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OKCIIpeCCHsi TeHOB CUCTEeMbI KaTeX0/JI1aMIMHOB
B CpeJHEeM MO3re M peakiius IIPeCTUMVYIbHOI'O
TOPMO>KEHMNS V KPbIC C TeHEeTUYEeCKO KaTaTOHMen
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B UHctutyTe uutonorun n reretnkn CO PAH nytem cenekumn Ha ycu-
neHne peakumy NacCMBHO-060POHNTENBHOIO 3aCTbiBaHUSA B OTBET

Ha CTPEeCCOPHbIN CTUMYN co3AaHa NMHMA KpbiC K (0T cloB «reHeTn-
yeckas» N «<KaTaToOHUA»). PaHee 6b110 NOKa3aHo, YTo KpbICbl NMHUK MK
MMeloT pAa BMOXMMUYECKNX 1 NOBeAEHYECKMX 0COBEHHOCTEN, FOMO-
NOFMYHBIX COOTBETCTBYHOLUMM XapaKTEPUCTKAM Y 6OMbHbIX LWn3odpe-
HUWen n penpeccuein. Peakumio npecTumynbHoro TopmoxeHus (PPI)
paccmaTpuBaloT B KauecTBe NoKa3aTesif, CHUXKEHVE KOTOPOro MOXeT
CBUAETeNbCTBOBATb O HANIMUYMW NCMXOMATONOMMN, B YaCTHOCTU LLN30-
dpeHnn. iccnepoBaHms NOKasbiBalOT, UTO HOpapeHepruyeckas
cucTeMa Mo3ra BAnaeT Ha npossneHne PPl yepes akTmBaymio LieHT-
panbHbix anbda-agpeHopeLenTopos. Mi3BecTHa Takxe cBA3b PPl ¢ aKc-
npeccuen katexon-O-metuntpaHcdepassbl. Lienbio paboTbl 6bin0 nc-
cnefioBaHme peakuuy NPecTUMyibHOrO TOPMOXKEHUSA Y KPbIC MHOpes-
HoW nHUK K Kak runoteTnyeckon moaenu WwmsodppeHHo natonorum
1 M3yYeHune CBA3N peaKkLmmn NpecTMyfibHOro TOpMoXKeHUA y Kpbic MK
c akcnpeccuert MPHK reHOB TMPO3NHIrnapoKcunasbl, katexon-O-metnn-
TpaHcdepasbl, anbdalA- 1 anbPpa2A-agpeHopPeLENTOPOB B CPESHEM
Mo3re. BnepBsble BbIABAEHO CHUKEHME peaKkLumn NpecTumMysibHOro
TOPMOXeHWA Y KpblC NnnHMKM K no cpaBHeHMto ¢ Kpbicamu nnHum WAG
npu cune npectumyna Kak 75, Tak n 85 ab, uto moxeTt yka3biBaTb Ha
HapyLLeHMe npouecca GuabTpaLum CEHCOMOTOPHON MHbOPMaLUN B
LHCy kpbic nuHnm K. Metopom lMLP B peanbHOM BpemeHM NokasaHo
CHUXeHMe ypoBHA akcnpeccun MPHK reHa AdralA y MHTaKTHbIX KPbIC
c 'K no cpaBHeHMIo € KOHTPONbHbIMK Kpbicamu nuHun WAG. Koppe-
NALUMOHHBIX B3aUMOCBs3ei mexay skcnpeccrein MPHK reHos AdralA,
Adra2A, Th, Comt B cpegHeM Mo3re 1 peaKuuein npecTMmMynbHOro Top-
MOeHWsA Y KpbIC IHUK K He 06HapyxeHo. CHXXeHHas peakuus
NpecTUMySIbHOro TOPMOXKEHUA Y KpbIC NMHWUK K cBMAEeTENbCTBYET B
nonb3y GYHKLUMOHANIbHOMO CXOACTBA JIMHUW KaK NMPeAnonaraeMoin re-
HeTnyecKor Mofen Wn3oppeHHON NCUXONaToN0rMmn C MPOTOTUMOM.

KnioueBble cnoBa: reHeTUYeCKas KaTaTOHUA; NPeCcTUMynbHOe
TOPMOXKeHMe; MPecTUMySIbHOe MHIMOMPOBaHWE; CPeHMI MO3T;
3KCnpeccra reHoB; anbda-agpeHopeLenTopbl; Katexon-O-meTun-
TpaHcdepasa; TMPO3NHIMAPOKCMIa3a.
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Expression of catecholaminergic
genes in the midbrain

and prepulse inhibition in rats
with a genetic catatonia
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The GC rat strain (from the words “genetic” and “cata-
tonia”) was created by selection for predisposition to
passive-defensive reaction of catatonic freezing in
response to stressing stimuli. Rats of the GC strain have
previously demonstrated a number of biochemical
and behavioral properties similar to those of patients
with schizophrenia and depression. Prepulse inhibition
(PPI) is widely explored as an important indicator, a
decrease of which may be indicative of psychopathol-
ogy, including schizophrenia. It has been established
that the brain noradrenergic system influences the
manifestation of PPI, in particular through the activa-
tion of central alpha-adrenoreceptors. Also known

is the association between PPl and expression of
catechol-O-methyltransferase. This study focuses on
the reaction of prepulse inhibition in rats of the inbred
GC strain, being considered as a hypothetical model
of schizophrenia, as well as on the relation of prepulse
inhibition to mRNA expression of tyrosine hydroxylase,
catechol-O-methyltransferase, alpha1A- and alpha2A-
adrenergic receptors in the midbrain of GC rats. For the
first time, a decrease of PPl in GC rats compared with
WAG rats was shown, both with a prepulse power of
75 dB and at 85 dB, which may indicate a violation of
filtration of sensorimotor information into the central
nervous system in GC rats. Real-time PCR showed a
decrease in mRNA level of AdralA in intact rats with
genetic catatonia when compared to control WAG

rats. There was observed no correlation between the
expression of MRNA of the AdralA, Adra2A, Th, and
Comt genes in the midbrain and the PPI reaction in

GC rats. The reduction of prepulse inhibition in GC rats
indicates functional similarity of this genetic model of
schizophrenic psychopathology with a prototype.

Key words: genetic catatonia; prepulse inhibition;
midbrain; gene expression; alpha-adrenoreceptors;
catechol-O-methyltransferase, tyrosine hydroxylase.



Wucruryre nuronoruu u renernku CO PAH Obuia cenex-

nuonupoBana uHUS Kpeic 'K (abOpeBnarypa oT ciioB

«TeHeTHYEeCKash» U «KaTaTtoHus»). Kpurepnem orbopa
CITy)KHJIa JUTUTEIBHOCTh PEaKLUK KaTaJelTHYECKOTO 3aCThl-
BaHUS B JOMAITHEW KJIETKE B OTBET Ha CIAOBIN CTpeccupy-
fomuit ctumyst. Takum 0OpaszoM, Iperonaransoch Co3Janue
JIMHUU JKMBOTHBIX, MOJEIUPYIOLICH CUMIITOMBI H30(pe-
HUM KaTaTOHW4YecKoro tumna. IlokazaHo, 4TO KpBICHI MTOTY-
yenHo# smaun 'K nmeror psijg OMOXMMUYECKHX U TIOBEJICH-
YECKUX 0COOCHHOCTEH, COOTBETCTBYIOIIMX XapAKTEPHCTHKAM
y OompHBIX mm3odpenuei u nenpeccuer (Kommakos u ap.,
2004).

OnHUM U3 yCJIOBHI JUIsl IPU3HAHUSI SKCIIEPUMEHTAIBHON
Mozieny MU30(PEHHON MaTOIOTHH BAJIUAHON SIBIISIETCS Ha-
JMYHE CHIYKEHHON PEaKIMU IPECTUMYIBHOTO TOPMOXKEHHS y
»)uBoTHBIX (Swerdlow et al., 2008; Powell et al., 2009). Dtot
(heHOMEH OTpakaeT CIOCOOHOCTH IIEHTPATBFHON HEPBHOU
CHCTEMBI K CEHCOMOTOPHOH (prbrparin. CHIKEHHUE ITPECcTH-
MYJIBHOTO TOPMOYKEHHSI ObLIO O0OHAPYIKEHO NPH IH30(PPEHUH
(Martinez-Gras et al., 2009), 3aboneBaHUAX ayTHCTHIECKOTO
cnekrpa (Perry et al., 2007), a Takxe mpy HEKOTOPBIX APYTHX
MCUXMYECKHUX U HEeHpOoJereHepaTHBHbIX 3a00IEBaHUSX.

IIpecTuMynbHOE TOPMOKEHHE, BBI3BAHHOE 3BYKOBBIM Pa3-
JpaXeHHeM peduiekca B3IparuBaHusl, 3aKII04ACTCs B CHH-
JKeHMH PeaKIMM Ha MPeabaBIsSeMblil CTUMYT, eciH 3a 20—
800 MIIUTHCEKYH]T eMy TPENIIeCTBYET ITOIINOPOTOBBIN 3BY-
koBo# pazapaxkurens (Hoffman, Wible, 1970). I[Tpectumyis-
HO€ TOPMOYKEHHE aKyCTHYECKOTo peduiekca B3IparuBaHus
XapaKTEPHO HE TOJBKO JUIA YeJIOBEKa, HO U IS PsAZa BUIOB
JKMBOTHBIX, YTO MO3BOJISIET HCIIOIB30BATh ATOT ITOKA3aTENb B
Ka4ecTBe NOTEHIINAILHOI0 MapKepa ICUXOaTOJION UK ITPH HC-
CJICIOBAHUSAX, TIPOBOIMMBIX Ha 9KCIEPUMEHTATBHBIX MOJETIAX
(Joober et al., 2002). OgHako UCCICIOBaHUS CIIOCOOHOCTH
IMHC x cencomoTopHO# (ubTpannu nHGOPMALUU Y KPBIC
nHOpenHoi muHNK ['K panee He MPOBOAMIIICE.

BaxHyio posib B peasi3alliil peakiyy MPEeCTUMYIBHOTO
TOPMOYKEHHSI B OTBET Ha 3BYKOBBIE CTUMYJIbI UTPAET CPETHUI
MO3T, TOCKOJIBbKY TIOKa3aHO, YTO B PEAIN3aIN 3TOH pEaKknu
00s13aTeNIbHO yYacTBYIOT YETBEPOXOJIMHUE M METyHKYIIOIIOH-
TUIHOE TErMEHTAJIbHOE spo cpeaHero mosra (Li et al., 1998;
Yeomans et al., 2006; Li et al., 2009). Kpome Toro, ycra-
HOBJICHO, YTO HOPAJPEHEpriuuecKas CHCTEMa MO3Ta BIIHSCT
Ha MPOSIBJICHUE PEaKIMK MPECTHUMYIBHOTO TOPMOXKEHUS, B
YaCTHOCTH, Yepe3 aKTHUBALMNIO [EHTPAIBHBIX aib(a-aape-
HopenentopoB (Shishkina et al., 2004; Alsene et al., 2006).
HM3BecTHA TaKKe CBsI3b PEAKIMH IPECTUMYIBHOTO TOPMOKE-
HUS C YPOBHEM 3KCIIpeccHH Karexoi-O-MeTuntpanchepasst
(Swerdlow et al., 2013). Panee y kpoic muauu 'K Obiin
BBISIBJICHBI U3MEHEHUsI 110 COJIEPKAHUIO HOPaJApEeHaIHHA U
modamuHa B cTpykTypax Mosra (Alekhina et al., 1994) u
omnuus 1o ypoBHio skcnipeccun MPHK anpenopernentopos
B ITHC (Ps3anoBa u mp., 2012), 94T0 CBUACTEILCTBYET 00
M3MEHEHHOW (DYHKIIMM TaHHBIX CHCTEM M MOXKET BIIHSTH Ha
PEAKIHNIO MPECTUMYIIBHOTO TOPMOXKEHHS Y ATUX )KUBOTHBIX.

Lenbto paboThl OBLIO UCCIIEA0BATH PEAKLIUIO IPECTUMYJTb-
HOTO TOPMOXXEHHs y nHOpemHoit mmHnn kpeic 'K ¢ rene-
THUYECKOM KaTaTOHMEH KaK T'MIIOTETHYECKOM MOAENH IIN30-
(hpeHOMOA00HOTO HAPYIUICHUS U M3YUYUTh CBSI3b PEAKIUU
[IPECTUMYIBHOIO TopMOkeHMs y Kpblc 'K ¢ skcnpeccueit
MPHK renoB Tupo3uHruapokcuiasbl, karexomn-O-meTui-

BbicokoTexHonornuyeckoe ¢eHOTVII1I/IpOBaHI/Ie

Tpancdepassl, anbdal A- u anbpa2A-aJpeHOPELENTOPOB B
CpEIHEM MO3Te.

MaTepmanbl n Mmetoabl nccnefnoBaHnA
JKcnepuMeHTA/IbHbIE ;KMBOTHbIe. PaOoTa BBINTOJIHEHA HA
7-mecsuHbIX nHOpeanbIX Kpbicax mHuK ['K 1 WAG (Wistar
Albino Glaxo), koTopble, kak u Kpbicbl JuHuK 'K, Obun
noay4yeHs! n3 nomymsiuuu Buctap. Kpsicel conepsxanuch
B MHJMBHAYyaJbHbIX KieTkax B BuBapuu Uul" CO PAH
Ipu CBOOOJIHOM JOCTYyIE K BOJe U KopMmy. Bce ombIThl Ha
JKMBOTHBIX BBITIOJTHEHBI B COOTBETCTBHUH C MOPSIIKOM ITPOBE-
JIEHHs IPOLIEAYpP Ha AKHUBOTHBIX CONIACHO npukasy Ne 755 ot
12 aBrycra 1977 . ¥ Mo MeXIyHapOIHBIM PEKOMEHIAUAM
(OTHuecknit kogeke ot 1985 1) n omoOpeHsr OMo3ITHIECKON
xomuccuert Uul" CO PAH (portokon Ne 34 ot 15.06.2016).
C OMOIIBIO TECTUPOBAHUSI HA «KaTaJICTICHIO» ObLIIM 0TOOpa-
HBI KpbIch [ K ¢ HanbombImei BEIpaKeHHOCTHIO «3aCTHIBAHUS)
(6omee 10 c¢). M3 Hux chopMupoBan J1Be TpynIsl: 1) KpbICh
I'K 1 WAG (rpynmna MHTakTHbBIE), Y KOTOPBIX M3y4alH JKC-
npeccuto MPHK renos; 2) kpeicet [ K 1 WAG (PPI-rpymma),
Y KOTOPBIX UCCIIEIOBAJIN ITPECTUMYIIBHOE TOPMOXKEHHUE (pre-
pulse inhibition — PPI) B ycranoBke Startle u cpa3y mnocie
TECTUPOBAHUS MPOBOAMIIN JEKAUTALNIO ¥ Opasi OMoIoriye-
CKHUI MaTepua JUisl JaJbHEHIIETo ONpeIeIeH s SKCIIPECCUH
MPHK wuccnenyembix reHoB.

TecT Ha KaTajencuo MPOBOAUIN B COOTBETCTBUH C Tpa-
JUIIMOHHBIM CEJIEeKIMOHHBIM MeTonoM (bapeikuHa u ap.,
1983). ’KuBoTHOMY TpHAaBalyd BEPTUKAIHLHOE TOJOKEHUE
B YTy KJIETKH, OCTOPOKHO MPUIIOAHUMAS TEJIO 32 TIEPEAHUE
JIANK! MTAJIOYKOH. PerncrpupoBany BpeMs yaepskKaHHs TIPH-
JIAaHHOHW TaKMM 00pa30M 103kl [IOCJIE TOT0, KaK Najlouka Oblia
ybpana. TecTupoBaHne MPOBOAMIOCH JIBa Pa3a B pa3HbIC JHU.
B skcriepuMeHT ObUTH 0TOOPAHBI KPBICHI, KOTOPBIE 3aCTHIBAIIN
B Takoii mo3e He MeHee 10 c. Pasmep BbIOOpKHU, U3 KOTOPOU
OCYIIECTBIILIN 0TOOP, — 29 KpEIC.

Onenka npecTuMyJibHOro Topmozkenust (PPI) 6bu1a po-
BejieHa ¢ ucnoibp3oBanneM npubdopa TSE Startle Response
System (I'epmanus). Anmapar [isi H3MEPEHHUS aMIUTATYIBI
peaKknuy B3paruBaHus MPEICTABISIET COOOH 3BYKO- M CBE-
TOHENPOHNUIAEMYIO BEHTHIIMPYEMYIO KaMepy C 4yBCTBUTEIb-
HOW K KOJIeOaHUSAM IUTaTGOPMOIi, Ha KOTOPYIO ITOMEIIaeTCs
KJIETKa C )KUBOTHBIM. TecTHpOBaHME MPOBOAMIOCH B TEMHOTE,
Ha (oHe Oenoro mryma cuiiod 65 nb, Tak e kak u B Ooiee
paHHUX MCCIEIOBAHUIX Ha ayTOpeqHbIX Kpbicax muHuK ['K
(ITormoBa u ap., 1999; Bapeixuna u 1p., 2002). AnUTesHOCTD
BCEX 3BYKOBBIX CHUTHaJIOB (Oenblil mryMm) cocrasisuia 40 Mc.
OcHOBHO/ 3ByKOBO# cTuMyl umen cury 115 nb. B xagectse
TMOJIOPOTOBBIX MTPECTUMYJIOB OBUTH BEIOPAHBI CUTHAIIBI CHIIOH
85 nb (ITonoa u ap., 1999; bapsikuna u ap., 2002), a Taxke
cuioit 75 n 70 nb. Bpems Mexay OTASTbHBIMU HCITBITAHH-
MU ObUTO ciyvaitHbeiM B nHTepBae 10-20 c. Perncrpanns
aMIUIMTYIbl pediiexca B3JparuBaHus Bejach ¢ MOMEHTa
MOZa4l OCHOBHOTO 3BYKOBOTO CTHMYyna B TeueHue 200 mc.
[Tocne TpeXMUHYTHOW aianTalyy K yCIOBUSIM TECTHPOBA-
HUSI TIPOBOJMJIOCH ABTOMATHYeCKOe M3MepeHHe 0a3alibHOi
aKTHBHOCTH kuBOTHOTO B TeueHue 30 c. ITocie sToro mo-
nmaBasuch 10 3BykoBEIX cTuMyinoB (115 nb) mist raburyarmm
U cTabmiu3anuu crapmi-peduiekca. 3areM CieaoBal 00K
UCTIBITAaHWUH, PE3yNbTaThl KOTOPBIX HCIOIB30BAIIHCH IS pac-
yeta PPI. bnok cocrosn u3 40 ucnelTanuid, riae B cayyaiiHOM
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Expression of catecholaminergic genes in the midbrain
and prepulse inhibition in rats with a genetic catatonia

Ta6bnuua 1. Xapaktepuctuka npaimepos, ncnosbdyembix B MNLIP

M.A. Ryazanova, O.I. Prokudina
V.S. Plekanchuk, T.A. Alekhina

leH MNocnepoBaTenbHOCTb NpanmMepoB

Th F: 5-GCAGCCCTACCAAGATCAAA-3'
R: 5'-AACTTCACAGAGAATGGGCG-3’
AdralA F: 5-TGCCATCTTTGAGATCCTG-3'
R: 5'-GGTAGCTCACACCAATGTA-3’
Adra2A F: 5-TATGGGCTACTGGTACTTT-3’
R: 5'-CCCACACAGTGACAATGAT-3'
Comt F: 5-CTTGACCACTGGAAAGACCG-3’
R: 5'-CGATGACGTTGTCAGCTAGGA-3'
Ppia F: 5 TTCCAGGATTCATGTGCCAG-3'

R: 5'-CTTGCCATCCAGCCACTC-3'

MOPSIJIKE MO/IaBAJIMCh YEThIPE TUITA CUT'HAJIA (CUTHAJI KaXK/10TO
Tumna npeabspisics 10 pa3): 1) oMUHOYHBIA CHUTHAM CHITON
115 nb; 2) curaan ¢ npeACTUMYIJIOM TIEPBOTO THIIA: IPECTH-
My cuioit 70 ob, uepes 100 mc ctumyin 115 nb; 3) curnan ¢
[IPEACTUMYJIOM BTOPOIO TUIIA: IIPECTUMYJI CHIION 75 b, uepe3
100 mc ctumyn 115 nb; 4) curnai ¢ npecTUMYIIOM TPETHETO
Tuna: npectumMyi cuioi 85 a1b, uepes 100 mc ctumyn 115 ab.

[IpecTuMynbHOE HHTHOMPOBAHKE BBIYUCISUIN 110 (OpPMY-
ne: PPI (%) = (P — PP)x100/P, rae PP — ycpenHeHHast IO
10 ucnbITaHUAM aMIUIMTYJA peakiMy B3JparuBaHusl Ha
CTUMYJ1, IOIaBAE€MBIi ITOCIE NpecTuMyna; P — ycpelHeHHas
o 10 uCHBbITaHUSAM aMIUTUTY/A PEaKMy B3/IparuBaHus Ha
CTUMYJI.

Omnpenenenue koauyectrsa MPHK merogom IIIP B pe-
aabHoM Bpemenu. Kpoic muanu 'K 1 WAG ObicTpo neka-
MUTHPOBAJIM U 3abupanu Ouonornueckuii mMarepuan. PHK
U3 CPEJHEro MOo3ra KpbIC BBIACISIN C MCIOIb30BAaHUEM
TRI Reagent (Molecular Research Center, CIIIA) coracHo
PEKOMEHAlUAM IPOU3BOAUTEIS.

IIpumecu reromuoit JIHK yrnamsm o6padotkoit JJHKaszoii,
cBobomnoit or PHKa3 (Promega, CIIIA), mocne yero ocranas-
JMBaIIK paboTy (hepMeHTa ocaxkieHneM 96 % 3TaHoJIOM ¢ HaT-
puitaierarom (pH 4.2—4.4) n ocrasmsumu Ha HOUb Ha —20 °C.
3arem nenrpudyruposanu B redenne 10 mun 1 ocanox PHK
PacTBOPSUIN B IEMOHU30BAaHHOM Bojie. KauecTBO BhIJIeIEHHOM
PHK onenuBanu anexrpodopesom B 1 % arapo3nom rere,
KOJTMYECTBO — MO ONTUYECKON MIIOTHOCTHU MpH 260 HM.

Huns monyuenuss kIHK cmemuBanu 3 mxr PHK u
0.25 aMonb «cimydaiHbex» (random N9) mpaiiMepoB-HaHO-
MmepoB («brocunTes», Poccust). Koneunsrii pactBop o6beMom
50 mxa copepikan: 3 Mxr PHK u 0.25 HMOnb «cimydaitHBIX»
npaiimepoB-HaHOMepOB («buocuaTe3», Poccus), 5 mxm Oy-
tepa F2, 5 mxn 4 MM dNTP, 25 mxi 40 % tperanossl, 1 Mk
BSA (10 mr/vun) u 5 Mt 40 ex1. akt. 0OpaTHOM TPaHCKPHIITA3bI
MoMLV (peaxtuBsl nponsBoacTea «Bexrop-bect», Poccus).
Cunres kIHK nposoaumu npu 37 °C — 1 4, 42 °C — 30 muH,
50 °C — 10 MmuH. @epMeHT HHAKTUBUPOBAIU IPOTPEBOM CMECH
mpu 75 °C B TedeHune 5 MUH. B manpHeimeM s KaxIo0ro
obpasna k/IHK nemamm nposepounyro nocranosky I[P B
peajibHOM BpPEMEHHM C IpaiiMepaMu reHa JOMAIHEro X03si-
ctBa Ppia nnst xoHTpoms oOpaTtHOW TpaHCKpHIIuH. Kpome
toro, nposojuiu [P ¢ PHK nns nposepku Ha npucyTcTBHe
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Temnepatypa, °C

[nnHa npopykTa,

n.H.
oTXura perucrpauun
61 82 120
64 84 143
63 87 191
63 82 100
61-64 82 206

renomuoit JIHK B obpasuax. s nocienyromeid TP wuc-
nonp3oBanu 0.25-0.5 Mk momyyenno# k/IHK.

[TonmyxonnuecTBeHHy10 oueHKy 3kcnpeccud MPHK renos
anbpal A- 1 anbpa2 A-apeHOPeLenTOPOB, THPO3UHTUIPOK-
cmitassl U Katexos-O-MeTuntpaHc(epasbl BHITOIHSIIN 10
oTHowmeHHIO K dkcnpeccur MPHK rena «gomarsero xo3stii-
cTBa» nukiodenrna A (Ppia) Kak BHYTPEHHETr0 KOHTPOJIS
MOJIMMEpa3HoN IemHol peakuuu. B pabore mcmonb3oBanmm
ammumndurarop CFX96 Touch™ Real-Time PCR Detec-
tion System (Bio-Rad Laboratories, CIIIA). Peakunonnas
cMech obsemom 20 Mki comeprkana Oydep F2 mms ITLP
(«Bexkrop-bect», Poccus), 0,2 MM dNTPs, SYBR Green |
(«Menuren», Poccust) B passenenuu 1:20000, mo 150 aM
MpsIMOTO U obpaTHoro TpaiimepoB U | ex. akT. hot-Start mo-
mmMepassl («Bexrop-bect», Pocenst). Peakiuro npoBoammm B
CIIEYIOLINX YCIOBUSX: TIPEIBAPUTENBHBIN Iporpes npu 94 °C
B T€UEHHE 3 MMH; IIOCJE DTOro CieaoBaaud 3845 IHUKIOB:
nenarypanus npu 94 °C — 15 ¢, orxur — 20 ¢, am0oHranus npu
72 °C—20 ¢, coop naHHbIX 10 (rryopecueHuu st Ppia npu
83 °C—10 ¢, c6op maHHBIX 1O (ITYOPECIICHIINH IS [IEIEBBIX
o6pasioB — 10 c. [Tocne okonuanus 1P canmanyu kpusbie
IUTaBJICHUS Ui KOHTpous crneuuduyHocTn peakuuu. U3
moy4eHHBIX 00pasnoB kAHK mms kaxmoro oprana aemanu
«ycpenHeHHsbI» pactBop k/IHK, koTopblii nenons3oBany uist
MOCTPOCHUS KaJIMOPOBOYHBIX KPHUBBIX, IO KOTOPBIM OIIpe/ie-
JISLIM OTHOCUTENbHBIN ypoBeHb kKJIHK 1st eneBbix reHoB u
TeHa CpaBHEHHUS B 00pasmax.

IIpaiimepsl, ucniob3yeMbIe ISl ONIPENEICHUS IKCIIPECCUU
HCCIIeTyeMBIX TeHOB (Taba. 1), 6puTH T0T00PaHBI C UCTIONB30-
BaHHMEM OHJIAH-OJIMTOaHaIn3aTopa ¢ caiita www.eu.idtdna.
com u npoBepensl B 6aze nanubix Blast (Basic Local Align-
ment Search Tool) Ha cnenmuduanocts (Ps3anona, 2012;
Ryazanova et al., 2016).

CrarncTtuyeckasi 00padoTKa NMpoBeeHa C UCIOJIb30Ba-
HHEM TakeTa mporpamm Statistica 6.0. Brmustane daktopos
TEHOTHIIA, POLETyPBI HCCIIETOBAHUS TPECTUMYIIBHOTO TOP-
MOYKEHHS U B3aUMOJICHCTBHS ATHX (PAKTOPOB HA HKCIIPECCHIO
TEHOB OIIEHUBAJIM C MOMOIIBIO ABYX(AKTOPHOTO JHCHIEPCH-
onnoro a"anuza (ANOVA), post-hoc cpaBHEHNS TPOBOIUITN
no LSD-kputeputo @umepa. {18 ONEHKH peakiuu mpe-
CTUMYJIBHOT'O HHTHOMPOBAHUS IPUMEHSII METO/Ibl HeTiapa-
METPHUYECKOM CTATUCTHKU C MCIIOIb30BaHWEM U-KpHUTepus
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ManHa—YuTHU 15151 ManbIx BeIOOpoK. [Tpu koppessinnoHHOM
aHaJIM3e UCIIONb30BaIN HeTlapaMeTpHuUIecKiid Kputepuii Crimp-
MEHa, TIPU CTaTHCTUYECKON OLIEHKE PE3yJIbTaTOB TECTUPOBA-
HUS Ha KaTajerncuto — f-kpurepuit CTbIOACHTA.

Pesynbratbl n 06cyKaeHue

HVccnenoBanue KaTaaenTHYCCKOM peaKIluu MOATBEP IO 00-
Jiee IIUTEIbHOE 3acThiBaHKe y Kpbic uHNN ['K: 12.95+3.86
st TK w1 3.29+1.07 muit WAG (1o #-xputeputo CTBIO/ICHTA,
p<0.01).

B narmeii padore, a Takxke B psane apyrux (Lehmann et al.,
1999; Hohnadel et al., 2007; Rohleder et al., 2014) mokazaHo,
yto BesinunHa PPI 3aBucut ot cuisl npectumyna. [lpu cune
npectaMyia 70 1b MeXITHHEHHBIX Pa3IUIrii 10 YPOBHIO IIpe-
CTHMYJIFHOTO TOPMOYKCHUSI HE 0OHapykeHO. BriepBblie BhIsB-
neHo cHmkeHue yposHs PPIy kpsic munHun I'K no cpaBHeHHIo
¢ xpeicamu uHIE WAG nipu cuiie npectumyna 75 nb (mo
Manny—Yurau: U = 24.0, p < 0.001) u 85 nb (o Mauny—
Yutau: U=25.0,p<0.001) (pucynok). Ha 6onee panHux sta-
ax CeNIeKIMu y ayTopenubix kpbic tuanu 'K npu cue mpe-
ctuMyna 85 1b ynanock HalTH TOJIBKO OTPHULIATENBHYIO KOP-
PEISLNIO MEXIY JUTUTEIBHOCTHIO KaTaleNTHYeCKOT0 3aCThI-
BaHus U 3HaueHueM PPI, Torga kak paznuunii ¢ KOHTPOJIBHON
nuHUeH obHapyxkeHo He Obu10 (Bapeikuna u ap., 2002).

Jeduuur npecTumMyaIbHOrO TOPMOXKEHHSI pacCMaTpHBaeT-
cs B KadecTBE IHIO0(PEHOTHIIA HEHPOIICUXUIECKUX 3a00JIe-
BaHMH 1 IIMPOKO UCTIONB3YETCs TPU XapaKTEPUCTUKE HOBBIX
JKCIIEPUMEHTANILHBIX )KUBOTHBIX Mozeneit (Swerdlow et al.,
2008). Camxenue PPI y 5KHBOTHBIX, BRI3BIBAEMOE PA3INIHbI-
MU BO3/ICHCTBUSIMH, TIPEUIAracTcsi Kak 3KCIepUMEHTaIbHAs
mozuenb mmzodpennn (Swerdlow et al., 1994; Ellenbroek et
al., 1995; Le Pen et al., 2002). CHmKeHHas peakuus Ipe-
CTUMYJIBHOTO TOPMOXEHUS, OOHapyKEeHHasi Y WHOPEIHBIX
kpbic muHuK ['K, MOXeT roBOpUTh 0 HAPYLIEHUH B MPOIIECCax
(bunBTpaLK CEHCOPHON NH(POPMALIUH Y KPBIC 3TON JIMHUH U
CBUJICTEIIBCTBYET B MOJIB3Y (DYHKIIMOHAIBHOTO CXOZCTBA €€
(kak mpejronaraeMoi FreHeTHYeCKOM MOJIENH N30 PEHHOI
TICUXOTIATOJIOTUH) C IPOTOTHIIOM.

WccnenoBanne BiusHUA (pakTtopa TecTUpoBaHus U (ak-
Topa reHoruna Ha skcnpeccuto MPHK uccnenyembix reHOB
C MOMOIIBIO ABYX()aKTOPHOTO AMCIIEPCHOHHOTO aHaJIN3a
BBIABHJIO JOCTOBEpHOE BiusAHue (akropa renoruna (F,.,,=
= 6.57; p < 0.05) na skcnpeccuto MPHK AdralA; post:hoc
aHaJIN3 TOKa3all CHIbKeHHYIo kcnpeccuio MPHK AdralAd y
KkpbIc Tpynnsl «['’K MHTaKTHBIE» 110 CPaBHEHHIO C KpPbICAMH
«WAG wunTaktHbie» (p < 0.05) (tadm. 2). DT JaHHBIE TOJ-
TBEPKAAIOT Oojiee paHHUE HCCIIEIOBAHUS MO SKCIPECCUU
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Peakuna npectumynbHOro TopmoxkeHns y Kpbic MK n WAG.

Mo ocn abcumcc ykasaHa cuna npectumyna. = p < 0.001 - otanuus ot WAG
no MaHHy-YnTHW.

MPHK AdralA y xpsic I'K B cpemnem mosre (Ps3anosa u nip.,
2012). Takoe BOCIIPOM3BEACHUE PE3YIILTATOB 110 KOJINYECTBY
MPHK rena AdralA B pa3ubix nokoneHusix Kpbic auHun ['K
yKa3bIBaeT Ha CTAOMJIPHO M3MEHEHHYIO JKCIIPECCHIO 3TOTO
TeHa B CPeTHEM MO3Te )KHUBOTHBIX.

Anbpal A-anpeHopenientop — OCHOBHO# noaTun aibdal-
aapeHopenentopos (al-AP), KOTOpHIi ABISAETCS TOCTCHHATI-
THYECKUM W OCYIIECTBIISICT Mepeiady CHrHaja, OIoCpemyst
s dekTh HOpaapeHanuHa. [lokazaHo, 4TO BBEJICHHE B JKe-
JYIOYKH MO3Ta Tepa303MHa — aHTaroHucTa ainbdal-AP, BbI-
3bIBAeT J0303aBUCHMYIO0 MHTHOWIIUIO JBHTATEILHON aKTHB-
HOCTH ¥ KaTaJICNICHIO y MBIIIEH U KPBIC, KOTOPYIO MOXKHO
MIPEIOTBPATUTH COBMECTHBIM BBEICHHEM aroHucTa ((heHmm -
pun) (Stone et al., 1999, 2003b). Kpome Toro, 6nokupoBanne
CHHTE3a HOPApEHAINHA BBI3BIBACT 3aMETHOE CHUYKEHHUE I10-
BEJICHUECKOW aKTHBHOCTH, KOTOPYIO, B CBOIO OY€PEb, MOXK-
HO TOBBICUTH BHYTPHMO3TOBBIM BBE/ICHHEM HOPaJIpEeHaH-
Ha. [Ipu aTtom s¢dpdext HOpagpeHannHa OIIOKHPYETCs COB-
MECTHBIM BBEICHHEM Tepa3zo3uHa (Stone et al., 2003a), uto
CBUJICTEJILCTBYET O BaKHOU ponn anmbdal-AP B perymsiunu
HOPapEHATTMHOBOW HEHPOTPAHCMHUCCHUH U NTOBEACHUA. Takum
o0pa3om, BeIsIBICHHOE CHIDKeHHe skcnpeccnu MPHK rena
AdralA B cpennem mosre y kpbic 'K yka3sIiBaeT Ha n3MeHEHUs
B a/IpEHOPELICIITOPHOM 3BEHE, KOTOPHIE MOTYT OBITh CBSI3aHBI
C pPa3BUTHEM TOPMO3HBIX PEAKIMil U BIUATH Ha MPOSIBICHUE
KaTaTOHNYECKUX OTBETOB.

Kpowme Toro, narudunms asbgal-axpeHoperenTopoB BhI3bI-
BAeT IENPeCCUBHO-TT0N00HOE oBeeHue (Stone, Quartermain,
1999), a crumynsanust MeHHO anbdal A-aIpeHoperenTopoB
YMEHBIIAET ACMpeccuio u TpeBoxkHoe noseaeHue (Doze et
al., 2009). DT maHHBIE XOPOIIIO COTITACYIOTCS CO CHIKEHHOU

Tabnuua 2. Sxcnpeccua MPHK reHos AdralA, Adra2A, Comt n Th B cpegHem mo3re y Kpbic K n WAG

leH 'K nHTaKTHbIE WAG VHTaKTHble K PPI WAG PPI
(h=6) (n=16) (n=5) (n=6-7)
Th ............................................ 0 99i007 ................................ 0 891007 ................................ 0 98i004 ................................ 1061,007 .............................
Adm’A .................................... 0 844_,()06* .............................. 102i008 ................................ 0 86i003099i005 .............................
AdmZA .................................... 0 811008 ................................ 0 93i009 ................................ 0 99i003 ................................ 1”1005 .............................
Comt ....................................... 0 93i005 ................................ 0 981002 ................................ 0 941004096i004 .............................

MprimeuaHye. B ckobKax yKa3aHO KOMMYECTBO XKUBOTHBIX B Kaxaow rpynne.* p < 0.05 — oTnuma no cpaBHeHwio ¢ rpynnon \WAG UHTaKTHbIe», ABYXpaKTopHas

ANOVA, LSD-TecT.
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aKcrpeccreit anbhal A-agpeHopenenTopa B CpeHEM MO3re
kpsic I'K, KoTOpBIe Taxke MMEIOT OMOXMMUYECKHE U TTOBE-
JICHUECKHE M3MEHEHHMS, XapaKTepHBIC Uil ACTPECCUBHOTO
cocrosiuusi (KonmakoB u np., 2004). Takum obpaszom, cHuU-
xenne yposast MPHK AdralA B cpennem Mo3re MOXeT OBITH
CBSI3aHO C ITPOSIBIICHNEM JEIPECCUBHO-TIOIOOHOTO ITOBE/ICHUS
y kpbic 'K B moBenenueckux tectax (Konmnakos u nip., 2004).

VMeroTcst aHHbIE, TTOKA3bIBAIOIINE, YTO CTUMYISAIUS
anb(al-agpeHopernenTopoB Mo3ra IPUBOIUT K HAPYIICHHUIO
peaKIMy IpecTUMYIIbHOTO TopMoxkeHus (Carasso et al., 1998;
Alsene et al., 2006) 1 3TOT 3¢ eKT MOKET OBITH 320TOKHPOBAH
aHTaroHucTamu aibdal-agpeHopenenTopos, HO He OJI0Ka 0H
nmodamuuoBeix D2-penenitopos (Carasso et al., 1998). Torna
aKTHBanus anb(al-apeHoperenTopoB MOKET MPEICTABISATH
BKHBIH MEXaHU3M, IIOCPEJCTBOM KOTOPOTO HOpaJpEeHEp-
THYeCKasd CUCTEMa MOAYIUPYET PCAKIUIO IMPECTUMYJIBbHOTO
TopMOkeHus. Y Kpbic tuHuM 'K npectumynbHOE TOpMOAKE-
HHE CHI)KEHO, ITPU 3TOM CHIKEHa Taroke skcripeccust MPHK
reHa AdralA B cpeanem mo3re. Hackonbko 3T H3MEHEHHUS B
skcripeccnu MPHK rena AdralA otpaxkaioTcs Ha TUIOTHOCTH/
AKTHBHOCTH PEIENTOPa M HACKOJIBKO BOBJIECUEHBI anbdalA-
aJIPEHOPELETITOPBI B PEaIM3aLUI0 PEaKIIUK TPECTUMYIIEHOTO
TopMoykeHus y Kpblc 'K, HaMm elie npeacTouT u3yunTs.

JloCTOBEPHBIX pa3IWYHi 10 AKCIIPECCHN HCCIIEAYEMbIX
I'C€HOB B CPEIHEM MO3I'€ Y UHTAKTHBIX KPbIC U KPbIC COOTBET-
CTBYIOIIEH JIMHIH TTociie TecTupoBanus Ha PPI He oOHapyke-
HO. BeIsIBIIEHHBIE Pe3ysIbTaThl HOKa3bIBAIOT, UTO 25-MHHYTHOE
tectupoBanue B ycraHoBke TSE Startle Response System st
OLIEHKH MPECTUMYIBHOTO TOPMOXKEHHS, TIOCIIE KOTOPOTO TPO-
BOJMJIOCH B3SITHE OMOJIOTHYECKOTO MaTepHaa, He YCIIeBaJIo
MOBIHATH HA U3MeHeHue yposHsa MPHK.

ITpoBeneHHbII aHaIN3 HE BBISIBUI KOPPEIISAIIMOHHBIX B3aH-
MocBsizel Mexxy skenpeccueit MPHK renoB AdralA, Adra2 A4,
Th, Comt B cpelHEM MO3re M peaklueil IMPecTUMYIBHOTO
TopMmokeHust y kpbic tuaun ['K. [To-Buaumomy, Hanbonbee
BausHue Ha peanusanuio PPl y kpeic I'K Moryt okasbiBath
APYTUC 3BCHbA KaTEXOJIaMUHEPIrUIC€CKUX CUCTEM MO3TI'a, BO3-
MOKHO, I3MEHEHHNE KOJIMYECTBA CaMHX (DEPMEHTOB — THPO3HH-
THJPOKCHIIA3BI, Karexon-O-meTriarpancdepasbl U JIp., a TAKKE
M3MEHEHHE IJIOTHOCTH/aKTUBHOCTH perentopoB. Hecmotpst
Ha TO 4TO B APYTUX UCCIIEA0BAHHUAX ObLIA TTOKa3aHa CBS3b BbI-
Pa)KEHHOCTH PEAKIMHU IPECTUMYITBHOTO TOPMOKEHHS C YPOB-
Hem skcripeccunt MPHK rena Comt B mosre (Swerdlow et al.,
2012, 2013), mogo6Hoii 3aBucumocTu Mexay PPl u yposaem
MPHK rena Comt B cpennem mo3re y kpsic I'K He oOHapyxe-
Ho. Karexon-O-metuinrpancdepasa yuacTByeT B pacmaze He
TOJIBFKO HOpaapeHanuHa, Ho 1 qodamuna (Kvetnansky et al.,
2009). BeposiTHO, UMEHHO KOJIMYECTBOM JIo(haMrHa 00yCII0B-
neHa 3aBucuMoCTh 3kcnpeccuu MPHK rena Comt u peaxkiyu
MPECTUMYIBHOTO TOPMOKEHHS, TOCKOJIBKY H3BECTHO, UTO 0~
(haMHMHOBAs cHCTEMa MO3Tra TaK)Ke BOBJIEUCHA B PEATH3ALIHIO
PPI (Weber et al., 2010; Swerdlow et al., 2013). Csi3b paboThI
JIPYTHX 3BEHbEB KaTEXOJTAMHUHEPTHYECKUX CHCTEM MO3Tra CO
CHIDKEHHEM PEaKInH MPECTUMYIIEHOTO TOPMOKEHHUS Y KPBIC
munun 'K eie npeacrout uccienosars.

CHIDKEHHas! peakiust IPEeCTUMYIIbHOTO TOPMOXKEHHS CBH-
JICTEIbCTBYET B MOJIB3Y (PyHKIMOHAIBHOTO CXOACTBA KPBIC
nuaun 'K kak nmpeamonaraeMoil reHeTHUECKOM Monenn
m30(PEHNIECKON TICHXOMATOIOTHU ¢ TpoToTUioM. Hapy-
IIEHHE PEaKINy MPECTUMYIBHOTO TOPMOXKeHHs Y Kpbic ['K
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He cBsi3aHo ¢ akcnpeccueit MPHK renoB AdralA, Adra2A,
Th, Comt B cpemaem mMo3re. CHkeHHas dkcrpeccust MPHK
rera anbgal A-azpeHopenenTopa B cpeHEM MO3Te KPBIC
munun 'K yka3piBaeT Ha M3MEHEHHS B aJI[peHOPELENITOPHOM
3BEHE, KOTOPBIE MOT'YT OBIT CBS3aHbI C Pa3BUTHEM TOPMO3HBIX
peaknuii u BIUATH Ha MPOSIBIICHNUE KaTaTOHNH.
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