUS] OOHAPY)KEHBI BO
BHYTPEHHEM MO3TOBOM BEIIECTBE: JOCTOBEPHOE YMEHBILICHUE
yposas skcnipeccun MPHK Hyal-2 B ycnoBusix ruaparannu
W 3HaYUTEJIbHOE Bo3pacTaHue — npu BeeneHun dDAVP.
Huskoe conepxanne MPHK Hyal-2 B xope M BHYTpeHHEM
MO3TOBOM BEIIECTBE MOYKH I'MAPATHPOBAHHBIX KPBIC KOppe-
JIUPOBAJIO C HAUMEHBIIIEH 110 CPAaBHEHUIO C IPYTUMHU IpyIIa-
MH OCMOJISUITBHOCTBIO SKCKPETHPYEMOH MOYH.

AKTHBHOCTH THAJIyPOHHA3bl B TKaHAX mouku. [Ipn
OTpeJIeIeHUH TMalypOHUIa3HOM aKTUBHOCTH B AKCTPAKTax
KOPBI TTOYKH HE BBISBICHO JOCTOBEPHBIX PA3IHUHNA MEXKIY
9KCHEPUMEHTAIBHBIMU IpynmaMu (Tadmn. 3). AKTHBHOCTh
IMaTypOHHA3bl BO BHYyTPEHHEM MO3TOBOM BEIIECTBE BO BCEX
rpymmnax Oblia CyIECTBEHHO BBIIIE M0 CPABHEHHUIO C KOPOH.
B ycioBusIx ruaparaniy HabIr0AaI0Ch CHIDKEHHE THATYPO-
HHU/Ia3HOM aKTUBHOCTU BO BHYTPEHHEM MO3TOBOM BEIIECTBE
mouku. Hanpotus, BBenenne dDAVP BeI3Bano nocroBepHoe
BO3pacTaHWE aKTUBHOCTH (DepMEHTa B TKAaHW BHYTPEHHETO
MO3TOBOTO BEIIECTBA MOYKHU. BBIABIEHA MOJIOKUTEIbHAS
KOPPEISIIUs MEXIY OCMOJISUITBHOCTBIO MOYH M aKTHBHOCTBIO
THAJyPOHUIa3bl BO BHYyTPEHHEM MO3TOBOM BEIIECTBE IIOUKH
(r=0,85, p <0,05).

Pacnpenesienne ruajypoHaHa B moyke. B mouke kpsic
WAG BrLsBiieHO rereporenHoe pacnpezaenenue ['K (tadm. 3),



Effect of vasopressin on the expression
of hyaluronan metabolism genes

XapakTepusyloleecss HauMeHbInuM cozepkanueM 'K B kope
BCEX 3KCIIEPUMEHTAIIBHBIX TPYMIT. Bo BHYyTpEHHEM MO3TOBOM
BEIIECTBE TIOYKH B YCIOBUAX FUAPATAL[H IPOUCXOIUIO J10-
cToBepHoe Bo3pactanue coaepxanus ['K. Jlericteue dDAVP
MIPUBOANIIO K yMEHbIIEeHHIO coaepskanns 'K Bo BHyTpeHHEM
MO3TOBOM BEIIECTBE MOYKU Ha 76 % MO CPaBHEHUIO C T'H-
ApaTUpPOBAHHBIMH KPbICAMU. Pe3yJ'II)TaTI)I KOJIMYECCTBCHHOI'O
pacnpenenenus ['K comtacyrorcst ¢ riCTOXMMHUYECKUM BBI-
SIBJICHHEM B ITOYKE MCCIICIOBAaHHBIX JKUBOTHBIX (pHuc. 3). I1pn
CBETOOINTHYECKOM H3Y4YEeHUH CPE30B, OKPAIIIEHHBIX aJII[HAHO-
BBIM CHHUM, HE BBISIBIICHO PA3INYMH TMCTOXUMHYECKOTO OKpa-
mmBaHus [ 'K B KOPKOBOM BEIIECTBE BCEX IKCIIEPUMEHTAIBHBIX
rpyni. B cpenHel Tpetu BHyTPEHHETO MO3IOBOIO BELECTBA
MOYKH HanOoJIee MHTEHCUBHBIM ObLT0 OkpamnBanue I'K un-
TEPCTHIMAIBHOTO MPOCTPAHCTBA Y THAPATHPOBAHHBIX KPBIC
(puc. 3, 6), B TO BpeMsl KaK B IpyIIax KOHTPOJISI ¥ BBEACHUSI
dDAVP, xapakTepu3yonuxcsi BRICOKIMH MTOKa3aTeIsIMU
3G PEKTUBHOCTH OCMOTHYECKOTO KOHIIEHTPHPOBAHUS MOYH,
00OHapyKEeHO MEHEee MHTEHCHBHOE OKpPAaIINBaHUE MHTEPCTHU-
[IHAFHOTO TpoCTpaHcTBa (puc. 3, 4, 8).

O6cyxpeHue
Bt n3ydeH adext aHaizora Ba3onpeccruHa, CeIeKTHBHOTO
aronucra V,-penientopos, dDAVP, Ha skcrpeccuio reHos
Has2, Hyall n Hyal2, xomupylomux KIItOueBble ()epMEHTBI,
BoBiedeHHbIE B 00MeH 'K B mouke kpsic WAG. ObHapyxeHo,
yto conepkanre MPHK Has2 6b110 HanOoMbIIMM BO BHYT-
PEHHEM MO3TOBOM BEIIECTBE (COCOYKE MOYKU) B YCIOBHUSIX
MO/IaBJICHNS] CEKPELIMHU IHJIOTEHHOTO Ba30IPECCHHA y KPBIC
WAG runparanueii. Beenenue B reuenue nyx aaeit dDAVP
ACCOIMHMPOBAJIOCH C CYIIECTBEHHBIM CHUKEHUEM COJepIiKa-
uust MPHK Has2 B cocouke nouku. Habmromamnces deTkue
oOpaTHbIC OTHOLICHUS MEXKY dKcrpeccuer Has2 B cocouke
1 peabcopOIIMeit 0CMOTHUECKU CBOOOIHOM BO/IbI. [10BBIIIICH-
Hasl TPaHCKpUIIIWA Has2 Ipu HU3KOM yPOBHE Ba30IpPECCHHA
B KPOBH MOYKET CBUJICTEIILCTBOBATH 00 YCHIICHHON IPOTYKIINT
I'K, uto nonTBeprkaanocs HapactaHueM coaepskanus 'K B mo-
YEYHOW TKAaHW U yCHJIEHHEM MHTEHCUBHOCTH OKpPAIINBAHUS
CTPYKTYpP MHTEPCTUIIHAIBHOTO MaTPHUKCA.

BBenenue kpbicaM aHajiora Ba3oNpeccHUHa IPUBOJIUIO
K CHIKEeHMIO cofeprxkanus 'K B uHTepcTHLNN cOCOUKa, UTO
MOXKET OBITH HE TOJIBKO CIIEACTBHEM ITOJIaBICHUsI ONOCHHTE3a
nojiuMepa, HO TakXKe yCuieHueM ero karabonusma. Coor-
BETCTBEHHO ITOTyYeHHBIM pe3yisTaraMm, Teusl Hyall w Hyal2
IKCITIPECCUPYIOTCS BO BCEX (PyHKIIMOHAIBHBIX 30HAX MOYKH.
B ycnosusix neiicteust ADAVP He HaOmonanock cyuiecTBeH-
Horo noBbIeHus skcnpeccun MPHK renos Hyall w Hyal2
Y THAJIypOHUAa3HOM aKTHBHOCTH B KOPKOBOM BEILECTBE
IMOYKHU MO CPAaBHECHUIO C KOHTPOJBHBIMU KMBOTHBIMH, B TO
BpeMs KaKk B 00JIaCTH COCOUKA TIOUKH IKCIPECCHS ITUX TEHOB
n (epMEeHTAaTUBHAsI aKTUBHOCTh 3HAYMTEIHHO HapacTalu.
Ha ocHoBanuu MOJIYYCHHBIX JaHHBIX HCBO3MOKHO BLISIBUTD,
Kakasi IMEHHO (DOpMa rHaTypOHH/Ia3bl BEI3BIBACT MOBBIIICHNE
M3MepsieMOl THATypOHH/Ia3HOM aKTHBHOCTH TKaHH COCOUKA
nouku. Tem He MeHee oTMedaliach XOpoLIast KOPPEJSILIUS MEK-
JIy I3MEHEHHEM THaTypOHHIa3HOI aKTHBHOCTH B TKAHEBBIX
9KCTPAKTAX U TPAHCKPHUITIIMOHHBIMU COOBITHSMHU. B pesyibra-
T€ UMeJI0 MeCTo noBbleHue aerpaganuu I'K uarepcruims,
OKPYXKAIOIIETO COOMpATeNbHbIE TPYOKH, CErMEHTHI METElh
I'enne u mpsiMble cocy/pl, 00pa3yIoIue My4YKH B MO3TOBOM

L.N. Ivanova, A.V. Babina
G.S. Baturina, L.E. Katkova

2016
20-2

a 7r *XK
KoHTponb
6l B TvppaTauma
I dDAVP
5 -
=
g 47
I
S~
N
:F: 3r *%
2+
‘I -
I
* I .
0
Kopa BHyTpeHHee Mmo3roBoe BelLecTBO
6 25r
*%%
20
£
Q
S 15¢
=
S
=
T 0}
051 I
0,0
Kopa BHyTpeHHee Mo3roBoe BelLLecTBO
8 30
*%%
25F
20
=
g
T 15f
S~
Y
S
S
T ot I
05F
"B
*%-
0,0
Kopa BHyTpeHHee mo3roBoe BelecTso
OcmonsnbHoCTb 1709 61 2300 1709 61 2300
moun, MOcm/kr H,0  £85  +£14 +105 +85 =14 =105

Puc. 2. YposeHb skcnpeccun MPHK reHa rmanypoHaHcmHTasbl-2 (a),
rmanypoHuaasbl-1(6) n ruanypoHmaasbl-2 (8) B KOPKOBOM 1 BHYTPEHHEM
MO3roBOM BellecTse noukn Kpbic WAG.

YpoBeHb akcnpeccun MPHK Has2 (a), Hyal-1 (6), Hyal-2 (8) npuBeneH
OTHOCWTENbHO FreHa AoMalLHero xo3ancTea HPRT1. [laHHble NpefcTaBneHbl
Kak M = SEM. [locTOBEPHOCTb Pa3nnymii Mo CPaBHEHMIO C KOHTPOsIEM

npu *p < 0,05; **p < 0,01; ***p < 0,001.
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BnusaHve BasonpeccuHa Ha aKcnpeccuio
reHoB MeTabonu3ma ruanypoHaHa

J1.H. UBaHoBa, A.B. BabuHa
I.C. batypuHa, J1.E. KatkoBa

Ta6nuua 3. BnusaHue rugpatauyum n seegeHns dDAVP Ha copepkaHue rvanypoHaHa v akTUBHOCTb FManypoHnAasbl B MoYKe

3KcnepmmeHTaanaﬂ cepua

Copep»<aHue rmanypoHaHa, Mr/r Cyxow mMacchbl

AKTVBHOCTb rmanypoHumaasbl, MKr GICNAC/Y x Mr 6enka

Kopa Cocouek Kopa Cocouek

KoHTponb 0,71+0,05 7,9+0,8"Y 151+£1,2 51,2+4,9"W

lmpparauuma 0,88+0,21 13,6 £0,1VVV *** 145+3,6 30,255V **

BeepeHune dDAVP 0,69+0,12 3,29+0,24VWV * 189+3,5 75,5+6,4VV*

*p < 0,05; **p < 0,01; ***p < 0,001 no cpaBHeHuio ¢ koHTponem; Vp < 0,01; VVp < 0,001 No CPaBHEHMIO C KOPOI MOYKIA.
OcmonanbHOCTb CopepxaHue K
mouu, BO BHYTPEHHEM MO3ro-
MOcm/kr H,0 BOM BeLLiECTBE MOYKMU,
Mr/F CyxoW Maccbl

1629 57
74 15,9
2110 4,2

Puc. 3. lncroxummnueckoe BbisiBneHne rmanypoHaHa B KOpe 1 BHYyTPeHHEM MO3roBoOM BeLLeCTBe MOYKN KPbIC WAG.

a — KOHTPOJb; 6 — rnppataums; 8 — BBegeHvie dDAVP. OkpaluvBaHve anyuaHoBbiM criHum. O6. X 63.

BeriecTBe mouku. [Ipenmonaraercs, uro rugponu3 ['K B co-
CYIMCTBIX ITyYKaX COCOUKA HE TOJIBKO MPUBOAUT K CHUKEHHIO
BSI3KOCTH HHTEPCTHUIIHS, HO M COTMIKACT MIOUCUHBIC KAHAIIBI[BI
M COCYJIBI, BCIIGNICTBUE Y€ro yKopauusaeTcs nuddy3rnonHas
JIUCTAHLUS MEXTY AJIEMEHTaMU KOHLUEHTPUPYIOILEH CUCTEMbI
MOYKHU U 3TO CIOCOOCTBYET CO3JJAHUI0 OCMOTHYECKOTO I'pa-
JIMEHTAa IPOTHBOTOYHOM YMHOXKHUTENBHO#H cuctemoii (Bartolo,
Donald, 2007; Stridh et al., 2012).
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COOTBETCTBEHHO IPEABIIYIINM HCCICIOBAHMUSM, ByXJa-
COBas TUIpATalys, BbI3BaHHAs HHQY3HEi THIOTOHHYECKOTO
pacTBopa caxapo3bl, IPHUBOANIIA K HAPACTAHHIO COJCPIKAHUS
T'K B moueunom cocouke kpsic Cripar-Zloynm, HO mpH 3TOM
HE PEerucTPUPOBANOCH HApacTaHUs TPaHCKpUNTOB Has?2
W CHWKeHMs1 TpaHckpunroB Hyall-4 (Hansell et al., 2000;
Riigheimer et al., 2009). C Touku 3peHus: aBTOpOB, ObICTpOE
nosbienne ['K naTepeTuLns 3a BpeMst IByX4acOBOM TUIpa-



Effect of vasopressin on the expression
of hyaluronan metabolism genes

TaIUK IPOUCXOIUT O6€3 BOBICUCHHS N3MEHEHUI IKCTIpeCcCCuu
TEHOB M MX BKJaJa B NPOAYKIMIO U pacweruienue 'K, onn
MpearonaraioT, uto Hapactanue ['K — ciaencreue u3mMeHeHust
AKTHBHOCTH THaJypoHHAa3bl. B To ke Bpems B ux pabore
HaOJTIo1a1ach KOPPEIAIMS MEXIY CHIKEHHEM COZIEPKAHUS
I'K u ymensmenueM Has2 TpaHCKPUIIIUU B COCOUYKE MTOUKU
nocse 24-yacoBoi nerujaparanuy. B HameM uccienoBaHuu
MIPU MPOJOHTHPOBAHHON THApaTanuu (ABa IHS) Mpoje-
MOHCTPHPOBAHBI KaK IOBBIIICHHE dKCIpeccun reHa Has?2
C OJTHOBPEMEHHBIM CHHKEHHEM dKCIIpeccun rena Hyal2, Tak
Y CHIJKEHHUE THATypOHNIA3HOH aKTUBHOCTH B TKAHH COCOYKA.
B skcniepuMenTax ¢ BBEJCHHEM aHAIOTa Ba30IPECCHHA B Te-
4yeHue AByX nHell y kppic WAG skcnipeccusi reHa Has2 pe3ko
peayrpoBaach 1 OAHOBPEMEHHO MOBBIIIAIACH IKCIIPECCHUS
reHoB Hyall-2. Taknum 00pa3om, HarpaBJIEHHOCTh M3MEHEHHH
cogepxkanus 'K u ruanypoHunasHoit akTHBHOCTH B MeTyJI-
JISIPHOM 30HE, KOTOPbIe HAOMOAAIICh HAMH B SKCTIEPUMEHTAX
Ha kpbicax WAG, coBIajiaeT ¢ TeM, 4TO TOJIy4eHO paHee Ha
kpbicax Cnpoar-Jloynu (Hansell et al., 2000; Riigheimer et
al., 2009). Pacxoxaenue nuTepaTypHBIX TaHHBIX C HAITUMHA
pe3ynbraraMy B OTHOILICHUH SKCIPECCHU T€HOB, KOAUPYIOIINX
(epmenTsl Metabonmusma 'K, MoxeT ObITh 00BSICHEHO pa3-
JMYUSAMH SKCIIEPUMEHTAIBHOTO JU3aiiHa U [UINTEIBHOCTBIO
JKCTIEPUMCHTA.

B cocouke mouky Ba30npeccHH MOXKET OKa3bIBATh TAKXKe
HenpsMoi 3(h(deKT Ha aKTUBHOCTH THAypOHUAA3Bl Oiaro-
Japsi I3MEHEHNIO KOHICHTPAUH MOYEBHHBI M HATPHS
B UHTEPCTULMAIBHOU cpesie. B cocouke MOYKM KpbIC KOH-
[EHTpaIMs MOYEBUHBI BappupyeT oT 0,3 (Bo BpeMs BOIHOU
Harpy3kn) g0 1,0 M (mpu permaparannn), a HaTpust — OT
0,15 10 0,4 M (Bulger, 1987). KpuBas Ha4aabHOH CKOPOCTH
peaxmm runponmia 'K ¢pepmenTamMu, n301upOBaHHBIMA U3
MIOYEYHOTO COCOUKA, TI0KA3aJ1a, YTO KOHIIEHTPALIMN MOYECBUHEI
W HaTpHsl, XapaKTepHbIE JJIsl TUAPATALMU U JOJITOBPEMEHHO-
ro 3(h(hexTa Ba3ONMpeccHHa, SIBISIFOTCS ONTUMAIbHBIMU IS
AKTHBHOCTH THATypOHHIa3bl. B TO ke BpeMst KOHIIEHTparuu
BBIIIE WJIM HUXKE ONTHMYMa OKa3bIBAIOT WHTUOMPYIOLIHHA
s dexT Ha pepMeHTHYI0 akTUBHOCTH (Ivanova et al., 1985).
X.JI. Bpykc ¢ xomneramu (Brooks et al., 2003) naGmonanu
paznuuHbie oTBeTHl reHoB Ha ADAVP B kopkoBoii u me-
JTyJUIIPHOM 30HaX MOYKH KpbIc bparrnbopo, numeHHBIX
9HJ/IOTEHHOTO Ba30IPEecCHHA. ABTOPHI MPEAMNOIOKHUIN, YTO
nonroppemMenubit 3ppext dDAVP moxer cocTosiTh u3
MPSIMOTO M HETIPSIMOTO AEHCTBUSI TOPMOHA HA JKCIIPECCHIO
reHoB. HempsiMoe nelicTBHe MOXKET TPOSIBISITHCS Oarogapst
Ba30IPECCUH-UHAYLIHPOBAHHBIM M3MEHEHHUSAM JIOKaIbHON
OCMOJISUTBHOCTH M KOHIIGHTpaluu MOHOB. Hama rumoresa
O peryisiUH aKTHBHOCTU THAypOHHUA3bl B NAMIUIIPHON
30HE MOUEBHHOW M HATPUEM COIVIACYETCS TAKXKe ¢ HaOIrozIe-
HUSMH, C/IeJIaHHBIMY Ha OECKIIETOUHO cpezie, B KOTOPOH ObIT
BBISIBJICH MHTHOMPYIOIINH 3 PEeKT HU3KOW HOHHOM CHITBI Ha
KaTaJu3upyeMsblil ruaisyponuaaszoi ruaposnmns 'K (Asteriou
et al., 2006). CpaBHeHHE JaHHBIX MMPEIIICCTBYIOMINX PadoT
C pe3yJbTaTaMy HaCTOSIIETO MCCIIETOBAHMS MOATBEPIKIACT,
YTO Ba30NpeccuH yckopsieT karadonusMm ['K B MeaynisipHoit
30HE MOYKH, TP HTOM BOBJIEKAIOTCS Pa3/INYHBIE MEXaHU3MBbI:
Ba30MPECCHH MOBbIMaeT Onocuure3 ¢pepmentos HYALI
n HYAL?2 nyTeM CTUMYISIMHY 3KCIIPECCUH COOTBETCTBYIOIINX
TeHOB U yckopsieT aerpaaanuio 'K BciencTBue akTuBanuu
(hepMEHTOB MOYEBMHOW W MOHAMM HATPHsl, KOHIICHTPALIUS
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KOTOPBIX IIOBBIIIAECTCSA B YCIOBUAX aHTUAUYpe3a. JlanbHeniee
U3ydeHHe HEOOXOMMO JUIsl IPOBEPKU 3TOH THITOTE3BI.
Takum 00pa3zom, pe3ysIbTaThl HACTOSIIETO MUCCIEAOBAHUS
MOKa3aJii, YTO W3MEHEHHE IKCIPECCHH I'€HOB, KOJIUPYIO-
mmx KiodeBsle Gpepmentsl oomena 'K maTEpCcTHIIATBHON
TKaHW TOYKH, BOBJIEKAaeTcs B 3PQeKT Ba3zompeccuHa Ha
peabcopO1nio Bojbl. OJTHOBPEMEHHO C TIOBBIIICHUEM YHCIIa
AKBAIIOPUHOB B KIIETOYHOI MEMOpaHe Ba30MPECCHH CIIOCOOEH
uHrnOuposars cuaTe3 'K MHTepCTHIMS B MO3TOBOM BEIIECCTBE
MOYKHU M BMECTE C 3TUM CTUMYJIMPOBATh €ro Aerpajaliio. ITo
MIPUBOANT K CHIKEHMIO conepskanus ' K B MenymisipHOM uH-
TepCTUINH 1 oOerdaet auddy3nto Bopl MEXTy KaHATbIAMU
1 cOCydaMM KOHLIEHTpUpYIOLEH cucreMbl 0YKU. Bompoc
0 MOJEKYIIAPHBIX MeXaHH3Max 3(¢eKkra Ba3onpeccuHa Ha
aKTHBHOCTH reHoB Karabonmu3ma ['K ocTaercst OTKpBITHIM.
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Ocob6eHHOCTM pocTa KapuymHocapkoMbl Walker 256
v KpbIc auHuii Brattleboro n ISIAH (HUCAT)

VL. Xeran

DepepanbHoe rocyaapcTBeHHOe blogKeTHOe HayyHoe yupexaeHune «DefepanbHblii UCCNEA0BATENBCKUI LEeHTP UHCTUTYT LUTONOMN N TeHETUKN

Cunbupckoro otaeneHna Poccrinckon akafemmm Hayk», Hoocrnbumpck, Poccuns

WccnepoBaHa AvHaMurKa pocTa nepeBmMBaeMoit nMHeHoHecneundu-
Yeckoi KapumHocapkombl Walker 256 y Kpbic, MOAennpyoLwmx
HacnedcTBeHHble CUCTEMHbIE NAaTONOMMYeCKMe NPOLECCh. Y KpbIC
nuHun Brattleboro pasBrBaeTca runotanammyeckmin HecaxapHbiia
Anabet Ha poHe abCONIOTHOMO OTCYTCTBMA Ba30MNPECCHHa B KPOBM.
BcnepctBre ropmoHanbHoro gucbanaHca HapyluaeTca perynaumsa
BOAHO-3NEKTPONINTHOIO 0bMeHa. Kpbicbl nnHuu ISIAH (HUCAT)
ABNAIOTCA HOCUTENAMU FreHeTUYeCK 00yCNOBIEHHON CTPeCC-UHAY-
umMpyemoi aptepuranbHoi runepTeHsumn. Cocyanctan purngHoCTb
COMpPOBOXAAETCA JOMOSIHUTESNIbHBIMY MEAOTPOMHbIMK dddeKTamu.
DKCMEeprIMEHTbI BbIMOSHEHbI HA UHOPeHbIX Kpbicax nnHuUiA Brattleboro
1 ISIAH 1 nx rmbpugax (ISIAH x Brattleboro) F, x Brattleboro. B kaue-
CTBe reHeTUYeCK/X MapKepoB pacLLenieHNA NOTOMKOB 1CMONb30Banu
MyTaHTHbI reH BasonpeccuHa di (diabetes insipidus) v reHbl OKpacku
wepcTun, anbbuHo (C) n KantowoH (h), NnoKann3oBaHHbIE B TPEX
pasnnuHbIX rpynnax cuenneHuna. AnbTepHaT1BHbIE Mapbl NPY3HAKOB
COCTaBWAN: ANA NIOKYCa Ba3omnpeccnHa — CyToyHoe notpebneHuve
BoAbl 6bonee 45 nn60 meHee 20 % OT Beca Tena; AnA NOKyca d/bbUHO —
cnnowHow 6enblii NGO NHOW LBET LepCTU; ANA JIOKYCa KANtOWOH —
Hanunuune nmbo OTCYyTCTBME HEPABHOMEPHOCTY OKpaca LUepCTy.
YcTaHOBEHDI ABa NMPVHLUMNNANBHO Pa3fnyaloWmxca BapuaHTa
AVNHAMUKK pOCTa MPUBUTON OMYXOSN. Y MCXOJHO FOMO3UIOTHbIX

no reHy di KpblC poanTenbckol nuHum Brattleboro n romo3suror didi,
BbILLENVBLUMXCA B aHanm3mpytoLem ckpewrsarHum (ISIAH x Brattleboro)
F, x Brattleboro, onyxonb nocne HEKOTOPOro HayanbHOro PoCTa
nepexoanna B CTaAnio perpeccum 1 nocTeneHHoO ymeHbLUanachb
BMSIOTb A0 MOJIHOFO CBOErO NCYE3HOBEHMA. Y BbILLENMBLIMXCA
rMopUAHbIX reTepo3mnroT di+ 1 KpbIC poguTenbckon nuHum ISIAH

C reHOTVNOM HOPMbI (++) MO JIOKYCY Ba3onpeccmHa onyxosb pocna
HenpepbIBHO 1 3aBepLUanach TONbKO NeTasbHbIM NCXOLOM KUBOTHbIX.
OG6HapyXeHO, UTO Perpeccusa onyxonu NPoABAAET KOHKOPAAHTHOCTb
VCKIIOUYNTENbHO C reHoTUnom didi, u paclenneHvie no gaHHOMyY
NPV3HAKY He 3aBUCUT OT FeHOTMMNA JIOKYCOB a/IbOUHO 11 KANHOWOH.
AnbTepHaTUBHbIN perpeccumn onyxonn ee HenpepbIBHbIN POCT
HabnofaeTcs y BCeX KPbIC, UMeLLMNX XOTA 6bl OfUH HOPMabHO
JKCMPECCUPYIOLMIACA FreH Ba3onpeccuHa.

KnioueBble cnoBa: BazonpeccuH; Walker 256; perpeccus onyxonu;
reHeTNYeCcKre MapKepbl; KOHKOPAAHTHOCTb.
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Details of Walker 256
carcinosarcoma growth
in Brattleboro and ISIAH
lines of rats

LI Khegay

Institute of Cytology and Genetics SB RAS, Novosibirsk, Russia

The growth dynamics of transplantable Walker 256
carcinosarcoma was investigated in rats modeling
inherited systemic pathological processes. Hypotha-
lamic diabetes insipidus is developing in Brattleboro
rats on the background of total vasopressin absence
in the blood. Regulation of water-electrolytic meta-
bolism is disturbed due to hormonal disbalance. ISIAH
rats are carriers of inherited stress-induced arterial
hypertension. Vascular rigidity is accompanied by
additional pleiotropic effects. The experiments have
been carried out on inbred Brattleboro and ISIAH rats,
and their hybrids segregated from (ISIAH x Brattleboro)
F, x Brattleboro mating. The mutant vasopressin

gene di (diabetes insipidus) and fur painting genes,
albino (C) and hooded (h), localized in three different
linkage groups, were used as genetic markers

of progeny splitting. Alternative pairs of traits were:
daily water consumption above 45 % or lower than

20 % of body weight - for the vasopressin locus;

total white or other color of fur - for the albino locus;
presence or absence of unevenness in fur painting -
for the hooded locus. It has been found that there are
only two types of growth dynamics of grafted tumor.
In the rats of the inbred Brattleboro line and in the didi
homozygotes, which were segregated from analytical
mating (ISIAH x Brattleboro) F, x Brattleboro, tumor
began to regress and diminished until absolute dis-
appearance after some initial growing. Heterozygous
offspring di+ and parental ISIAH rats with the normal
vasopressin genotype (++) showed permanent tumor
growth until lethal injury. It was found that tumor
regression demonstrates concordance exclusively to
the didi genotype, segregation of this feature does not
depend on the genotype of the albino or hooded loci.
Alternative to tumor regression, permanent growth
of tumor is observed in all rats having at least one
normally expressed vasopressin gene.

Key words: vasopressin; Walker 256; tumor regression;
genetic markers; concordance



COOCHHOCTBIO KpbIC JInHUM Brattleboro siBnsiercst ru-

MOTaJAMAYECKIH HecaxapHBIN Tua0eT, TeHETHIECKI

3anpOrpaMMHUPOBAHHBIM Yy HUX BCIIC/ICTBHE JENCIINT
B T€HE Ba30MPECCHHA U XapaKTEPU3YIOLIUICS OTCYTCTBHEM
CeKpeTnpyeMoro ropMona B kpoBH (Schmale, Richter, 1984).
Heskcnpeccupyromuiicss MyTaHTHBIH aJuIelb di HaclaemayeTcst
KaK PEeIIeCCUBHBIN 110 OTHOUICHUIO K HOPMAaJIbHOMY aJlJIeITio
(+) rena Bazompeccuna (Valtin, 1982). Y roMo3uroTHsIX
MYTaHTOB Pa3BHBACTCSI HECAXAPHBIH NHA0ET C ITOCTOSHHO
BBICOKMM YPOBHEM MNOTpPEOIeHUSI BOJBI, JOCTUTAIOIINM
B cyTku 100 % B mepepacuere Ha Bec Tena (Khegai, 2002).
Hamu ObL10 ycTaHOBIIEHO, YTO KpbICHI JInHUK Brattleboro
otinuyaroTcs or Kpbic JuHUM WAG ¢ pu3nonornyecku
HOPMaJIbHBIM METa0O0JIM3MOM BOABI TAKXKE M MO AWHAMUKE
pocTa TpaHCIJIAHTUPOBAHHBIX omyxojel (Xerait u np.,
2006; Khegai et al., 2006; Xerait u np., 2014; Khegai et al.,
2014). st yTouHEHUsT XapakTepa HACJIEAO0BaHUS JaHHOTO
paHee HEeM3BECTHOTO IPU3HAKA aHAJIOTMYHBIE HCCIIE0BAHUS
C TIPUBJICYEHHUEM JIOTIOTHUTEIBHBIX TCHETHUECKUX MAPKEPOB
ObuTH TIpoBezieHb! Ha Kpbicax auHUM ISIAH ¢ renernueckn
00yCIOBIIEHHOU apTepuaIbHON TUIIEPTOHUEH.

MaTtepwuanbl n metogbl
OKCHEepUMEHTHI BBINIOJIHEHbI Ha MHOpEIHBIX Kpbicax Brat-
tleboro, ISTAH (HUCAT) n rubpuagax, moxydeHHBIX OT
ananusupytomero ckpemmupanus (ISIAH x Brattleboro) F, %
x Brattleboro. Kpeicel ISIAH ¢ HaciencTBeHHO# nHIyIUpy-
€MOH CTPECCOM apTepHaTbHON FHIEepTEeH3NeH OBLIN TI00e3HO
npenocraniensl A.JI. Mapkenem (MLul" CO PAH) ( Markel,
1992). [oMOIOTHYHOCTH aJUIETBHOTO COCTaBa FEHOMA Y KPBIC
POIMTENBCKUX JMHUH cocTaBisieT He MeHee 95 % (Bender
et al., 1984). B xauecTBe MapkepoB pacUICIUICHUS ITOTOM-
KOB HCIIOJIb30BaJIM aJlIe)Id JIOKYCOB BasompeccuHa (di, +)
KaIoMIOHHOH okpacku tmepctu (4, H) m okpacku aap0MHO
(¢, C) (O’Brien, 1987). I'enotunupoBanue ¢GeHOTHUIIHYEC-
CKHUX KJIACCOB MpPU aHaJM3€ HACJeOBaHHs TMIIOTajlaMuye-
CKOTO HECAaXapHOTO JradeTa MPOBOIMIH MO OCMOJISIIBHOCTH
HKCKPETUPYEMONH MOYHM M CyTOUYHOMY ITOTPEOJICHUIO BOIBI
B CT@H/IapTHBIX YCJIOBUSX COAEPIKAHUS HA OCHOBAaHHUH paHee
ycranoBneHHbIX Kputepues (Khegai, 2003). Annenu reHOB
KaITIOLIOH ¥ aJIbOMHO UACHTH(PHUITMPOBAIIHN MO XapaKTEPHOMY
JIICKPETHOMY HPOSIBIICHHIO Ha MIEPCTH Pa3JIMuHbIX BapUaH-
TOB OKpacku. Bce mpomuenyps! BBITOTHSIIN B COOTBETCTBUHU
¢ puHATHIMH «[IpaBuiamu mpoBeaeHust padoT ¢ UCTIONH30-
BaHHMEM JKCHEPHUMEHTAJIbHBIX )KUBOTHBIX» U XeJIbCHHCKOH
JIeKJIapaiyeil 0 r'yMaHHOM OTHOIIEHHWH K KUBOTHBIM.
CycneH3nio KJICTOK JIMHEHHOHEeCTIenn(pUISCKOH OITy X0l
Walker 256 npuBHBaiu KpbicaM B OSAPEHHYIO MBILIILY OJIHO-
KpaTHo B 103¢ 100 KIIETOK B COOTBETCTBHH C JIUTEPATY PHBIMH
nanHbIME (Vrionis et al., 1996). Bee kpbichl, 3aaeiicTBoBaHHBIC
B 9KCIIEPUMEHTE C OIYXOJIbIO, OBUTH MPUBUTHI OJMHAKOBBIM
00pa3oM HHBEKIHAMH U3 CBEKETIPUTOTOBICHHOTO ITpenapara
KJICTOYHOH CycCIIeH3UH. PacTymiye conmaHble OIyXoiH exe-
JTHEBHO M3MEpSUIH, U ONpelesisuin ux odbeM. Beero Obuio
uccnenosado § kpsic ISIAH, 10 — Brattleboro u 17 rubpu-
IoB, BeIenuBImxcs B ckpemuBanud (ISIAH x Brattleboro)
F, % Brattleboro. JloctoBepHOCTh pa3auuuil OLEHUBAIU IO
t-xpurepuio CThIOICHTA.
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Pe3ynbraTbl 1 06CyXaeHMe

JlaHHBIC IO KOJIMYECTBEHHOH OILIEHKE ITapaMeTpoB 0CMOpe-
T'yIALIUH, UCIOJIB30BaHHBIE MPH (HEHOTHIHUYECKON aua-
THOCTHKE THUIIOTAJIaMHUYECKOTO HECAXapHOTO aAnadeTa y MH-
JIMBHUTyaJIbHBIX 0CO0EH B POAMTENLCKUX JIMHHUSAX My THO-
PHUIHBIX TOTOMKOB, TIPEICTaBICHBI B Ta0M. 1. Y KpbIC TUHUM
Brattleboro skckpeTupyercs THIIOTOHHYHASsT MOYa OTHO-
CUTEJIBHO CTAaHAApTHOW OCMOJISTIBHOCTH TIa3MbI KPOBH,
Je(eKT KOMIIGHCHPYETCsl BBICOKMM YPOBHEM IMOTPEOICHUS
Boxsl. Kpeicel muann ISIAH nemoHCTpupyIoT odpatHOE co-
OTHOIIICHHUE MCCIICIOBAHHBIX ITapaMeTPOB, COOTBETCTBEHHO,
Y HUX OTMEYACTCA BBLIJACIICHUC KOHHeHTpHpOBaHHOﬁ MO4YHn
1 €CTECTBEHHOE [UISl )KMBOTHBIX B HOPME CPAaBHHUTEIBHO
HH3KO€ €XKECYTOYHOE NOTPEOICHUE BOJIBL.

Y IOTOMKOB OT aHATM3UPYIOLIETO CKPEeIMBAHN Ha0MIona-
JIach HEOTHOPOTHOCTD IAHHBIX KOJINYECTBEHHBIX IPU3HAKOB
10 CPAaBHEHUIO ¢ 00EMMH POANUTEIHLCKUMH JMHUSMH. Y § 13
17 rubpuaHbix ocobel 3aUKCUPOBAHbI IPUMEPHO TaKUE
JK€ 3HAUEHUS MCCIIEyeMBIX MapaMeTpOB OCMOTHYECKOTO
KOHIIGHTPUPOBAHMS, Kak y Kpbic Brattleboro, HO ocranbHbIe
9 FI/I6pI/II[OB IIOYTH HC OTJIMYAJIMUCH 110 3TUM ITOKA3aTCJIsIM OT
kpsic tuHuH [STAH. B coBOKynTHOCTH YpOBEHB TOTPEOICHIUS
BOJIbl U OCMOJISUIBHOCTH MOYH ITO3BOJISIFOT C JJOCTATOYHOMH
TOYHOCTBIO I'€HOTUIIMPOBATH BBIIICIIIAIOIUECCA (beHOTI/I-
MTUYECKHE KITACChl OTHOCUTEIBHO MCXOMHBIX POAUTEIHCKUX
nunui, 1 rudpuast (ISIAH x Brattleboro) F, x Brattleboro
dhopmMHUpYIOT B2 (PCHOTHIMMYCCKUX KIacCa B COOTBETCTBHU
C TEOPETHUYECKH OXKMJAE€MBIM PacCIlEIUICHHEM T€HOTHIIOB
npu aHainusupyromeM ckpemusanun (x* = 0,06; p > 0,05).
ITo pesynpTaTaM reHOTHNHPOBAHUSA THOPHUABI OBLIN pac-
MIPEAEIICHBI B JIBE€ HKCIIEPUMEHTAIBHBIC TPYIIIbI, COOTBET-
CTBEHHO, C T€TEPO3UIOTHBIM T'€HOTHIIOM di+ U TOMO3UTOT-
HbIM didi. Ha pucyHke (a) nokazanbl rpaKi pocTa oIy-
XoJei, chopMHUPOBABIIMXCS B JTAaHHBIX I'PYIIAaX THOPUIHBIX
KPBIC TIOCJIC TPAHCIUIAHTAIIMH UM KJIETOK KapIMHOCAPKOMBI
Walker 256.

BHemHe Mpru3HaKK OIyX0JIn B 00eHX TpynIax Ha9YnHAIOT
MIPOSIBIIATHCS IPUMEPHO Yepe3 HEAECNIO Mocie Hadyala JKC-
TMEPUMEHTA, OJHAKO IMMOYTH CPpa3y COOTBECTCTBYIOIINE KPUBBIC
pocTa IeMOHCTPHUPYIOT pa3nudHyro nuHamuky. C 14-ro gas
1 JlaJiee 70 KOHIAa SKCIIEPUMEHTa y KPBIC PErHCTPUPYIOT J0-
CTOBEpPHbIE MEXIPYIIIIOBbIE pa3inyud. B KoHEUHOM uTOTre
TETePO3UTOTHI di+ M TOMO3HUIOTHI didi POPMHUPYIOT JBa CO-
BEPIICHHO PA3HBIX MATOMOP(OIOTHIECKUX (PEHOTHUITNUCCKIX
KJacca. Y TeTepO3UroTHRIX 0c00ei OMmyX0iIb yBETHUUBACTCS
B 00bEME MOYTH MPSIMOIMHEWHO Ha MPOTSHKEHNH BCETO CPOKa
HaOmonennst U K 30-THEBHOMY CPOKY JOCTHUTAET pa3MepoB,
COIOCTaBUMBIX C radapuTaMH BCETo Tela (BepXHsisl KpUBas).
Y roMO3UToT OIyX0Jb H3HAYaIIbHO pacTeT 00j1ee MeUICHHBI-
MU TeMIIAMH, Yepe3 JABE HE/ICNIN POCT MPEKpalaeTcs, OIyXob
NEPEXOAUT B CTAAUIO MMOCTETICHHOM perpeccrumn BILUIOTH 10
MIOJTHOTO CBOETO MCUE3HOBEHMS M 3aBEPIIACTCS MOCIEHY-
IOIINM BBI3/IOPOBICHHEM KPBIC.

PucyHoxk (6) 1eMOHCTpUpPYET aHAJIOTHYHOE COOTHOIICHHE
MEKAYy KPUBBIMH POCTa OIYXOJIH B POTUTEIBCKUX JIMHHUAX
Brattleboro u ISIAH npu ux cpaBHEeHHH MeXy cO00H. DTH
JIMHUU TCHECTHYCCKH pa3jInvyaroTCsa 1Mo NMPUCYTCTBHUIO WU
OTCYTCTBHIO HOPMAJIBHO 3KCIIPECCUPYIOIIEroCs TeHa Ba30-
npeccuHa. BenencTBre Toro 4To MyTaHTHBIM ajuleslb reHa
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Ta6bnuua 1. CpenHecyTquoe n0Tpe6neHme BOAbl N OCMOJTANTbHOCTb 3KCKpETI/IpyEMOVI Mo4un

Kpbicbl leHoTUMbBI
Bratt|eboro ................................................ d ,d, ................... 721 i 4 8 ..........
(ISIAHxBrattleboro) F, xBrattleboro  didi 699452
d,+ .................... 13,8i4,0* ........
|5|AH ........................................................... ++ ..................... 5,612'1* ..........

LlocTOBEPHOCTb OTINUUA OT KpbiC IMHKK Brattleboro, *p < 0,001.
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[loctoBepHOCTb pa3nuuma *p < 0,001.

Tabnuua 2. PeHoOTUNMYECKOE NPOABNEHNE MapKEPHbIX FeHOB B poanTenbcKux nuHuax Brattleboro n ISIAH n'y ruépupos,

NOJTyYEHHbIX B aHaNM3npyrowem cKkpewmnsaHmnmn

Kpbicbl leHoTVN NoOKyca

BasonpeccuH
B KPOBU

Perpeccna
onyxonu

Ba30MPECCHHA PEIIECCUBEH, y TETEPO3UTOTHBIX THOPHIOB di+
TaKXKe B JOCTAaTOYHOM KOJIMYECTBE CHHTE3UPYETCs Ba30INpec-
CHH, ¥, COOTBETCTBEHHO, Y HUX HUKAK HE MPOSBIIIOTCS MPH-
3HAK{ HecaxapHOro nuadera. 1o AenaeT ux (eHOTHITHNICCKA
HE OTJIMYUMBIMHU OT TOMO3UTOT (++) C HOPMaJBHBIM T€HOM
BazompeccuHa (Tabdm. 1).

Kprice! muanit Brattleboro u ISTAH uMmerot psi npyrux pas-
JUYUi B cOCTaBe ajuienei HEeKOTOPhIX MapKEPHBIX JIOKYCOB.
JIis OTIeHKH BIMSHUS TeHETHYECKoro (poHa Ha MpOsIBICHHE
MCKOMOTO TIPU3HAKA MBI TIPOBEJH JOTIOIHUTCIHHBIN aHAIN3
pacuierieHus 1o jokycam kanoutorn (hooded, h) v arvboumno
(albino, C). Ha remeTHdecKoi KapTe KPBHICHI MapKepHI JIOKa-

JIM30BaHbI B Pa3HBIX IPYIIIaX CUCIUICHUS: KAnOWOH — B 6-1,
anvbuno — B 1-, a sazonpeccun (diabetes) — B 4-it (O’ Brien,
1987; Khegay, Golubjatnikova, 1993). Pacnpenenenue ru-
OpHIHBIX TOTOMKOB 10 ()EHOTHIIAM MapKEPHBIX IT'€HOB MPH-
BE/ICHO B Ta0m. 2.

OueBHTHO, YTO PErpeccHs OMyXOJU HACIEeyeTCsl KOHKOP-
JAHTHO TOJIBKO C MYTaHTHBIM FOMO3UTOTHBIM F€HOTHUIIOM
didi, a B cilydae HaJIM4usi y 0COOU XOTsI ObI OJTHOr0 HOPMaJib-
HOTO TeHa Ba30IpPEeCCHHAa UMEET MECTO HEMPEPhIBHBIA POCT
OITyXOJIM HE3aBUCHMO OT COCTaBa ayieJield reHOB MapKEpOB
oKpaca mepcTy. JJaHHBIA IPU3HAK TaKKe He MPOSBIIACTCS U He
pacmierisieTcs mpu ckpentuBannu Kpsic ISTAH n HopmoTeH-

leHeTuKa d)yHKul/lVl FOPMOHOB runoTasiamyca
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OcobeHHOCTM pocTa KapunHocapkombl Walker 256
y KpbIC IMHWI Brattleboro v ISIAH (HUCAT)

3MBHBIX KPBIC C TOMO3UTOTHBIM F'€HOTHIIOM 110 HOPMAJILHOMY
TeHy Ba3OIPECCHHA M, CIEIOBATEIbHO, HE 3aBHCUT OT JKC-
Ipeccuy OOJBIIMHCTBA TEHOB, 00YCIIaBINBAIONINX HACIIE/I-
CTBEHHBII XapaKTep CTPECC-UHAYLIUPOBAaHHON apTepUalbHON
THNEpTeH3UN. [ eHeTHuecKast IeTepPMUHALIUS HAPYIIEHHOTO
aprepuaibHOro nasnenus y kpeic ISIAH umeer apyryro 60o-
Jiee CIIOXKHYIO CTPYKTYPY M 3aTpariBaeT MpeuMyIllecTBEeHHO
KaJUTMKPENH-KHHUHOBYIO CHCTEMY TeMocTasa mouku (Peanna
u 1p., 2014; Redina et al., 2015).

Takum 00pa3om, aHaIM3 MOJMYYSHHBIX PE3YJIBTATOB B CO-
BOKYITHOCTH TIO3BOJISIET CAENATh 3aKIIOYEHHUE, YTO 0COOCH-
HOCTH JWHAMHKH OITYXOJIH, HaOII0faeMble Y KPBIC JIMHUH
Brattleboro, ¢ BbICOKOI1 BEpOSITHOCTBIO CBSI3aHBI C OTCYT-
CTBHMEM Y HHX Ba3ompeccuHa. MexaHu3M perpeccuu Kapuu-
Hocapkombl Walker 256 y ocobeit MyTanTHOTO renoTHa didi,
M0-BUAMMOMY, BKJIFOYAET JIEMEHTHI UMMYHOJIOTHYECKOTO
KOHTPOJISI THCTOCOBMECTUMOCTH M PETYISIINIO KIECTOYHOH
nponmudepanuu. [Ipennonaraercst npogosnkeHne padoThl
B OTOM HAIIPaBJICHUH.
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Oco6eHHOCTHU SKCIIepMeHTAaIbHOIO IJIAaHVPOBaHUS
IIpU MiCC/IeJOBaHNUM TPAHCKPUIITOMOB MeTOoIaMy
BbICOKOIIPOM3BOAMTEIbHOT'O CEKBEHPOBAHS

IT.H. Mensmanos’ 2@, H.H. Apirasol- 2

' ®epepanbHoe rocyaapcTBeHHoe 6lofKeTHoe HayuyHoe yupexaeHue «DeaepanbHblil NcCnefoBaTeNbCKMii LEHTP VIHCTUTYT LMTONOTN U FeHETUKIN

Cunbupckoro otaeneHna Poccrinckon akafemmm Hayk», Hoocrnbumpck, Poccuns

2 DepepanbHoe rocyaapcTBeHHoe aBTOHOMHOE 06pa3oBaTesibHOe yupexaeHue Bbicliero obpasoBaHus «HOBOCUMOUPCKMI HALMOHaNbHbIN

1CCnefoBaTeNbCKrin roCyAapCTBEHHbBIN yHBepcUTeT», HoBocnmbmpck, Poccua

B 0630pe npoaHann3npoBaHbl oTaebHbIE MPobaeMbl MNaHMPOBaHWA
3KCNeprMEHTOB ¢ ncnosnb3oBaHnem metoaos RNA-Seq 1 Ribo-Seq,

a TaKkXKe KOHCONMANPOBaHbI paHee ony6MKoBaHHblE PpeKOMeHaaLun
KoHcopumyma ENCODE (2011) n gpyrux aBTOpOB MO BOMpPOCam
NIAHNPOBAHMNA SKCNEPVIMEHTOB MPW N3YyYeHWM TPAHCKPUMNTOMOB Kak
Y MNIeKOMUTAIOLWMX, TaK 1y APYTUX KUBOTHbIX 1 pacTeHmn. CyljecteyeT
npenen ysenuyeHus rnyouHbl CEKBEHMPOBaHWA ANA naeHTUdUKaLm
NPaKTUUYEeCKM BCeX aKTVBHO TPAaHCKPMOVpyeMbixX B 06pasLie reHoB,
KOTOPbI 3aBUCUT OT pa3mepa TPaHCKPUNTOMa y 06beKTa nccnegosa-
HYIA. YBenunyeHue rmy6buHbl NPOUTeHWs TPAHCKPUNTOMA Bbllle peKo-
MeHAYeMOW He AaCT 3HaUYMTENbHOrO NOBbIWEHNA CTAaTUCTAYECKOW
MOLLHOCTW NCCNIeAOBaHMA. Y MIeKONUTaoWMX ANA naeHTdUKaumm
AKTVBHO TPaHCKPMOMPYyEMbIX FeHOB OMTUMasibHasA rybnHa CeKBeHu-
poBaHus cocTasaseT ~2 x 10° n. H. Ha 6ronoruyeckui obpasew, Ans
OCTaNbHbIX BMAOB ry6uHa CEKBEHMPOBaHWA Ha 0bpasel onpeaens-
€TCA C y4eTOM JAHHOTO 3HaYeHKA, HO JOMKHa OblTb NepecymTaHa
OTHOCUTESIbHO NPOTAKEHHOCTY TPAHCKPUMNTOMA Y YAENbHOIO KOnu-
yectBa PHK Ha KneTky B cpaBHeHUN C TPaHCKPUNTOMOM MAIeKOoMu-
TalowWwux. BoiaBneHne anddepeHLmanbHO SKCNpeccupyembix reHoB

1 CTbIKOB CaNTOB cnnancuHra B MPHK MOXHO ynyuwinTb, nosbiwasn
YMCNIO aHaNM3MpyeMbiX G1ONOrMUECKNX 06Pa3LOB B SKCNEPUMEHTab-
HbIX rpynnax. MMHMManbHO JOMYCTMOE YNCTIO BUONOTMYeCKmNX
NMOBTOPOB B Fpynmne JOSKHO OblTb PaBHO ABYM. B T0 e Bpems ontu-
MaJIbHOE YMC10 61ONOrMYeCKNX MOBTOPOB NP COBMIOAEHNM BbiLLe-
03HaYeHHOW rNy6UHbI CEKBEHMPOBAHMWsA COCTaBNAET 5-8 06pa3sLoB
(KaK 1 Npy KoNMYeCTBEHHOWN OLeHKe SKCMPeccumn OTAeNbHbIX FeHOB
metogom qRT-PCR). Mpwu BbINONHEHUN onpefeneHns nocneaosa-
TeSIbHOCTW TPAHCKPUMNTOB PEKOMEHAYETCA NCMOMb30BaTb TEXHOOTN
CEeKBEHMPOBaHWsA, TOYHOCTb onpefeneHmns 6yKBbl NocnefoBaTesb-
HOCTU A8 KOTopbIX = 0,999. YunTbiBas yaenbHyto ce6ecToMmMocTb
cekBeHMpoBaHus, ana metoaa RNA-Seq LenecoobpasHo ncnonb3o-
BaTb TEXHOMOMMK, AatoLmne puabl AIVHOWN = 75 M. H. YaenbHble 3aTpaTbl
Ha CeKBEHMPOBaHVe B KOHTPOMbHbIX FPyMnMnax MOXHO CHU3UTb 3a
cyeT yBeNIMYeHNA YNCNa OMNbITHbIX IKCNEPUMEHTASIbHbIX FPYMN nyTem
KOMMOHOBKM HECKONbKNX CXOAHbIX SKCMEPUMEHTOB U TOTMYECKOTro
YCNOXHEHNA NCXOQHOTO 3KCneprMeHTa. [laHHble pekoMeHAaunm
MOTFYT 6bITb MCMOJIb30BaHbI AJ1A MAAHNPOBAHMNSA SKCNEPUMEHTOB MO
N3yYeHMIo TPAHKCPUNTOMOB B GpYHKLIMOHaNbHON reHOMMKeE.

KntoueBble c/ioBa: BbICOKOMPOMN3BOAUTEIbHOE CEKBEHNPOBAHME;
TpaHckpuntom; RNA-Seq; Ribo-Seq; nnaHmpoBaHve sKCneprMeHTa.

YAK 577.29;575.117.2

MocTtynuna B peaakumio 29.09.2015r.
MpuHaTa K ny6nvkaummn 30.11.2015 .
© ABTOPbI, 2016

@ e-mail: MenshanovPN@icg.sbras.ru

The design of experiments

for the transcriptome studies
by high-throughput sequencing
methods
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The common questions in the design of the high-
throughput sequencing experiments using RNA-Seq
or Ribo-Seq methods are reviewed. The ENCODE
guidelines (2011) as well as the recently published
advances in the design of the studies of mammalian,
animal and plant transcriptomes are also summarized
in this review. The optimal limit of the sequencing
depth does exist for the identification of almost

all actively transcribed genes. This limit depends

on the transcriptome size in the biological object
studied. Additional sequencing does not provide any
substantial additional information about the trans-
criptome complexity. For mammals, the optimal limit
of the sequencing depth for the identification of the
actively transcribed genes is equal to ~2x 10° bp

per biological sample. For other species, the optimal
limit of the sequencing depth per biological sample

is determined similarly for mammals; however,

the transcriptome size and the mean RNA content

in the studied object should be taken into account,

in comparison to the mammalian transcriptomes.

The discovery of differentially expressed genes, as well
as the identification of splicing sites in the mRNA could
be enhanced by increasing the number of biological
samples analyzed per each experimental group.

The minimal number of biological replicates per
experimental group is equal to 2. However, the optimal
number of biological replicates per experimental
group is equal to 5-8 (similar to the experiments
quantifying the expression of single genes by gRT-PCR).
For the transcriptome studies, it is recommended

to use the sequencing technologies that have

the accuracy of sequencing = 0.999 per bp. For RNA-
Seq, it is also recommended to use the technologies
that are able to produce reads equal to or larger

than 75 bp, to minimize the cost of the effective
identification of the sequences. The relative cost

for the sequencing of the control samples could be



KAK UNTUPOBATbD 3TY CTATbIO:

reduced by increasing the number of experimental
groups in the experiment or by combining several
independent experiments with similar control
groups. The present notes could be utilized during
the design step in the experimental studies
devoted to the research of transcriptomes.

Key words: high-throughput sequencing;
transcriptome; RNA-Seq; Ribo-Seq; design
of the experiment.
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BE€ TEXHOJIOTHU BBICOKOIIPOM3BOIUTEIEHOTO CEKBEHH-
POBaHMs, HCMONB3yEMbIe ITPH N3YYEHUH TPAHCKPHUIITO-

MOB Y JKUBOTHBIX M pacTeHuil — metoq RNA-Seq mis
OTIpeJIeJIEHNs] TI0CIEJ0BATEIbHOCTEH TPAaHCKPHOUPYEMOTO
renoma 1 metox Ribo-Seq st onpesiesieHust mocie10BaTeb-
HOCTEH TPaHCIMPYEMOTO TeHOMa — IIOCTETICHHO CTaHOBSTCS
6a30BBIMH HHCTPYMEHTAMH COBPEMEHHOH ()yHKIIMOHAILHOH
TEHETHKH ISl MCCIECOBAHMSI SKCIIPECCHH TCHOB B CaMBIX
pa3HoOOpa3HBIX MOJCNSX in vivo U in vitro (Wang et al.,
2009; Sims et al., 2014; Ingolia, 2014). Mcnons3oBanue
JITAaHHBIX METOJIOB Y’K€ TI03BOJIMIIO BBISIBUTDH CYIIIECTBOBAHNE
3HAUUTEJILHOTO YKCJIa HOBBIX TPAHCKPHUIITOB C HEU3BECTHON
(DyHKIMEH, CANTBHIBAEMBIX B CAMBIX PA3JIMUHBIX TKAHAX Opra-
Hu3Ma (van Bakel et al., 2011; Aspden et al., 2014; Xie et al.,
2014), 00Hapy>KUTb PE3KYIO «IIEPECTPOUKY» TPAHCKPUIITOMA
mocre crpecca (Moskalev et al., 2015), moarBepauts (QyHK-
[IMOHAJIBHBIM Xa0C PErysiiiy TPAHCKPHUIILUK Y THOPUIOB
(McManus et al., 2010). I[Tpu n3y4eHnn TKaHEBBIX TPAHCKPHII-
TOMOB TaKXe OBbIITM COCTABJIEHBI TOJPOOHBIE MOJIEKYIISIPHBIE
aTIIACchl MPEACTABICHHOCTH PA3IMYHBIX (DYHKIIMOHAIBHO
3HAUUMBbIX TPAHCKPHUIITOB B TKAHSX OPraHU3Ma y 4esoBeKa,
KPBICHI, MBIIITH ¥ IPYTUX MOJEIBHBIX ’KUBOTHBIX U PACTCHUI
(manpumep, Hawrylycz et al., 2012; O’Rourke et al., 2014).
[MmaBHBIM TUMUTHPYOLMM (HAaKTOPOM, OIPAHUUUBAIOLINM
BO3MOXXHOCTH 3KCIIEPUMEHTATOPOB MPH IIaHUPOBAHUU
1 TIPOBEJICHUH MCCIIEIOBAHUI TPAHCKPUIITOMOB, SIBIISICTCS
OTpaHMYECHHOCTH (PUHAHCOBBIX, TPYAOBBIX 1 BPEMEHHEIX pe-
CYPCOB, 3aTpadeHHBIX Ha OAOOHBIE IKCIIEpUMEHTHI (Sims et
al., 2014). VnenbHas CTOMMOCTh cekBeHMpoBanus 1 x 106 1. 1.
reroma 110 2010 1. cocrapisia Oojiee OJHOTO A0JUIapa Ha
Bcex mMerorxces iardopmax (Mardis, 2008; Wetterstrand,
2015) (puc. 1). B cBs13u ¢ mo100HOI BBICOKOI CTOMMOCTBIO
cexkBeHHpoBaHu 10 2010 I. SKCEPUMEHTHI IO U3YyYEHHUIO
nuddepeHnanTbHO IKCIPECCHPYEMBIX TEHOB METOIaMU
RNA-Seq n RiboSeq 6t 110 O0b11I€H YaCTH HEBO3MOMKHBI
B CHIIy CBOEH AOporoBu3Hsbl, a B nepuox 2011-2015 rr. skc-
MIEPUMEHTBHI 110 CPABHUTEIBHOMY aHAJIM3Y TPAHCKPUIITOMOB
yare BCEeTro NMPEeCTaBIsuIn co00H MpsiMOe CpaBHEHHE JBYX
9KCIIEPUMEHTAJIBHBIX T'PYII pa3MepoM B OAMH—TPU OHO-
JIOTHYECKHX MoBTOpa Kaxnaas (Sims et al., 2013). Bmecte
C TEM aKTHBHOE Pa3BUTHEC TEXHOJOTUH CEKBCHHPOBAHHS
BTOPOTO MOKOJICHHS TIPUBEJIO B MOCIEIHHE IISITh JIET K 3Ha-
YUTETLHOMY CHIKEHHUIO YIETIbHON CTOMMOCTH HCCIIEIOBAHUS
reHeTn4eckor nadopmanuu (puc. 1) n Mo3BOIUIO YIECHBIM
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IUITAHUPOBATh HKCIIEPUMEHT, IPHHNUMAsI BO BHUMAaHHUE TAaKUE
rapaMeTpsl, Kak NTyOHHA CeKBEHUPOBAHMS, KOJIMYECTBO IKC-
NEePUMEHTAJIBHBIX IPYIIT U 00pa3LoB Ha IPYIIILY.

B Hacrosimee BpeMsl CyIIECTBYET 3HAYMTEIBHOE YHCIIO
0030pOB JIUTEPATyPHI, AETATFHO PACCKa3bIBAIONINX O TEXHHU-
YEeCKUX 0COOCHHOCTSIX CUMTHIBAHHS PHJIOB IIPH CEKBEHHPO-
BaHMU TPAHCKPUIITOMOB Ha PAa3JIMYHbIX IIaTGopMax (Harpu-
Mep, Ansorge, 2009; Mutz et al., 2013), a Takxe 0 mporpam-
Max M ajJropuTMax, KOTOpPbIe MOTYT OBITh HCIOJIb30BAHbI
Ha BTOPOW CTaUN HCCIIEI0BAHUS — CTaJUN COOPKU TpaHC-
KpunToB (Harnpumep, Martin, Wang, 2011; Florea, Salzberg,
2013; Ghosh, Chan, 2016). Bmecte ¢ TeM B tuTeparype Majio
BHUMAaHHMS yJesseTcss 6a30BbIM MpaBUIaM MIaHWPOBAHUS
skcriepuMeHToB RNA-Seq n Ribo-Seq, a 60onbIIMHCTBO MH-
(hopmanuu, MOCBSIEHHON JaHHOMY BOIPOCY, BCTpEYaeTCsI
B Pa3pO3HEHHOM BH/IE B 0030pax JIUTEPATYPBI, OTUCHIBAIOIITNX
TEXHOJIOTHIO TTOJTHOT€HOMHOTO CEKBEHHPOBAHMUS (HAIPH-
mep, Sim et al., 2014). ExnHcTBeHHBIE ITPaBUIIa TPOBEICHUS
sKcTiepruMenToB (mpasmiia kKoHcopunyma ENCODE — «Stan-
dards, Guidelines and Best Practices for RNA-Seq», penax-
ust 1.0) ObuM cOpMUPOBAaHBI HA OCHOBE JIAHHBIX, MOJY-
YEHHBIX IIPH NU3yHIEHUN TPAHCKPUIITOMOB Y MIICKOTIUTAIOIINX,
n He obHoBsHCh ¢ 2011 . (ENCODE 2011; Spies, Ciaudo,
2015). B atom 0030pe mpoaHaTHU3UPOBAH PsijJi BAXKHBIX BO-
MIPOCOB IIJIAHUPOBAHUSA TOJHOTEHOMHBIX 3KCIIEPUMEHTOB
¢ ucnospzoBanreM MetonoB RNA-Seq u Ribo-Seq, a Taxke
KOHCOJIM/IMPOBaHbI paHee OIyOIMKOBaHHBIE COBETHI I10 ILIa-
HUPOBAHUIO TPAHCKPUIITOMHBIX 3KCIIEPUMEHTOB, KOTOPBIE /10
HACTOSIIIETO BPEMEHH OBIIIH IPEICTABICHBI B PA3PO3HEHHOM
BHJIC B KJTFOUEBBIX MyOJIUKAIUAX U 0030pax (Hampumep,
Corney, 2013; Hart et al., 2013a, b). Bce 3ti pexomenganuu
MOTYT OBITh HCIIOJI30BAaHbI IS TUIAHUPOBAHUS SKCIEPH-
MEHTOB MO M3yYEHHIO TPAHCKPUIITOMOB M Y KUBOTHBIX,
Uy pacTeHUH B PA3IMYHBIX (PYHKIMOHAIBHBIX MOJEIAX
in vivo W in vitro.

I'ny6v|Ha CeKBeHNPOBaHVA TPaHCKPUNTOMa

OueBu/IHO, YTO ITyOMHA CEKBEHHPOBAHMS TPAHCKPUIITOMA
OIIPEIEIISIETCs 1IEJIbI0 IKCIIEPUMEHTa, KOTOpasi MOXKET CBO-
IuThes Kak (1) K IpocTOMy OTpeneNeHnI0 BCeX aKTHBHO
TPAHCKPUOUPYEMBIX 3K30HOB, TaK ¥ (2) K HACHTH(UKAINT
BCEX CUMTBHIBAEMbIX BAPUAHTOB TPAHCKPUIITOB, CTHIKOB CAlTOB
CIUTaliCHHTa ¥ BapHUaHTOB MOJMMOP(HBIX CaTOB B TpaHC-
kpunrax oopasna (Veeneman et al., 2015). OtnensHo crienyer
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OTMETHTb, uTo npaBuiia koncopiryma ENCODE (2011) Obuu
chopMyTupOBaHbI HA OCHOBAHWH JAHHBIX, MOTYYCHHBIX IPU
WCCIICIOBAHUY TPAHCKPHUIITOMOB y KITFOUEBBIX MOJCITEHBIX
MJIEKOTTUTAIOIIUX (MBIIIHU, KPBICHI, JTFOJIN ) C pa3MEPOM reHoMa
~10° m. 1. ITo 3To¥ IPUYMHE IS OCTANBHBIX OMOTOTHYECKHX
BUJIOB HECOOXOIMMAasI TITyOMHA CEKBEHHPOBAHUS Ha OUOJIOTH-
Yeckuii 00pasel TakKe OMPEACISIETCSs C YIeTOM 3TUX [TPABHUIL,
OJHAKO JOJDKHA OBITH TepecuyrnTaHa OTHOCHTEIHHO MPOTS-
JKCHHOCTH TPAaHCKPHIITOMA (IJTHHBI BCEX YYaCTKOB T'€HOMA,
KOJUPYIONINX TPAHCKPUIITHI) U yneabHoro komuuectsa PHK
Ha KJIETKY B CPABHEHNH C TPAHCKPUIITOMOM MJIEKOTTUTAIOIINX.

NpeHTndurkauma akTuBHO TpaHCcKprbupyembix MPHK

y MAeKonuTaroLmx

HWcxonno B nmpasmiax ENCODE (2011) 6s10 3ahukcnpoBano
(U1 MITEKOITMTAIOIINX ), YTO JUIS BBISIBJICHUS aKTUBHO TPaHC-
KpubmpyeMbix B obpasne MPHK mocrtarouno ompenenuts
MOCIIEI0BATENBLHOCTD y He MeHee ueM 20—25 MITH puoB, Ipu
9TOM JUIMHA pHJA JOJDKHA ObITh > 30 I1. H. (9KBHBAJIEHTHO
>1,5x%10° m. H. reHeTHYECKOM MHPOPMANUH). DTOT TE3UC
onupaeTrcs Ha AaHHble wieHoB koHcopuuyma ENCODE
(Mortazavi et al., 2008) 1 Ha Gosiee paHHUE OLIEHKH I'PYIIIIbI
Galau (Galau et al., 1977), cormacHO KOTOPBIM B OTHOCHTEIIFHO
TOMOTEHHOH TKaHH y MJICKOIMTAIOIINX (HAaIpuMep B TICYCHH)
TeHbl C aKTMBHO PabOTAaIOIIMMHU POMOTOPAMH JIOJKHBI J1a-
BaTh KaK MUHMMYM OJINH TPAHCKPUIT Ha KIIETKY, 1 YPOBEHb
takux MPHK nomken OviTh He Menee 0,3—1,0 FKPM. Kak
CJIC/ICTBHE, B OOJIBIIHCTBE SKCIIEPUMEHTOB C IPUMEHEHUEM
RNA-Seq, omy6nukoBanHbIX B Hagasne 2010-x rogoB, mryOnHa
CEKBEHHPOBAHMs Ha 00pa3ell KUBOTHOTO MPOHCXOMKICHHS
cocrapysa nopsaaka 1 x 109-3 x 10° . u. (Sims et al., 2013).

OHaKO JOCTATOYHO JIN TAKOW NITyOMHBI TPOYTEHHS TPaHC-
KPHUIITOMAa B COBPEMEHHBIX dKcrepuMenTax? IIpaBmino mo
nyoune cekBeHupoBanusi o ENCODE neoHOKpaTHO 11011
BEpPrajoch KPUTHKE IPyTUMHU WIEHAMH CO00IIecTBa (Harpu-
Mep, Hebenstreit et al., 2011). bonee Toro, Ob110 YCTaHOBJIEHO,
YTO YMCIO UACHTH(OUIHMPYEMBbIX B 00paslie TPAaHCKPHUIITOB
3aBHCHUT OT ITyOWHBI cekBeHnpoBanus (Tarazona et al., 2011).

[Mocnenyromue ucciieOBAHUS MOATBEPANUIN TE3HC
ENCODE 1o rinyOuHe CeKBEHHpPOBAHHMS /ISl BBISIBICHHS
YHUKaJIbHBIX TPAaHCKpHUIITOB. B wactHOCTH, Hart ¢ komeramu
(2013b) Ha ocHOBaHWHM maHHBIX 127 skcrepuMeHTOB RNA-
Seq ycTaHOBMIIM, YTO B MOAABIISIOIIEM OOJBIIMHCTBE CIIy-
yaeB cBbite 90 % TpaHCKPUIITOB ONPENENAIOTCA Ha YPOBHE
> 0,1 FKPM pmaxe B 00pa3iax W3 HEOJHOPOMHBIX TKAHCH.
Marinov ¢ koseramu (2014) takke yCTaHOBWIJIM, YTO JJISI
TOJIABJIAIOIIET0 OONBIIMHCTBA AKTUBHBIX OETIOK-KOIHUPYIOIHX
TCHOB B O/THOM KJIETKE MJICKOITUTAIOMINX B KaXKIbIIl KOHKpET-
HBIA MOMEHT BpeMeHH NpucyTcTByeT juib oT 50000 mo 1
TPaHCKPUIITA Ha KJIETKY. B pe3ynprare uneHsl KoHCOpInyMa
ENCODE noxnrBepanin, 9T0 aKTHBHBIC T€HBI 00BIYHO UMEIOT
ypoBeHb 3kcnpeccun He Hke 0,5-5 FKPM (uem Oosbrie
3HaueHne, TeM MeHbIe TotansHoi PHK Opi10 B Hicceyemoit
KJIETKE), 9TO B TPyOOM IPHOIMKSHUN 3KBUBAJIICHTHO OJTHOMY
tpaHnckpunry Ha kietky (Kellis et al., 2014).

Eme oganm nokaszarensctBoM qanHoro npasmia ENCODE
craino uccnenosanne Hart ¢ xomureramu (2013a), B KoTopom
OblIa MPEATIOKEHa MOJIEIIb, KIaCCU(PUIMPYIOIIAsi BCE TCHBI
Ha: (a) TeHBl ¢ HEAKTUBHPOBAHHBIMHU MPOMOTOPAMH B Te-
TepoxpomaruHe U (0) TeHbl ¢ aKTUBHBIMU ITPOMOTOPAMH,
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Puc. 1. YgenbHas ce6ecToumoCcTb ceKBeHMPOBaHUA 1x 106 M. H. reHe-
Tnyeckon nHdopmaumu B gonnapax CLLA 8 2001-2015 rr. (Mo 4aHHbIM
NHGRI Genome Sequencing Program).

JIOKaJIM30BaHHbIe B yxpomarune (Hart et al., 2013a). B atoi
paboTe ObLTO TOKA3aHO, UTO IS TPOCTON MACHTH(PHUKAIIAH TT0-
JIABJISIFOIIETO OOJIBIIMHCTBA TEHOB C aKTUBHBIM IIPOMOTOPOM
Yy MJIEKOITUTAIOIMUX BIOJHE nocTtatoyHo 20-30 MiH puaoB
(>2x10° m. 1. Ha 0Opa3em), W JaNbHEHIIee YBETMIEHHE
TyOMHBI CEKBEHHUPOBAHUS HE AT MPAKTHYCCKH HUKAKOH
JIOTIOJTHUTEIbHON MH(POPMAIMN 00 OT/IEIIBHBIX TPAHCKPHIITAX
(Hart et al., 2013a).

Bce 3TH nccienoBaHus CBUICTENLCTBYIOT O TOM, YTO HE
TpeOyeTcst 0ECKOHEUHOE YBEIMUCHHE TITyOUHBI CCKBCHUPOBA-
HUS I UACHTH(OUKALIN IPAKTHYECKH BCEX aKTHBHO TPAHC-
KpHOHMPYEMBIX B 00pa3iie 3K30HOB — JIOCTATOYHO OIPE/ICINTh
HoclieJoBaTeNnbHOCTh y Oosee yem 20—30 MITH PUIIOB C JUTMHO#
He Menee yeM 50 m. H. (mopsaka 2 % 10° 1. H. reHeTHIeCcKoi
uHpopmanun). [laxke eciu TPaHCKPHUOT OyAeT MPEACTaBICH
He BO Bcex Kierkax (jumb B ~20-50 % or obuiero uucia
KJIETOK), IMEIOIIIXCS TAHHBIX Oy/IeT BIIOJIHE {0CTaTOYHO IS
uneHTruKamy onburHeTBa Takux MPHK y Mitexonmraro-
mux (Hart et al., 2013b).

NpeHTudunkauma anbrepHaTUBHO TPAHCKPUGUpPYeMbIX
MPHK 'y mnekonuTtatowmnx
Jst menelt naeHTH(UKAIINN CTHIKOB CATOB CIUIAalCHHTA,
MOJIYYHBILUXCS B PE3YNBTaTe albTEPHATUBHOIO CILUIAWCUH-
ra npe-MPHK, a Tarxxe BapuaHTOB MOJIMMOPQHBIX CANTOB
B TPAHCKPHUIITaX MOJOOHON NIyOMHBI IMPOYTEHUS B OJHOM
o0Opa3e OyeT 3aBeZIoMO HeZI0CTaToIHO. [1o MHEHHUIO KOHCOp-
ryma ENCODE (2011), yBepeHHast 1eTeKLust OOJIbIINHCTBA
CTBIKOB CAaWTOB CIUIAHiCHHra M MOJIMMOP(HBIX BapHAHTOB
BO3MOJKHA JIMIIb ITpH ripouTeHuu He Menee 100-200 mutH nap-
HBIX PUIOB JIHHON He Menee 75 . 1. (15 % 10°-30 % 10° m. 1.
uHpopmarun). Haimm 1aHHBIe TakKe yKa3bIBAIOT HA TO, YTO
MCIIOIb30BAaHKE PUJIOB C JITMHAMU 75 11. H. ¥ OoJiee 1S JIeTeK-
LMY CTHIKOB CAMTOB CIUIACHHIA SBISETCS HauOOJIee OITH-
MaJIbHbIM C 3KOHOMHUYECKOH TOUKH 3PEHHS, €CIIN MEINaHHAas
JUIMHA 9K30HA Y TPAHCKPHUIITOB PaBHA WJIM OOJIbIIE TAKOBOM
y mutekonuraroux (Menshanov, Dygalo, 2015).

BwmecTe ¢ Tem ciieryeT 0OpaTuTh BHUIMAaHUE HA CYIIECTBO-
BaHHE 3aBHCHMOCTH MEXAY /UIMHOW puaa (mapsl pHIOB)

MocTreHOMHbIe noaxoabl ¢M3MOHOFM‘I9CKOVI reHeTuKun
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Puc. 2. MakcMmanbHO BO3MOXHasA [LONA MEXIK30HHBIX PUAOB B 06LYEN
Macce puoB onpeaeneHHon fyinHbl (0Cb X — N.H.), KOTopas MOXeT ObITb
NoKann3oBaHa npwu 3afaHHON JJIMHE NpUIIeratoLLero K CTbIKy caiTa
CnnancuHra yyacTka (Ana MaekonuTalowwyx, Npu MeavaHHoN AnnHe
3K30Ha 140 n.H.).

1 JToJIel pUIOB, HECYIIMX CTHIKM CATOB CIuTaiicuHra (puc. 2).
B wacTHOCTH, 3TO BaskHO 1715t MeToa Ribo-Seq, 11 koTOporo
s¢PeKTUBHAS JTHHA PUJIa COCTABIISIET BCEro Jiniib ~ 30 1. H.,
HMMEHHO Takol y4acTok Tpancnupyemoid MPHK 3amuien pu-
6ocomoii ot nerpananmu (Ingolia, 2014). B pesynbrare naxe
IIPY MCIIOJIb30BAaHUU COBPEMEHHBIX AIITOPUTMOB JIJIs COOPKH
TpaHckpunTos He Oonee yem 3040 % punos OyayT comep-
JKaTh HEOOXOAMMYIO JUISl SKCIICPUMEHTATOpa M OJHO3HAYHO
BOCCTaHaBJIMBAEMYI0 HH(OPMALIMIO O MECTax CThIKa CalTOB
crutaiicusra. [1o 3Toil npuuKMHE NIpU NCIOIB30BAaHUU METOIA
Ribo-Seq HamexHas NeTEKIUs CTHIKOB CAWTOB CIDIAWCHHTA
JUISL TPAHCKPUIITOMA MJIEKOIHUTAIONMX OyJIeT OCTUIHyTa
JIMIIb IPU CYNTHIBAHUM He MeHee uyeM 500 MiIH puioB.

Hns merona RNA-Seq pacuerHble TaHHbIE CBUIETEIb-
CTBYIOT O HELIEJIECOOOPA3HOCTH HCIIOIb30BAHUSI CBEPXIJIHH-
HBIX puoB (6onee 150-200 m.H.) ¥ JOCTHYKEHUH BBICOKON
5 (PEeKTHBHOCTH JIETEKINH CTHIKOB CAlTOB CIUIAliCHHTA YKe
IIPY UCTIONB30BAHUHU MapHBIX pyuI0B JuinHOH 100 1. H. (puc. 2)
(Menshanov, Dygalo, 2015). CBepXTHHHBIE PHUIBI [IEIIECO-
00pa3HO HMCIIONB30BaTh JIUING ISl CHENU(pUUECKUX 3a/1ad,
OTpEIeNIEHHBIX LENSIMHU 3KCIIEPUMEHTA.

Iny6rHa ceKBeHNpPOBaHWA TPaHCKPUNTOMa,
NPOTAXKEHHOCTb TPAHCKPUNTOMA

n yaenbHoe Konuyectso PHK B KneTkax

Heo0xoauMo NMOMHHTE, 4TO BCE BBIMICHIEPEUHCICHHBIC pe-
KOMeHJanuu, B ToM uucie u pekomeHaanuu ENCODE,
ONMPAIOTCSI HA JAHHBIE, [TOJYUYEHHbIE B 3KcriepuMeHTax RNA-
Seq y MIJICKONHUTAIONINX, IPOTSHKEHHOCTh TPAHCKPHUIITOMA
y kotopelx He mpesbimaer 100 mun n.H. OnHako cienyer
OTMETHUTD, YTO TPOTHKEHHOCTh TPAHCKPUIITOMA Cl1ab0 Kop-
penMpyeT ¢ pa3MepoM I'eéHOMa Y Pa3InYHBIX )KUBOTHBIX U pac-
TEHHH, 4TO 3aTpyAHAET MpecKa3aHue NAaHHOTO MoKa3aTess
JUISL TPAHCKPHUIITOMA y BHJIOB, ISl KOTOPBIX U3BECTEH JIUIIbh
pa3mep reHoma (Corney, 2013; Kagale et al., 2014; Coate,
Doyle, 2015). ITo atumM npuyrHaM IJIaHUPOBAaHHUE IITyOUHBI
CEKBEHHUPOBAHUS TPAHCKPHUIITOMA B Ka)KJJOM KOHKPETHOM
9KCTIEPUMEHTE JIOJDKHO YUUTHIBATH HE TOJIBKO PAacUyeTHYIO,
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HO M 110 BO3MOXXHOCTH paHee OIpPEeesIeHHYIO MPOTSHKEH-
HOCTh TPAaHCKPUITOMa y Hccieayemoro suia. Hampumep,
MPOTSDKEHHOCTh TPAHCKPHUIITOMA TPO30(HIEI HEHAMHOTO
MeHblIIe TpaHckpunToma y miiekonuraromux (Nfonsam et
al., 2012). B To ke BpeMs y 3JIaKOBBIX CPEIHSS MPOTSHKEH-
HOCTb TPAHCKPHUIITOMA B JIBA—TpPH pa3a O0JIbIIIE, YeM Y MBIIIH
(Krasileva et al., 2013), mo3toMy [ijist 3TUX BUIOB PACTCHHIA
1enecoo0pa3Ho YCTaHOBHUTH IIyOMHY CEKBEHHPOBAHUS HE
MeHee yeM B 4-5 % 10° 1. 1.

AKTHBHO HCIIOJIb3yeMOE B 3aIla/IHOM JINTepaType MOHsITHE
«pasmep TpaHCKpHITOMay (transcriptome size) MOXET OBITH
OITpe/IeNIeHO U KaK KoimyecTBo TpaHckpuntos U PHK B kietke
(Coate, Doyle, 2010, 2015), koTopoe TaKKe JIUIIb YaCTHIHO
KoppenmpyeT ¢ pazmepom reHoma (Marguerat, Bihler, 2012).
VnensHoe konuuectBo PHK 1 TpaHCKpUNITOB B KIIETKE MOXKET
BapbUPOBaTh HE TOJBKO y Pa3IUYHBIX BUIOB DYKapHUOT U
MIPOKAPHOT, HO U Y PA3HOIOJBIX 0COOEH OT/IENBHBIX BUIOB,
Y OJTHOTO OpraHM3Ma B Pa3IMYHBIX TKAHIX, B OHOW M TOH
JK€ TKaHU Ha Pa3HbIX ATallax pa3BUTUS U JAKE B ONJHOU U TOU
K€ TKaHHU JI0 ¥ ITOCTIE OTAENbHBIX AKCIIEPUMEHTAIBHBIX BO3-
neiictuii (Coate, Doyle, 2010, 2015). Harrpumep, ynensHoe
konmuecTBo PHK B MCThSIX MAHIPOBBIX JIEPEBLEB B UETHIPE
pasa BeIIIe, 9eM B KamOuanpHOU TKaHu cTBOna (Reef et al.,
2010). YneneHOe coneprkanne PHK B remarorurax 6osee yem
B 20 pa3 npeBblIIaeT aHAJIOTMYHBIN 0KA3aTellb B TAMOLIUTAX
(Schmidt, Schibler, 1995). Takxke ciemyeT OTMETHTH, YTO
BO3/JICHCTBHE NIIOKOKOPTHKOUAAMH TIPUBOJINUT K YBEITHICHHIO
yaenbHoro konnuectBa PHK B neuenn xpeic (Thompson et
al., 1976; Flusser et al., 1989). B To e Bpems B Mo3re, TH-
Myce, a TaKXKe psijie JPYTUX TKaHEeH Y MIICKOTIMTAIOIHNX 10
BIIMSTHUEM [JIFOKOKOPTHKOUJIOB ITPOUCXO/IUT HE YBEIIMUCHHE,
a ymenbIenne yaensHoro konmdectsa PHK (Zimmerman et
al., 1970). CooTBEeTCTBEHHO, NMPH TUIAHUPOBAHUN TITyOHHEI
CEKBEHHUPOBAHUsI HEOOXOANMO YUUTBIBATh HE TOJIBKO MPOTSI-
YKEHHOCTb TPAHCKPUIITOMA, HO U yenbHoe Koianuectso PHK
k JIHK u nenessix PHK B uccnenyembix kieTkax.

Yncno KCnepMeHTaJibHbIX rpynn

B cBsi3u ¢ BBICOKOH ce0ECTOMMOCTBIO TOJTHOICHOMHOTO
aHaJIn3a OJHUM M3 BaXXHEWIIMX BOIPOCOB INIAHMPOBAHUS
skcriepuMenToB RNA-Seq 1 Ribo-Seq sinsiercs onpenenenne
MHHHMAJIEHOTO U ONTHMAJIBHOTO YHCIIA SKCIIEPUMEHTAIIBHBIX
IPYIII [UIsi Pa3HBIX KAaTEropHid IKCIIEPUMEHTOB (CpaBHEHHUE
9KCTIPECCUH B PA3JIMYHBIX TKAHSIX, BPEMEHHAS JWHAMHKA
TPAHCKPUIITOMA TOCIIE BO3/ICHCTBUS, INypUHAIBHAS M BO3-
pacTHas JrHaMuKa TpaHckpunroma). [Tockonbky cymiecTByer
06ECKOHEUHOE MHOYKECTBO PA3INYHBIX AN3aHHOB SKCIIEPUMEH-
ToB, npasuwia ENCODE (2011) Hukak He persiaMeHTHPYIOT
YHCJIO IKCIIEPUMEHTAJIBHBIX IPYIIIL, OCTABJISISA IAHHBIN Mapa-
METpP Ha YCMOTPEHHUE HKCIIEPUMEHTATOPA.

Pembroke ¢ xomreramu (2015) ycranoBui, 4To B X01€
JIMYPUHAJIBHOTO [UKJIA 3HAYUTEIBHOE YHCIIO TPAHCKPHUIITOB
MMEET He MPOCTYIO CHHYCOHUIAIbHY O TUHAMHUKY U3MCHEHHH,
KaK CYMTAJIOCh paHee, a 0ojee CIOKHYIO — C IByMsI ITUKAMHU.
Wuaykius (MIn CHIDKEHHUE) YPOBHS psiia TPAHCKPHUIITOB I10-
cJie BO3ZICHCTBHS IKCIIEPUMEHTAIBHOTO (haKTopa Takke MOo-
JKET OBITh HEOJJHOBPEMEHHOM, UTO MPOSIBIISCTCS B MOSBICHUN
HECKOJIBKHMX «BOJIH» U3MEHEHHH Y TaK Ha3bIBAEMBIX «PaHHUX)
U «HO3AHUX» TU(depeHnInanbHO IKCIPECCHPYEMBIX TEHOB
(manpumep, Arner et al., 2015). ITogoOHBIE HEOTHOBPEMEH-
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HBI€ 3MEHEHUS 3KCIPECCUH PETYIATOPHBIX TeHOB (HarpuMep
TPAHCKPUIIIMOHHBIX ()aKTOPOB) MOTYT IIPUBOANTD K IOSIBIIC-
HUIO ¥ OoJiee CIIOKHBIX MAaTTEPHOB AKCIPECCHN OTACTBHBIX
MPHK nocne Bo3aeticteus (narpumep, Shishkina et al., 2015).

VYuuTeIBast Bce BhIIECKa3aHHOE, (1) s SKCIIepUMEHTOB,
MIPE/ONAralonX JUIIb OaHaIbHOE CpaBHEHHE 0a3aIbHOTO
YPOBHS TPAHCKPHUIITOB B HECKOJILKMX TKaHsX (B OJHOW TKa-
HHU y pa3HBIX BUAOB U T.[I.), IIEJIECO00pa3HO TIaHUPOBATH
M0 OJTHON IKCIIEPUMEHTAIBHON IpyINe Ha KaXIbI 00bEKT
uccnenoBanust; (2) anus uccleJoBaHUM, MPeanoiaraiommux
U3ydeHHE JUHAMHUKH YyPOBHS TPAHCKPUITOB B OHTOTCHE3E,
TakK)Ke CIEAYeT TOTOBUTH IO OJHOM 3KCIEPUMEHTAIbHON
IpyIIe Ha KayKAbIM IUIAHUPYEMBIH K H3y4eHHIO BO3pacT (Ha-
npumep, Kozhevnikova et al., 2013); (3) ans sxcnepumMeH-
TOB, NPEIIOJIATAIONINX U3YUYCHNE AWYPUHAIBHBIX PUTMOB
HU3MCHCHHUA TPAHCKPpUNIMK, MUHUMAJIBHO JOJI’KHbI 6])IT])
M3Yy4CHBI JIBE BpeMEHHbIC TOUKH. OTHAKO B CBETE JAHHBIX
Pembroke ¢ xonneramu (2015), Gomee kKoppeKTHBIM OyeT Hc-
CJIe/I0OBaHKE YPOBHS TPAHCKPHUIITOB B HE MEHEE YEM YEThIPEX
BPEMEHHBIX TOYKAX (JHEM, HOYBIO, yTPOM M BEUEPOM, KaK
y Hughes ¢ komneramu (2012), a B uneane — uepes Kax/pie
3—4 y; (4) nist UCCIICAOBAHUM, MPEIIIOIATAOIINX U3YUCHHE
JUHAMUKHM TPAHCKPUIITOMA TIOCJTE BO3ACHCTBHS IKCIEPH-
MEHTAJILHOTO (PaKTOpa, MUHUMAJIBHO TOMYCTHMBIM SIBIISICTCS
onpeneinenue aubo «panuux» (uepe3 30—120 mun mocie
BO3JEHUCTBHSA), TMOO COBOKYITHOCTH «PAaHHUX» U «HO3IHUX
mddepeHnnanbHO AKCIPECCUPYEMBIX TeHOB (depes 2—12 9
rocie Bo3aelcTBust). BMecTe ¢ TeM B Takux ciydasix Oosee
PasyMHBIM TIPEICTABISICTCS ONpE/eNIeHNEe TUHAMUKH U3Me-
HEHUI KaK MUHHMYM B JIByX ONBITHBIX TOYKax — JUISl ycTa-
HOBJICHHS M «PAHHUX», U KIIO3J[HUX)» TEHOB, & TAK)KE FEHOB C
YHUKaJIbHBIM TATTEPHOM 3KCIIPECCUH (TTOMUMO OIPEIETIEHUS
0a3aJIbHOTO YPOBHS TPAHCKPHUIITOB).

Cne;[yeT OTMCTHUTH, YTO MHOI'MC BaXXHbIC I'CHbI 3a CUCT
CYIIECTBYIOIUX CETEH Perymsiuy TPAaHCKPUIIUH HMEIOT
CJIOKHBIH, HEBOJTHOTIOTOOHBIH TATTEPH SKCIIPECCHH, KOTOPBIH
HE YKJIQJIbIBA€TCs B IPOCTYI0 MOJEIb PAaHHEU U IO34HEH
«BOJHBDY M3MeHeHu# (Armer et al., 2015). Oqaum U3 Hau-
OoJsiee XapaKTEpHBIX IPHUMEPOB TAKHX TCHOB SIBISIETCS TE€H
bcl-X, ypoBeHb JUIMHHOTO TPAHCKPHUIITa KOTOPOTO MOXKET
OBITh MHIYIUPOBAH IIIOKOKOPTHKOMIAMH B CTBOJIE MO3Ta
yepe3 6 4 TocJie Havdasa BO3AEHCTBHS, OTHAKO yXKe depes 2 4
nocie 3toro yposeab MPHK Bcel-XL BoccranaBimuBaetcs
1o 6azaipHOTO (Shishkina et al., 2015). O4eBuaHO, 4TO I
WIeHTH(HUKALUY TaKUX TEHOB MOTpedyeTcs Ooiee 4eM JBe
OKCIICPUMECHTAJIbHBIC TOYKU JIsI OLHCHKU YPOBHS HEJICBBIX
TPAHCKPHUIITOB MOCIIE HCXOAHOTO BO3/IEHCTBYSL.

Yncno BHYTPUrpynnoBbiX MOBTOPOB
Panee ObUTO yCTaHOBIIEHO, YTO TIPH JTOCTATOYHOH TITyOHMHE
HPOYTEHHS KAKI0T0 OHOIOruuecKoro oopasua (> 2 x 10° . 1.
Ha o0pasel]) caMbIM Pa3yMHBIM METOJIOM IOBBIILICHUS MOIL-
HOCTH MCCJIEIOBAHHUS SIBJISIETCSI YBEJIMUSHHE YHCIIa OUOJIOTH-
YECKUX IMOBTOPOB, 8 HE TITyOWHBI CEKBEHUPOBAHUS KaXkKIOTO
obpasnua (Ching et al., 2014; Liu et al., 2014). OqHako CKOJIBKO
OMOJIOTMYECKHX IIOBTOPOB HEOOXOMMO H JIOCTATOYHO JIeIaTh
TIPH UCCIICIOBAHUHU TPAHCKPUIITOMA?

[pasuna ENCODE (2011) ycTaHaBnmBaroT, 4T0 MUHUMAIIb-
HOE YUCII0 OMOJIOTUYECKUX TIOBTOPOB B TPYIIIE TOMKHO OBITH
He MeHee IByX. [[omoOHBIM MU3aifH TIO3BONISET MPOBEPHUTH
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BHYTPUTPYTIIOBYIO TMCIIEPCHUIO U OTIPEACTUTH YCIOBHOE «Ka-
YECTBO» JETEKIINH IEJIEBBIX TPAHCKPHUIITOB — KO3 uitnerT
nerepmunanuu R2. B coorBerctBuu ¢ npaBunamu ENCODE,
JTAaHHBIN TTapamMeTp 1oJuKeH ObITh He MeHee 0,90. B npotiBHOM
CITydae MCCIeI0BaTeNb JODKEH O0BSICHUT MPUYNHY BO3HHK-
HOBEHUS HI3KOTO 3HAYCHUS KOA(PPHUIIMCHTA CTCPMHUHAIIIH,
7100 BOCIIPOM3BECTH PE3YJIbTaThl IKCIICPUMCHTA.

Jis BBIABNICHHUS TIENEBBIX TU(PepeHIINATHHO SKCIIPECCH-
PYEMBIX TCHOB (KaK ¥ TIPH KOIMICCTBEHHON OIIEHKE IKCIIPEC-
cum otaenbHbIX reHoB MetonoM qRT-PCR) nenecoobpasso
OIIEHUBATh HEOOXOIMMOE YHCII0 00pa3IoB B KaXKI0H TpyIIe,
UCTIONB3YsSI KITACCHYSCKUI aHAJIH3 CTATUCTUICCKON MOIITHOCTH
1 YYUTBIBasI OXKUIAEMYIO BapUAOEIbHOCTD YPOBHSI HCCIICYE-
MbIX TpanckpunToB (Karlen et al., 2007; Spies, Ciaudo, 2015).
Jns npentudukannu npakrudeckn Bcex MPHK, ypoBens
KOTOPBIX M3MEHMJICS B > 1,5 pa3a u cpenHss KOIUITHOCTH
KOTOPBIX BBIIIIE, YeM OTUH TPAHCKPHIIT Ha KIETKY, OTTTHMATh-
HBIM pa3MEepOM TPYMIIBI OyleT MATh—BOCEMb 00pa3IoOB Ha
sKcriepuMeHTanbHyto rpymniy (Karlen et al., 2007).

Bbi6op nnatdpopmbl

ANA BblCOKONpPoOU3BoaAUTENIbHOIo CeKBeHNpOoBaHNA
Kaxxpass mutaropma aiis BBITIOTHEHUS TTOTHOTEHOMHBIX
WCCIIEJIOBAHNN HMEET sl TEXHUUECKUX XapaKTEPHCTHK,
KOTOPBIE TPENIOPEACISIIOT Ka4eCTBO CeKBeHUpoBaHus. [1pu
TUTAHUPOBAHUH SKCIIEPUMEHTA CIIETyeT 00palaTh BHUMAHUE
Ha TaKWe IapaMeTphl, Kak JUTMHA U TTAPHOCTh PHJa, KOTOPbIE
JaeT iardopma, a Tak)Ke Ha BEPOSTHOCTb COBEPILEHUS
OIIMOKY ITPU ONPEIENICHUU OTHOTO HYKJIEOTH/IA.

B Tabn. 1 npuBeeHb! JaHHBIE TIO J0JIE PUIOB OIpE/IeNeH-
HOM JIUTMHBI C PA3JIMYHBIM KOJINYECTBOM TEXHHUYECKHX OIIU-
00K, B 3aBHCUMOCTH OT HcTIonb3yeMoi mardopmsl (Corney,
2013; Fox et al., 2014). ITockoneky s metonga Ribo-Seq
3¢ PeKTUBHAS UTMHA PUIa COCTABIISCT BCETO JIUIIb ~ 30 I1. H.
(Ingolia, 2014), To I SKCTIEPUMEHTOB C HUCIIOJIE30BAHUEM
JTAHHOTO MeToja TuarhopMamu BeIOOpa OyayT riardopmbl
SOLID u [llumina ¢ KOpOTKUMH HETTapHBIMU PUIAMH JTTHHON
He 6omee 50 1. H., AafONTHe 3HAYUTEIHHOE YHCIIO PUIOB 0e3
omuOoK (Tadm. 1).

Tabi. 2 copepxuT uHPOpPMAIUIO 00 YICIBHOMN IIEHE CCK-
BenupoBanus 1 x 10° m.H. Ha pa3IM4HBIX IaThopMax st
merona RNA-Seq. YuursiBas nanasie Menshanov u Dygalo
(2015), nast RNA-Seq nenecooOpasHbiM OyJeT MCHOJIB30-
Banue tuatgopmsl Illumina 4000 B BapuaHTe ¢ MapHBIMU
punamu auHOH > 100 11. H., 47151 KOTOPO# CTOMMOCTB Y dek-
THBHOTO cekBenupoBanus 1 x 10° m. . Oyzmer nke 50 mom.
CIIIA (pwuc. 2, Tabm. 2).

YAeanaﬂ LeHa ceKBeHNpoBaHnA
OTaenbHO CTOMT OTOBOPUTH BO3MOKHOCTH O SKOHOMHH
JCHE)KHBIX PECYPCOB MPH BBIOJHCHHH YKCIIEPHUMEHTOB
RNA-Seq u Ribo-Seq. CyriectByeT psifi BO3MOXHOCTEH
OINITHMHM3AIMHU 3aTpaT Ha NPOBEJCHUE MOJHOTCHOMHBIX HC-
CIICJIOBaHMH ITyTEM KOPPEKTHOTO ITAHWPOBAHUS IIPOBEICHHS
sKcnepuMeHTa. Harpumep, 04eBUIHO, YTO YUCIIO KOHTPOJIb-
HBIX U OIBITHBIX I'PYIII ONPEAENIAETCS HEIIMHU SKCIIePUMEH-
Ta (cM. BbILIE). YICTEHYIO CTOUMOCTB BBITOTHCHHS SKCIICPH-
MCHTAa MOXHO CHU3UTDH ITYTEM YBCJIMUCHUSA YUCJIA OIIBITHBIX
(HEKOHTPOJIBHBIX ) SIKCIIEPUMEHTATBHBIX TPYIIL, 9YTO OOBITHO
JOCTUTAETCsI 32 CYET KOMIIOHOBKH B OTHOM HCCIICIOBAaHUH
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Ta6bnuua 1. Hona pPnAoB C pa3yiINyHbIM KONNYECTBOM TEXHUYECKUX OWKn6OK, B 3aBUCUMOCTI OT VICI'IOJ1b3YEMOIZ I'IJ'IaTCl)OprI

Mnatpopma BepoAaTHOCTb Hekop-
PEKTHOTO ONIPEAGNEHNA 1 iecTBO OWMGOK
OfHOMO HYKNEOTULA coovooveomeoiiiiiiiiieiiiiiiiii
HeT 1
454 GS Junior ~0,01 73,97 % 22,42 %
PacBio RS
lon Torrent/Proton
Solid ~0,001 97,04 % 2,91 %
Illumina ~0,001 97,04 % 2,91 %

Nons pupos gnvHoii 30 n.H. (Ribo-Seq)

[Hona pypos anviHon 100 n.H. (RNA-Seq)

>2 HeT 1 >2
<3,62% 36,60 % 36,97 % 26,42 %
<0,05% - - _
<0,05% 90,48 % 9,06 % <047 %

Ta6nuua 2. YaenbHas LeHa npu cekseHnposaHun 1x 10° n.H. (metog RNA-Seq) ans pasnunuHbIX AIMH HeMnapHbIX pUAoB

Mnatpopma [nvHa puga, n.H. CTonmocTb cekBeHUpoBaHMA  CTOMMOCTb NOyYeHNa OAUHAKOBOrO KONMYecTBa
116, gonn. CLLA MEX3K30HHbIX puaos, gonn. CLUA
S o|_|D ...................................... 5 0 ............................................. 7 0 ................................................. - 1 20 .............................................................................

50|_|D ...................................... 7 5 ............................................. 5 56 ............................................... - 65 ................................................................................

|||umma2000 .......................... 5 0 ............................................. 110 ............................................... - 190 .............................................................................

”lummazooo .......................... 7 5 ............................................. 9 0 ................................................. - 105 ..............................................................................

|||um,na2000 .......................... 100 ........................................... 7 5 .................................................. - 75 ................................................................................
|||umma4000 .......................... 10045 .................................................. - 45 ................................................................................

Mo paHHbIM Menshanov, Dygalo (2015), ¢ gononHeHnAMN.

Ta6nuua 3. [lona CTOMMOCTU UCCNeA0BaHNA JaHHbIX (%) B KOHTPOJIbHbIX FPynnax oT 06Liel CTOMMOCTM BCEro SKCNePUMEHTa
(Npu ycnoBmm paBHbIx 06beMOB MHGOPMALMK, NMOMTYUEHHbIX B KaXKAO0W SKCMeprMeHTanbHOw rpynmne)

O6Luee UnNCNO IKCNEPUMEHTANTbHBIX TPy

Yncno

KOHTPOJIbHbIX Fpynn 5 3 4 5

1 50 333 25 20
2 - 66,7 50 40
3 - - 75 60

HECKOJIbKMX CXOJHBIX 9KCTIEPUMEHTOB MJIH YCIOKHEHUS HC-
XOJIHOTO DKCIIEpUMEHTa. B pesysbrare, eciiu skcriepuMeHTa-
TOp OyZAET B OHOM HCCIIEIOBAHUN COTIOCTABIATH HECKOJIBKO
BO3/ICHCTBUI, TO yAeIbHBIC 3aTPaThl HA CEKBEHHPOBAHUE
KOHTPOJIBHBIX IPYHIT Oy/lyT CHHKAThCs (Tad. 3).

Eme oxHOM BakHOH TpOOIEMOil SBIIETCS HEPA3BUTOCTD
[IEHTPOB KOJUIEKTHBHOTO TOJIb30BAaHMS Ha Teppuropun Poc-
cuiickoit denepanuu u, Mo CyTH, perHoHaIbHasT MOHOIIOJH-
3aI¥sl JAHHOH BBICOKOTEXHOJIOTHYHOMN OTPACIN HECKOIBKIMHU
UTpOKaMH, 00JIa/IAIOIMU JJOCTYIIOM K ITpnbopHoit 6aze. Ha
MHPOBOM PbIHKE CEKBEHHPOBAHHMSI CYILIECTBYET 3HAYUTEILHOE
YHCIIO0 KPYMHBIX ¥ MEITKUX UTPOKOB, TIPEJOCTABIIAIOMINX CBOU
YCIIYTH TI0 TTOJTHOTEHOMHOMY CEKBEHHPOBAHHUIO 32 BIIOJIHE
npueMiIeMyto 1eHy. M3 KpynHbIX UrPOKOB HAHOOIIBIIETO BHHU-
Mmanus 3acyxnBaioT BGI Technologies (www.bgitech.com)
n Macrogene (www.macrogenlab.com), KoTopble 3aHUMAIOT
6oiiee 50 % Bcero ppIHKa KOMMEPYECKOTO CEKBEHHPOBAHUSI.
B cBsi31 ¢ 3THM COMOCTaBIEHNE 1IEH CEKBEHUPOBAHNUS B Pa3-
JIMYHBIX OTEYECTBCHHBIX M 3apyOCKHBIX LICHTPAX, TI€ MOXKET
252
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6 7 8 9 10
......... 16,714,312'5”’110
......... 3 332862522220
......... 5 042’93715331330

MPOBOAUTHCS] KOMMEPYECKOE OIPEIeTICHHE MOCIICI0BaTEIIb-
HocTH TpaHckpuntoMoB Merogamu RNA-Seq u Ribo-Seq,
a TaK)Ke BMCHEHHBIX 3aTpaT Ha TPAHCIIOPTUPOBKY 00pa3moB
JI0 TAKHX LEHTPOB, CTAHOBHUTCS BaXKHBIM 3JIEMEHTOM ILIaHH-
POBaHHS SKCIIEPUMEHTA.

Bbi6op mexpay metogamu RNA-Seq n qRT-PCR

I'pynma Nonis ¢ koeramu (2014) npoBerna cpaBHUTEIBHbIIH
aHaJIN3 ce0eCTOMMOCTH KOJTMYECTBEHHOH OIEHKH ypOBHEH
Y Pa3IU4HOIO YUCJIAa TPAHCKPUIITOB B MPEAONPEIEIEHHOM
qucie 00pa3IoB IPHU UCIOIb30BAHUH BEICOKOTIPOU3BOANTEIb-
HOTO ceKkBeHHpoBaHM MeTooM RNA-Seq 1 kiaccnaeckoro
Meroga qRT-PCR. Bbuio nokazaHo, 4To UCHONIB30BAHHUE CO-
BPEMEHHBIX IUIAT()OPM BBICOKOIIPOU3BOANUTEIHLHOTO CEKBE-
HUPOBAHWS, NAIOIIUX PUABI ITHHON He MeHee 75—100 m. H.,
JUIsl OLICHKH ypoBHeH y Oonee uem 200-250 TpaHCKpHITTOB
MmetoroM RNA-Seq Bcerga 5KOHOMHUECKH BBITO/THEE aHAIIO-
TUYHOTO HCCIEAO0BaHMSA, BRIIOTHEHHOTO MeToioM qRT-PCR,
ecim Opars niensl 2014-2015 rr. (mogpobuee Nonis et al.,
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2014) (puc. 3). Tak xak B OHOJOTHYCCKUX OOBEKTaX MPHUCYTCTBYIOT HE COTHH,
a TBICSIYM Pa3IMYHBIX TPAHCKPHUIITOB, MccienoBanrne Nonis ¢ komteramu (2014)
MO/ITBEP/INIIO0 SKOHOMHYECKOE MPEHMYIIecTBO TpuMeHeHns Metona RNA-Seq nan
qRT-PCR 1151 KOMM4YeCTBEHHON OLIEHKH YPOBHEH TpaHCKpUNTOB. Vcronb30BaHue
metona RNA-Seq mo3BossieT mcciaeoBaTh HE TOIBKO YPOBHHU TPAHCKPHIITOB, HO
U UX TocieioBarenbHocTH. Kak ciiencTBre, NpenMynecTBO IPUMEHEHUS BBICO-
KOIPOU3BOJUTEIILHOTO CEKBEHUPOBAHUSI B (DYHKIIMOHAIBLHOW T€HOMHKE SIBIISIETCS
HEOCIIOPUMBIM.

[IpencTaBneHHbIC B HACTOSIIIEM 0030pe PEKOMEHIAIINH HE SIBIISIOTCS HCUEPITHI-
BatoiMu. OTAENBHO CIIeAyeT OTMETUTb, YTO JUIsl HY XK/ KJIMHUUECKOW FeHEeTHKN
(IeTexmyst COMaTH4eCKUX ¥ TeHEPATUBHBIX MOIMMOP(HBIX BAPUAHTOB TEHOMA) yKe
paszpaboran n100 MpooIDKaeT pa3padaTeIBaThes 1elblii Habop nmpasui (Bennett,
Farah, 2014; Gargis et al., 2015), KOTOpbIi TaK:KE MOXKET OBITh UCIIOJIb30BaH U B IKC-
MepUMEHTANIBHBIX LeJsiX. JlanbpHeilnee pa3BUTHE U yCIIEBICHNE IOTHOTEHOMHOTO
CCKBEHUPOBAHUSI TIO3BOJIAT MOBBICUTH 3((EKTUBHOCTH HCCIIEIOBAHUN B o0nacTu
¢yHkimonanpHol reHoMuku Metonamu RNA-Seq u Ribo-Seq. [1o atoii npuunne
TUTaHUPOBAHHUE SKCIIEPUMEHTA Oy/IeT HEOTHEMIIEMOH KOMITOHEHTOH, ITO3BOJIAIONICH
n30eXkKaTh MOTEPh PECYPCOB B XOJI€ BHIIOJIHEHNS HAyYHO-NCCIIE0BATEILCKON Jes-
TEJILHOCTH B YCJIOBUSIX OIOJKETHBIX M MHBIX OrPaHHYCHUI.
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OPUTMHANTbHOE UCCJTEAOBAHUE

BBezeH1Ie ONITOreHEeTUUYECKIX BEKTOPOB
B MO3T HEOHATaJIbHbIM XXIBOTHBIM

IJIsI iIccedOoBaHMsI QYHKIY HEIPOHOB
B MOC/JIeVIOlIVe IIeprnoabl OHTOreHe3a
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YnpaBneHune akTUBHOCTbIO KIIETKM CBETOM OMpefeNeHHON ANNHbI
BOJIHbI C MOMOLLbIO CBETOUYBCTBUTENbHbIX MOHHbIX KaHas10B, OMNCKHOB,
(onToreHeTuKa) Bce 60nee LWWNPOKO UCMONb3YEeTCs ANIA NCCeA0BaHNS
paboTbl 1 GyHKUUM HENPOHOB. BHeapeHWe B KNeToYHyto MeMOpaHy
OMNCVHOB C MOCNeAyOWYM NPUOBPETEHNEM KNETKOW YyBCTBUTENIbHO-
CTW K CBETY AOCTUraeTCA C MOMOLLbIO BUPYCHbIX BEKTOPOB, CO3AaHHbIX
Yalle BCEro Ha OCHOBE NIEHTVBMPYCOB MM aleHOACCOLMUPOBAHHbIX
BMpycoB (AAV) 1 HecyLMx HYKNeoTAHbIe NoCNefoBaTeNbHOCTY,
Kogupytouve 6enku GoTokaHanoB. BBefeHue B TpaHCreH-3KCnpeccn-
pytoLLyto KacceTy cneundryeckoro ana MHTepecyiowero Tuna

KNeToK MpoMOTOpa No3BosAET LiefleHanpaBiieHHO NpoayLMpoBaTbh
OMCWH TONbKO B KNeTKax-muLeHsX. Lienbto gaHHoM paboTbl ABUNUCH
KpaTKoe onrcaHne onToreHeTYeckoro NoAxXoAa, a TakxKe aHanm3
BO3MOXHOCTM €ro 1CnoJsib30BaHNA NPV BBEAEHUMN BUPYCHbIX BEKTO-
POB B MO3I HEOHATaJIbHbIX XMBOTHbIX ANA NCCNefoBaHNA GYHKL MK
HeNpOHOB in vivo B nocnegytoLme nepnoabl oHToreHesa. B faHHon
paboTe TpexgHEBHbIM KPbICATaM MoA XON0A0BbIM HAPKO30M BBOAWAN
B ronosHol mo3r ontosekTop (PAAV-CAMKIla-ChR2,,;3,4-YFP),
Kogupyowmin GoToKaHas, akTUBUPYIOLMI HENPOH, N MapKePHbIN
KenTblin priroopecUeHTHbI 6enok nog koHTponem CAMKIla npomo-
Topa, cneundUYHOro AnA rnyTaMmaTepruyecknx HelmpoHos. Muk
JKCNPeccy BHECEHHOTO reHa, Kak NpaBuno, NPUXoamnTca Ha 3—5-10
Heflenio Noc/e BBeLEHNS BEKTOPA, UYTO HabNoganoch 1 B Hallem
cnyyae. DoToCTUMYNALMA HENPOHOB runnokammna 20-AHEBHbIX
YKMBOTHBIX, KOTOPbIM Ha TPETUN AE€Hb XMN3HW BBOAWUIN ONTOBEKTOP,
noBblLIaNna pas3paAfHYI0 akTVBHOCTb 3TUX HEMPOHOB, a TakXe yBenu-
yrBana B HUX 3KCMpeccuto 6enka c-Fos, sBnsatLerocs obLenpusHaH-
HbIM MapKepOM HelpoHaJibHON akTuBaumn. B pesynstate npoBepeHunA
TaKoro nuccnefoBaHusA B 6osee No3gHne CPoKK, Yepes 60 fHel nocne
HeoHaTanbHOro BBEAEHNA reHa ONToKaHana, He 6b1110 06HapyKeHO
HW ero 3aMeTHOW 3Kcnpeccum, H1 GOoToaKTMBaLMMN HENPOHOB-
MULLeHel runnokamna. Taknum o6pa3om, HeoHaTanbHoe BBeAeH e
BVPYCHOIO BEKTOPA, HeCYyLLero reH ontokaHana, 3p$peKTMBHO npu
nccnefoBaHny GyHKLUN HEMPOHOB MO3ra B IOBEHUSIbHOM BO3pacTe
KpbIC 1 TpebyeT JOMOMHUTENBHOWN NPOBEPKM IKCMPECCUM reHa

B nocsiegytoLmne neprioabl OHTOreHesa.

KntoueBble cioBa: oNTOreHeTuKa; d)OTquBCTBI/ITeJ'IbeIe 6enku;
AKTUBHOCTb Hel‘/'IpOHOB,' afieHOoaccouMnpoBaHHbIE€ BUPYCbl; OHTOreHes;
aKcnpeccHna.

YK 577.218:575.16

MocTynuna B pegakumio 22.10.2015 .
MpuHaTa K ny6nvkaummn 27.02.2016 .
© ABTOPbI, 2016

@ e-mail: dmitriylanshakov@gmail.com

Transfer of optogenetic vectors
into the brain of neonatal
animals to study neuron
functions during subsequent
periods of development

D.A. Lanshakov!@), U.S. Drozd? T.A. Zapara3,
N.N. Dygalo!’ 2

TInstitute of Cytology and Genetics SB RAS, Novosibirsk, Russia
2 Novosibirsk State University, Novosibirsk, Russia

3 Design Technology Institute of Digital Techniques SB RAS,
Novosibirsk, Russia

Optogenetics, that is, the control of cell activity

using light-sensitive ion channels opsins with light
of a specific wavelength, is increasingly being used to
study activities and functions of neurons. Expression
of opsins in the cell membrane, followed by the
acquisition by the cell of the sensitivity to light is
achieved by means of viral vectors, often created

on the basis of lentiviral or adeno-associated (AAV)
viruses bearing the nucleotide sequence encoding
the photo-channel proteins. Inclusion of the cell-speci-
fic promoter of interest into the transgene-expression
cassette allows opsin to be produced only in the target
cells. The aim of this work was to briefly describe

the optogenetic method, as well as to analyze the
possibility to use administration of viral vectors into
the brain of neonatal animals to study the function

of neurons in vivo during subsequent periods

of development. In this analysis, 3-day-old rat pups
received intracerebroventricular injections of opto-
vector (pAAV-CAMKIla-ChR2,,,3,-YFP), coding for a
photo channel, which activates neurons, and the
yellow fluorescent marker protein under the CAMKIla
promoter specific for glutamatergic neurons under
cold anesthesia. The peak expression of the transferred
gene is usually achieved at week 3-5 after the transfer
of the vector, which is what was also observed in our
experiments. Stimulation of the hippocampal neurons
with blue light in the 20-day-old animals, to which
opto-vector was transferred at the 3rd day of life,
increased the discharge activity of these neurons.

This light stimulation increased expression of the



KAK LUTUPOBATb 3TY CTATbIO:

recognized marker of neuronal activation protein
c-Fos in these photosensitive cells too. The same
experiments with older animals, 60 days after the
neonatal opto-channel gene transfer, revealed no
noticeable expression of this channel or photo-
activation of target neurons of the hippocampus.
Thus, neonatal administration of a viral vector carrying
an opto-channel gene is suitable for the study of brain
neurons in rats of juvenile age, and requires additional
control for gene expression during subsequent periods
of development.

Key words: optogenetics; photosensitive proteins;
neuronal activity; adeno-associated viruses; ontogeny;
expression.
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porpecc B M3yYCHHUHU CIIOKHBIX (PU3UOJIOTHUCCKUX

CHCTEM W IPHU3HAKOB, 0COOCHHO TONIOBHOTO MO3Ta,

TpeOyeT HOBBIX, BCE O0JIee COBEPIICHHBIX METOIOB HC-
cienoBanusl. Jlo HelaBHEro BpeMEHH Ipy aHau3e (GyHKIHA
nenTpanpHoi HepBHOH cucteMsl (LIHC) mus monmynsamun
AKTHBHOCTH HEHPOHOB UCIIOIH30BAIH JIUIITH (DapMaKOJIOTHYC-
CKHue U 3MeKTpodusnonorniyeckue Metopl. [Ipu BeisscHeHUN
MEXaHN3MOB MYJBTUTCHHBIX W IUICHOTPOITHBIX MPHU3HAKOB
BO3HHKJIa HEOOXOTUMOCTH B 00JIee M30UPATEIHHBIX MOIX0IaxX
K MaHMIYJISALUU cocTosiHMeM paboTtaromux kiaetox ITHC.
B HacTosimiee BpeMsi MCCIIEIOBATENN PACIIONAraloT OOIMIHp-
HBIM Ha0OPOM MOJIENIEeH 1 METOIOB, TAKMX KaK TPAHCTCHHBIC
U HOKAYTHBIC JXUBOTHBLIC, 6I/IOT6XHOHOFI/I'~ICCKI/IC 1oaAXO0abl
1 HEAABHO MMOJYYHBIIHE MTUPOKOE PACTIPOCTPAHEHHUE METOBI
ONTOTCHETUKHU. B onToreneTnyeckoit o61act HEUPOOHOIIO-
THYCCKHUX I/ICCJ'le)IOBaHl/Iﬁ Ol'Iy6J'lI/IKOBaHI)I COTHH CTaTeﬁ, OXBa-
TBHIBAIOIINX IUPOKUH CIIEKTp (PYyHKINI HEHPOHOB U UX CeTeH
Y CaMbIX pa3HOOOPa3HBIX 00BEKTOB: OT HEMATOIBI, IIOAOBOU
MYIIKH ¥ aKBAPLYMHOW PBIOKH JI0 J1a00OPATOPHBIX IPHI3yHOB
n gaxe mpumatoB (Deisseroth, 2011; Diester et al., 2011;
Zhao et al., 2011; Hdpirano, 2015). CyTh ONTOreHETHYCCKUX
MOAX040B COCTOUT B YIIPABIAEMOM U3MCHCHUU MeM6paHHOFO
MOTEHIIMAJa KJIETOK ITyTeM aKTHBAIIMH CBETOM BHEIPEHHBIX
B X MEMOpaHy CBCTOYYBCTBUTEIBHBIX HOHHBIX KaHAJOB.
Takoit moaxXoa MOXXET OBITh UCIOJB30BaH IS MCCIICI0BA-
HUSl IPUYMHHO-CIICICTBEHHON CBS3M MEXIY aKTHBHOCTBIO
OTIpE/ICTICHHBIX HEHPOHOB W, HAIPUMED, MTOBEICHUEM WA
JKCIIPECCUEH UHTEPECYIOLIMX UCCiIenoBaTels reHoB. Llenbto
JTAaHHOI pabOTHI ABUIOCH PACCMOTPEHNE HanOoJIee 4acTo UC-
MOJIB3YEMBIX B HACTOSIIICE BPEMS CPEACTB PEaU3aIlii ITOTO
MOJIX0/1a, a TaKXKe aHajdu3 0COOEHHOCTEHW ero MpUMEHEHUs
TIPY BUPYCHOW JOCTABKE ONITOTEHETHYECKIX BEKTOPOB B MO3T
HEOHATAJIFHBIX JKUBOTHBIX [UIS HCCIICAOBaHUS (DyHKIIMA HEHi-
POHOB in Vivo B NOCJIEAYIOLIME ITEPUOBI OHTOTECHE3A.

CBETO‘-IyBCTBI/ITeanbIe MOHHbIe KaHallbl,
M3MeHALWME aKTUBHOCTb HEMPOHOB

O1nToreHeTNKa HCTIOJIB3YET METOABI TeHHOH WHXXEHEPUU I
BHEJIPCHHUS B KIICTOUHYIO MEMOpaHy HCCIIelyeMbIX HEHPOHOB
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0CJIKOB, OIICHHOB, CIIOCOOHBIX MEHSATH MEMOPAaHHBIN MOTCH-
IIMaJl KJIETKH B OTBET HA aKTHBAIMIO CBETOM OIPEAEIEHHOMN
JUTMHBI BOJIHBL. Cpeln ONCHMHOB BBIJICISIIOT aKTHBATOPHI,
JIeNoJIsipu3yolue MeMOpaHy, ¥ HHTHOUTOPBI, THIIEPIIO-
JSIpU3yIone ee. DT TeHETHYECKHE MWHCTPYMEHTBHI MOTYT
UCIIONIb30BaThCsl KaK IO OTACIBHOCTH, TaK M B COUCTAHUH
(Glock et al., 2015).

Hamubonee gacTo HCMOIB3YIOTCS POAONICHHEL. JTH OSNKH
HUMEIOT B CBOCH CTPYKTYpe ceMb TpPaHCMEOpaHHBIX JIOMe-
HOB, 00Opasyromux kaHayi. OHHM COINPSDKEHBI C PETHHAJIEM,
SIBIISTFOIIAMCST KO(aKTOPOM 3THX ONICHHOB. [Tormomast poToH,
pEeTHHAIb U30MEPH3YETCsI, TPOBOLIUPYS U3MEHEHNE KOH(OP-
Manuy OesKa, YTO MPUBOJUT K M3MEHEHUIO ITPOHNUI[AEMOCTH
MeMOpaHbl A1 HOHOB, HHAYIUPYSI TOK OJHOBAJIEHTHBIX
(H*, Na*, K) 1 He60IbIIOr0 KOJIMYECTBA HEKOTOPHIX JIBYX-
BasieHTHBIX (Ca2™) KaTHOHOB, BBI3BIBAIOLINX JCTIONSAPU3ALIIIO
MeMOpaHbI HelipoHa.

Kananopononcun-2 (ChR2) O6bu1 mepBeIM OakTepHab-
HBIM OEJIKOM, UCIIOJIb30BAHHBIM JJIsl U3MEHEHHSI aKTUBHO-
CTH HEWpPOHA, a UMEHHO €T0 JCTOIAPH3ALNY, a TAKKe AJIsS
ynpasienus noseneHneM Hemaroasl C. elegans (Boyden et
al., 2005). Criexrp noromenust ChR2 vaxopures mexay 350
u 530 HM, TOTIa KAK MaKCUMaJIbHas aKTUBAINS JOCTUTAETCs
MpU CTUMYJSILUKA CBETOM C JJIMHON BOJHBI OKOJIO 460 HM
(cunwuii cet). [locne TOro kak KaHas OTKPBIBAETCS, OH MOXKET
MEJUIEHHO CIIOHTaHHO 3aKpBIBATHCSI B TEMHOTE, HO €TI0 3a-
KPBITHE TaK 5K€ MOKET OBITh MHAYIINPOBAHO 3€JICHBIM CBETOM.
CKOpOoCTb TOKa HOHOB U€pe3 3TOT KaHaJ CPAaBHUTEIHHO MaJla
(1,21 mc mpm ocBemennn 20 MBt/Mm?) (Lin, 2011), mostomy
JUIS TOCTHKEHUS (DYHKIIMOHAJIBHO 3HAYMMOTO PE3yJbTara
TpeOyeTcst IPUCYTCTBHE OOJIBIIOrO KOJIMUECTBA KaHAJIOB Ha
MembOpane (Boyden et al., 2005). Ceiigac momydeHsI KaHAJIBI
¢ OopIIel CBETOYYBCTBUTEIBHOCTBIO H CKOPOCTBIO TOKA
MOHOB, HO U B HacToswiee Bpemsi ChR2 siBisiercst Hanbouiee
UCTIONb3YEMBIM B ONTOTEHETHYECKUX MCCIEJOBaHUAX. YCO-
BEPILICHCTBOBAaHNE (PYHKIMH 3TOTO KaHaIa METOIAaMH MO-
JIEKYJSIPHOM MH)KEHEPHH 32 CUET M3MEHEHHS CIIEKTPaIbHBIX
CBOICTB, TPOBOIMMOCTH HJIM KHWHETHUKH 3TOTO O€JIKa aKTUBHO
BeJIeTCs B psizie Taboparopuil. bputo nmokasaHo, HarrpuMep, 4To
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onHa ToueyHast MyTarust (H134R) B rene kaHamopooncuta-2
TIOBBIMIAET TOK HOHOB B 2—3 pasa 3a c4eT 3aMe/JICHUS TeaK-
tuBanun kaHaia (Gradinaru et al., 2007), a C128S myTanTsI
CHOCOOHBI JIEaKTUBUPOBATHCS 1O JCHCTBUEM HMITYJIbCa
3eNeHoro ceeta (542 HM), COXpaHss IPH 3TOM CIIOCOOHOCTH
AKTHBUPOBATHCSI CHHUM CBETOM. Takue CBOHCTBa MOTYT OBITH
UCIIOJIb30BaHBI 1715 00JIee TOYHOTO PEryINPYEMOT0 UMITYJIbC-
HOTO BKJIFOUCHHS MU BBIKITIOUEHHS KaHaJla M, COOTBETCTBEH-
HO, TIOBBIIICHUS MJIM CHIKEHHSI aKTHBHOCTH HelipoHa (Zhang
etal., 2010).

TopmokeHHe HEWPOHAIEHOW aKTHUBHOCTH BIIEPBBIE OBIIIO
JIOCTUTHYTO ¢ moMoIrsio ramopogoncuaa (NpHR), Haiinen-
HOTO B apxesix Natronomonas pharaonis (Zhang et al., 2007).
NpHR sBnsieTcs HacocoM, aKTUBUPYEMBIM JKEITHIM CBETOM
¢ koM Bo30yxaenust 590 uM. OH UHAYLHMPYET TOK HOHOB
XJIOpa B KJIETKY, THIIEPIIOJSIpU3yst ee MeMOpaHy. B omiinuue
OT KaHAJIOPOAOTICHHA, KOTOPBII SIBISIETCSI KAHAJIOM H B OT-
KPBITOM COCTOSIHIH CITIOCOOEH ITPOITyCKaTh MHOXXECTBO HOHOB,
raJopOJOICHH — HACOC, KOTOPBIH CIIOCOOEH TPaHCIIOPTHPO-
BaTh TOJIKO OZIMH MOH 3a OJUH LHKI. B cBs3u ¢ atum NpHR
MMEEeT HU3KYIO CKOPOCTb paboTh! M Hyknaercs, kak 1 ChR2,
B BBICOKOM YPOBHE KCIIPECCHH JUIS OCYIIECTBICHUS (PU3HO-
Jormygeckoro 3 ¢exra.

B nacrosimee BpeMmst /ISl TOPMOXKEHHSI aKTHUBHOCTH HEH-
POHOB IIYTE€M THIEPIOIAPHU3ANUU TAKKE MCIOJIb3YHOTCS
MIPOTOHHEIE HacoCHl Arch m Mac, KOTOpbIe BRIKa9UBaIOT TIPO-
ToHbI 13 kieTku. Archaerhodopsin-3 (Arch) 611 0OHapy)eH
B apxesix Halorubrum sodomense (Husson et al., 2012). Otot
HAcOC aKTUBUPYETCS JKEJITO-3EJIEHBIM CBETOM M BBI3BIBACT
CaMyl0 MOIIHYIO IO CPaBHECHUIO C APYTMMH OeIKaMH TH-
MEePIOJISIPU3ALMIO IPU OCBELICHUH CBETOM C JUIMHOM BOJIHBI
566 aM. Mac, HalineHHbIN B rpube Leptosphaeria maculans,
AKTHBUPYETCSI CHHE-3eJIeHBIM cBeToM (550 HM). B 1ienom stu
Oenku uMeroT 0osiee BBICOKYIO CKOPOCTh TPaHCIIOPTUPOBKH
nonos, yeM NpHR. Kpome Toro, ciekTpbl akTuBaluu 3TUX
0€JIKOB ITO3BOJISIOT HCIOJIB30BaTh nX coBMecTHO ¢ ChR2 npu
MYJIBTUMOJIJIBHBIX CTPATETHSIX OCBELICHUSL.

TpaHCreHHble >KNBOTHbIE
B onToreHeTu4eCKNX nccsieqoBaHmAx
Wzydenne HyHKINU HHTEPECYIONTIX HCCIEN0BATENs Helpo-
HOB BO3MOKHO TPH NX aKTHBALIUH CBETOM, €CJIH 3TH HEHPOHBI
nuMeroT B coeit MemOpane ChR2. J{ist aToro coznarorcs TpaHe-
reaHble ChR2 XUBOTHBIE, Y KOTOPBIX OTICHH YKCIIPECCHPYETCS
B OIIPE/ICIICHHOM THIIE KJIETOK, 4TO 00eCIeYnBacT Crieiupuy-
HBIU JJIS1 3TUX KJIETOK IPOMOTOP. Takue IMHUU KPbIC U MBILLEI
MOTYT OBITH HCTIONIB30BAHBI JUTS N3YUIEHUSI (PyHKIIMOHATIBHBIX
CBsI3eH B CIIOXKHBIX M €II¢ HE N3BECTHBIX HEHPOHHBIX LETIAX
B €CTCCTBCHHLBIX YCJIOBUAX C BBICOKUM IMPOCTPAHCTBCHHBIM
Y BPEMEHHBIM Pa3pEIIeHNEM. YKE CO3JaHO OOJIBIIOE YHCIIO
TaKuX JUHAN. JKUBOTHBIE A TUX JIMHUN HE NUMEIOT KaKUX-TH00
3aMETHBIX [MOBEACHYECKUX WM PENPOAYKTUBHBIX 1e()EeKTOB
(Arenkiel et al., 2007; Wang et al., 2007).

Jlist ananm3a CIOXKHBIX (POPM TOBEICHHS XKUBOTHBIX
C IIOMOIIIBIO ONTOreHETUYECKOM CTUMYJISIIUU NIPUMCHAIOT
KOHTPOJIUPYEMYTO IKCTIPECCHIO (POTOAKTHUBUPYEMBIX OCITKOB,
KOTOpast MO0 3aIycKaeTcst, TM0O0 MpeKpalaeTcsi B OTBET Ha
omnpeneneHHbId Tpurrep. Takue CUCTeMbl 00SCIICYMBAOT H3-
MEHEHHE COJICP>KaHMs ONICHHOB B KOHTPACTHBIX CHUTYaIHAX
MOBE/ICHYECKOTO TecTa. JIJIs 3THX 1eell 9acTo NCIOIb3YIOT
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terpaiukianHoBbie Tet-off u Tet-on cucremsr. Tet-off cucrema,
HarpuMmep, OblIa YCIENIHO UCIIOIb30BaHA B IKCIIEPUMEHTE,
HAIICJICHHOM Ha BBISIBIICHHE KJICTOK, KOHTPOJIMPYIOINX Peak-
LIUIO cTpaxa y Mblllel. TpaHCT€HHBIM MBIIIAM, 9KCIIPECCUPY-
TOIIAM TETPALNKIMHOBHIN akTuBarop tTA mox mpomMoTropoM
TeHa paHHEro oTBeTa c-fos, FKCIpeccHst KOTOPOTO SIBIISIETCS
MapKCpOM aKTHBalUH HeﬁpOHOB, B T'UIIIIOKaMII BBOJUJIU
BHPYCHYIO KOHCTPYKITHIO, B KoTopoit ChR2 Haxomwmiics mon
MPOMOTOPOM, COJCPXKAIUM TETPALUKIMH-OTBEYAIOITNI
aneMeHT (TRE). JKuBoTHBIM ¢ nuIel gaBaiv JOKCUIIUKIUH
(cuHTETHYEeCKUH aHAJIOT TETPALMKINHA), KOTOPBIN CBSI3bI-
Baercst ¢ tTA, 4TO MPEnsTCTBYET BKIIOUCHUIO HKCIIPECCHH
ChR2. Kak TOJBKO JOKCHIUKIMH NpEeKpalmaer nocrynarh
C TIMIIEH, CTAHOBUTCSA BO3MOXKHOM skcnipeccust ChR2, Ho oHa
MPOUCXONT TOJIBKO B AKTHBHPOBAHHBIX HEHPOHAX, Y KOTOPBIX
3allylIcH MEXaHN3M, YYHaCTHUKOM U IOKA3aTcJICM aKTUBHOCTHU
KoTOporo siBisieTcst O6enok c-Fos. B aTux ompiTax He3aq0ro
JIO TIOMEUICHHUS B CTPECCOBYIO CHUTYAIHIO, BBI3BIBAIOILYIO
Yy MbILIEH peaKIlUIo CTpaxa, UM MPEeKpaLain JaBaTh JJOKCULIH-
KJIMH, a y’K€ B yTPOXKAIOIIEH CUTyaIlny CHOBA 1aBaJIM JAHHBIH
npernapar. OTUM 00eCIeUNBaIIN AKCIPECCHIO KAHATIOPOJIOTICH-
Ha-2 TOJIBKO B TEX HECKOJIIbKUX «HEHPOHAX CTpaxay, KOTOpbIe
ObUTH aKTHBHBI B CUTyalnnu cTpecca. OHaKAbI 3aIyICHHAs
skcripeccust ChR2 B 3TuX «HEWpoHax cTpaxa» J0CTaTOUYHO
YCTOWYHMBA, YTO [TO3BOJIMIIO U30MPATEIbHO aKTUBUPOBATh X
cBeToM. ONTOreHETHYECKOH CTUMYIISIIIUN 3TUX HECKOIBKHUX
HEWPOHOB B YCIIOBHSIX, B KOTOPBIX )XMBOTHOE OOBIYHO HE TIPO-
SIBJISIET PEAKLIUIO CTpaxa, ObUIO JOCTATOUHO, YTOOBI BHI3BATh
PEaKIHIO CTpaxa B CIIOKOWHOM, HEYyTrpoXKaromiei 00CTaHOBKE
(Liu et al., 2012).

OnHO¥ U3 MPOOJIEM ONTOICHETHKH SIBJISICTCS MOJYyUYCHHE
crabunpHOM sKkenpeccrn ChR2 mox cirabbIM HiTH e KeCTKO
PEryIupyeMbIM TPOMOTOPOM. JJJIst TOBBIIIEHUS SKCIIPECCUH
(oToKaHaNa €ro CTaBAT MOJ KOHTPOJIb CHIBHOTO KOHCTH-
TYTHBHOTO TIpomMoTopa (Hampumep, EF1-a), Haxomsmerocs
B 00paTHOI OpHEHTALNH K IIPOMOTOPY OIIcHHA U (hIIaHKHPO-
BaHHOTO JBYMsI loxp caiiTaMu, OOBIYHBIM ¥ MYTHPOBAHHBIM
(EF10-DIO-rano/omncun). [Tocne BoccTaHOBICHUS HOP-
ManbHOl opueHTanuu Cre-pekoMOMHa301 MOCIIea0BaTelb-
HOCTh, Koaupytomas MPHK oncuna wim ranopojorncuna,
pa3BOpauMBaETCsA, YTO O00ECIEeYNBAET BBICOKHH YPOBEHB
JKcTIpeccny GoTokaHana. HYacTo MCIOIb3YIOTCS KOHCTPYK-
I[UH, B KOTOPBIX MOCJE CHJIBHOI'O NMPOMOTOPA HAXOJUTCS
stop-kaccera, (¢mankupoBanHas loxp caititamu (EFla-lox-
STOP-lox-rano/orncun).

YTo0bl TOOUTHCS CHIIBHOW CHEHU(UUHON IKCIPECCHH
OTICHHOB B HEHPOHAX TEX TUIIOB, KOTOPHIC MPEICTABISIIOT
MHTEpEC, JIN00 B KIIETKAX, SKCIIPECCUPYIOLINX HCCIIETyeMBbII
T'€H, HCTIOJIb3YI0T TPAHCTEHHBIX JKUBOTHBIX, y KOTOpPBIX Cre-
pPEKOMOMHA3a SKCIPECCUPYETCS] TOJIBKO O] IPOMOTOPOM,
padOTarONIMM HCKITIOYUTEIBHO B HEOOXOIMMOM THIIE KIIETOK
7100 1MOJI MPOMOTOPOM HCCIIEyeMOro reHa. [IpumMeHstoT kak
BBeneHue Bupycos (EF1a-DIO-ramo/oncun) sTum TpaHc-
TeHHBIM JKUBOTHBIM, dKcrpeccupyromum Cre-pekoMOnHa3y,
TaK U CKpELIMBaHUE MBILLIEH JBYX TPAaHCTEHHBIX TUHUN. [Ipn
BBEJICHUH BUpYca B MO3T Cre-3KCIpeccupyomuX TPaHCTEHOB
TeH orcuHa ¢ cuibHbIM EF 1-0 mpomMoTopom momazaer Bo Bce
KJIETKU B 30HE UHBEKLIMU BUPYCHOM KOHCTPYKLUY, HO JIUIIb
B TEX KIETKax, rine umeercst Cre, MpOM30iIeT yBeIUdeHUE
ypoBHs 3kcnipeccuu toro rera (Gompf et al., 2015).

MocTreHOMHbIe noaxoabl ¢M3MOHOFM‘I9CKOVI reHeTuKun
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AHanu3 akTMBHOCTW HEMPOHOB MOC/e BBeAeHNsA
OMNTOreHeTUYeCKNX BEKTOPOB B HEOHATasIbHbIi MO3T

Hapsiy ¢ TpaHCT€HHBIMH JIMHUSIMH MBIIISH HCTIONB3YeTCs
BUPYCHasl IOCTABKA F€HOB ONICUHOB B KJIETKHA HHTEPECYFOIIHUX
HccieqoBarelis 00JacTeil ToJIOBHOIO MO3Ta.

BupycHbie BEKTOPbI fOCTaBKN ONCUHOB B MO3T
Jlmst aKcripeccuu B KIETKaX HCCIEAYyEMBIX OTICIOB MO3Ta
AKTHBHPYEMBIX CBETOM KaHAJIOB UX YaCTO TOCTABIIIIOT K 3TUM
KJIETKaM B COCTaBE JICHTH- MJIHM a/IeHOaCCOIIMMPOBAHHBIX
(AAV) BupycoB. OTH BEKTOPHI 00€CIIEYNBAIOT YCTOHUUBYIO
9KCIIPECCHUIO JIOCTABIIEMOT0 TeHA B PA3TMIHBIX TUTIAX KIIETOK
IIPU MUHUMAJIBHOM OTBETE MMMYHHOIl CHCTEMBI.
Crnenmupudeckuii KIETOUYHBI MTPOMOTOP CIIOCOOEH 00e-
CIICYHTH CENEKTUBHYTO SKCIIPECCHIO OTICHHA B HYKHBIX THIIAX
HEHpOHOB, a TaK)Ke OT/Jeslax I'OJOBHOrO Mo3ra. BupycHbie
BEKTOPHI Ha OCHOBE JICHTH- U AAV BHPYCOB MOTYT OBITh
WCTIONB30BAHBI Ha OpPTaHU3MaXx, JJIs KOTOPHIX ITOJHOCTHIO
HEJOCTYMHBI JTM00 UMEETCs JIMIIb OIPAaHUYEHHOE YHCIIO
TPAHCTEHHBIX MOJIENIeH, HampuMep Ha IpuMaTtax. BupycHsie
KOHCTPYKITHH CTI0COOHBI PEOIONICBATH HU3KYIO TPAHCKPHII-
[IMOHHYIO aKTUBHOCTh HEKOTOPBIX CHEH(DUYHBIX TPOMOTOPOB
ITyTeM BCTPaMBaHMI MHOKECTBA Komnii reHa. [Ipu noctatouHo
BBICOKOM THTPE BBEIICHHOTO BHPYCa BEICOKUH YPOBEHB IKC-
MIPECCUU ONICHHA B HEHPOHAX JOCTUraeTcs uepes 2—3 Heaenu
U MOXET HaOII0aThCAd B TEUCHHE HECKOIBKHUX MECSIICB.
(Dittgen et al., 2004; Zhang et al., 2010; Kim et al., 2013).
JlaHHBIN MOIXO0/ B COYETAHMU C TIOCIEAHUMHU JOCTHIKE-
HUSMH B (hoTonmTorpaduy MO3BOJSAET IMEPEHTH Ha HOBBIN
YpOBCHb B W3yUeHUH (QYHKIHIA HEHPOHOB in vivo. Kommep-
yeckue kommanuu (Neuronexus, Neuralynx, Omnetics, Atlas
Neuroengineering, IMTEK, Multichannel system, Intan
Blackrock) mpemararot pa3mnaHble MHOTOKaHATBHEIC TTOITY-
MIPOBOTHUKOBBIE (C MUKPOYCHIIUTENIEM JUTsl KQKIOTO KaHaja
Ha IJ1aTe) ONTOTPOABI (OMTOBOJIOKHO + 3JIEKTPON), TIPH TI0-
MOIIIA KOTOPBIX BO3MOYKHBI OJHOBPEMEHHBIC CTUMYIISIIUS
CBETOM M 3aITUCh JIOKAJIBbHBIX OTEHIMAI0B KieTok (Davis et
al., 2008; Tan et al., 2008). IT1OTHOCTH IEYaTH MHUKPOILIAT
TIO3BOJISICT BECTH 3aITUCH JI0 256 KaHAIIOB, PETHCTPUPYS MTOITY-
JSIMOHHBIE CITAKU MaJIOTo KonndecTBa HelpoHoB (Buzsaki
et al., 2015). IIporpecc B TEXHUYECKUX HAayKax 0OECIICUHIT
CO3/IaHIEe MHUKPO-ONITOBOJIOKHA, YMATHPYIOIIETO CBET C Pa3-
HOH JUIMHOM BOJHBI B pa3HbIX TOYKAX IJISI OJJHOBPEMEHHOM
CTUMYJISIIINH ¥ HHTHOMPOBAHUS HEHPOHOB, PACTIONIOKEHHBIX
B 30HaX IMHUCCHUH BO30YKTAIOIIETO U TOPMO3HOTO CBETA, UTO
MO3BOJISIET MYJIETUMO/IAIEHO MaHHITYJIMPOBATh Pa3InYHBIMH
nomyssiusivu HelipoHoB (Pisanello et al., 2014). Mimeromuecs
OTITOTPOIBI I MUKPOCXEMBI JIOCTAaTOYHO MUHHATIOPHEL [locite
BKUBIICHHSI B MO3T' OHM MOTYT OBITh 3aKPEIUICHbI Ha TOJIOBE
U CIIy’KUTH TIPU JONTOBPEMEHHBIX XPOHHYECKUX OMBITaX Ha
JKUBOTHBIX, YTO OTKPBUIO ITyTh MPUMCHEHUSI ONTOTCHETHKH
JUTSL KICCIICIOBAHMSI JICTIPECCUBHO-I0JJ00HOTO MTOBE/ICHUS,
TPEBOKHOCTH, arPECCHU, TAMSITH, CTpeCcca U APYTUX QpyHKIUH
OpraHu3Ma.

l'eH c-fos B onToreHeTNYeCKNX ncanengoBaHmMAxX

AXTHBAIINIO HEHPOHOB B MO3T€ MOKHO BBISIBUTH HE TOJIBKO
[0 9aCTOTE M aMIUTUTYJE MX JJIEKTPUUECKUX Pa3ps/IOB, HO
M TI0 BCIUTECKY 9KCITPECCHUH TEHOB PAHHETO OTBETA, TAKMX KaK
c-fos W arc. DTO yCTAHOBIICHO MHOTUMH HCCIICIOBATEIISIMH
METOJIaMU [N situ TUOPUIU3U3AIUN U UMMYHOTUCTOXMMHUH
(Lanshakov et al., 2016). [ToBbImeHHE SKCIPECCUU C-fOS
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MOXET HaOIIOAaThCs Y)Ke 4epe3 5 MHH I0Clie aKTHBAaLUU
HelpoHa, II03TOMY TPAHCTeHBI M TeHETHYECKHE KOHCTPYKTHI
Ha OCHOBE MPOMOTOpPA C-fOs 4aCTO HCIOJIB3YOTCS B ONTO-
T'CHCTHUKE. AKTI/IBl/IpOBaHHble KIJIICTKHW U LCJIbIC HeﬁpOHHbIe
CETH MOYKHO MapKHUPOBATh U BBISBIATH 10 SKCIPECCHH C-f0S,
UCIIONb3Ysl TPAHCTCHHBIX MBIIICH C pemopTepHBIM (IIF00-
PECLIEHTHBIM OE€JIKOM MOJ €ro MpoMoTopoM. MapkupoBarh
aKTUBHBIC HEHpoHBI mo3BosieT U moaxon TRAP (Targeted
Recombination in Active Populations), Bkitowaromuii asa
komroHeHTa: TpancreH ¢ ERTCre-pekoMOnHa30# o1 IpOMO-
TOPOM C-f0s ¥l TPaHCTEH (MU BUPYC), KOTOPBIH SKCTIPECCHUPYET
penopTepHsIit QIIF0OpeCLEHTHBIN OeTOK peKOMOHHA303aBHCH-
MbIM 00pazom. B orcyrcrBue Tamokcudena Cre-pekomOrHasza
OCTaeTcsl B MUTOIUIA3ME HEaKTHBHOH, peKOMOMHAIMS HE
HNPOUCXOAUT U OENOK He 3Kcmpeccupyercs. BaxkHo, 4To
HEaKTUBHbBIE KJIETKH He dKchpeccupyroT Cre-pekomMOuHazy
U B HAX HE IPOUCXOANT PEKOMOWHALIMH a’Ke B IPUCYTCTBUH
TaMOKcH(peHa. DTOT MOAXO OTIHYAETCs O0Iee BBICOKHM Bpe-
MEHHBIM pa3perienneM o cpaBuenuto ¢ TET-off cucremolit,
TaK KakK DKCIPECCHS C-fos MPOUCXOIUT TOJIBKO B TCYCHHUE
KOPOTKOTO BPEMEHH MOCIIC AKTUBALIK HEHPOHA M aKTUBHOCTb
TaMOKCH(EeHa OrpaHHYeHa er0 METadOIM3MOM 1 IKCKpELIUEH.
B pesynpraTe momedaroTcsi TOIBKO T€ HEMPOHBI, KOTOPBIE
OBUTH aKTUBHBI B TEUCHHE HEMPOJOIKHTEIBHOTO OTpe3Ka
Bpemenu. (Guenthner et al., 2013). OrmeruM, 4TO BCe ONMCaH-
HBIE cuCTeMBl, ucrionb3ytomue Cre- n ERTCre-pekoMOnHaREL,
MOTYT OBITH COBMELICHBI C COBPEMCHHBIMH PEIOPTEPaMH,
TaKUMHM Kak (uroopecueHTHbIe Oenku, Hanpumep brainbow,
a TaK)Ke TCHETHYECKH KOIUPYEMBIMH (DOTOCEHCOPaMHU HOHOB
KaJIbLIMS WK [ITyTamara.

OTBeTbl Ha (I)OTOCTI/IMynFlLI,VIIO KJeTOK,
3KCNpeccupyloLwWwmx KaHaIopoAONCUH
KaHnanoponorncunel criocoOHbl OCYLIECTBISATh TPAHCMEM-
OpaHHBI TOK MOHOB TIOA BIUSHUEM (POTOHOB OTIPE/ICIICH-
HOM JUTMHBI BOJIHBI B KJIETKAX JIFOOBIX THITOB. DTO CBOHCTBO
(hoTOKaHAJIOB PUBIIEKAET K HUM BHUMaHUE JIaKe B KA4€CTBE
MOTEHIMATbHBIX PETYISITOPOB CEPICUHOM JEATENLHOCTH IPH
JKCTIpeccuy B Kapanomuonurtax (Ambrosi et al., 2015).

Dkcrpeccus UCIONIB30BaHHOIO B Halled pabore kaHa-
nopopnoricuaa H134 in vitro B coctaBe tuta3Muasl pAAV-
CAMKIIa-ChR2, ,,-YFP B knerkax munnn HEK293 5m6-
PHOHAJILHOW MOYKH YesIOBeKa, TpaHC(HEIMPOBAHHBIX TOMN
MIa3MHUA0H TPHU MOMOIIHM JIMNo(eKTaMuHa, puiaBana
JITAaHHBIM KJIETKAM 4yBCTBHTEJIBHOCTH K CBETY. B 3THX OmBI-
Tax 4yepe3 CyTKH Mocie TPaHC(EKUUH KIETKH, SKCIPECCH-
pytoutue orncuH H134, ocsemanu cuanM cBetoM (480 HM
~1,2 MBT/MM?) 1 U3MEpPSUTH TPAHCMEMOPAHHBIN TOK METOZIOM
nary-kinamn (Zapara et al., 1989). IIpu ocBemennn kietok
HaOJTIoaNy ACTOIAPH3ALIUIO IX MEMOpaH, 9TO TOATBEPIKIacT
(hoToaKTHBHOCTH 3TOTO OncuHa (puc. 1).

Jlst SKCIEpUMEHTOB in Vivo BUPYCHBIE BEKTOPBHI OBLIH
coOpaHbl, OYHUIIEHB U CKOHIICHTPHPOBAHBI B JTAOOpaTOpun
¢ynkmonansHoi Heliporenomuku MIul” CO PAH Ha oc-
HOBe Tua3mMuJ, co3nanueix rpynnoii K. Deisseroth (CILIA).
Yactunsl AAV BHPYCOB CMENIAaHHBIX MEPBOTO M BTOPOTO
CEpOTHUIIOB IOIYYaJIN, KaK 3T0 MpuHATO, myTeM PEI Tpancdexk-
1 HEK293 kieTok cMechio mta3Mu/ 171t COOPKU BUPYCOB
pDP1, pDP2 u nnasmunoit pAAV-CAMKIIa-ChR2, ,,-YFP,
Hecyllel Mocie10BaTeIbHOCTh KaHanopoaoncuna-2 H134.



Analysis of neuronal activity with application
of optogenetic vectors into the neonatal brain

BupycHble yacTHIIbI BBIJIEISIIM Ha renapuH-cedapo3HbIX
KOJIOHKaX ¥ KOHIIEHTPUPOBAJIU IPH MTOMOIIH IIEHTPH(YKHBIX
koutentTparopos Millipore (CIIA) no tutpa 10'!. B stux
BEKTOPAxX 3KCIIPECCUs] KaHAJIOPOAOIICHHA KOHTPOJIUPYETCS
npomotopomM CAMKIIa, akTHBHBIM TOJNBKO B TITyTamarep-
THYECKUX HelpoHax. B kauecTBe KOHTPOIS MCIOIb30BAN
BekTop AAV-CAMKIIa-EGFP, umeromuii Te ke KOMITIOHEHTHI,
49TO U (DOTOBEKTOP, 32 NCKIIOUCHHEM (POTOKaHAIIA.

BHenpenne reHeTHIECKIX KOHCTPYKIMI B MO3T B3POCIIBIX
IPBI3YHOB CBSI3aHO C HEOOXOIMMOCTBIO IIPOBEICHUS CIIOKHOM
oriepanuy, BKITtodaromnen Tpenanaruro yepena (Shishkina et
al., 2001). BBomuts npenapars! B TOJIOBHOH MO3T HOBOPOJXK-
JACHHBIX WJIW HCOHATAJIbHBIX JKUBOTHBIX CYIIIECTBECHHO JICTYC,
MOCKOJIBKY UX KOJKHbIE TOKPOBBI IIPO3PAYHBI, @ KOCTH Yeperna
eme He c(hOpMHUPOBAHBI, KaK ATO yKe ObIIO MOKa3aHO HaMH
panee (Shishkina et al., 2004; Dygalo et al., 2008). [TosTomy
UCTIOJIb30BAaHNE HEOHATAJIbHBIX KMBOTHBIX AJISI MHBEKIUH
UM B TOJIOBHOI MO3T' BEKTOPOB, SKCIIPECCUPYIOMINX KaHAJIO-
POJIOTICUHBI, JUISi TIOCJIEAYIOIIEro UCCIEIOBAHUS B3POCIBIX
JKHUBOTHBIX MIPEJICTABIIACT OCOOBIH HHTEPEC.

Jl1st OeHKM TPUMEHMMOCTH TAKOTO TTOJIX0/1a C HCIIOJIB30-
BaHHMEM BEKTOpa, B KOTOPOM JKCIPECCHUs KaHAJIOPOJOIICHHA
kouTponupyercs mpomoropom CAMKIIa, akTHBHBIM B [Ty Ta-
MaTepruieckux HeHpoHax, TPEXTHEBHBIM KPBICATAM I10]] XO-
JIOIOBBIM HApKO30M B OOKOBBIE HKEITY0YKH TOJIOBHOTO MO3Tra
6bU10 BBENICHO Spl BUPYCHBIX YacTHI], KOAUPYIOMINX KaHA
n (irroopeceHTHBIN MapKep, WM KOHTPOJIbHBIC BUPYCHBIE
YaCTHIIbI, HECYIIIUE JIUIIIb 3EICHBIN (MITF0OPECIICHTHBIN OEIIOK.

Uepes 3 u 9 Hen OBUT MPOBEACH aHAIN3 ANEKTPUUICCKOM
AKTUBHOCTH KJIETOK MO3ra npu (oTocTHUMYIsiuu. Jis
ATOTO YKUBOTHBIX HAPKOTU3UPOBAIN YPETAHOM M MOMEIIAIIH
B cTepeoTakcuc. Yepes HEOOIBIIOE OTBEPCTHE B YEPETIE, pac-
MOJIOKEHHOE Ha/l THIIokaMmoM, B ero CA 1 o0macTh BBOIMITH
16-kananpHbIil onTorpoa Al x16-5mm-100-177-OA16LP
¢upmer Neuronexus (CILA), mo3Bonsiomuii 0CyIIecTBIATh
ONTHYECKYIO CTUMYJISIIAIO TKAHU B 00JACTH PACIIOIOKECHUS
OKOHYaHUS OINTOTPOJA U PETHCTPUPOBATH AJIEKTPUUECKYIO
AKTHBHOCTH KJIETOK 3TOTO Y4acTKa MO3ra. 3aIHCh OIS~
OHHBIX CITaIfKOB BEJIH C ITOMOIIIBIO TprOopa SmartBox komra-
mun Neuronexus (CLIA). Ctumysnsiiuio ceetom 1,2 MBT/MM?
mpoBOAMIN TpH momoniu ¢oronuona ¢upmsel Thorlabs
(CHIA), maromero CHHHM CBET ¢ JUTHHOM BOITHBI 480 HM. DKC-
NepruMeHT HaunHaiM 10-MUHYTHOM peructpanueil GoHOBOI
pa3psAIHON aKTHBHOCTH HEHPOHOB 6€3 (hOTOCTUMYIISAINH.
IMocnenyronme 10 MUH 37EKTPHUECKYIO aKTUBHOCTH THX
HEMPOHOB PErHMCTPUPOBAIIH TIPH TOJIAY€ YEPe3 ONTOBOJIIOKHO
cunero csera (480 um ~ 1,2 MBt/MM?2), BXozdIIEe B COCTAB
ornrtorpona (puc. 2). Uepes 3 Hep 1mociie BBEICHUS BUPYCa, KaK
OTYETIIMBO BUJHO HA O9TOM PUCYHKE, I[IPHU CTUMYJIALIUU MO3ra
CBETOM ITPOUCXOJUT YBEIMUCHHE AIEKTPHUECKON aKTHBHOCTH
KJIETOK THITIIOKaMITa. AKTUBAIHS THIITOKaMITa HEOHATATBHBIX
JKUBOTHBIX CBCTOM IOATBCPIKIAIACh U KOJIUYCCTBECHHBIM
AQHAJIN30M Pa3pSAHON aKTHBHOCTH €ro HEHpOHOB (pHc. 2, 6).

[Mocrne 3aBeprIeHNst ONTO-3NIEKTPOPHU3NOIOTHIECKOH YacTh
AKCIIEPUMEHTa CTUMYJIMPYIOLee JHCTBUE CHHETO CBETa Ha
KJIETKH JOTIOTHUTEIHFHO OBLIO OMpPENEeTIeHO M0 OOIenpH-
HSATOMY KPHUTEPHUIO aKTHBAIMM HEHPOHOB — IOBBIIICHUIO
aKcIIpeccun Oenka panHero orsera c-Fos. [lyist aToro Hapko-
THU3UPOBAHHBIX KUBOTHBIX TPAHCKAPAUAIBHO MEP(y3UPOBAITH
1 xPBS u 4 %-m napadopmansaernnom (PFA). M3Bnekanu
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Puc. 1. MameHeHmne TokoB B KoHurypaumm whole cell patch-clamp,
pervcTprpyembix B MeMbpaHe TpaHchopmMrpoBaHHoi kKneTkn HEK293,
3KCNpeccmpyollen KaHanopogoncuH-2 H134 npu gencrsun ceeta

C ANNHOW BonHbI 470 HM (1) 1 B KOHTpone (2).

mo3r, noctukcuposiu 4 4 B 4 %-m PFA u nenanu 300 pm
cpe3sl Ha BHOpaTomMe. IMMYHOTHCTOXUMHIO OETIKOB ITPOBO-
JTAITA COTTIaCHO o0menprHATHIM MeTomkaM (Lanshakov et al.,
2016). UMMyHOTrHCTOXMMHYECKHI aHAITH3 [T0Ka3aJl, 4To GoTo-
CTUMYJISIINSL PA3PSAHON aKTUBHOCTH HEHPOHOB BBI3BIBACT
YBEJIMUYCHHUE IKCIpeccHu Oelka paHHero oTBeTa c-Fos B Tex ske
KJIETKaX, KOTOpPbIE SKCIIPECCUPYIOT KaHanoponorncud H134.
B ornnume OT IOBEHMJIBHBIX KXUBOTHBIX, B TOJIOBHOM
MO3T€ B3pOCIbIX 9-HEAETBHBIX KPBIC IPAKTHIYECKU HE OBLIO
HalIeHO KJIETOK, IKCIIPECCUPYIOIIMX pernopTep. B cormacun
C 9THM Y B3POCIBIX )KUBOTHBIX OTCYTCTBOBAJ TAK)KE U OTBET
CO CTOPOHBI Pa3psIHON aKTUBHOCTH HEHPOHOB TOJOBHOTO
MO3ra Mpy CTUMYJISILIMK CHHUM CBETOM Kak i1 Vivo, TaK ¥ Ha
Cpe3ax TUIMIIOKAaMIIA in Vitro. B O0IBITMHCTBE KCIIEPUMEHTOB
C BUPYCHOH JI0CTABKOH OTICHHOB B MO3I" B3POCJIBIX )KHBOTHBIX
CTUMYJISIIHEO TTpoBosT yepe3 20—30 nu (Stuber et al., 2011;
Warden et al., 2012). B HEKOTOPBIX MUCCIEIOBAHUAX KOH-
ctpyktsl ¢ CAMKIIa mpomoTopoM obecrieunBaiu B TeUCHUE
89 HeJ 3KCIIPEeCCUI0 BHYTPUKIICTOYHBIX OCIIKOB, KOTOPBIC HE
SKCIIOHUPOBAHKI Ha TOBepxHOCTH KieTok (Hioki et al., 2007;
Watakabe et al., 2015). SIBHOE CHMKEHIE KOTHUYESCTBA KICTOK,
skcnpeccupyonmx H134 y KUBOTHBIX 9-HEAEIBHOTO BO3-
pacra, MOXKET 0OBSCHITHCS psiaoM npuduH. [Ipexse Bcero,
CITyCTsl HECKOJIBKO HEJIeITb TTOCIIE JIOCTABKU BEKTOPA B KIIETKY
00HapYKUBAIOTCSI METHIIMPOBAHUE U MHAKTHUBAIIMS €r0 IPO-
MOTOPA, YTO CYIIECTBEHHO CHIKAET SKCIIPECCHIO PETYIHPY-
emoro uM rena (Watakabe et al., 2015). C npyroii ctopoHsl,
KaHaJIOPOJOIICHH — YYXKEPOJHbII OEJIOK, BCTPauBaIOLIMUCS
B MeMOpaHy HEHPOHOB M SKCITOHUPYIOMIUNCS Ha UX TTOBEPX-
HOCTH, YTO CIIOCOOHO WHJYIIMPOBATh Pa3BUTHE PEaKIUU
MUKPOIVIMU M JIMMUHALIMIO 3TUX KIETOK. Jlaske sxcripeccust
BHYTPHUKJIETOYHOTO YYXKEPOTHOTO Oenka, o0ecriedeHHas ero
JIOCTaBKOH B KJICTKH Mo3ra AAV?2 BUPYCOM, CIIOCOOHA, XOTS
B MEHbIIIEH cTeneHy, yeM foctaBka AAV9 Bupycom, HHIYIH-
POBaTh NMUMHUHALNIO KIETOK, SKCIIPECCUPYIOIMINX ITOT OEJI0K
(Samaranch et al., 2014). O0a mpeaTOKECHHBIX MEXaHU3Ma
cHmxeHus skcnpeccun H134 y KUBOTHBIX 9-HeneabHOro
BO3pacTa MPEACTABISIOTCS BIIOJIHE PEabHBIMHU, MTOCKOIBKY
yOeMTebHO MOKa3aHbl Ha TeHETHYECKUX KOHCTPYKIIMSIX, IT0-
JOOHBIX Hamel. Takum 00pa3oM, HECMOTPsI Ha TEXHOJIOTHY-
HOCTbH BBE/ICHHSI B TOJIOBHOM MO3T" HEOHATAJIbHBIM KMBOTHBIM
BEKTOPa, SKCIIPECCUPYIONIETO (POTOUYBCTBUTEIBHBIN KaHaJ,
MocTreHOMHbIe noaxoabl ¢M3MOHOFM‘I€CKOVI reHeTuKun
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AHanu3 akTMBHOCTW HEMPOHOB MOC/e BBeAeHNsA
OMNTOreHeTUYeCKNX BEKTOPOB B HEOHATasIbHbIi MO3T
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Puc. 2. dneKkTpryeckan akTBHOCTb HENPOHOB MMMMOKaMMa IOBEHWbHbIX (20-AHEBHBIX) XKNBOT-
HbIX MOC/e BBeAEHVSA UM B MO3T B HEOHaTallbHOM Neprofe Pa3BUTUA afeH0aCCOLMNPOBAHHBIX
BUPYCOB, HeCyLwmx GOTOUyBCTBUTENbHDIN KaHan 1 penopTtepHbiii 6enok (CAMKIla-ChR2),134-YFP),
[0 Vi nocsie CTUMYNALUN STUX HEMPOHOB CUHUM CBETOM.

a - 3KCNepuMeHTanbHasA ycTaHoBKa 1 06pasLibl 3anncy paspagHoON akTBHOCTV HENPOHOB FUMMNoKamna;
6 — YaCTOTHbIE MMCTOrPamMMbl aKTUBHOCTY HEPOHOB rMMMoKammna, Nosly4YeHHble no KaHany A_009 onto-
Tpofa v ycpefiHeHHbIe 3a CEKYHAHbIE MHTepBasbl 0 1 nocne GotocTumynauum. Mo ocu Y — nokanbHbIN
MeMO6paHHbI NOTeHLMan rpynnbl HeNPOHOB, MB.

MPUMEHHMOCTb ATOIO MOAXO0AA, O KpPallHEH Mepe OTHOCUTENBHO UCHOIb3YEMBIX
B Halled paboTe KOHCTPYKTOB, UMEET OIPAaHUYEHHE MO CPOKY TI0CIIe BUPYCHOI J10-
CTaBKH BEKTOPA B MO3T M MOXKET 3()(DEKTUBHO MPUMEHSATHCS JINIIb y FOBEHUIIBHBIX
JKUBOTHBIX.

Pe3ynbpraThl CBHAETENBCTBYIOT, YTO MaJIOTPABMHUPYIOLIEE U HETPYI0EMKOE
BBEJICHNE BUPYCHBIX KOHCTPYKIIHMI B TOJIOBHOM MO3T HOBOPOKAECHHBIM MIIM HEOHA-
TAJILHBIM )KHBOTHBIM MOYKET OBITH MCIIOJIB30BAHO IS TOCIIETYIOIIET0 H3ydeHNUS 3¢-
(hexToB onroreHerrnueckor akruBauuu HelipoHoB [IHC y )KHBOTHBIX IOBEHMIILHOTO
WM OAPOCTKOBOTO BO3pacTa. B To ske BpeMst 1Sl ONTOreHETHYECKOTO YIIPaBICHHS
paspsaHoit akTuBHOCTHIO HEHpoHOB LIHC B3pOCbIX )KUBOTHBIX M aHAJIM3a CBOICTB
9THX KJIETOK HEOOXOIMMO BBE/ICHHE BEKTOPOB, B KOTOPBIX AKCIIPECCHS KaHAIOPO-
qoricuHa KoHTponupyercss mpomotopom CAMKIIa B cpoxm, mpeniiecTByonme
CTUMYJISIIU HEHPOHOB CBETOM M 00€CIEIHBAIOIIHE IPOSIBIICHNE BHICOKOTO YPOBHS
9KcIIpeccHy (POTOKaHANA B IIEPUOJT UCCIIEIOBAHUSL.

bnarogapHocTn
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CeporoHuH n Henponentua FMRFamung
NT'PAIOT IIPOTUBOIIOJIOXKHVIO POJIb B Pervyasaiinm
SIMUTEeHEeTUYEeCKIUX ITPOIIeCCOB, BOBJIEUEHHbBIX

B (popMUIpOBaHMe JOJATOBPEMEHHOM IMaMsSITU

AH. Ipunxesnu @), O.B. Bopobnesa

DepepanbHoe rocyaapcTBeHHOe OlofKeTHOe yupexaeHne Haykun MHCTUTyT dusunonorum um. U.MN. Masnosa PAH, CankT-TNeTepbypr, Poccus

SnureHeTNYeCcKme MOgNPMKaLUM FTMCTOHOB MHTEHCHMBHO U3yYatoTca
B CBA3M C MeXaHN3MaMu JONroBpeMeHHOM NamaTu. PaHee mbl noka-
3au, YTO METUANPOBaHMeE rmcToHa H3 no akTnBaTopHbIM (H3K4me3)
N MHrM6mTopHbIM (H3K9mMe2) caiitam nrpaeT BakHyto ponb B Bblpa-
60TKe 060POHUTENBHOTO pedrieKca NULLEBO aBep3MK Y HAa3EMHOTO
monntocka Helix lucorum. Bbino NpeAnonoXeHo, YTo AaHHbIe Snure-
HeTnYeckne MoandUKaLmMm HaxogATCA Nog KOHTPOEM KaK aKTuBa-
TOPHbIX, TaK Y TOPMO3HBbIX NyTel, BOBIeYEeHHbIX B popmMrpoBaHme
[ONroBpeMeHHOM NamATU. KntoyeBbliM akTMBaTOPHbIM MeAnaTopoM
LIHC monntockoB B $opMrpoBaHuM 060POHUTENBHBIX pediekcoB
ABNAETCA MeAMaTop CEPOTOHMH, @ TOPMO3HbIM — HerponenTug
FMRFamua. Muky6aumsa LIHC ¢ 3Tumn BewlecTBamy Mogenvpyet
CEHCUTM3aUMIO N NPUBbIKaHME COOTBETCTBEHHO. O6a 3TuX npouecca
BOBJeYeHbl B popMMpoBaHme fonroBpemeHHol namaTtu. C yyetom
NPOTNBOMOJIOXKHOW ponu cepoToHrHa u FMRFammpa B nnactnyHocTn
060pOHUTENbHBIX PepneKkcoB HaMu OblI MPOBefEeHbl CPABHUTENbHbIE
1ccnefoBaHyA Mo BAWAHNUIO AaHHbIX HEMPOTPAHCMUTTEPOB Ha METU-
nmpoBaHme ructoHa H3 B pyHKLMOHANBHO Pa3NIMYHbIX FAHIANAX
LIHC Helix. Moka3aHo, uto cepoToHvH 1 FMRFamug okasbiBatoT
peunnpokHbI 3pdeKT Ha meTunrpoBaHue rmctoHa H3 B nogrno-
ToyHOM Komnnekce raHrnves LIHC Helix, cneunanusnpytowemca

Ha 060poHUTENBHOM NoBeaeHUN. Tak, MHKybauna LIHC Helix

C CEPOTOHUHOM MHAYLUMPYET MEeTUANPOBaHME rmcToHa H3 no akTu-
BaTopHbIM (H3K4me3) n nnrnbutopHoim (H3K9me2) carntam, Torga
KaK MHKy6auua ¢ FMRFammnaom cHuXKaeT METUAMPOBaHMe No 0601m
carTam. MIHyto KapT1HY MeTUIMPOBAHUA rMCcToHa H3 Mbl Habnoganu
B LlepebpasnbHbIX raHrnsAX, y4acTByoLWmxX B 06paboTke cMrHanos
nuweBbIX cTMyoB. MHKy6aunsa LIHC ¢ cepoTOHMHOM He Bnvisna

Ha MeTUINpoBaHMNe rMcToHa H3 no akTMBaTOPHOMY CalnTy 1 CHUXana
METVNMPOBaHYE MO UHIMOUTOpPHOMY, @ FMRFamug Ha MeTunmpo-
BaHuVe rmcTtoHa H3 BnnAHMA He oka3sbiBan. [NonyyeHHble AaHHble
CBUAETENbCTBYIOT O TOM, YTO aKTVBATOPHbIE U MHIMOUTOPHbIE NYTH,
onocpeayemble cepoToHMHoM U FMRFammaom, cnoco6Hbl B3aMmo-
[eNCTBOBATb Ha ANMUreHeTUYeCKOM YPOBHe Yyepes BIAHNE Ha MeTU-
nMpoBaHue ructoHa H3. 3T annreHeTnYeckme N3MeHeHA MoryT
ne)kaTb B OCHOBE KOHBEPreHUM/ akTUBAaTOPHbIX 1 TOPMO3HbIX MyTewn,
yyacTByoLyX B OPMUPOBaHNM [ONTOBPEMEHHON NaMATU, U BANATb
Ha 3KCNPeCCuIo reHoB, HeOOXOAMMbIX AJ1A MNACTUYECKUX NePeCcTpoekK.

KntoueBble crioBa: anureHeTrKa; METUANPOBaHMe rMMcToHa H3;
CcepoTOHUH; HenponenTtua FMRFamug; nonroBpemeHHasa namaATh;
TOPMOXeHue; Montock Helix.
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Opposite roles of serotonin
and neuropeptide FMRFamide
in the regulation of epigenetic
processes involved in the long-
term memory formation

L.N. Grinkevich@®, O.V. Vorobiova

Pavlov Institute of Physiology RAS, St. Petersburg, Russia

Epigenetic modifications are studied intensively

to understand mechanisms of long-term memory. We
have shown that histone H3 methylation is important
for the defense reflexes formation in the mollusk
Helix lucorum. We suggested that these epigenetic
modifications are controlled by facilitatory and
inhibitory pathways involved in the long-term memory
formation. Serotonin and neuropeptide FMRFamide
play opposite roles in the formation of defensive
reflexes. Serotonin strengthens synaptic connections
between neurons of the network, and FMRFamid is
an inhibitory transmitter leading to long-term depres-
sion. To study the epigenetic regulation of the pro-
cesses involved in the long-term memory formation,
we performed comparative studies on the serotonin
and FMRFamide effects on histone H3 methylation

in the CNS of the Helix. We found that the incubation
of the CNS with serotonin induces methylation

of histone H3 at both activating (H3K4me3) and
inhibitory (H3K9me?2) sites, while incubation

with FMRFamide has an opposite effect reducing
methylation of histone H3 in the subesophageal
complex of ganglia, important for defensive behaviour.
We observed a different methylation pattern of his-
tone H3 in the cerebral ganglia involved in signal
processing of food stimuli, where serotonin did not
affect the methylation of histone H3 at the activator
site and reduced methylation at the inhibitory site,
while FMRFamid had no effect on methylation.

The data indicate that the facilitatory and inhibitory
processes mediated by serotonin and FMRFamide can
interact at the epigenetic level, through histone H3
methylation by activating or inhibiting it, respectively.
This may underlie the convergence of the activator
and inhibitory pathways involved in the long-term



KAK UUTUPOBATb 3TY CTATbIO:

memory formation and underlie following regulation
of the expression of genes involved in long-term
plasticity.

Key words: epigenetics; histone H3 methylation;
serotonin; FMRFamid; memory formation; inhibition;
mollusk Helix.
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IHOW W3 CIOXHEWIHX 3amad (HyHIaMCHTAIbHOU

HeflpO6HOJ'IOFMH SABJIACTCA BBIACHCHHUE POJIM JSIIUTC-

HETHYECKUX (HAATCHETHYECKNX) MEXaHU3MOB (op-
MupoBaHus jponarospemenHoi mamsitu (JIT). Baxwueiimryro
pOJIb B SIIUTCHETHYECKOW PETYISIUK UIpaeT MOAUDUKALIUS
THCTOHOB, MPUBOJSMIAS K U3MEHEHHIO NPOCTPAHCTBEHHOMN
CTPYKTYpbl XpoMaTHHa. B pesynbrare MeHsSETCsS JOCTYII
k JIHK perysasitTopHbIx O€JKOB 1, COOTBETCTBEHHO, HH/IyIIH-
pyeTcst SKcTIpeccrs TeHOB WiH ux penpeccus (Berger, 2007).
[Ipu 3TOM aneTUIMpoBaHUE TUCTOHOB, KAK MPABHJIO, ITPUBO-
JUT K UHAYKIUHA SKCITPECCUU I'CHOB, @ MCTUJIMPOBAHUE — KaK
K MHIYKIIMH, TaK U PETIPECCHH, B 3aBUCHMOCTH OT TOTO, KaKHE
CaWTBI, 10 KAKOW aMUHOKHCIIOTE W HACKOJIBKO MHTCHCHBHO
metmmpytorest (Berger, 2007; Xu, Andreassi, 2011).

INokazaHo, 4TO SMUTEeHETHYECKHE MO (DUKAINH THCTOHOB
BOBJICKAIOTCS U B (hOpMHpOBaHKE JTOITOBPEMEHHON MaMSITH
(Levenson, Sweatt, 2006; Wood et al., 2006; Danilova et al.,
2010; Gupta et al., 2010; I'puakeBny, 2012a, 6; Danilova,
Grinkevich, 2012; Kandel, 2012). B Hacrosmee Bpems
HanOoJiee MHTEHCUBHO U3Y4aeTcs alleTHIMPOBAaHUE U METH-
JMPOBaHNE TUCTOHOB, TaK KakK MOKa3aHa MPUHINIHAIbHAS
BO3MOXXHOCTB 4epe3 BO3ACHCTBHE HA 3TH MPOIECCHl BINATH
Ha MCHTAJIbHBIC XapaKTCPUCTHUKH, HAPYIICHHBLIC B PAAC I1aTO-
noruii (Abel, Zukin, 2008; Kurita et al., 2012).

OnHMM W3 TOMYJISPHBIX O0BEKTOB IS M3YyUEHUS MO-
JCKYJIAPHBIX MEXaHU3MOB IMaMATHU ABJIAIOTCA XKHUBOTHBIC
C OTHOCHUTEIIBHO ITPOCTOM HEPBHOW CUCTEMOM, B YACTHOCTHU
MoInTIocKH. [IpuMeHenne Mosieny ceHCcuTH3anny (yCHIICHHNS )
CUHAITUYECKOM IIepelauld MEXy CECHCOPHBIMU U MOTOPHBI-
MU HEHpOHaMH MOJUTIOCKa Aplysia B KyabType TO3BOIHIIO
3. Kanzeny ¢ komgeraMu OTKPBITh M OIHCATh psii 0a30BBIX
mexanu3moB miactuyHocty (Kandel, 2012). Ha mosumockax
TaKXKe BIIEPBbIE ObUIA MOKa3aHa BaXKHAS POJb AllETHIIHPO-
BaHMs ructoHOB B (hopmuposanun JI1 (Guan et al., 2002),
YTO CTUMYJIMPOBAJIO B JIAJIbHEHIIIEM LIEYI0 CepUI0 paboT Ha
MMO3BOHOYHBIX XMBOTHBIX (Levenson, Sweatt, 2006). Metu-
JIMPOBaHNE THCTOHOB SIBIISIETCS O0JIee CIOKHBIM ITPOIIECCOM,
KOHTPOJINPYETCs THCTOHOBBIMU METHIITpaHC(epa3zamMu U Jie-
MeTHIa3aMH, 00JaJaroIIMMI BBICOKOH CHernn(UIHOCTHIO
K OIIpEe/IeIeHHbIM caiitaM TncToHoB (Xu, Andreassi, 2011).
I/ISyquMe MCETUJIMPOBAHUA THCTOHOB B CBA3U C yHaCTUCM
B IUTacTHYECKUX TepecTpoiikax B [IHC Hauato 3HaUNTENTHFHO
Mo3xe, 4eM u3yuenne aunetuiauposanus (Gupta et al., 2010;
I'punkesuy, 20126; Jarome, Lubin, 2013).

B kauecTBe MOJI€)IH 10JITOBPEMEHHOH ITaMSITH MBI HCIIONb-
3yeM BBIpAa0OTKY YCJIOBHOTO pedriekca MUINEBOW aBep3uH

y Moiumiocka Helix. beino mokazano, 4to B popMHupoBaHuE
nanHoro Buja /II1 BoBiekaeTcs Kak aleTUIMPOBAHUE, TAK
U METHIUpOBaHNe TucTtoHa H3, mpuuem meTunmupoBaHue
MHIyIUPYyeTCsl KaK M0 aKTHBATOPHOMY, TaK M MHTHOUTOp-
Homy caitam (I'punkeBuy, 20126; Danilova, Grinkevich,
2012; I'punkesny, Bopoonena, 2014; Grinkevich, Vorobiova,
2014). bbI10 MTPEATION0KEeHO, YTO JaHHBIC STINTEHETHIECKUE
MOIU(UKAIIMK HAXOJSITCSI ITO/1 KOHTPOJIEM KaK aKTHBATOPHBIX,
TaK ¥ TOPMO3HBIX MTyTeH, BOBIEUEHHBIX B (hopmupoBanue JI1.
C HapyleHreM IpoueccoB TOPMOXKEHUS, BEI3BAHHBIX HEZI0-
CTaTKOM MeTWINpoBaHMA ructoHa H3 B mpoMoTopax reHoB
T'AMKepruueckoil CUCTEMBI, CBS3bIBAIOT MEHTAJILHBIE HAPY-
IIEHHS, YaCTO MPUCYTCTBYIOIINE Y OOJIBHBIX MHM30(QpEHNCH
(Akbarian, Huang, 2009). Kak u3BecTHO, Y-aMUHOMACIISTHAS
kuciota (FAMK) sBiseTcss OCHOBHBIM TOPMO3HBIM MeTHa-
TOpOM HepBHOW cucteMsl. C Ipyroil CTOPOHBI, THIEPAKTH-
Bauusi FAMKepruueckoii cucTeMbl U 1e(DUINAT KOTHUTHBHBIX
CITOCOOHOCTEH HAONIOAAIOTCS y MAIMEHTOB C Ne(QUIUTOM
H3K4-nemerunassr JARID1C, kotopast BoBiedeHa B (op-
muposanue JI1. Ee nHruOupoBanue y »KMBOTHBIX BbI3bIBACT
MOBBIIIEHNE HKCIPECCUU TCHOB, CBA3AHHBIX C BBIOPOCOM
T’'AMK, 1 mpUBOUT K HAPYIIEHUIO JOITOBPEMEHHON MaMATH.
B HOpMe 00y4eHue osiaBisieT IKCIPECCHIo ITUX TeHoB (Xu,
Andreassi, 2011).
KitroueBbiM akTuBaTOpHBIM Meuaropom LIHC mommtockos
B (popMupoBaHMM 0OOPOHHUTENBHBIX PE(IEKCOB SBISETCS
MOJIYJISITOPHBIN MEUATOP CEPOTOHUH, KOTOPBIN ONIOCPENYET
JieficTBue HOIMIENTHBHBIX cTUMYiIoB (bamaban, 3axapos,
1992; Grinkevich et al., 2008; I'punkesuu, 2012a; Kandel,
2012). Naxybarmus [HTHC ¢ cepoToHHHOM MOIENIHpyeT Ipo-
I[eCC CeHCUTHU3AIINH, SBIISIOIICHCS HE0OX0JMMBIM KOMIOHEH-
TOM (hOpMUPOBAHHMSI YCIIOBHBIX 000POHUTEIBHBIX PE(IIEKCOB.
JmcdyHKIMs cepOTOHNHEPTNUECKOM CHCTEMBI TPUBONT K Ha-
PYLIEHHSM B SIIUT€HETUUECKOH PEryIsUY U HEBO3MOXKHOCTU
(hopMuUpOBaHHSI TOJTOBPEMEHHBIX (HOPM O0OOPOHUTEIIBHBIX
pednekcos (Grinkevich et al., 2008; Danilova, Grinkevich,
2012; I'punkesny, Bopoonea, 2014; Grinkevich, Vorobiova,
2014). IIpOoTHBONONOXKHYIO POJIb B IIJIACTUYHOCTH 000pO-
HUTENBHBIX pediexcoB urpaet Heponentuny FMRFammn
(Phe-Met-Arg-Phe-NH2), koTopblii TOPMO3HUT CHHANTHYE-
CKHE peakiuu y MOJUTIocKoB Aplysia (Belardetti et al., 1987)
u Helix (Balaban, Chase, 1991). Mnaky6amus ITHC momtrockoB
¢ FMRFamuiom mMozpenupyer mpouecc NpUBBIKaHUS (Je-
MPEeCCUH CHHANTHYeCcKoi nepenaun) (Montarolo et al., 1988).
K HacrosiiemMy BpeMeHH OITHCaHO MHOYKECTBO SHAOTEHHBIX
FMRFamMu1-11o1o0HbBIX IIENTHI0B ¢ 001mM HazBanneM FaRPs
MocTreHOMHbIe noaxoabl ¢I/I3VIOHOFVI'~I€CKOVI reHeTuKun
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CepoToHUH 1 FMRFamng nrpatotT NpoTUBOMOIOXHYI0 POfb
B PErynAumm snureHeTYeCcKUX MexaHn3mMoB NamsaTu

(FMRFamide-related peptides), win RFamunel, kotopbie
npezncrasieHsl B [{THC mmpoxoro kpyra >KUBOTHBIX, B TOM
YUCIIe W TO3BOHOYHBIX, HICHTH(QUIIMPOBAHBI UX CIICIIH-
(huueckue penenTopsl U KOJUPYIOIINE 3TH HEHPOIEITHIbI
rensl (Raffa, 1988; Zatylny-Gaudin, Favrel, 2014). Cnextp
neiictBuss FMRFamunoB mupok. OHM MIpatoT BaXKHYO POJIb
B Pa3BUTHH HEPBHOM CHCTEMBI, BOBJICUCHBI B PETYJISIHIO
numieBoro noeneHus u 6oim (Raffa, 1988; Roszer, Banfalvi,
2012). Beenenne FMRFamuia mo3BOHOYHBIM SKHBOTHBIM
criocoOHo BbI3bIBaTh aMHe3uiHbIN A dekT (Telegdy, Bollok,
1987). IlokazaHo Takke, YTO XHMEPHbIE KOHCTPYKIINH,
BKITROgatonue onuonasl 1 FMRFamun-mono0OHbIe MEeNTH B,
CHIOCOOHBI MOAABIISATH 00k 03 pa3BUTHS IPPEKTOB PUBBI-
KaHUS U MOTYT OCTaHABIMBATH AIlONTO3 HEPBHBIX KIETOK,
BBI3BIBACMBIN JUTUTCIHHBIM MPUMEHEHUEM OIHOUIOB, YTO
MPEe/IoiaracT BO3MOXKHOCTh WX MPUMEHEHUs i 00e300-
muBanus (Részer, Banfalvi, 2012). OxHako MOJEKyIsSpHBIC
MexaHu3Mbl aerctBust FMRFamuioB octaiorces B 3HaUUTENb-
HOW Mepe HEBBISICHEHHBIMH.

Taxkum 00pa3oM, MPEACTABISLIOCH BaXKHBIM IPOBECTH
CpPaBHUTEIBHBIC HCCICIOBAHUS 10 BIUSHUIO CCPOTOHMHA
u "eliponentuaa FMRFamuaa (urparomux pasnudayo posib
B MEXaHM3MaX IJIACTHYHOCTH ) Ha ITPOIECCHI METHIINPOBAHNUS
rucrona H3 B IITHC Helix mo akTuBaTopHOMY (TpUMETH-
nupoBanue nmo nu3uHy 4 (H3K4me3)) u unruburopnomy
(mumeTrnuposanue no am3uHy 9 (H3K9me?2)) caiitam. Ot
MoauQuKanuu rucToHa H3 mpuBOIAT K MHIYKIIMA dKCIIPEC-
CHUH WU PEIPECCUH TeHOB COOTBeTCTBEeHHO (Xu, Andreassi,
2011). [l mpoBeieHISI HCCIIEOBAHNS UMEIIHCh CIICAYIOMINE
npeanocsutky: 1) B [IHC BuHOTpamHON YITUTKH HACHTH(DAIH-
posano nopsaaka 1 100 FMRFamun-conepxamux HelfpoHOB
(Elekes, Ude, 1993; Kobayashi et al., 2010), cpean KoTopbIx
KOMaH/IHbIC HEUPOHBI 0OOPOHUTEIHHOTO TIOBCICHHUS, SB-
JIAIOLIUECS OCHOBHBIM IUIACTUYECKUM 3BEHOM YCIOBHOTO
pedrexca MUIIeBo aBep3nH, a TAKXKe HEHPOHBI ITpoIiepedpy-
Ma, BOBJIEUEHHOTO B 00pabOTKy O1b()aKTOPHBIX CTHMYJIOB;
2) eme B Havasge 1990-X ronoB OBLIO MPEIIOIOKEHO, YTO
«T1pH GYHKIIMOHUPOBAHUH PEPICKTOPHON TyTH 00OPOHHUTEIh-
HOW peakKIUH MPOUCXOAUT MPOTHBOOOPCTBO JABYX CHCTEMY:
CEpOTOHUHOBOM, ONIOCPENYIOILEH IeUCTBUE OMACHBIX HOLIU-
LENTUBHBIX CTUMYJIOB, 1 FMRFaMuHo#i, KoTOpast npuBOANUT
K TOPMOXXCHHIO TIOBEACHUCCKOW PEaKIIUM MPU HEOITACHBIX
JUTst )KUBOTHOTO ctuMyiiax (bamabaw, 3axapos, 1992), onHako
MOJICKYJISIPHBIX MCCIICIOBAHUI HA 3Ty TEMY HE IPOBOAMIIH.

MaTtepwuanbl n metogbl

DKCIEPUMEHTHI 10 ONPEASTICHUI0 BIUSHHUS CEPOTOHMHA
n FMRFamuza na snurenernueckue npoueccsl B [ITHC BuHo-
IPaJHBIX YIUTKOK Helix lucorum BBITONHSIN HA B3POCIIBIX
oco0sx. [IHC Helix Boaemsiy, ynamsuid 000I0UKY | TPEea-
BapUTENbHO B TeueHne 30 MUH MHKYOHUpOBAIU B (PH3HOIIO-
THYECKOM pacTBope it Oecrno3BoHouHbIX (80 mM NaCl;
4 mM KCI; 7mM CaCly; 5 mM MgCl,; 5 mM TRIS-HCI;
pH =7,8), 3arem B Teuenue 1,5 4 B GpU3HOIOTHUECKOM PACTBO-
pe [uist 6eCrIo3BOHOYHBIX, cofeprkaiem ceporonu (0,2 MM)
nnmn FMRFamua (10 mxM). Tlocne 3Toro 6MOoJOTHYeCcKH
AKTUBHBIC BEIIECTBA OTMBIBAIN (hU3NOJIOTHYSCKUM PaCTBO-
POM, CIIYCTSI OJIMH Yac pa3eiisiii LepeOpasbHbIe U ITOIIIO0-
TOYHBIE KOMIUIEKCHI TaHTJIMEB, TIPOBOIMIN TOMOTECHH3AIINIO
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U TIOATOTOBKY 00pa3IoB cormacHo M. MoHcH ¢ KojuleraMu
(Monsey et al., 2011). MccnenoBanms MOTU(pUKAIINN THCTOHOB
OCYIIECTBILUTH MeTooM BecTepH-0110T aHanm3a. DKCTPAKTHI,
cozieprKallie UCKOMbIE OCIIKH, pa3aessiId MIEKTpodope3oM
B 14 %-M monmmakpmiamMugHOM Tene (cucrtema Jlamnm). Pas-
JIeTICHHBIE OCITKU IIEPEHOCHITN Ha HUTPOIIEIUTIOJI03HBIC (PHITb-
TPBI, KOTOPBIE ITOCIE IIPOBEAEHUS IPOLENYD, YMEHBILIAIOIINX
Hecrenugpuaeckyro copOrmio (MHKyOaust ¢ 3 %-M MOJIOKOM),
TMIOCIIEI0BATEIbHO MHKYOMPOBAIIN B PACTBOPAX, COACPIKALINX
MEePBUYHBIE U BTOPUYHBIE (KOHBIOTUPOBAHHBIE C EPOKCH A~
3011 xpeHa) anTurtena. MHKyOanuio ¢ nepBUYHBIMY aHTUTETA-
MU OCYILECTBIISUIN B TeueHne Hour ripu 4 °C. Busyanuszanuto
U KOJINUECTBEHHBIN aHAJIN3 CBSI3aBIINXCS aHTUTET IpOBOAWIIN
C MICHOJIb30BAaHUEM XEMOIIOMHHECIIEHTHOTO METO/1a (CHCTEMA
ECL, pupma «Amersham»). PeHTreHOBCKIE IIICHKN CKaHUPO-
Banu. KonndecTBeHHbII aHaIM3 OCYIIECTBIISUIN IIPU ITOMOIIN
KoMmbIoTepHO# porpammsl Gel-Pro Analyzer.

JInist OLIEHKH CTEIIeHN METHIIMPOBAHMS PUMCHSIN aHTH-
Tena K TMcToHy H3, TpumeTuinpoBaHHOMY IO JH3UHY 4
(H3K4me3), n anturena k ructony H3, numetnnupoBaHHOMY
o yimzuny 9 (H3K9me?2). Jlnst onleHKH conep KaHUs THCTO-
HOB NPUMCHSJIN aHTUTCJIAa K TOTAJIbHBIM q)OpMaM THCTOHA
H3. Bce ucrons30BaHHbBIC aHTHTENA MPOU3BEACHBI (PHPMOI
Upstate Biotechnology (CIIA). [l kaskmoro anexrpodopesa
paCcCUUTBIBAJIM OTHOMICHUA CBA3bIBAHUA aHTUTEI K MOJU-
(hurmpoBaHHBIM (pOpMaM THCTOHA K TOTAIBHBIM (popMaMm.
KoHTpomu ycpeansim, mociie 4ero B KaxJ10M ateKTpodopese
pacCUUTHIBAIM OTHOIIEHHE K CpeTHEMY KOHTPOJIr0. CTaTHCTH-
YEeCKyI0 00pabOTKy ITPOBOIIITH C UCTIONB30BAHIEM /-KPUTECPHS
CrprofenTa. Pasnuums cauranm cTaTHCTHYECKH 3HAYMMBIMHU
npu p < 0,05. Pe3ynbrarsl npencTaBieHbl Kak CpeHee 3Ha-
YEeHHUE + CTaH/JapTHas OMNOKa CPEHETO.

Pesynbratbl

AHanu3 BIUSHAS cepoToHnHA U Helipornentuaa FMRFamua
Ha METHJIMpOBaHKeE TucToHa H3 mpoBoauiIy B TOAIIOTOYHOM
u 1epebpaibHoM Komiuiekcax ranriueB LIHC Helix. Tlon-
TJIOTOYHBIH KOMIUIEKC TAHIIIMEB COCTABIISAET OOJBIIYIO YaCTh
[THC MOJUTIOCKOB M KOHTPOJIUPYET 0OOPOHHUTEITLHOE ITOBE/IC-
Hue. B HeM HaxoaATcs CEeHCOpHBbIE, MOTOPHBIE, KOMaH/IHbIE
U MOJYJISITOPHBIE HEHPOHBI, BKIIOYEHHBIE B CETh 0OOPOHH-
TENBHBIX peduiekcoB. B nepebpanbHbIX ranmmsx odpada-
TBIBAETCSl MHPOPMALIUS, TPUXOJISILASI CO CTOPOHBI ITHIIIEBBIX
cTuMysoB. HelipoHbI 000MX KOMIIIIEKCOB TaHIIIEB BOBJICUEHbI
B ()OPMHPOBAHHE YCIOBHOTO OOOPOHHUTEIBHOTO pediierca
nuiieBoit aBep3uu (banadan, 3axapos, 1992). Ananus craryca
METUINPOBaHUs TUcTOHa H3 TpoBOAMIM 1O aKTHBATOPHBIM
1 UHTHOUTOPHBIM caiiTaMm ciycts | 1 mocie 1,5-4acoBoif nH-
ky6auuu [JTHC ¢ ceporonunom mim FMRFamunom. Jlannoe
BpeMsI MHKYOaluy BbI3BIBACT JOJITOBPEMEHHBIE M3MEHEHUS
3¢ EeKTHBHOCTH CHHANITUYECKOH TIepeaun B HeHpOHAIbHOM
cetn o0opoHuTenbHbIX peduiexcoB. Mukybarms LIHC ¢ cepo-
TOHHUHOM B TEUEHHE JAHHOTO BPEMEHU MOJIETMPYET MPOIIECC
JIOJITOBpeMeHHOM cencutuzauuu, a ¢ FMRFamunom — npo-
L[ECC J0JITOBPEMEHHOI CMHANTUYeCKoil nenpeccun. B kaue-
cTBe KOHTpos uctions3oBamn LTHC, koTopyio mHKyOHpoBan
B (pU3HOIOrHYECKOM pacTBOpe Ui OECIIO3BOHOUHBIX, HE
conepxauieM ceporoHuH uin FMRFamu.
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Opposite roles of serotonin and FMRFamide
in epigenetic processes involved in long-term memory

AHanuns BAnAHNA cepoToHnHa 1 Henponentuaa FMRFamnga

Ha MeTuanpoBaHue ructoHa H3 no aktuBatopHomy canty (H3K4me3)

B noAarnotoyHom Kkomnnekce raurnues LHC Helix

Jis oneHKM MeTWiIMpoBaHUsS THcToHAa H3 mo akTMBaTOpHOMY CalTy NMPHMEHS-
T aHTHTENa K rucrony H3, rpumernnuposanHomy o nmsuny 4 (H3K4me3).
Ot Moandukanuu ructona H3 npuBomsT K MHAYKIMK 3Kcnpeccuu reHos. Jlis
OLIEHKH coziepxkanus ructoHa H3 mcronb3oBany aHTUTENA K TOTAIBHBIM (hopmam
9TOrO rEcToHA. VccmenoBanus mokasamm, 9to cycTs | 4 mocne naky6ammu [[THC
C CEpOTOHMHOM ITPOUCXOIUT MHAYKIMS METUINPOBaHus ructona H3 no nusuny 4
(H3K4me3). Yposenr metmmmpoBanus coctasisieT 1,31+0,11 oTHOCHTENBHO
koHTpoIs. JloctoBepHo 1ipu p < 0,02 (puc. 1, a).

[TporuBononoxHas kapTuHa Hadmonaercs npu nukyoaunu [{HC ¢ neiiponentu-
noM FMRFamunom. CrenieHs MeTiupoBanus rectona H3 mo nusuny 4 mox Bius-
nuem FMRFamua camkaercs. YposeHs MeTunupoBanus coctasiseT 0,83 +0,02.
Hocrosepno mipu p < 0,01 (puc. 1, 6).

AHanuns BAnAHNA cepoToHNHa 1 Henponentuaa FMRFamnpga

Ha MeTunnpoBaHue ructoHa H3 no uHrn6urTopHomy caity (H3K9me2)

B nNoAarnotoyHom komnnekce raurnues LHC Helix

Juist ananu3za Bausinust cepotoHrHa U HeliponenTtuia FMRFamuna na metunuposa-
Hue ructona H3 o HHruOUTOPHOMY CaiiTy MCCIICIOBANIU CTATyC METHIIMPOBAHHUS
rucrona H3 cmycrs 1 1 mocne 1,5-gacosoit makydaru [IHC ¢ cepoToHrHOM HITH
FMRFamumom. i ONeHKH METHIMpOBaHUS THcToHa H3 mo mHrudutopHOMy
CalTy MPUMEHSUIM aHTUTeNa K TUCTOHY H3, numeTrunupoBaHHOMY MO JIM3UHY 9
(H3K9me?2). Ot mogudukamn ructoHa H3 mpuBoasT x penpeccun reHos. Ilo-
Ka3zaHo, 4To cmycTs | 4 mocie mHkyOamuu [[THC ¢ ceporoHnHOM HabmromaeTcs
WHIYKIUST MeTHINpoBaHus ructoHa H3 mo uarudutopaomy caity (H3K9me?2).
YpoBens metunupoBanus coctapisieT 1,38+0,07 mo oTHOMEHHIO K KOHTPOITIO.
Joctosepno mipu p < 0,001 (puc. 2, a).

Uccnenoanue Biausiaust FMRFamuna na metunupoBanue ructona H3 mpone-
MOHCTPHPOBAJIO TPOTHUBOIIOJIOKHYIO KapTHHY. CTETIeHh METHIIMPOBAHUS THUCTOHA
H3 mon Bnustarem nakyOarnwm [LIHC ¢ FMRFamunom cHmkanack o u3y4aeMoMy
MHruOUTOpHOMY caiity (puc. 2, 6) u cocranisuia 0,84+0,06 (p < 0,001).

Taxum o6pazom, nakydamms [{THC Helix c cepoToHHHOM B TedeHue 1,5 4 mpuBo-
JIUT K MHIYKLMU METWIIMPOBaHus ructoHa H3 B oAmoToyHoM KOMITIEKCE TaHTIINEB,
MPUYEM KakK [0 aKTUBATOPHOMY, TaK U HHrHOUTOpHOMY caiitam. Mukybarms [THC
Helix ¢ FMRFamuiom BBI3bIBaeT CHIDKEHHE METHINPOBaHUsA ructona H3 B mox-
TJIOTOYHOM KOMILIEKCE TAHTJIMEB 10 000MM caifTaM.

AHanuns BANAHNA CEPOTOHMHA

n HenponenTtuga FMRFamnga Ha meTunupoBaHue ructoHa H3

B LepebpanbHoM Komnnekce ravrnves LIHC Helix

st anann3a BIusiHUS cepoToHMHA U Heliponientuaa FMRFamuaa va metunupo-
BaHHWE TUCTOHa H3 B mepeOpambHOM KOMILIEKCE TaHTIIMEB HCCICAOBAIH CTATyC
METHIIMpOBaHHMs T'ucToHa H3 1o akTHBaTOpHOMY M MHTHOMTOPHOMY CaliTaM CITyCTst
1 wmocne 1,5-gacoBoit naky6ammu [THC ¢ ceporonnnom nmn FMRFamunom. [{ns
Ka)kJ104 TOukH N = 6.

HUccnenoBanus mokaszanu, uro uakybOaiwst [THC ¢ cepoTOHHHOM HE OKa3bIBacT
BIIMSHUS Ha CTENICHb METIIIMPOBaHMS rUcToHa H3 B 1iepeOpanbHBIX TaHIIUAX I10
aktuBaropHomy caity (H3K4me3): 0,90+0,08; p = 0,24, Torga kak 10 HHTHOU-
topHomy caiity (H3K9me2) Habmonaercs cHrkenue metuupoBanus (0,65+0,12)
Mo OTHOHIeHHIO0 K KOHTpomio (p < 0,03). Ilox Bausanem FMRFammna crenens
METHIIUPOBaHUs THcToHA H3 B mepeOpaiabHBIX TaHIIHSIX HE U3MCHSIACH HU IO
AKTUBATOpPHOMY, HU 110 I/IHFI/I6I/ITOprIM calTaM ¥ COCTaBJIsija 110 AKTUBATOPHOMY
caiity (H3K4me3) 0,94+0,09 orHOocuTensHO KoHTpOIs (p = 0,54), a mo wHrHou-
topaomy (H3K9me2) 1,06+0,14 (p = 0,67).

Taxum o0pazom, B iepeOpabHbIX ranmusix nHkyoanus [ITHC ¢ ceporonrHoM He
OKa3bIBaJIa BIMAHUS Ha CTETICHb METHIMPOBaHUs TucToHa H3 mo akTuBaropHOMY
CaiiTy, OJHAKO WHAYIIUPOBAIA CHUKCHHUE METHJIMPOBAHUS 10 MHTHOUTOPHOMY.

MocTreHOMHbIe noaxoAabl ¢I/I3I/IOJ10FI/I'~I€CKOI7I reHeTuKun
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Puc. 1. CepoTtoHuH n FMRFamung okasbiBatoT
NPOTUBOMOMOXHbIN 3PPEKT Ha MeTUNK-
poBaHue ructoHa H3 no akTnBatopHoMy
(H3K4me3) caiiTy B NOAMNOTOYHOM KOMMIEKCe
ravrnues LUHC Helix.

Hap nmarpammort — penpeseHTaTUBHbI BecTepH-
6510T C aHTUTENaMU K METUIMPOBAHHOW dopme
ructoHa H3 (H3K4me3) v TotanbHoMy rctoHy H3
(toTanbHbin H3); K - KoHTponb; SHT - nHKybaums
LIHC ¢ cepoTtoHuHom; FMRF — nxky6auusa LIHC

¢ FMRFamnpom; H3K4me3 — TpumeTnupoBaHue
rnctoHa H3 no nusmny 4. Mo ocn opanHar - co-
LlepKaHne MeTUNMPOBaHHON popMbl rcToHa H3,
OTHEeCEHHOE K TOTallbHOMY KONIMYeCTBY MMCTOHa

1 KoHTponio. Ana kaxgom Toukn N = 6. *p <0,01;
**p < 0,02 (t-TecT).
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Puc. 2. CepotoHunH 1 FMRFamung oka3sbiBatoT
NPOTMBOMOJIOKHbIN 3GPEKT Ha MeTUN-
poBaHvie ructoHa H3 no MHrMGMTOPHOMY
(H3K9me2) caiiTy B NOAMNOTOYHOM KOMMEKce
raHrnues LIHC Helix.

Hap anarpammon — penpeseHTaTuBHbIA BecTepH-
610T C aHTUTENaMM K TOTarlbHOMY M’MCTOHY H3

1 ero meTunuposaHHoi popme (H3K9Ime2);

K - koHTponb; 5HT - nHky6aumsa LIHC c cepoTo-
HuHoMm; FMRF - nnky6auunsa LLHC c FMRFamugom.
Mo ocn opamHaT — cofepxaHne MeTUAVPOBaHHON
no Nn3nHy 9 dopmbl ructoHa H3, oTHeceHHoe

K TOTaNbHOMY KONMYECTBY M’MCTOHA 1 KOHTPOSIO;
H3K9me2 - gumeTnnnposaHue ructoHa H3

no nusuHy 9. *p < 0,001; **p < 0,02 (t-Tec).

[na kaxgon Toukm N = 6.
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CepoToHUH 1 FMRFamng nrpatotT NpoTUBOMOIOXHYI0 POfb
B PErynAumm snureHeTYeCcKUX MexaHn3mMoB NamsaTu

WNuky6anms [THC ¢ FMRFamuziom He Biusiia Ha CTeneHb
MeTmInpoBanust ructoHa H3 Hu Mo oqHOMY M3 McCIenoBaH-
HBIX CaliTOB.

O6cyxpeHue
C 11eT1b10 N3YYeHHMS BIMSIHUSI aKTHBAaTOPHBIX M HHTHOUTOPHBIX
myTel Ha snureHeTnyeckue npoueccel B IIHC mbl mpoBenu
CPaBHUTEINIBHBIN aHAJIN3 BIUSHUS CEPOTOHIHA U TOPMO3HOTO
neiponentuaa FMRFamuaa na metunupoBanue rucrona H3
B ¢yHKIMOHANBHO oTnyHbIX ranmusax [{THC Helix. Toka-
3aHO, 4yTo cepoToHuH 1 FMRFamuz oka3piBatoT mpoTUBONO-
JOXHBIN 3((eKT Ha MeTHIpoBaHue Tucrona H3 B moario-
ToyHOM Komruiekce ranniueB [{THC, cnennanusupytomniemcs
Ha 00opoHnTETHHOM MToBeeHNH. Tak, makyOarms LIHC Helix
C CEpOTOHMHOM B TeYEHHE 1,5 4 MPUBOANT K 3HAYUTEIHLHOMN
MHAYKIMH MeTwinpoBaHus rucroHa H3 cmnycts gac mocne
MHKyOanmu, nmpudeM kak 1mo aktuBatopHomMy (H3K4me3),
tak 1 naruontopuomy (H3K9me?2) caiitam, Torna kak MHKY-
oamus LTHC Helix c FMRFamumom B Teuenue 1,5 u cHkaeT
METHJIMPOBaHKE TI0 00onuM caiitam. Kak oTMedanocs BeImie,
3TN OMOJIOTMYECKN aKTHBHBIEC BELIECTBA UT'PAIOT TPOTHBOIIO-
JIOKHYIO POJIb B ()OPMUPOBAHUH OOOPOHHUTENBHBIX PEIIEKCOB
MOJITIOCKOB. CEpOTOHNH HHAYIMPYET yCHUIICHUE CHHATITHYC-
CKOM CBSI3W MEX/1y HEHpOHAMU JaHHOM CETH, a HeMponenTus
FMRFamupn sBisiercss TOPMO3HBIM MEIUATOPOM, BOBJICUEH-
HBIM B ()OPMUPOBAHUE TPHUBBIKaHMA. VIHKyOamus ¢ 3TUMH
BEIECTBAMH B TEUCHHU 1,5 4 MOAEIMPYET AOJITOBPEMEHHYTO
CEHCHUTHU3AIUIO ¥ IPUBBIKAHUE COOTBETCTBEHHO. CEeHCUTH3a-
IIUST ¥ TIPUBBIKAHHE OTHOCSATCS K HEACCOLMATUBHBIM (hopMam
00y4eHHs ¥ BOBIICKAIOTCS B (DOPMHUPOBAHUE yCIOBHBIX 000-
ponurenbHbIX peduiexcos (Kandel, 2012).

Takum 06pa3oMm, MOTydeHHbIE JAHHBIE CBUICTENBCTBYIOT
0 ToM, 4To cepoToHnH 1 FMRFamun MoryT okassiBats cBoe
JIeHcTBUE Ha paboTy reHoMa B MOANIOTOUHbIX ranrusax [THC
yepe3 OHM U TE K€ MHIICHHU, a UMEHHO Yepe3 U3MEHEHUE
ypoBHs MeTuiaupoBanus ructoHa H3. Oxgnako sapdexr nx
JIEUCTBUS pa3HOHaNpaBiieHHbIM. [Ipu 3TOM aKkTHBalLlMOHHbIE
MPOIIECCHI, OMOCPEAYEMbIE CEPOTOHMHOM, aKTHBUPYIOT
METWINPOBAHUE U 110 aKTHBATOPHBIM, U IO HHTHOUTOPHBIM
caiitaM, a TOpMO3Hble, onocpenyemsle FMRFamunom, unru-
OMpYIOT METHIMPOBaHKE TIO0 000MM caiitaM. CHHXPOHHYIO
AKTHBAIMIO METUINPOBAHUs riucToHa H3 1o akTHBaTOpHBIM
W MHTMOMTOPHBIM caliTaM, Kak U B ciaydae nHkyOaruu [THC
C CEpOTOHUHOM, MBI HaOIIOIANIN paHee TPH BEIPaOOTKe ped-
JIeKca MUIIEeBOI aBep3uM B ycnoBusix in vivo (I'puHkeBnd,
20126). CxonHblIe JaHHBIE 10 CHHXPOHHOMY METHJIHPOBAHUIO
AKTUBATOPHBIX U MHTMOMTOPHBIX CAaHTOB B aHAJIOTHYHBIC
BpPEMEHHBIE MHTEPBAJIbI OBUIM MOIYYEHBI U ITPH BBIPAOOTKE
YCIIOBHBIX pe(IeKCOB y BBICIINX MM03BOHOYHBIX (Gupta et
al., 2010; Morse et al., 2015). Kak oTMeuanoce BbIIle, METH-
JMPOBaHNE TUCTOHOB CHOCOOHO BIUSATH KaK HAa WHIIYKIHIO
9KCIPECCHUU I'€HOB, TaK M MX PENpecCHio, B 3aBUCHMOCTU
OT TOT0, KaKHue CalThl METHJIUPYIOTCS, aKTHBATOPHBIC HIIH
nHruouTopHeie. Takum 0OpazoM, TOTydeHHbIE HAMH JJaHHBIC
CBHJIETEIILCTBYIOT O TOM, 4TO B (pOPMUPOBAHHE KaK yCIOBHBIX
000pOHUTENBHBIX pe(IIEKCOB, TaK M TOJTOBPEMEHHBIX (hopMm
CCHCUTH3AIIMH BOBJICKAIOTCS HE TOJIBKO aKTHUBALIUS AKCITPEC-
CHH T'€HOB, HO 1 ”Hr'HOMpoBaHue. OLleHOYHbIE SKCIIEPUMEHTHI
Ha MO3BOHOYHBIX JKUBOTHBIX MOKA3bIBAIOT, YTO KOJIHMYECTBO
TCHOB, KCIIPECCHUS KOTOPBIX aKTUBHPYETCS MIIN CHIDKAETCS
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nipu hopmupoBanuu /111, mpakTnuecku coBnaaeT (3THX reHOB
oxorno 1500) (Gupta-Agarwal et al., 2012).

Uro e KacaeTcs AOITOBPEMEHHOHN NENpecCHH, NHIYLHU-
pyemoit FMRFamuiom, T0 1eMeTUINPOBAHNE aKTUBATOPHBIX
CaliTOB MOXKET MPUBOIUTH K MHTMOMPOBAHUIO SKCTIPECCHH Te-
HOB (B TOM YHCJIE, BO3MO)KHO, BKJIFOUCHHBIX B (JOPMUPOBAHNE
CEHCUTHU3AIIMH), & IEMETUINPOBaHHE MHIMOUTOPHBIX, HA000-
POT, aKTUBHUPOBATh TEHBI, HEOOXOAUMBIE ISt (DOPMUPOBAHUS
JIOJITOBPEMEHHON AETPECCUU.

Heckonbko MHYI0 KapTHHY METWIMpOBaHUsS TuctoHa H3
MBI HaOMIOaNK B LiepeOpanbHbIX TaHIVINSAX, BOBJICUCHHBIX
B 00pabOTKy CHI'HAJIOB OJIL(AKTOPHBIX W MHUILEBBIX CTUMY-
JIOB, MCIIOJIb3yEMbIX IPU (POPMHUPOBAHUN OOOPOHUTEIBHOTO
pedrexca MUIIEBOH aBep3WH B Ka4ECTBE yCIOBHBIX. MHKY-
Ganust [ITHC ¢ cepoToHNHOM He BIHsIa Ha METHINPOBAHUE
ructoHa H3 mo akTuBaTopHOMY CalTy W CHHYXKaja €ro Io
UHTHOUTOPHOMY, T. €. B LIEpeOPaIbHBIX FAHNINSIX CEPOTOHNH
B LI€JIOM, BEPOSITHO, aKTUBHPYET 3KCIIPECCHIO TE€HOB 4epes
BBIKJIIOUEHNE MHIMOUTOpHBIX caiitoB. FMRFamun B uc-
CIIeZIOBaHHBIN BPEMEHHON MHTEPBAJ HE OKa3bIBAET BIUSHHE
Ha METHJIMpOBaHME rucToHa H3 B 1epeOpaibHbIX TaHIIHAX
HY T10 OJTHOMY M3 MCCJIEIOBaHHbIX caiiToB. TakuM o0pazom,
ceporonnd 1 FMRFamun n30npaTensHO BIUSIOT Ha SITUTEHE-
THYECKHE ITPOLECCHI B (PYHKIIHOHAIBHO Pa3IMYHBIX TAHIIIHSIX.

Crnemyer OTMETUTB, YTO B OTIIMYME OT cepoToHrHa (bama-
6an, 3axapos, 1992; Grinkevich et al., 2008; Kandel, 2012;
I'punkeBwny, Bopobrea, 2014; Grinkevich, Vorobiova, 2014)
¢ynkurn FMRFamunoB u MexaHn3mMbl UX BO3JCHUCTBHSI Ha
BHYTPHUKIJIETOYHBIE IPOLIECCHI OCTAIOTCSA EIE TIOXO U3yUYeH-
aeiMH. Hanboiee moano onucano aeiicrsue FMRFamuia na
(hopMUpPOBaHHUE TOITOBPEMEHHOMN ACTIPECCHH CHHAITUYECKON
CBSI3M MEXIy HEHpOHaMu MoJuocKa Aplysia B KylabType
(Guan et al., 2002). [Tokxazano, yto FMRFamun naaymupyer
(hopMHUpOBaHKE JOJTOBPEMEHHOMN ACTIPECCHH YePe3 BIHUsSHHIE
na pocpopumuposanne K+ kananos S-tumna (Belardetti et al.,
1987) u Goxee TOrO, CIOCOOCH MOAABIATH CEPOTOHNH-3aBHU-
CHUMYIO JIOJITOBPEMEHHYIO CEHCHUTH3ANUI0 ((HhacCHIIUTAIIHIO),
CBSI3aHHYIO C yCUJICHHEM alleTHIInpoBanus ructoHa H4 gepes
€0 JIcalleTHINPOBAHNE ¥ BOBJICUCHNE HHTMOUTOPHOTO TPaHC-
kpurponHoro ¢gakropa CREB2 (Guan et al., 2002). Takum
00pa3zom, W3 JAaHHBIX padOT CIIEAYyeT, YTO CEHCUTH3AILNA,
Jexamiasi B OCHOBe (pOPMHUPOBAHUS YCIOBHBIX 00OpPOHH-
TEJILHBIX PEQIIEKCOB, MOXKET OBITh IOJIAaBJICHA YH/IOTCHHBIM
uHTHONTOpHBIM HefiporientuioMm FMRFammuowm, T. e. B psine
CIIy4aeB MPOLECCHl TOPMOXKEHHSI MOT'YT JOMHUHHPOBATh HAJl
aKTUBAIlMOHHBIMHU. Hamm BrepBble MOJTyuyeHHbIE TaHHBIE
10 METHWJINPOBaHMIO TUCTOHAa H3 B ycnoBusx MHKyOaruu
HHC Helix ¢ FMRFamuiom cBHIECTEIBCTBYIOT O TOM, YTO
FMRFamu criocoOeH BIUSITh Ha STUT€HETUYECKHIE ITPOIIECChI
yepe3 HHIMOMPOBAHNE HE TOJIBKO alleTHIMPOBAHUS THCTOHA
H4, vo n MetunupoBanus ructona H3, npuyem B HaleM
clly4yae TakKe HaONIOAaoTCsl PEIUIPOKHBIE OTHOLICHHUS
¢ ceporoHnHoM. Crnoco6nocts FMRFamuaa oka3piBath
MIPOTUBOIOJIOKHBINA CEPOTOHUHY 3P (EKT Ha METHIMPOBaHNE
ructoHa H3 moxet orpakars ponrs FMRFamuna B nexoctaom
MOBEJICHUHN KMBOTHOTO, @ UMEHHO B TOPMOKEHHU CTUMYJIOB,
YTPaTHBIIHMX 3HAYUMOCTb B TOM YHCIIE U IPH POPMHUPOBAHNHT
ycioBHbIX peduiekcoB. Bopneuenne FMRFamua-nogo6Hbx
MENTHOB B (POPMUPOBAHUE ITPUBBIKAHUS OBLIO MOKA3aHO IS
Hemaroxs! (Li et al., 2013), ogHako SMTUTEHETHYCCKUE HCCTIC-
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JIOBaHUs B JaHHOW pabote He mpoBoawiy. [ToryyenHbie HaMu
nanHble o BoieueHnn FMRFamunaa B perysnsinuto MmeTuimpo-
BaHMS THCTOHOB PACIIHPSIIOT 0a30BbIE 3HAHUS O MEXaHU3MAX
BO3JEHCTBHS NeNTHIO0B Ha (yHkunonuposanue [[HC.

OTMeTHM, YTO MEXaHM3Mbl HHIYKIMHU TPOLECCOB METH-
JTUPOBaHUS TUCTOHOB mpu (popmupoBanuu Il octarorcs
eIle NMPaKTHYECKH HewccienoBanHbMy. [lepsas pabora mo
BOBJICUCHHIO MeTHIIMpoBaHusi B (opmuposanue /11 Obiia
omyonukoBana B 2010 r. Beuto mokaszaHo, 9T0 METHIIMPOBaHKE
rucrona H3 mo akTMBaTOpHBIM W WHTHOMTOPHBIM cailTam
BOBJICYEHO B (DOPMHUPOBAHME YCIOBHBIX O0OPOHHUTEIIBLHBIX
pednexcoB y kpsic (Gupta et al., 2010), a y MbItIeHt, aumeH-
HbeIX H3K4-criennpuueckoil ructonoBoit MetunTpancdepa-
361 M1, nanneiii Bun 11 ve hpopmupyercs (Akbarian, Huang,
2009). Hapymenue MeTHIHpOBaHUS THCTOHOB HAaOIIOMaeTCS
W TIpH BO3pacTHBIX yxymmeHusx JI1. U uro BaxHO, maMsTh
B JIAHHOM CJIy4ae MOKET ObITh 3HAUUTEIILHO YITy4llleHa Yepe3
HOPMaJIM3AINI0 METHIIMPOBAHMS IIyTEM IPEIBAPUTEIHEHOTO
COZIEpKaHUsl )KUBOTHBIX B YCIIOBHAX O0OTAICHHOW pa3ind-
HbIMH nipeamMeTamu cpeabl (Morse et al., 2015). K nacros-
MeMy BPEMEHHM MICHTU(HUIIMPOBAHO HECKOIBKO IECSTKOB
crnennuUecKnXx THCTOHOBBIX JU3WH METHUATpaHchepas
U JIeMeTHnj1a3, KOTOpble KOHTPOJIUPYIOT METHUIMPOBAHHE
U IEMETUINPOBAHNE ONPE/IENICHHBIX CTIEU(PUIECKIX CAHTOB
THCTOHOB. YacTh U3 HUX BOBIEKaeTcs B popmupoBanue JI1
(Gupta et al., 2010; Xu, Andreassi, 2011; Gupta-Agarwal et
al., 2014). MexaHu3MBI IPUBICUCHHUS TaHHBIX (HEPMEHTOB
K OIIPE/ICIICHHBIM PETYIISTOPHBIM paliloHaM I'eHOB OCTAIOTCS
MPAaKTHYECKH HEHCCIIEIOBAaHHBIMU B CBSI3H KaKk ¢ MHOT00Opa-
3HMeM PETYISTOPHBIX CHCTEM, BOBIICUEHHBIX B (DOPMUPOBAHNE
AT, tak u HanuaueM Oonbmoro yncia Gopm hepMeHTOB
C Pa3IMYHBIMU YPOBHSIMH JKCIIPECCHUHU B PA3HBIX KIETKAX
U CEM(IIHOCTHIO UX CPOJCTBA K Pa3IMIHBIM CaliTaM IT'MCTO-
HOB. Ony0OnmKoBaHa repsast padoTa, TTOKa3bIBAIOIIAS yIacTHE
curnanpHoro kackaga MAPK/ERK (The mitogen-activated
protein kinase/extracellular signal-regulated kinase) B uHIyK-
MM METHINPOBaHus ructona H3 mo nHrudnutopHomy caiity
H3K9me2 npu dhopmuposanuu /I, BeI3bIBacMOl cTpaxom.
IIpu 3TOM TPONCXOANT IBYHANPaBICHHAS PETYISIIUS (POpMHU-
poBanwust koMmruiekca H3K9me2-crienmdudeckoii MmeTuaTpaHc-
depassl (G9a) u nemetmasel (LSD1) Ha MpoMOTOpax reHoB,
a MHTHOMPOBaHUE 3THX (PEPMEHTOB MPUBOAUT K YTHETEHHIO
i yiyamenuto popmuposanus 11 coorsercteenno (Gupta-
Agarwal et al., 2014). Cnenyet otmetuTh, ut0 MAPK/ERK
KacKaJl NTPaeT Ype3BBIYAIHO BaXKHYIO POJIb B (DOPMUPOBAHNHT
JIONTOBPEMEHHON MaMSTH KaK y MO3BOHOYHBIX >KHBOTHBIX,
Tak u O6ecno3BoHouHbIX (Levenson, Sweatt, 2006; Wood et
al., 2006; Grinkevich et al., 2008).

Wunykius metuiipoBanust ructona H3 kak mpu oOyueHnn
Helix, Tak u npu nnky6armu [THC ¢ cepoTOHUHOM MOXKET
ocymectBiaThes uepe3 MAPK/ERK. Panee mbr mokazanm,
yro MAPK/ERK akruBupyercs npu o Oyuenun Helix, n 5ta
akTuBanus ceporonnH-3aBucuMa (Grinkevich et al., 2008).
brokaga MAPK/ERK xackajga mpuBOZUT K HECIOCOO-
HoctH popmupoBanust JI1 n conpoBOXkIaeTCsi CHIKCHHEM
arieTuiiMpoBanus rucrona H3, naaynupyemoro o0yueHnem
(Danilova et al., 2010; I'puakeBwd, 2012a; Danilova, Grinke-
vich, 2012). U3zBectHo, yto MAPK/ERK xkackan urpaer
BO)XHYIO POJIb B MHIIYKIIMH AlleTHJIMPOBAHUS Yepe3 aKTHBa-
uro areTmwiTpancdepas pocopmmuponannem (I puHKeBHY,
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2012a). C npyroii CTOpOHBI, B TUTEpaType UMEIOTCS JaHHBIE
O BIMAHUM AllETWIIMPOBAHHS Ha METHIMPOBAHNWE THCTOHOB
(Akbarian, Huang, 2009; Gupta et al., 2010). Takum o6pazom,
TUTIOTCTUYCCKHU CCPOTOHMH MOXKET MHAYLIUPOBATH METUIIU-
poBaHMe MO akTHBaTOpHOMY caiTy uepe3 ERK-3aBucumoe
arnetupoBanne ructona H3, a mo marnbutopHomy caifty —
yepe3 ERK-3aBrcumoe nHrubnpoBanume aemMeTrias aHajuoruy-
HO omcaHHOMY B pabote Gupta-Agarwal etal., 2014. B nmute-
parype UMEIOTCs JaHHbIE 0 BOBJIeUeHHH (hochoprpoBaHus
B (D)yHKIIMOHMpOBaHUe rucToHOBBIX gemeruias (Toffolo et al.,
2014). CtocoGHOCTE CEpOTOHNHA MHTYIHPOBATh METHITHUPO-
BaHue ructoHa H3 mo narndnuropHomy caiiTy nmusuHa 9 moka-
3ana st runnokamia (Hunter et al., 2009). Uro e kacaercs
FMRFamuza, To ero aeiictBue Ha reHOM, 10 KpailHell mepe
Y MOJUTIOCKOB, MOYKET OTIOCPE/IOBATHCS Yepe3 MPOTEHHKHUHA3-
HBIA Kackal p38, KOTOPBIN MOTCHIUAIBHO CIIOCOOCH MHIH-
O6MpoBaTh METHINPOBAHNE TI0 AKTHBATOPHBIM (M BO3MOXKHO,
MHTHONTOPHBIM ) CaliTaM depes3 MPHUBJICUCHHUE K PETYIISITOPHBIM
KoMIUIeKkcaM reHoB aemetmias (Guan et al., 2002). Ha mo-
3BOHOYHBIX KMBOTHBIX ITOKa3aHO, 4To femeTnna3a LSD1 Bo-
BJIEKAETCs B AEMETHIIMPOBaHUE Kak akTiBaTtopHoro H3K4, tax
n uaruouroproro H3K9 caiitos rucrona H3 (Xu, Andreassi,
2011), MmeTunrpoBaHue KOTOPHIX H3yYaIOCh U HAMH B HACTO-
SIIeM U Ipeasiaymmx uccienoBanusax ([ punkeswy, 20126;
I'punkeBud, BopoOnea, 2014; Grinkevich, Vorobiova, 2014).
FMRFawmun TeopeTndeckn CiocoOeH HHTHONPOBATh METHITH-
poBanue rucrona H3 u yepes HHrHOMpoBaHKE PEryIIiTOPHOTO
kackagna MAPK/ERK nocpencTBom akTuBanuu MmpoTeHH-
knHa3el p38. [Tokazano, uTo p38-3aBUCHMOE HHTHONPOBAHNE
MAPK/ERK BoBneueno B ¢opmupoanne FMRFamun-
3aBHCUMOM Jienipeccun y Mojuttocka Aplysia (Fioravante et
al., 2006). Kpome toro, FMRFamun criocoGen BiuATh Ha
BHYTPHUKJICTOYHbIE TPOIECCH Yepe3 PETYISIIUI0 CHHTE3a
okcuya azora (NO) (Részer et al., 2004), KOTOpBIH MINPOKO
BoBiiekaeTcst B popmuposanue [I1 (Korneev et al., 2005).

[Tony4eHHbIe TaHHBIE CBUACTEIBCTBYIOT O TOM, YTO aK-
TUBaTOPHbIE U UHTMOMTOPHBIE TPOLIECCHI, OMOCPEIyeMbIe
ceporoHnHoM 1 FMRFamuziom, MoryT B3auMoeiicTBOBaTh
Ha SIMT€HETHYECKOM YPOBHE, aKTHBUPYS! MJII HHTHOUPYSI Me-
tunupoBanue ructona H3 coorsercrBenHo. Takum oOpaszom,
STMUICHETHYECKUE MOIU(PHUKALNN THCTOHOB MOTYT JIEXKATh
B OCHOBE KOHBEPI'€HIINY aKTUBATOPHBIX M TOPMO3HBIX Iy TEH,
YYaCTBYIOIIHUX B (POPMUPOBAHUHU OITOBPEMEHHON MAMSITH,
U, COOTBETCTBEHHO, PETYIMPOBATH IKCIIPECCUIO TEHOB, BO-
BJICKAEMBIX B TUIACTUYECKUE NEPECTPOHKH.

W3y4yeHuto MEeTHIIMPOBaHHsI THCTOHOB B (DYHKIIHOHUPOBA-
aun [JTHC B Hacrosmee BpeMst IpHUAAETCS HCKITIOUUTETHFHO
B)KHOE 3HAUCHUE KaK B CBS3U C yYaCTHEM METHIMPOBAHUS
B MCHTAJIBHBIX IpOIECcCax, TaK U C HOTCHLII/IaJ'H)HOI‘/II BO3MOXK-
HOCTBIO BOCCTAHOBJICHHSI KOTHUTUBHBIX (DyHKIIHH, CBA3aHHBIX
C HapylIeHHEM MeTHianpoBaHus. Hanbospee unciio paboT
B 9TOH 00JIaCTH IMOCBSIIEHO UCCIIEAOBAHUIO MEXaHU3MOB
HapyweHus Il u uX BOCCTaHOBIEHHIO IIPU JENPECCUSIX,
ayTH3Me W HeWpojereHeparnBHbIX matosorusx (Akbarian,
Huang, 2009; Xu, Andreassi, 2011; Jarome, Lubin, 2013).

HanbHelimue nucciae10BaHs B3aUMOJEHCTBHS CEPOTOHUH-
nnayuupyembix M FMRFaMuHbIX CUTHAJIBHBIX Iy TEH HA yPOB-
HE SIUTCHETUYECKON MOAN(PHUKAIIMY THCTOHOB MOTYT ITPOJIUTh
CBET HAa MEXaHM3MBbl KOHBEPTE€HIINU PETYISTOPHBIX CHUCTEM,
BOBJICYCHHBIX B (DOPMHUPOBAHUE JTOJITOBPEMEHHOW MaMSTH.

MocTreHOMHbIe noaxoabl ¢M3MOHOFM‘I9CKOVI reHeTuKun
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