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TpaAVLMOHHO OCHOBHBIMM CTPYKTYPaMu MO3ra, y4acTBYIOLWMMM B 3a-
NOMUHAHUN NHbOPMaLMK, CYNTAOTCA OTAENbI, KOTOPbIE OCYLLEeCTBAA-
10T BTOPUYHYIO 06paboTKy ceHCopHOoM nHbopmaummn. OfHako B nocned-
Hee BpeMs MNOABUINCDH AaHHbIe O PO CEHCOPHOW MNACTUYHOCTY B
peanv3aumm NpoLeccoB 3anomrHaHuA. B HacToAwwen pabote meTogom
MapraHeu-ycuneHHon MPT nccnefoBaHo BivsAHMe onbdakTOPHOro ac-
coumaTMBHOro obyyeHuns Ha GYHKLMOHANbHYIO aKTVBHOCTb HENPOHOB
0OOHATENbHOIO 3MUTENNA B OTBET Ha MHANPOEPEHTHbIN CTUMY, B Ka-
YecTBE KOTOPOrO BbICTYNaso anesbCcnHoBoe Maco. O6HapyKeHO, UTo
Takan nepudepmnyeckas CTPyKTypa 060HATENBHON CUCTEMbI B3POCSIbIX
MblLLei, Kak 000HATENbHbIN 3nuTennin (03), AeMOHCTPUPYET 3aBUCH-
MyI0 OT OfbITa NACTUYHOCTb. B Hallem sKCneprMeHTe YCOBHOE KOH-
OVLMOHMPOBaHKe NPUBENO K U3MEHEHNIO NAaTTePHOB HaKoMIeHWA
Mn?Z*, aroHuncTa KanbLmMeBbIX KaHanos, B kneTkax O3 B OTBET Ha 3anax
anenbCMHOBOrO Mac/a B CPABHEHUW C KOHTPOSIbHON FPyMnoi 1 >KUBOT-
HbIMU, KOTOPbIM ObIN NPefnoXeH 3anax 6e3 nogkpenneHus. Ans nu-
TepripeTauuy NoayyYeHHbIX Pe3ysibTaToB COMOCTaBAANOCH pacnpenene-
HMe KOHTpacTa No 30HaM 060HATENbHON JlYKOBHULbl B OTBET Ha YCNOB-
HblIiA 3anax y 06yUYeHHbIX XUBOTHbIX U Y KOHTPOJbHbIX XMBOTHbIX, KOTO-
pbIM NPeAoCTaBAANY aneibCUHOBOE Mac/I0 B TPEX KOHLEHTPaLMAX:
NCXOAHON (MCNonb3oBanachb NPV KOHAULMOHMPOBaHMK), B 4 pa3a 60mb-
wweii 1 B 4 pa3a MeHbLueit. TOCKOMNbKyY B rpymnne 0byueHHbIX XKUBOTHbIX U
KOHTPOJIbHbIX, KOTOPbIM MPeLbABAANN CTUMYS B 4 pa3a 6osblueil KOH-
LieHTpaLuu, Nosly4YeHHble NaTTepHbl akTusaumm O3 coBnanu, MoXHo
3aK/0YNTb, YTO aCCOLMATMBHOE KOHAULIMOHNPOBAHME YBEINYMIIO YyB-
CTBUTENbHOCTb HeMpPOoHOB O3 K yCNOBHOMY CTUMYJTY, YTO COrnacyeTca

C NPOBEAEHHBIMY Ha TEX »KE XKUBOTHbIX MOBEAEHUYECKMMY TECTUPOBA-
HuAMKN. Habnogaemoe ycuneHre oteeta O3 Ha 3anax anenbCMHOBOrO
Macsa MOXET, C OfJHOW CTOPOHbI, ObITb Pe3ynbTaToOM HellporeHesa, T. e.
06pa3oBaHNA HOBbIX 0OOHATENbHbIX HEPOHOB, pearvpyLLMX Ha AaH-
HbI CTUMYJ, @ C APYro — CNeACTBUEM YBENNYEHUA UHTEHCUBHOCTMN
OTBeTa Kaxaow oTaAeNbHON KneTkn. OCHOBbIBAACh Ha JaHHbIX MO HaKon-
neHunio MPT-KoHTpacTa B 060HATENIbHbIX HEMPOHaX, MOXHO FrOBOPUTL O
6oree BEPOATHOM YBESIMUYEHNM YyBCTBUTENBHOCTH O3 3a CYET CeHCop-
HOW NaCTUYHOCTH, @ He 3a CYET HelporeHesa. Takm 06pa3om, CeH-
copHas NnacTMyHocTb O3 urpaeT 3HaunMyto ponb B GOPMUPOBaHN
HeNpOoHaNbHOro OTBETa Ha NPeAOCTaBieHe 3HavanbHO nHandde-
PEHTHOrO 3aMaxa 1 ABAAETCA YaCTbio NPUCNOCOOUTENBHBIX PeaKkLui
YKVMBOTHOTO K M3MEHAIOLWMMCA YCIOBUAM Cpefbl.

KnioueBble cioBa: onbdpakTopHOe 0byueHmne; CeHCoOpHasa NnacTny-
HOCTb; 0BOHATENbHbIV SNUTENNIA; MapraHeL-yCUeHHas MarHUTHO-pe-
30HaHCHaA Tomorpadus.
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Traditionally, studies of the neurobiology of learning
and memory focus on the circuitry that interfaces be-
tween sensory inputs and behavioral outputs, such as
the amygdala and cerebellum. However, evidence is ac-
cumulating that some forms of learning can in fact drive
stimulus-specific changes very early in sensory systems,
including not only primary sensory cortices but also
precortical structures and even the peripheral sensory
organs themselves. In this study, we investigated the
effect of olfactory associative training on the functional
activity of olfactory epithelium neurons in response to
an indifferent stimulus (orange oil). It was found that
such a peripheral structure of the olfactory system of
adult mice as the olfactory epithelium (OE) demon-
strates experience-dependent plasticity. In our experi-
ment, associative learning led to changes in the patterns
of OE cell activation in response to orange oil in compa-
rison with the control group and animals that were given
odor without reinforcement. To interpret the results
obtained, we compared the distribution of MRI contrast
across the zones of OE in response to a conditioned
odor in trained animals and in control animals that
were given orange oil at three concentrations: original
(used for conditioning), 4-fold higher and 4-fold lower.
Since the OE activation patterns obtained coincided

in the group of trained animals and controls, which
were stimulated with orange oil at the 4-fold higher
concentration, it can be concluded that associative
conditioning increased the sensitivity of the OE to the
conditioned stimulus. The observed increase in OE re-
sponse to orange oil may be the result of neurogenesis,
i.e. the maturation of new olfactory neurons responsive
to this stimulus, or the consequence of an increase in
individual sensitivity of each OE neuron. Based on data
of MRI contrast accumulation in mouse OE, the sensory
plasticity way in learning-induced increase in sensitivity
of OE to conditioned stimulus is more possible. Thus,
the sensory plasticity of the OE plays a significant role in
the formation of the neuronal response to the provision
of an initially indifferent odor and is part of the adaptive
responses to the environmental changing.

Key words: olfactory learning; sensory plasticity;
olfactory epithelium; manganese-enhanced magnetic
resonance imaging.



araxy UrparoT BKHEHIIYIO POJIb B )KM3HHU MIICKOIIHUTA-

IOMINX, TPEIOCTABIISIST 0COOM CBEICHNUS O MOJIOKEHUH B

MIPOCTPAHCTBE NMHUIIN U XUIIHUKOB. [To3TOoMy croco6-
HOCTh K 3allOMHHaHHIO HOBOH 3araxoBoil mHpopmanuu,
KOTOpasi TaK MJIM MHAUE MOXKET OKa3aTh BIMSHNC HA BBDKUBAC-
MOCTb 0COOH, SIBIISICTCS OJTHAM M3 HEOOXOIMMBIX 3JalITUBHBIX
CBOICTB oprannsma. B Ooub1oit yacti HelipoOHOIOrHYeCKIX
UCCIIEZIOBaHNUI, TIOCBSIIIICHHBIX MEXaHU3MaM O0yUCHNS U T1a-
MSTH, B KQUE€CTBE OCHOBHOW THUIOTE3bI pacCMaTpPUBAIOT pas-
JIMYHBIE CXEMbI B3aMMOCHCTBHUS MEXKILy CEHCOPHBIM BXOJIOM
U CTPYKTypaMH, OTBETCTBEHHBIMH 32 PEATU3aLNIO0 TIOBECH-
YECKOW MPOTrpaMMbl, TAKUMH KaK THIIITOKAMII, aMUIala 1
Mo3keuok (Gao, Suga, 2000; Weinberger, 2011). Onnako B
LIEJIOM Psifie MCCIIEeI0OBAaHMI MOKa3aHO, YTO MPU HEKOTOPBIX
(hopmax o0yueHus CTUMYII-crie(uuecKre N3MEHEHHS MOTYT
MIPOUCXO/IUTH HE TOJILKO B KOPTHKAJIBHBIX CTPYKTYpax o0Opa-
60TKM MH(OpMANINN, HO M HEMOCPEACTBEHHO B CEHCOPHBIX
kierkax (McGann, 2015). ITpr 5TOM KOHKpPETHBIE MEXaHU3MBI
peanu3aluuy CTpyKTYypPHOH MJIaCTUYHOCTH CEHCOPHOT'O BXOJ1a
JI0 cux Tmop crabo m3ydeHsl. B mamHo# pabore Ha mMomenn
ACCOLMATHBHOTO OJIL(AKTOPHOTO 00yUYEHUsI OBLTH ITPOBE/ICHBI
uccien0Banus QyHKIMOHAIBHBIX U3MEHEHUI B OOOHSTEIb-
HBIX HEHPOHAaX MBIIIN, HHIYIHPOBAHHBIX KOHUIINOHUPOBA-
HHEM C TIOMOIIBIO 3aIIaXOBOTO CTHMYIIA.

B cocTaB 000HSATEIHLHOTO SIUTEINMSI BXOASAT TPU BUJIA KIIe-
TOK: OIIOpPHBIE, OOOHATENBLHBIE PELENTOPHBIE U Oa3aIbHBIE.
bBazanbHbIe KIETKH SIBISIFOTCS] CTBOJIOBBIMH U CIIOCOOHBI Jie-
JUTHCS U TUPPEepeHIIMPOBaTHCS KaK B OIIOPHbIE, TaK U B pe-
HenTopHbIe 000HATeNbHBIC KIeTKH (Moulton, Beidler, 1967;
Schwob et al., 1995). OnopHsle Ki1eTKH HeCyT (PyHKIINH H30-
JSIMK PELENITOPHBIX KIETOK, BRIPAOOTKH MYKOIOJIHCaxa-
punos (Getchell, 1986). PeienTopHbie KITETKH MPEICTABIISIOT
co0oi1 bunosnspHEIe HEHPOCEHCOPHBIE KIICTKH, PACIIOIOKEH-
HBIE MEXJly OTNIOPHBIMH M 0a3aJibHBIMU KJIETKAaMH, aKCOHBI
KOTOPBIX HAYT M3 HOCOBOH ITOJIOCTH B MO3T YEPE3 PELICTUATYIO
KOCTh M 00pa3yloT CHHAICHl C MUTPAJIBHBIMU KJICTKAMH B
IJIIOMEPYIISIPHOM cJioe 000HsATenbHOM JTyKoBHILBI (OJI).

ObonsTenpHas WHPOpPMANKS TTEPBOHAYATHHO MPEICTaB-
JsIeTCsl MaTTepHaMy HeHPOHHOW aKTUBHOCTH HEHPOHOB OJb-
(hakroproro snutenus (0D) — 00IUPHOI U (PYyHKIIMOHATIBEHO
pa3Ho00pa3HON MO BO3OYIUMBIX KJIETOK C peIler-
TOpPaMH 3aMaxOBBIX CTUMYJIOB Ha ITOBEPXHOCTH, KOTOPBIX y
Mbiiiei okoso 1300 tunos (Zhang, Firestein, 2002). B kax-
noMm Herpore OD sKcmpeccupyeTcs KaKOH-TO OJUH THII
onbdakroproro peuenropa (OP). HelipoHsl ¢ 0qMHAKOBBIM
tuniom OP Ha MOBEpXHOCTH, HECMOTpPS Ha TO, YTO PaBHO-
MEPHO paCHpeIeNIeHbl TI0 HOCOBOH MOJIOCTH, MHHEPBUPYIOT
OZIHY U Ty ke roMepyiy B OJI. Takum 0OpazoM, ceHCOpHBIE
HEHPOHBI MPEACTABISAIOT O00HATEIbHYIO HH(GOPMALIUIO B
MO3T B popMe CTUMYI-CIIETTH(PUIHBIX KOMOMHAITIH BXOTHBIX
CUrHaJIOB K Kiryooukam OJI. DTu marTepHbI IIIOMEPYIISIPHOTO
BBOJIa CITY»KaT OCHOBOH JIJIsl BCe TOCIeayomIei 00paboTKu
obonsarensHOM nHPOopMarun (Carey et al., 2009).

MarnutHo-pe3oHancHas Tomorpadus (MPT) Bxirouaer
B ce0sl LIeNbIi psiji METO/IOB, KOTOPBIE TIO3BOJISIOT UCCIIE0-
BaTb HE TOJIBKO MOP(OJIOTHIO PA3IMYHBIX CTPYKTYp, HO U
JMHAMHKY Pa3HBIX mpoueccoB. OnuH u3 (QyHKIMOHATBHBIX
METOZIOB Ha OCHOBE IJIEPHOTO MarHUTHOT'O PE30HAHCa — Map-
ranen-ycmwiennas MPT (MY MPT). Monsr Mn?" sensroTcst
AQrOHMUCTAMHU TOTCHIMAJ-3aBUCUMBIX KaJbIIMEBBIX KaHAJIOB
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U 4epe3 HUX CIOCOOHBI NIPOHMKATh BHYTPb KieTku (Aoki
et al., 2004). bnarogapst 3TOMy CBOHCTBY MOHOB MapraHIia,
BO3MOKHO ipuMeHATE MY MPT m1st orieHKH ()YHKIIMOHATB-
HOW aKTUBHOCTH HEHPOHOB, B YAaCTHOCTH OJIb(haKTOPHBIX
(Pautler, Koretsky, 2002). [TockonbpKy MapraHer sBISETCS
napamarHeTukoM, nousl Maprania (II) cnocoOns! cokpamniars
BpeMsl CIIMH-PELIETYaTON pejlakcaluu IPOTOHOB B IIOCTOSIH-
HOM MarHuTHOM I0JI€ IIPU BO3JAEHCTBUU PaJuO4yacTOTHON
nocnenoBarenbHocTh (T1 penmakcamnus), T.€. MOTYT BBICTY-
narb B KauectBe no3utuBHoro MPT-kontpacra. [loatomy
¢ momompio MPT MOXXHO OIeHHWBATh HaKoIIeHHe Mn2*
B HCCIielyeMoll TKaHHW. B mepBoM mpuOIMKeHNN YpPOBEHb
AKTUBHOCTHU KJIETOK TKaHU B OTBET HA CTUMYJI 6y)leT psAMo
npornopuroHaiieH ypoBHio MPT-curnaina, KoTopblii 3aBUCUT
OT YPOBHS aKTUBHOCTH KaJIbIIUEBBIX KaHAJIOB. JlaHHBII METON
He TpeOyeT MCIOJIb30BaHKsI HApK03a M HAIIPSIMYIO OTpa)KaeT
axtuBHOCTE Ca?*-Kananos. KpoMe TOro, OH MO3BOIISIET i1 Vivo
OLIEHMBATh CKOPOCTH aKCOHAJIBHOTO TpaHcropTa (Smith et
al., 2007).

Taxum 00pa3om, 11eNTb HACTOSIIEeH pabOTHI COCTOSIIIA B TOM,
YTOOBI HCCIIEI0BATH POJIb CEHCOPHOH IITACTUYHOCTH B (DOPMH-
pOBaHUU OJIb(GAKTOPHOM HaMsiTH. J{yist 3TOTO0 i Situ MBI IPO-
BEJIN OLIEHKY BIMSHHA aCCOLMaTHBHOTO KOHIUIIMOHUPOBAHHUS
Ha (DYHKIIMOHAJIBHYIO aKTHBHOCTH HelipoHoB OO B OTBET Ha
YCIJIOBHBII 3a1axoBbli cTuMyll metonom MY MPT.

MaTtepwuanbi n metopbl
/KuBornsie. Pabora BbinonHena Ha 0ase LleHTpa reneru-
YECKHX PECYpCOB JIaOOpPATOPHBIX KMBOTHBIX MHCTHTYyTa
uutosioruu v renetnku CO PAH. DkcniepuMeHThbI TOCTaBIEHbI
Ha camiiax Meieid SPF-craryca nnopeanoii nuann BALB/C
B Bo3pacte 8—10 mex. (25-28 1). [Tocne orcaaku B TpexHe-
JISTHOM BO3PACTEe M JI0 MCCIIETOBAHUN MBIIIEH COICpKaIn
rpyInIamMy 1o MaTh 0co0eil OJHOTO 1oJia B CTaHJApTHBIX
kieTkax (35 %25 %12 cm) npu Temmeparype 22-24 °C u uc-
KyccTBeHHOM cBeTOoBOM pexkume 14C: 10T. bpuketupoBaHHbIi
kopM («Yapar, [TaBnosckuii [Tocan) n Bomy 10 Havyasa oOy-
YeHHS MBIIIH TToNy4yanu ad libitum. B kadecTBe MONCTHIIOU-
HOTO MaTrepHaja MCIOIb30Ball 00ECIIBUICHHbIC IPEBECHbIC
ONnwIKY. Bce MaHUITYIISIUY C )KUBOTHBIMU OBLITH IIPOBEJICHBI
B COOTBETCTBHH ¢ OnoaTnaecknMu Hopmamu (ITpotoxon 6no-
stryeckoit komucenu Ne 16-02-020 ot 15.08.2016).
OabpaxTopHoe 00yueHue MPOBOIUIN, UCIIONB3YS B Ka-
yecTBe MHAN(PPEPEHTHOTO 3aMIaXOBOTO CTUMYIA AIleIbCH-
HoBoe Macio (1 % BoxHsIi pacTBOp). B mporecce oOydenus
JKUBOTHBIX COZIEPKAJIM B YCIOBHUAX OTPAaHUYEHHOTO JIOCTYTA
K kopmy. [IpenocraBineHne rpaHyi ebl CITyKHUII0 TTOIKPEILIs-
I0IUM cTUMYJIoM. VcxonHas BeIOOpKa ObuTa pasjeneHa Ha
TPH TPYMIBL: )KUBOTHBIE, Y KOTOPBIX MPEIOCTaBICHUE €/Ibl
OBUIO COBMEIIEHO C BO3JEHCTBHEM 3aMaXOBBIM CTHMYJIOM
(ctumyn ¢ konauionupoBanueM, CK+, n = 6); KUBOTHBIE, y
KOTOPBIX IPEIOCTABICHHE €/1bI U 3a11aX0BOT0 CTUMYJIa ObLIH
pasHecensl Ha 30 MHH BO BpeMeHH (CTUMYN 0€3 KOHIUITH-
onuposanust, CK—, n = 6); KOHTpOIbHAs I'PYIIa, KOTOPHIM
3araxoBbIil CTUMYIT HE IPEIbABIISUICS, KAK U B APYTHUX TPYTI-
Tax, >KHBOTHBIE TTOTy9aJIi KOpM /Ba pa3a B eHb (KoHTpos,
n = 6). B nponecce o0ydeHHs KJIETKy B TEUCHHE 2 MUH
MIPOyBAJIM BO3TYXOM, COAEPKAIIMM 3alax aneJbCHHOBOTO
Macja, M0 OKOHYaHUH YEero XKMBOTHOE IOTY4Yano TPAHYIIbI
kopma. OOydeHue IpOBOAMIN 2 pa3a B CYyTKH B TEUCHHE
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14 nHel, mpH 3TOM >KUBOTHBIX COZEPKAIN MHANBUIYAIBHO.
Jnist moaum cTUMyIia MCTIONIB30BalIN ONNb(aKTOMEp CIIETyI0-
el KOHCTPYKIWK: BO3LyIHbIH Hacoc (Barbus SB-348A) ¢
MOMOIIbIO CHIIMKOHOBOTO IIJTAHTa U MJIACTHKOBOI'O HOCHKA Ha
1 MJT COeIMHSAIICS C 3aKPBITOM KIIETKOM, B KOTOPOI HAXOIUIACh
TecTHpyeMast 0co0b. B mIacTHKOBBIM HOCHK, BCTaBJICHHBIH B
OTBEPCTHUE /I TIOWJIKH B KPBIIIKE KJICTKHU, MOMEIAIH KyCOK
(unsTpoBanpHOI Oymaru (0.5 X 2 cM), Ha KOTOPYIO HAHOCHITH
20 mk1 1 % anenbcuHOBOro Macia. Bo Bpems npeabsBieHus
3araxo0BOr0 CTUMYJIa HOCHK OT aBTOITUIETKH POy BaIU BO3-
JIyXOM €0 cKopocThio 200 MiT/MUH.

OabdpakropHbiii TecT. [loBeneHueckoe TeCTUPOBAHUE
MIPOBOJMIIN Yepe3 iBoe cyTok nocie MPT-ckanuposanus u
HapKoTu3anuu. Ha JiBe mpoTHBOMONIOKHbIE CTEHKN KIETKH, B
KOTOPOH COZIepKaI0Ch JKHBOTHOE, IIPUKPETIIISIIH C TOMOIIBIO
CKOTYa J1Ba Kycka (priibTpoBaibHOI Oymaru (2 X 2 cm). [lanee
TECTUPYEMOMY KHBOTHOMY /1aBaJIM CBOOOTHO TIEPEMEIIATHCS
T10 KJICTKE B T€UEHHE 5 MUH, IT0CJIE Yero, He BBIHUMAsl MBIIIb
U3 KJIETKH, Ha (QUIBTPOBAJIbHYIO Oymary HaHocwiin 20 MK
pacTBopa anerbCHHOBOTO Macjia WM JTUCTHIUINPOBAHHOMN
BOzIbI (pHuc. 1, 6). 3areM B TedeHHE 3 MUH € TIOMOIIBIO (-
POBOI KaMepbl PETUCTPUPOBAIIN [TOBEIEHUE XKUBOTHOTO. JlJIst
OLICHKH TTOBEJICHYECKOTO0 OTBETA )KMBOTHOTO HA MPEI0CTaB-
JIsieMBbIE 3aI1aX0BbIE CTUMYIIBI HA TIOJTyYSHHBIX BUACO3AITUCIX
TIO/ICUMTHIBAIM BpeMsl OOHIOXMBAHUS KQX/I0T0 KycKa (DUIIBT-
poBabHOI OyMaru u BpeMs UCCIIeIoBaHUs KOpMyIIku. O0-
HIOXMBAaHHEM CUNTAIIOCH BCTABaHHE HA 33 JHHE JIAITKH PSIOM
C 3aMaXxOBBIM CTUMYJIOM (cM. puc. 1, 6).

Mapraneu-ycuseniass MPT. Ilpu uccnenoBanum ax-
TUBHOCTU HEHpOoHOB OD MBIIIEH B OTBET HA NPEAbSBICHHE
3a1axoBoro crumyina meronoM MY MPT kpurtepueM oneHku
BhICTyNA) ypoBeHb MPT-curnana B moMepyssipHOM CJI0€ OC-
HoBHOM OJI, KOTOPBIH 3aBUCEN OT JIOKATbHON KOHLIEHTPALUU
Maprasua. Mcxozst n3 Halmx 3KCIIepUMEHTOB U AAHHBIX JH-
Teparypbl, HAKOIUIEHUE HOHOB Maprania (Mn2") B Heliponax
ocHOBHOW OJI BEICOKOIOCTOBEPHO KOPPEIHUPYET C YPOBHEM
AKTHUBHOCTH KaJIbLIMEBBIX KAHAJIOB KJIETOK OOOHSTEILHOTO
srmrenus (Aoki et al., 2004). JlokanpHYI0 KOHIIEHTPALIUIO
Mn?* B momepyisipaoM ciioe OJI BeIpakaiy Kak OTHOLICHHE
ypoBHst MPT-curnana B uccienyeMbix o0acTsIX K YPOBHIO
MPT-curnana B peepence, KOTOPBIM CITYXKHJIa MUKPOTIPO-
6upxa c pocharasiv Oydepom (0.5 M), MOMenIeHHas! BIOIb
rosioBsl MbIIH. MPT-ckaHupoBaHue MPOBOAMIN uepe3 2 4
MOCJIE TPEBABICHHS 3aIIaX0BOTO CTUMYJIA.

JU1s OLIeHKH NaTTEPHOB aKTUBALUU HEHPOHOB OO B OTBET
Ha 3alaxoBbIi CTUMYJ, MBIIIAM HHTPAaHa3aJbHO BBOIMIN
10 Mk 10 MM pacTBOpa XJIOpHIa MapraHIia, IOCIe YeTo KH-
BOTHOE TTOMENIali 00paTHO B KJIECTKY M JaBAJIM 3aMaxOBBII
cTuMya cepusMu o 4 MuH (1 mus ctumyn ON + 3 MuH cTH-
myn OFF). Kaxzprit 3amax sxcronnpoBaics 4 pasa. YToOs!
CHM3UTH KOHIIEHTPALIMIO CTUMYJIA ¥ TPEAOTBPATUTH CEHCUTH-
3anuio HeiipoHoB OO, Mex 1y Npe10CTaBICHUIMH KIETKY, B
KOTOPOI JKHUBOTHOE COAEPIKAIOCh HE MEHEE CYTOK JI0 Hadasa
9KCTIEPUMEHTA, TIPOTyBaJIM YUCTHIM BO3tyXoM. [Tpu kaxaom
PEJbsIBIICHUH UCTIONB30BAJIM HOBBIN KYCOK (PUIIBTPOBAIbHOM
OyMaru ¢ HaHECEHHBIM Ha HETO TECTUPYEMbIM BEIIECTBOM.

Haxomnenue nonos mapranua B OJI Meimm Obl10 mccie-
JIOBAHO C TIOMOIIBI0 MarHUTHO-PE30HAHCHON ToMorpaduu
Ha CBEpXBBICOKOMONBEHOM ToMorpade BioSpec 117/16 USR
(Bruker, I'epmanus) — 11.7 To.
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3a 3 MHUH 10 UCCIeI0BaHNs MBIIIEH 00€3IBIKHUBAIN T'a30-
BOM cMechio (4 %) nzodmropana (Isofluran, Baxter Healthcare
Corp., CIIIA) u Bo3yxa IpH TOMOIIM HAPKO3HOTO armapara
(The Univentor 400 Anaesthesia Unit, Univentor, MaJbra).
Temmneparypy >KUBOTHBIX TTOJJIEPKUBAITH C TOMOIIBIO BOIHO-
TO KOHTYpa B TOMOTpa(u4eckoM CTOIMKEe-KPOBAaTKe, NMEB-
mem Temnepatypy nosepxnoctu 30 °C. [Tog HUKHIOIO YaCTh
TYJIOBUINA MTOMEIIATN MHEBMAaTHUECKUN NaTYUK ABIXAaHUS
(SA Instruments, Stony Brook, N.Y., CIIIA), 4To mo3BoJIsII0
KOHTPOJINPOBATh INTyOMHY HapKo3a.

Wudopmanus o pacnpenercHny HOHOB MapraHiia B Ipe-
Jienax oOOHSTENFHON JIyKOBHIIBI MBIIIN OblIa ITOJydeHa C
nomolnpto T1-B3BelIEHHBIX N300paKEHUIT ¢ UCTIOIb30BaHHU-
em meroga RARE (rapid acquisition with relaxation enhance-
ment). [TapamMeTpsl UMITYIBCHON TOCIIEIOBATEIBHOCTH Me-
tona: TE = 10 mc, TR = 400 mc. [TapameTpsl n300paskeHus:
pasmep 1.8x 1.8 cm; marpuma 256 X256 To4ek; TONIIMHA
cpesa 0.5 mMm; pasmepsl Bokcenst 75 pmMx 75 umx 0.5 mm;
paccTosiHue Mexay cpezamu 0.5 MM; KOTUYECTBO CPE30B 9;
OpHEHTAINs cpe30B kopoHapHas. O61ee BpeMs CKaHUPOBa-
HUSI COCTABIISUIO 7 MUH.

[Ipensaputensuyto 00pabotky MPT-ckaHOB BBITONHSIIH
B mporpamme ImageJ. O6paboTka cocTosia U3 HECKOIBKIX
9TAIoB: BEIPABHUBAHUE N300PAKECHHI 110 TOPU3OHTAIH, BbI-
JIeNIeHHe TPaHUIl MO3Ta MbIIIN, U3MEHEHUE pa3MepoOB H30-
OpaxeHus. BolpaBHUBaHNE TEOMETPUN M Pa3MEPOB MO3Ta
MIO3BOJIMJIO CPaBHUTH ypoBeHb MPT-curnana B OTAEIBHBIX
obnactsax ocHoBHoit OJI y pasHbix ocobeit. [[is ananusa
TMOJTyYEHHBIX PE3YIBTATOB MIOOYIISIPHBIH CII0H 00OHATEIBHBIX
JIYKOBHII Ha KaXXJIOM cpe3e ObUT YCIIOBHO pa3yiesicH Ha 12 06-
nacteil. Beero na OJI npuxoaunoch stk cpe3oB. Takum 00-
pasom, ucxomHoe pasperienne MPT-ckaHa 06110 yMEHBIIIEHO
710 250 um % 250 um x 0.5 mm. B penenax atux 12 obnacreit
ypoBeHb MPT-curnana ycpenHsuics, Hocie 4ero npoBOAUIn
pa3IUYHBIC MEXIPYIIIOBBIE CPABHEHHS M, TAKUM 00pa3oM,
OLICHMBAJIM N3MEHEHHSI HEHPOHAIIbHOM aKTUBHOCTH B OTBET
Ha 3aIr1axoBblif cTUMYIIL. Jlasiee Jyist BU3yali3ayu noryYeHHbIX
PE3yIbTaTOB MCIONB30BAIH ABYXMEPHYIO «KapTy» OIb(ak-
TOPHOM JIyKOBHIIBI, T/IE TT0 OCH a0CIIMCC pacIioyiarajii HoMep
obnactu (1-12), a mo ocu opuuHar — Homep cpesa (1-5),
C MOMOIIBIO TICEBJOOKPAIINBAHMS KOAUPOBAIN 3HAUCHUC
t-xputepus CTbIOICHTA, XapaKTEPU3YIOIIETo I0CTOBEPHOCTD
OTJINYUH JIBYX T'PYIII IO HAKOIJIEHUIO KOHTpAacTa B JaHHOU
3oHe OJI.

Craructuka. {7151 OIICHKH B3aMMOCBSI3U JIBYX NTATTEPHOB
akTrBanuu OO UCIIOIB30BAIIM HenapaMeTpuiecKuii koaddu-
IEeHT Koppersinnu Criupmana, Al MHOKECTBEHHBIX CpPaB-
Hennit cpenaux — LSD-tect (Least Significant Difference).
Jlanubie Beipaxkanu kak cpeanee+ SE.

Pesynbratbl

NMoBeaeHYeCKUin OTBET MbilLENn

Ha YC/1I0BHbIIA 3aNaxoBblil CTUMYN

Jlnst uccnenoBaHusl POy CEHCOPHOM IJIACTUYHOCTH B pea-
JU3AIMHA MEXaHU3MOB OJTb()aKTOPHOM ITAMSATH MBI HA TIEPBOM
JTare MPOBEIH OICHKY (OPMUPOBAHUS MOBEIACHUYCCKON
peakiuy Ha yCIOBHBIN 3aMlax0OBbIi CTUMYI B TIpoliecce 00y-
yeHus. [lockonbKy puMeHsieMast HAMM CXeMa Ipernoaraia
HCIIO0JIb30BAaHNE B KAYECTBE MOJI0KUTEIBHOTO IMOAKPETUICHUS

Physiological genetics



CeHCopHas NIAaCcTUYHOCTb HENPOHOB ONbPAKTOPHOrO
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Fig. 1. The influence of associative learning on the behavioral response of mice to an indifferent olfactory stimulus.

(a) Training scheme: The conditional stimulus (CS+) was performed by blowing the cage housing the animal with air containing the stimulating olfactory agent
(20 pL of 1 % orange oil applied to a piece of filter paper, air flux 250 mL/min) for 3 minutes. After the stimulus, food was presented. Conditioning without
reinforcement (scheme below, CS-) was conducted basically as in the CS+ group, but food was presented 30 minutes after the end of the conditioning.
(b) The olfactory test: top, the animal sniffs the above-mentioned source of the smell; bottom, the mouse examines the feeder. The stimulus was applied to the
filter paper attached to the cage wall. On the opposite wall, a piece of filter paper of the same size with the solvent was attached. (c) The distribution of the time
for sniffing filter paper with distilled water (white bars) and orange smell (gray bars) and the time of examination of the feeder (black bars) in animals of different
groups, the CS+ group being examined on day 14 of training. (d) Dynamics of the behavioral response to the conditioned odor stimulus (smell of orange oil) of
animals of the CS group. Parameters of the behavioral response of CS+ individuals before the start of the experiment (day 0) and after the end of training (days

14 and 21) are presented. a-d - significant differences by the LSD test (p < 0.05).

MpeaoCTaBJICHUC €/1bl dKUBOTHBIM, COACPKAIINMCS B YCJIOBUAX
C OTpaHHYEHHBIM JOCTYNIOM K KopMy (cM. puc. 1, a), To B
KauecTBE KPUTEPUEB TOBEICHYECKOTO OTBETA HA YCIOBHBIN
CTHMYJI MBI pacCMaTpuBaJId BpeMsi OOHIOXMBAaHHS OCOObBIO
MCTOYHHUKA 3araxa Wik (pUiIbTpOBaIbHON Oymaru ¢ BOIOH U
BpEMSI, IIPOBEJICHHOE €H PSAZIOM ¢ KOPMYIIKOH (cM. puc. 1, 0).
Vcxons u3 Momy4YeHHbIX pe3ynbTaToB, TOIbKo B rpymnmne CK+
yepe3 14 mHelt mocie Haganma SKCIEpUMEHTa HaOII0IaIoch
JIOCTOBEPHOE YBEINUCHNE BPEMEHH NCCIIEIOBAaHMUS KOPMYIIIKH
IIPY [IPEIBSIBICHNY 3al1axa aresibCHHOBOTO MacJia, TP 3TOM
BpeMsl OOHIOXMBaHMS MCTOYHUKA CTUMYJA CTAaTUCTHUYECKH
3HAYMMO CHMYKAJIOCh [0 CPABHEHHIO KaK C MBIIIAMH I'PYIIITHI
CK—, Tak ¥ ¢ KOHTPOJIBHBIMH UBOTHBIMHU (CM. puC. 1, 8). OTOT
3¢ PEKT COXpaHSIICS 0 MEHBIIIEH Mepe B TEUCHUE HEACIH I10-
CJIe OKOHYAHNS 00YUCHNS, UTO CBU/ICTEIILCTBYET O CTAOHMIIBHO-
cTi ¢(HhOPMUPOBAHHOM TTOBEICHYCCKON PEAKIIHH Ha YCIIOBHBIN
3armaxoBbIil cTUMyT (cM. puc. 1, ). Mermm rpymmsr CK— mo-
CTOBEpPHO OOJIbIIIC BPEMEHH TPaTHIN Ha OOHIOXMBAaHHE 3a-
[IaXOBOT'0 CTHMYJIa B 0JIb()aKTOPHOM TECTE 110 CPABHEHUIO C
ocobsmu koHTponbHOM 1 CK+ rpymm (cMm. puc. 1, 8).

WccnepoBaHme akTMBHOCTU HEPOHOB

0NbpaKTOPHOro 3NUTENNA MbliLLEN

B OTBET Ha YCJIOBHbII 3aMaxoBblil CTUMYN

B Hactosieii paboTe uist OICHKH M3MEHEHHsI aKTUBHOCTHU
Heriponos OO Owi1a necnonb3oBana MY MPT. JlanHsrii MmeTon
MO3BOJISIET OIICHUTh HAKOIUICHHE B TKAHW MOHOB MapraHIia,

Ddusnonormyeckas reHeTuka

KOTOPBIE SBIISIOTCS arOHMCTaMU KaJIbIEBBIX KaHaoB. Kpome
TOT0, TOKA3aHO, YTO TIEPEMEIIIEHUE MapTraHIla 10 BHYTPUKIIE-
TOYHOMY MPOCTPAHCTBY MPOUCXOIHT 33 CUET AKCOHAIBHOTO
TPAHCIIOPTA, YTO MO3BOJISET UCCIEIOBATh JaHHBIM mporecc
¢ momommpio MY MPT (Smith et al., 2007). Takum o6pazom,
MHTEHCHBHOCTh M CKOPOCTH HAKOIIJICHUS] MapraHiia B TKAHH
JIAI0T BO3MOKHOCTb 0XapaKTepU30BaTh PA3IMYHbIC aCIIEKThI
HEHPOHAIbHOW aKTUBHOCTH.

[pouecc o6paboTky nmomyvyaemsix T1-B3Bemenasix MPT-
M300pakeHUI CXEMAaTHYHO MPECTaBlieH Ha puc. 2, a. Ha
kaxaoM ckane OJI ycmoBHO BbIneneHs! 12 30H, B peaenax
KOTOpBIX ycpenusuiin MPT-curnan, Bcero JiykoBuiia Oblia
BUJIHA Ha IISITH cpe3ax. Takum oOpa3oM, BCIO JIyKOBHUILY pas-
Jernsut Ha 60 30H, 110 KOTOPBIM MPOBOIMIN MEXIPYIITIOBBIE
CpaBHEHUSI, BU3YaJIM3HPOBABIIHECS B BHJIE «TETUIOBBIX» KapT
(puc. 2 u 3).

Vcxomst U3 Oy 4eHHBIX Pe3ysIbTaToB, BO BCEX TPEX UCCIIe-
JTyeMBIX TPYIIIaX HaKOIUICHHE MapraHIia B NIOOYIISIPHOM CJI0€
OJI MBIIM IpH NPeIbSBICHUHN 3aMlaxa aleIbCHHOBOTO Maciia
JIOCTOBEPHO OTIIMYAJIOCh OT pacnpenenenust MPT-curnana B
OJI 6e3 3amaxa, 9TO CBUICTEIBCTBYET O HAMMIHH peakipm O3
JKMBOTHBIX Ha JIAHHBIA CTUMYJI (CM. pHC. 2, 6, BEpXHUI Psif).
IIpwu >ToM marTepHbl HakorwIeHHs Mn2?" B OJI B OTBET Ha yc-
JIOBHBIH CTUMYJI BBICOKOJJOCTOBEPHO KOPPETUPOBAIIH BO BCEX
SKCIEPUMEHTAIBHBIX IPyNax. JJajbHelmi aHanus noxkasain
HaJIMYUe TOCTOBEPHBIX OTIWYMI B 30HAILHOM pacIpesierne-
Huu MPT-curnana B OJI npu MeXrpynmnoBbIX CpaBHEHH-
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Fig. 2. The influence of associative learning on the patterns of accumulation of manganese ions in the olfactory bulbs (OBs)
of mice in response to the smell of orange oil.

(a) Schematic processing of T1-weighted MRI scans and construction of thermal maps. Scans of mouse OBs of different experimental
groups were made 2 hours after the presentation of orange oil and/or intranasal application of manganese chloride. The pseudo-coloring
of T1-weighted scans shows the patterns and intensity of contrast agent accumulation in OBs of mice in response to the exposure of
the orange oil odor. The red dashed line indicates the boundaries of each of the 12 zones of the globular layer in the cut. (b) Influence of
conditioning on the patterns of accumulation of manganese ions in different zones of Balb/c male OBs in response to the smell of orange
oil. Pseudo-coloring reflects the significance of the increase (t > 0) or the decrease (t < 0) of the MRI signal level in various compartments
of an OB in response to the olfactory stimulus compared to the individuals administered manganese ions without odor stimulation
(upper row). The bottom row presents the thermal maps obtained as a result of intergroup comparisons. The figure shows the correlation
coefficients (r) of manganese distribution patterns in OBs. >> -t-test> 0 if the accumulation of the contrast agent in the given OB area in
the group animals to the left of the sign was higher than that in the group on the right and t-test < 0 if otherwise.
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CeHcopHasA NNACTUYHOCTb HENPOHOB 0/bHAKTOPHOTO
SMUTENNA MbILIV NPV aCCOLMATUBHOM 0ByYeHNM

ax. B rpynnax CK+ u CK- nocroBepHo
GornbInee KOJITMYIECTBO MapraHIia HaKar-
JMBAJIOCH B 00JACTSIX MepeqHel 4acTn
OJI 1o cpaBHEHHIO C KOHTPOJIEM. Y )KHU-
BOTHBIX Tpynmbsl CK+ o cpaBHEHHIO ©
koHTposieM u CK— Takxke 10CTOBEPHO
BO3pactaeT ypoBeHb MPT-curnana B
3oHax 3agnaeit gactu OJI (cm. puc. 2, 6,
HIDKHAHN ps). Mprmu rpymnmsr CK— ro-
CTOBEPHO HE OTIIMYAIOTCSl OT IPYIIIBI
CK+ o ypouio MPT-curnasna B 30Hax
nepeaneit yactu OJI 1 0T KOHTPOIBHBIX
JKMBOTHBIX 110 aKKyMYJISILIMK MapraHiia
B IVIOMEPYIISIPHOM CJIOE 3aJHEH 4acTh
OJI (cm. puc. 2, 6). [TosTOMy IaTTepHBHL,
MOJY4YCHHBIE B PE3yJIbTaTe MEXIPYII-
noBeIX cpaBHeHU CK—>>KOHTpons U
CK+>>CK-, naxoznsrcst B 0OpaTHOIi 3a-
BHUCUMOCTH JIPYT OT Apyra (cM. puc. 2).

JUisa MHTEpHpeTanuu MOIydeHHBIX
Pe3yNIbTaTOB MBI OLICHWIIN pacipesiese-
Hue noHoB Maprania B OJI y KOHTpOJIb-
HBIX JKUBOTHBIX, KOTOPBIM TIPEJOCTAB-
JSUTM 3amax aneJlbCHHOBOTO Macia B
4 paza Gonbiueit (AMx4) u B 4 paza
MeHbleit (AM/4) KOHIIGHTpaIK OTHO-
CHUTEJIEHO UCTIONIB30BaHHON MPH YCIIOB-
HOM KOHJUIIMOHUPOBAHHUH (CM. puC. 3).
I'pymmer CK+ n AMx4 moctoBepHO HE
OTIMYAIOTCSA 10 pacnpeneneHuo MPT-
curHaa B ooysipaom cioe OJI. [Tar-
TEPHBI, TTOJIy4YeHHBIE MIPU CPAaBHEHHUN
rpynn CK+u AMx4 ¢ rpynmamu CK— u
AM/4, BBICOKOJJOCTOBEPHO KOPpEIIHU-
PYIOT ApyT ¢ ApyroM (cm. puc. 3). Ilpu
CpaBHEHHUM pPaCIIpe/IeJICHUs] KOHTpacTa
B OJI uepe3 12 4 mociie 3KCNO3ULIUU
yCIIOBHOTO 3anaxa v Beenenus MnCl,
JIOCTOBEPHBIX Pa3INuUil M1y HKCIIe-
PUMEHTAJIBHBIMU T'pyHIIaMH O0OHApy-
JKeHO He ObuI0 (puc. 4).

O6cyxpeHue

LenTpanbHast HEpBHASI CHCTEMa CIIO-
coOHa OBICTPO yCTAHABIMBATH CBS3b
M@Ky KOHKPETHBIMH CTHMYJaMU U
MOCIETYIOIMNMHA aBEPCUBHBIMU W aT-
TPaKTUBHBIMHU COOBITHSIMA. CUHTACTCS,
4TO 00yUYCHHE BKIIFOUACT YCTAHOBICHUE
accolMalui MeXay HEHUTPaJbHBIMU U
SMOIIMOHAIBHBIMUA CTHMYJIAMH B 00-
JIACTSIX KOPBI TOJIOBHOTO MO3Ta U JIUM-
Ouueckol cucTteMbl Mo3ra. Ha ceron-
HAITHUA JI€Hb UMEIOTCSI CBUAETEILCT-
Ba CTUMYJI-CIICIU(DUIHBIX CTPYKTYPHO-
(hyHKIIMOHAJIBHBIX U3MEHEHUH y)ke Ha
YPOBHE CEHCOPHBIX KJIETOK B IpOLEC-
ce acconuaTuBHOTO 00yueHus. B yact-
HOCTH, B cTarhe (Jones et al., 2008) moka-
3aHO, YTO MOCJE TPeX HeIeb accolua-
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Fig. 3. Effect of the concentration of orange oil smell on manganese accumulation patterns in
mouse OBs.

Pseudo-coloring on thermal maps reflects the significance of the increase (t>0) or decrease (t < 0) of the intensity
of contrast agent accumulation in various zones of the OB in response to the olfactory stimulus. We compared
the contrast agent distribution patterns of conditioned (CS-, CS+) and naive animals, where the smell of
orange oil (OO) was presented only once at concentrations 4 times larger (OOx4) or 4 times lower (OO/4)
than that used in the conditioning process. The figure shows the correlation coefficients (r) of manganese
distribution patterns in OBs.>> -t-test> 0 if the accumulation of manganese in the given OB area in the group
animals to the left of the sign was higher than that in the group on the right and t-test <0 if otherwise.

TUBHOTO KOHJIMIIMOHUPOBAHMS C MCIOJIb30BaHHEM aleTO(pEeHOHAa B Ka4yeCTBE YC-
JIOBHOTO 3aIlaXOBOTO CTHUMYJA y MBIIIEH yBETHUNBACTCS KOINIECTBO HEHPOHOB B
0D, akcnpeccupyromux perentop M71, Hanboiee ”HTEHCUBHO PearupyFOIIIi Ha
arierodenon. B padore (Kass et al., 2013) acconuaruBHOE KOHAMIIMOHUPOBAHKE C
TIOMOIIIBIO arieTo(heHOHA yKE Yepe3 TPU JHS BBI3BIBAJIO YBEIHUCHNE KOIUYECTBA
HeWpOMEeMaTopa, BBICIIEMOTO O0OHSATEIEHBIMI HEHPOHAMH, SKCIIPECCHPYFOLIMH
peuentop M71, B 0TBET Ha yCIIOBHBIN cTUMYII. Hannuue ceHCOpHO TIIaCTUYHOCTH
OBLTO TIPOJIEMOHCTPUPOBAHO W IS PEIIEITOPHBIX HEHPOoHOB ciyxoBoii (Polley et
al., 2004; Bieszczad, Weinberger, 2012; Zhang et al., 2013) u 3puTenpHOI cUCTEM
(Headley, Weinberger, 2013).

B mamewm mcceoBaHIM MBI HAOMIOA M H3MEHEHHE HEHPOHATFHONW aKTHBHO-
cTH 000HATENBHBIX HelipoHoB OO B mporiecce acCOMaTHBHOTO OJIb()AKTOPHOTO
o0yueHus B 0TBET Ha MHAU(D(DEpeHTHBII 3anmaxoBblil cTumyil. Kak ObL10 okazaHo
B ITOBEJIEHUECKUX IKCIIEPUMEHTAX, NCIOJIb30BAaHHASI HAMU CXeMa O0y4YeHUs TIpH-
BOJMIIA K (POPMHUPOBAHUIO y MBIIIEH CIIEU(PHUIECKOTO MOBEICHYECKOTO OTBETA Ha
ycnoBHbI ctuMyi. Jlanee ¢ momorisio MY MPT Mbl 0xapakTepr30BaI apaMeTphl
HEHPOHAILHOM aKTHBHOCTH Y )KMBOTHBIX, TIO/IBEPTABIINXCSI M HE TTOJJBEPTaBIINXCS
aCCOLMATUBHOMY KOHIMIIMOHNPOBaHM0. OOyUeHNE KUBOTHBIX, COJCPIKAIIUXCS B
YCJIOBUSIX OIPaHUYEHHOrO JIOCTYIIA K IHIIE, C UCIOJIB30BAaHUEM B KaueCTBE I10-
3UTHBHOTO MOAKPETIICHHUS PEI0CTABICHNS] KOPMa, TIPHBEJIO KaK K JIOCTOBEPHOMY
YBEJIMUCHNIO HHTEHCHBHOCTH, TAaK U K M3MEHEHHIO MaTTEPHOB HAKOIUICHUS Map-
raHna B mo0ynsipHoM ciioe OJI 1o cpaBHEHUIO ¢ KOHTPOJIBHOW I'PYIIION U TPYIIION
ocobelt, KOTOPBIM CTUMYJT JaBaiil 0e3 TIOAKPETUICHHS.

Panee oTMeuanock Takxke, 4To aCCOMATHBHOE 00yUYEHHE YBEININBACT UyBCTBHU-
TEJILHOCTh 0COOM K yCIIOBHOMY 3araxoBomy ctumyiy (McGann, 2015). Mexanuzm
9TOro ()eHOMEHa /10 CUX TIOp /10 KOHI[A HE SICEH: YBEININBACTCS JIM UyBCTBUTEIb-
HOCTb oJb(hakTopHBIX HelipoHOB (Kass et al., 2013), niam Bo3pacTaeT nx KOJIM4ecTBO
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Fig. 4. Comparison of distribution patterns of manganese ions in a mouse OB 12 hours after exposure to the smell of orange oil.

(a) Examples of T1-weighted MRI sections of olfactory bulbs of mice from different experimental groups made 12 hours after the intranasal
injection of manganese chloride and orange oil presentation. (b) Pseudo-coloring reflects the reliability of the increase (t > 0) or decrease
(t < 0) of the intensity of contrast agent accumulation in various OB compartments in response to the olfactory stimulus. The figure shows
the correlation coefficients (r) of manganese distribution patterns in OBs. >> - t-test > 0 if the accumulation of manganese in the given OB

area in the group animals on the left of the sign was higher than that in the group on the right and t-test < 0 if otherwise.

(Jones et al., 2008). Eciiu 651 3a cuet HelporeHesa yBenniu-
JIOCh KOJIMYECTBO OOOHSTENBHBIX HEHPOHOB, pearnpyrommx
Ha YCJIOBHBIH CTUMYJ, BO3POCIIO OBl M MakCHMaJIbHOE Ha-
koruteane MPT-curnana (uepes 12 1 mocne BBenenus (Aoki
et al., 2004)) B cnenuduyeckux 3onax OJI. B Haieit padote
MBI [TOKa3aJIH, YTO JOCTOBEPHBIC Pa3INYUs B MHTCHCHBHO-
CTH HaKOIUICHHSI Maprania B pa3nuuHbix 30Hax OJI mexmy
00y4eHHBIMU U KOHTPOJIbHBIMU JKMBOTHBIMH HaOIIOat0TCs
gepes 2 9 (HO He depe3 12 9) mocie 3KCIMO3UIHNN CTUMYIa |
BBE/ICHHS KOHTpacTa. Kpome Toro, oTCyTCTBHE Pa3inyuii B
aktuBHOCTH OO >XKUBOTHBIX Tpymnnbsl CK+ U KOHTPONBHBIX
0co0eil, KOTOPBIM NPEIbSIBILUIN 3allax aneIbCHHOBOTO Macya
B OOJIbIIICH OTHOCUTEIIFHO MCIOJIB30BAHHOM MTPU KOHUIIHO-
HUPOBAHUH KOHLIEHTPAIMH, CBUECTEILCTBYET 00 YBEIIMUCHUH
qyBCTBUTEIBHOCTH HEHpoHOB OO K MHAHPPEPESHTHOMY
CTUMYITY B TIpoIiecce OOyUCHUS.
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HexkoTopsle aBTOPBI COOOIIAIOT, YTO KOHAUIIMOHHUPOBAHHE
C OKPEIJICHHEM YBETMYMBACT HHTCHCUBHOCTD AIICKTpUYe-
CKOW aKTHBHOCTH B OTBET Ha MHAN(D(EPEHTHBINH CTUMYIT 110
CPaBHEHHUIO C KOHTPOJIEM, YTO COOTHOCUTCS C TIOJTYYEHHBIMH
Hamu pesynbraramu (Kass et al., 2013; Abraham et al., 2014).
[Tockonbky MapraHel SIBJISETCS arOHHCTOM KaJIbLUEBBIX
KaHAJIOB ¥ MPOHHKAECT BO BHYTPHKICTOYHOE HPOCTPAHCTBO
NP MX aKTHBAIUH, MOYKHO 3aKJIFOYUTh, YTO UX aKTHBHOCTD
B OTBET Ha NPEAbSBICHHE YCIOBHOTO CTUMYJA B IpoOIecce
oOyueHHsl He MeHseTcsl. MI3MeHseTcst pH 3TOM CKOPOCThb
TpaHCHoOpTa KoHTpacTa u3 HocoBoi nojoctu B OJI. YuuTsi-
Bast 3HAYMMBIH BKJIaJ aKCOHAIBHOTO TPAHCIIOPTa B IIPOLECC
BHYTPHUKJIETOYHOM Joructuku Mn?" (Pautler, 2004; Smith et
al., 2007), MOXXHO 3aKJIFOYUTh, YTO ACCOLIUATUBHOE OOyUCHHE,
B YaCTHOCTH, IIPUBOJNT K HHTEHCU(PHUKAIUH MeTa0oIN3Ma B
OTBET Ha YCJIOBHBII CTUMYJI. DTO MOXKET OBITh 00YCIOBICHO

Physiological genetics



CeHCOpHas NIACTUYHOCTb HENPOHOB ONbPAKTOPHOIrO
3NUTENNA MbILIY NPU aCCOLNATBHOM 06YUYeHMN

BBIJICJICHUEM OOJIBIIICTO KOJIMYECTBA HEHPOTPAHCMHUTTEPA, YTO
moATBepkaaeTcs pagom uccienosanmii (Kass et al., 2013).

Wrak, B nanHO# paboTe HaM yAajocCh in situ MPOJEMOH-
CTPHUpOBATh, UYTO, BO-IIEPBBIX, ACCOLMATUBHOE O0yueHUE
CTHMYJI-CIICIU(UYHO BIMACT Ha YPOBEHb HEHpOHAIBHON
AKTHBHOCTH PELENITOPHBIX Ki1eToK O3, U3 Yero cieayer, 4To
(hopmupoBanue oyib(PAKTOPHOI aMsITH HAYMHAETCS HE C MO/
KkopKoBBIX cTpykTyp LIHC, a Ha 3Tame peneniun 3anaxoBoro
CTHUMYJIa; & BO-BTOPBIX, B IIPOLIECCE MTOJIOKUTEIBHOTO HIIE-
BOI'0 KOHAUIIMOHUPOBAHUA BO3paCTAaCT UYBCTBUTCIbHOCTDH
OD B OTBET Ha TPEIOCTABICHHIE YCIOBHOTO OIB(PaKTOPHOTO
CTUMYJIA, YTO TOBOPHUT 00 YBEIMYCHHUH aIalITHBHOM 3HAYUMO-
cTH gaHHOro 3amaxa. O0a 3Tu peHOMEeHa SBJISIOTCS YacThIO
HPHUCIIOCOOUTEIEHOM CTPATEr MK )KUBOTHOTO K N3MEHSIOIHM-
Csl YCIIOBUSIM CPE/IBL.
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