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Bo3pacTHas aMHaAMMKA CTPYKTYPHO-(PYHKLMOHANbHbIX
B3aMMOAEeMCTBMM HEMPOHOB CTpUaTtyMa B peanu3aumm akToB
ABUraTenbHOro nosegeHMs y Kpbic oboero nona

B.A. KynpsisueBa, A.B. MouceeBa, C.I. Myxamenosa, I.A. [IbsiBuerko™’, C.JI. Ky3uenos
DIAOY BO «llepsviii Mockosckuii 20cy0apcmeenubiti MeOUYUHCKUL YHUGepCUumem
umenu U.M. Ceuenosa» Munsopasa Poccuu (Ceuenogckuii ynusepcumen)
ya. Tpybeykas, 0. 8, cmp. 2, 2. Mockea, 119991, Poccus

AHHoTauus

Llenb. V3y4nTb BO3pacTHyt0 AMHAMUKY CTPYKTYPHO-(PYHKLMOHANbHBIX B3aMMOLENCTBUI HEMPOHOB CTpUaTyma B peanusa-
LjuM aKTOB ABUraTenbHOro NoBeaeHns y Kpbic 060ero nona.

Matepuanbi u meTtoabl. Miccneposanue npoeeeHo Ha 36 kpbicax nuHum Wistar o6oero nona sospactom 2, 7 1 16 me-
csueB (n = 6 B rpynne). Y X1BOTHbIX BCEX Pynn onpeaensnu ABuratenbHyo akTUBHOCTb C MOMOLLbo Npubopa Laboras
(Metris, HugepnaHapl) B Te4eHne 15 MiH., nocne Yero ocyLLecTBnsnM 3abop Moara C Lienblo onpegeneHns konuyecTsa
1 pa3vMepoB HeMpoHOB B cTpuatyme. Onpenensnu MeauaHy u HTEPKBAPTUIbHbIA pa3max nokasarens gBuraTernbHoN ak-
TMBHOCTM 1 KONTMYECTBA HEMPOHOB; AN U3YYEHMS CBA3N 3TIUX NOKa3aTesiei NpoOBOAUIN KOPPENSALMOHHBIN U PETPECCUOHHBIN
aHanu3 ¢ NOCTPOEHNEM NIMHEAHBIX 1 MONMHOMMATbHBIX TPEHOB, BbIMUCAANCS KOIPDULMEHT AeTepMUHALMM RZ.
Pe3ynbTtatbl. Paavepbl HEMPOHOB C BO3PaCcTOM 3HAYMMO He M3MEHSNUC Y KpbiC 060ero nona. Yucno HenpoHoB CTaTUCTy-
YeCKM OTIMYanoCh Y KpbIC Pa3HOro nosia BO BCEX BO3PACTHBIX rpymnnax. Y KpbiC-CaMLOB MakcManbHOe Y1CHO HENPOHOB
OTMeYeHO B BO3pacTe 7 MeC. CO CHIMKeHUEM K 16 Mec. Y KpbIC-CaMOK MakcManbHOe YnCIo HEMPOHOB 3aperncTpupoBaHo
B BO3pacTe 2 MeC. C AarbHenLM CHKEHNEM K 7 1 16 Mec. [10 AaHHbIM PEerpeccMoHHOro aHanuaa ycTaHoBIeHa NuHeHas
cunbHas cBsasb (R? = 0,80 ans camuos, R? = 0,79 ans caMok) MeXay KONMYeCTBOM HEMPOHOB B CTPUATyMe W ABUraTENbHOM
aKTMBHOCTBIO Y 2-MeCSYHbIX XUBOTHbIX. B Bo3pacTe 7 1 16 Mec. CBA3b UMEET HENMMHENHbIN XapakTep.

3akntoyeHue. KonmyecTso HENPOHOB B CTpUaTyMe NoABEPXEHO NOIOBOW U BO3PACTHOM AMHAMIKe, B TO BPEMS KaK WX pas-
Mep OCTaeTCs HeWn3MeHHbIM ¢ 2 4o 16 mec. [Ins XMBOTHbIX 0B0ero norna 0TMEYEHO CHIXKEHWE ponu cTpuaTtyma B obecne-
YeHUW ABUraTenbHON aKTUBHOCTU B NPOLIECCE B3POCNEHUS. JTa CBA3b MaKCUMasibHa Y 2-MeCSIYHbIX KPbIC W B JabHeLeM
CHXaeTc.

KntoyeBble cnoBa: ABuraTernbHble akTbl; CTpUaTyM; MOPGO(YHKLMOHABHbIE B3aUMOLENCTBIS; NOBELEHYECKME peaKLmuy;
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Age- and sex-related dynamics of structural and
functional motor behaviour interactions in striatum
neurons in rats

Varvara A. Kudryavtseva, Aleksandra V. Moiseeva, Svetlana G. Mukhamedova,
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Abstract

Aim. To study the age-related dynamics of structural and functional interactions of striatal neurons in the implementation of
acts of motor behaviour in rats of both sexes.

Materials and methods. The study was carried out on 36 Wistar rats of both sexes aged 2, 7 and 16 months (n = 6 per
group). In animals of all groups, locomotor activity was determined using a Laboras device (Metris, the Netherlands) for
15 minutes, after which the brain was sampled to determine the number and size of neurons in the striatum. The median and
interquartile range of the index of motor activity and the number of neurons were determined, and to study the relationship
between these indicators, a correlation and regression analysis was performed with the construction of linear and polynomial
trends, and the coefficient of determination R? was calculated.

Results. The size of neurons did not change significantly with age in the rats of both sexes. The number of neurons differed
statistically in the rats of different sexes in all age groups. In male rats, the maximum number of neurons was noted at the
age of 7 months with a decrease to 16 months. In female rats, the maximum number of neurons was recorded at the age of
2 months with a further decrease to 7 and 16 months. According to the regression analysis, a linear strong relationship (R? =
0.80 for males, R? = 0.79 for females) was established between the number of neurons in the striatum and motor activity in
2-month-old animals. At the age of 7 and 16 months the relationship is non-linear.

Conclusion. The number of neurons in the striatum is subject to sex and age dynamics, while their size remains unchanged
from 2 to 16 months. For animals of both sexes, a decrease in the role of the striatum in providing motor activity in the
process of growing up was noted. This relationship reaches its maximum in 2-month-old rats and then decreases.

Keywords: motor acts; striatum; morpho-functional interactions; behavioral reactions; age neuromorphology

MeSH terms:

CORPUS STRIATUM — ANATOMY & HISTOLOGY

CORPUS STRIATUM - PHYSIOLOGY

MOTOR ACTIVITY - PHYSIOLOGY

NEURONS - PHYSIOLOGY

SEX FACTORS

For citation: Kudryavitseva V.A., Moiseeva A.V., Mukhamedova S.G., Piavchenko G.A., Kuznetsov S.L. Age- and sex-
related dynamics of structural and functional motor behavior interactions in striatum neurons in rats. Sechenov Medical
Journal. 2022; 13(2): 20-29. https://doi.org/10.47093/2218-7332.2022.13.2.20-29

CONTACT INFORMATION:

Gennadii A. Piavchenko, Cand. of Sci. (Medicine), Associate Professor, Histology, Cytology and Embryology Department, Sechenov
First Moscow State Medical University (Sechenov University).

Address: 8/2, Trubetskaya str., Moscow, 119991, Russia

Tel.: +7 (953) 614-40-40

E-mail: gennadii.piavchenko@staft.sechenov.ru

CEYEHOBCKMI BECTHUK T. 13, Ne 2, 2022 / SECHENOV MEDICAL JOURNAL VOL. 13, No. 2, 2022 21



NEUROSURGERY

Conflict of interests. The authors declare that there is no conflict of interests.

Financial support. The study was sponsored by JSC “Retinoids”.

Acknowledgments. The authors express their gratitude to Prof. V.I. Nozdrin and Assoc. Prof. L.I. Shmarkova for helpful discussions of

the obtained data.

Received: 12.08.2022
Accepted: 29.08.2022
Date of publication: 23.09.2022

B xozme oHTOreHE3a y KPHIC MPOUCXOAAT 3HAYNTEIIh-
HBIC M3MEHCHHS B MeXaHM3MaX (DOpMHPOBaHHS IOBE-
JCHUS B COOTBETCTBUU C BO3PACTOM M CTPYKTYpOH TO-
JIOBHOTO MO3Ta. Y KPBIC pa3HBIX BO3PACTHBIX H IIOJIOBBIX
TPYIII THCTOIOTHIECKOE CTPOSHHE TOJIOBHOTO MO3Tra OT-
JMYAETCs, YTO BO MHOTOM OIIpPENeNsieT MPOSIBICHUS UX
MTOBEJICHYCCKON aKTUBHOCTH [1].

CrpuaryM MpeACTaBIsieT COOOH CTPYKTYpHOE 00b-
eIMHECHNE TTOJKOPKOBBIX MO3TOBBIX 00pa30BaHUI XBO-
CTAaToOTO siZpa W CKOPIYIBI YeUeBHIICOOPa3HOTO sapa,
KOTOpBIE OTBETCTBEHHBI 3a O3BOJIOIMOHHO Hamboiee
«IIpeBHHE» IICHXOMOTOpHBIE (yHKIuH. B TO Bpems
KaK KOPKOBBIE CTPYKTYpPbI TOJIOBHOTO MO3Ta KOOPIMHH-
PYIOT CIOXXHBIC ABHTATEIBHBIC AKTHI U (DOPMUPYIOTCS
B XOJIC OHTOTCHE3a 3HAYUTEIBHO TTO3XKe [2].

OmnpeneneHre COOTHOIIEHUS MOP(OIOTHISCKUX Xa-
PaKTepUCTHK, (PyHKINOHAIFHONH aKTUBHOCTU U KOJHYE-
CTBa HEWPOHOB B 00NacTH 0a3aJIbHBIX TaHTIIHEB (CTPH-
aTyMa) B CpPaBHCHHUH C paHee IMPOBEACHHBIMH HCCIEIO-
BaHUSIMH MOTOPHOI KOPHI UT'PAeT KIIFOYEBYIO POIb B TIO-
HIMaHHH MEXaHU3Ma KOJICOAHMs CTETICHH BOBJICYECHHO-
CTH KOPBI M TIOIKOPKOBEIX CTPYKTYp B JIOKOMOTOPHYIO
JeSITeNBHOCTD B XOZI€ OHTOTCHE3a y KPBIC. AHAIHM3 3TUX
MEXaHU3MOB ITO3BOJINT OICHUTH AWHAMUKY M3MEHEHUS
MIOBE/ICHUECKUX PEaKknHii KPBIC B BO3PACTHOM H IIOJIO-
BOM AaCIEKTE, YTO MPEACTABISACTCS O0COOCHHO Ba’KHBIM
IpU TPOBEICHUH HCCICNOBAHUHA C MCIIOIB30BAaHHEM
KPBIC B KaUYeCTBE MOJEIBHBIX OOBEKTOB U IIPH PaccMo-
TPEHUH 3BOJIIOIOHHBIX BOIIPOCOB PA3BUTHS CTPYKTYP
TOJIOBHOTO MO3Ta.

Llens nccnenoBaHus: OLCHUTh JUHAMHKY CTPYKTYp-
HO-(DYHKIIMOHAIILHBIX B3aUMOJICHCTBUI HEHPOHOB CTPH-
aTyMa B peajiM3alliyl aKTOB JBUTATECIHHOTO ITOBEICHUS
y KpBIC 000€T0 TI0J1a pa3HBIX BO3PACTHBIX TPYIIL.

MATEPUAIbI U METOAbI

Kusomnuie

[IpoBeneHo  SKCHIEPUMEHTATBHOE  HCCIICJOBAHHE
Ha 36 kpbicax nuHuM Wistar: 18 camrmoB u 18 camok,
pa3aeNneHHbIX o Bo3pacty 2, 7 u 16 MecsiiieB Ha 6 Tpymn
1o 6 KpbIc B Kax1o# [3]. Hamu ObutH 0TOOpaHBI JKUBOT-
HBIC COOTBETCTBYIOIIETO BO3pacTa, IPEACTaBILIOMINE
TPH BO3PACTHBIC KATETOPHUU: MOJIOIBIC, B3POCTBIE U CTa-
pbie KpbIchl. JKuBoTHBIE morydeHs! u3 Gunuana ®I'BYH
«HIBMT ®MBA» Poccun — nutoMHNKa « AHAPEEBKAY.
HccnenoBanne OgOOpEHO JIOKAJBHBIM — 3THYECKUM

Komurerom Ce4eHOBCKOTO YHHBEpPCHUTETAa, IPOTOKOI
Ne 03-19, 13 ¢eBpans 2019 .

B pabore cobmomanucek nonoxenus: “EU Directive
for the Protection of the Vertebrate Animals used for
Experimental and other Scientific Purposes 86/609 /
EES” v npuHIATBI 3THKH' .

Kpsic conepxanu o 6 ocobell B cTaHAapPTHBIX TO-
nUKapOOHATHBIX KieTKax obovemom 16 300 cm®. Bcee
KJIETKA OBUIM OOOpYHZOBAHBI CTAJBHBIMH PEIICTYATHI-
MH KpBIIKaMH C YDIyOJIeHHeM Ajsl KOpMma, CTalbHBI-
MH JIePKATEISIMH 3THKETOK, IUTACTHUKOBBIMU MOWIKAMHU
C HakoHEYHHMKamH. KopmieHme >KHBOTHBIX OCYIIECT-
BJSUTH C HWCIOJIB30BAaHUEM CEpTHUPHUIMPOBaHHOTO cOa-
JAHCHUPOBAHHOTO TPAHYIMPOBAHHOTO KOpMa IJISI TPHI-
3yHOB (OO0 «Jlaboparopkopm», Poccust) ad [libitum.
OuUIETPOBaHHYIO BOIOIIPOBOAHYIO BONYy JaBamul ad
libitum B cTaHIAPTHBIX aBTOKJIABHPOBAHHBIX ITUTHEBBIX
OyTBIIKax CO CTaJbHBIMH HaKOHEUHHKaMmH. KpbIchl Ha-
XOIMIINCH B OTACTBHBIX IMOMEIIEHUAX IS COACPKaHUS
7a00PaTOPHBIX KUBOTHBIX B KOHTPOIUPYEMBIX YCIOBH-
X oKkpyxaroriei cpeapl (2026 °C npu OTHOCUTEIHHON
Braxuaoctn 30-70%). B kxomHarax comepaHUS >KH-
BOTHBIX MOMACPKUBAIH |2-9acoBO IUKI OCBELICHUS
u 10-kpaTHYIO0 CMEHY 00beMa BO3/TyXa KOMHATHI B Yac.

Ouenka nosedenueckoil AKMuHOCMuU Kpvic

OLeHKY aKTOB JIBUTaTe€bHOM AKTUBHOCTH IIPOBO-
mwn Ha nipubope Laboras (Metris, Hunepnanmer), ko-
TOPBIA TPEACTaBIsIET COOOW HEMHBAa3HBHYIO CHCTEMY,
ABTOMATHYECKH PACIIO3HAIOMIYI0 M AHAIM3HPYIOIIYIO
TaKue MOBEICHICCKUE PEaKINH Ja00PaTOPHBIX KHBOT-
HBIX, KaK IBIDKCHHE, HEIOABW)KHOCTH, BEPTHKAIbHAS
CTOWKa, TPYMHHT, TUTHE U TIPUEM IHUIIH, JIOKOMOIHH [4].
B pesynerate 3anmcu Ha mprOOpe MOMyUaroTCsl JaHHBIC
IO TIPOIOIDKUTEIBHOCTHY 1 KOJTMYECTBY BHIIICYKa3aHHBIX
aKTOB TOBe/eHWs. B Hamem HccieIoBaHWM OLICHHBA-
Jlach JBUIaTellbHasl aKTUBHOCTH 3a 15 MUH.

Mopgonozuueckoe uccnedosanue Kopsl 201061020
Mo32a

[Tocne 3anucyu MoOBeEHYECKUX PEAKIIHI KUBOTHBIX
YCBHIIUIIIN B Ta30BOH Kamepe, OCYHIECTBILIN 3abop
MO3Ta.

OuKcaIyio KyCOYKOB TOJIOBHOTO MO3Ta B JKHIAKOCTU
KapHya 11 0KpacKy cpe3oB OCYIIECTBIISUIA 110 METOAMKE,
omnucaHHOW Hamu panee [5].

[Toncuer xonudecTBa U pazMepa HEHPOHOB BBITTOHS-
JIM Ha MHKpocKorie Axiolab ¢ ycraHOBIeHHON Kamepoi

! https://ec.europa.eu/environment/chemicals/lab_animals/legislation_en.htm (mara o6parenus: 17.03.2020).
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AxioCam u cuctemoil (HhopMUpOBaHUA H300paXKEHUN
AxioVision (Carl Zeiss, ['epmanus). Onpenenenue co-
JepKaHUA HEHPOHOB B CTPHATYME MO3Ta KPBIC C Y4ETOM
BO3pacTa U Iojia MPOBOAMIN MyTEM MOACYEeTa KOJIude-
CTBa HEMPOHOB W MX BEPTUKAJIBHOIO pa3Mepa MeToJa-
MU Mopdomerpudeckoro anamuza [6—8]. OT kaxgo-
ro >KMUBOTHOTO Opaju Mo JBa cpe3a TrojJOBHOIO MO3ra,
Ha KOTOPBIX MPOBOJAWIM MOACYET B 12 MONAX 3peHus.
Wnentudukanuio CTPYKTyp TOJIOBHOIO MO3ra KpbIC
Ha COOTBETCTBYIOLIUX YPOBHSIX Cpe3a OCYIIECTBISIN
o atnacy G. Paxinos, C. Watson [9].

Cmamucmuueckuit aHanu3

OueHky ABUraTeNbHONW aKTUBHOCTH M IIOACYET KO-
JUYECTBA U pa3Mepa HEHMpPOHOB MPOBOAMIM B KaXKIOH
u3 6 rpynn. HopmansHOCTh paciipeneneHusl OLeHHBa-
Jach ¢ nomomibio kpurepus Kommoroposa — CMupHOBa.
JlaHHble mpeACcTaBIeHbl B BUAE MeIUaHbl U MHTEPKBap-
TUJIBHOTO pa3maxa (25-#, 75-# npoueHTunn). CpaBHeHHE
TPy MPOBOAMIOCH € MOMOIIbI0 U-kpuTepust MaHHa —
YuTHu.

CBsi3b MeXIy NMpHU3HAKaAMH H3y4anach C UCIOIb30-
BaHUEM KOPPENSLUOHHOW 3aBUCHUMOCTH, BBIYHMCISUIUCH
k03(ppULIMEHTHl KOppensuuul U AETePMUHAINH, CHIIa
CBSI3U olLeHUBanach 1o mkaine Yennoka. Koapduuuent
JETePMHUHALUU PACCUMTHIBAJICS I IOATBEPXKICHUS CO-
OTBETCTBHUSI MOJENH 3HAUEHUSM IOJYyYEHHBIX IAHHBIX.
OO0umue TeHIEHIMH AMHAMUKUA H3MEHEHHs MoKa3are-
Jiel pacCYUTHIBAINCH B PETPECCUOHHOM aHalU3e C IO-
CTpOeHHEeM TpeHIa (JIMHEHHOr0 M MOJMHOMHAIBHOIO)
[4]. OueHuBanu pAaHHBIE 1O KOJWYECTBY HEHPOHOB

HENMPOXUPYPIA

B cTpuatyme (12 ycpeqHeHHBIX 3HAYEHHi) U pe3ysbTa-
THI aHAW3a JBUTATEIbHOW aKTHBHOCTH (TI0 2 3amucu
OT Ka)KJIOT0 )KMBOTHOTO B IPYTIIE).

Hdna  cratuctudeckoil 0OpaOOTKM JaHHBIX HC-
MOJIb30BAJIM  IIporpaMMHoOe  obecrieueHue: Microsoft
Excel (Microsoft, CIIIA) u Origin Pro (Origin-Lab
Corporation, CIIIA).

PE3YIIbTATDI

Mopdonornyeckme oco6eHHOCTU cTpuaTyma

B npenaparax ro1oBHOr0 M03ra, OKpalleHHBIX Kpe-
3WIOBBIM (proseTOBBIM 10 MeTtony Huccis, Ha cpesax
BEHTPaJIbHON 4acTH 00JacTH 0a3albHBIX TaHIJIUEB OT-
MedaeTcsi 0OJIbIIOe KOJIMYECTBO MOINEPEYHO OPHUEHTHU-
POBaHHBIX B KayAaJIbHOM HaIlpaBJI€HUU HEPBHBIX BOJIO-
KOH, MEXAy KOTOPBIMU PACIIOJIOKEHBI HEMHOTOYUCIICH-
HbI€ CKOIUIEHHS HEUPOHOB, MPEUMYILIECTBEHHO OKpPY-
o ¢popMBl, co cnabol MPOKPACKOH LUTOIIA3MBI;
OTPOCTKH HE KOHTYPHUpYIOTCS. MakcumanbHOe coaep-
JKaHUE HEMpPOHOB OTMEYAETCs Y 7-MECSYHBIX CaMLOB
U TOCTENEHHO YMEHbBIIAETCS B IpOliecce CTapeHUs.
KonuyecTBo HEMPOHOB y CAMOK BO3pacTaeT HECKOIBKO
paHbllie U B JajJbHEHIIeM HEe3HAYUTEIBbHO CHHUXKAETCS.
B cpesax mo3ra 7-MecsSYHBIX 0COOEH yBEIMYUBAETCS
KOJIMYECTBO HEHPOHOB MUPAMHUIHON (OPMBI C LUTO-
ma3Moil, copepikaiieit 6azoduibHble rpanynsl. C Bo3-
pacToM B CTpHATyMe€ NMPOMCXOAUT CHUKEHHE OOILEro
yucna HelpoHos (puc. 1).

OnpezneneHue 3HAYEHUH KOJIMYECTBEHHBIX M pas-
MEpHBIX TOKa3areneld HEMpOHOB cTpHaryma ocobei
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00. 40.

FIG. 1. The striatum fragments in rats for both sexes and different age groups. Cresyl violet stain, oc. 20, obj. 40.
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Tabnuya. Konn4yecTBo 1 pa3mMepbl HEMPOHOB CTPUATyMa KpbIC 060€ro nomna B pasHbIX BO3PACTHbIX rpynnax
Table. Nerve cell quantity and size in rat striatum for both sexes of different age groups

KonuyectBo HeiipoHoB / Nerve cell quantity 3uay

Pa3mep HenpoHoB, Mkm / Nerve cell size, pm

Bo3spacT, Mecsubl / g 0 eHue 3 0 3HayeHue
Age, months (n=18) (n=18) p! pvalue (n=18) (n=18) p/ pvalue
2 43 (41; 45) 62 (59; 64) <0,05 9(9; 10) 9(8; 11) ns.
7 61 (58; 65) 53 (50; 56) <0,05 9(8;12) 9(8; 11) ns.
16 52 (51; 53) 42 (41;44) <0,05 10 (9; 11) 11 (10; 11) n.s.
3HaueHue p / p value <0,05 <0,05 n.s. n.s.

lMpumeyaHme: n.s. — not significant (He 3HauMmo)
Note: n.s. — not significant.

Pa3NUYHBIX BO3PACTHBIX W TIOJIOBBEIX TPYIII IO3BOJISET
IPOCIEIUTh TUHAMUKY Pa3BHTHS 0a3ajbHBIX T'aHIIIUCB
y KpBIC B X0ji¢ OHTOreHe3a. COrmacHo MOTyYeHHbIM JaH-
HBIM, HEHPOHBI XapaKTEPU3YIOTCSI HEU3MEHHBIMU pa3Me-
pamMu JuIs J1I000T0 1oJIa ¥ BO3pacTa.

[TomydeHHnble naHHBIE (TaON.) CBHUAETEIHCTBYIOT
0 HEOIHOPOJHOCTH KOJMYSCTBA HEHPOHOB CTpHATY-
Ma JJIs1 KPBIC Pa3HBIX BO3PACTHBIX M IOJOBBIX TPYII.
Conep:xxaHre HelpoHOB 0a3ajbHBIX TaHIVIMEB Yy 2-Me-
CSYHBIX O0CO0EH JEMOHCTPUPYET KOJIHMUECTBEHHBIC
KoJeOaHUsI C HE3HAUNTEIbHBIM YMCHBIICHHEM 4YHCIIa
HEHUPOHOB Yy 7-MECAUYHBIX KPBIC Y CaMOK, B TO BpeMs
KaKk y CcaMIOB 7 MECSIEeB, HAPOTHB, HAOIIONAIOCH
yBeln4YeHne KonndecTBa HelipoHoB. K 16 mMecsiiam Ha-
Omomanock o0llee CHMXKEHUE KOIM4YecTBa HEHpOHOB
JUIS AKHUBOTHBIX 000€Tr0 moJja.

[BuraTtenbHasi akTUBHOCTb

3amuch BUTATENBHOW aKTUBHOCTH ITO3BOJMIIA OXa-
PaKTeprU30BaTh JOKOMOTOPHOE ITOBECHUE KPBIC, 4 TaK-
K€ COMOCTaBUTh NOJYYCHHBIE JAAHHBIE C KOJIMYECTBOM
HEHPOHOB B y4acCTKaX rOJIOBHOTO MO3Ta, OTBETCTBEHHBIX
3a PETYNAIHUIo UcCclenyeMoil (hopMbI IOBEJCHHUS, B YaCT-
HOCTH, CTpUATyMa.

B xozxe uccienoBanus ObUIO BBISBIEHO, YTO MAKCH-
MaJIbHOHM IMOABIDKHOCTBIO OONamany 7-MecsYHBIE CaM-
IIbl, & MUHUMaJIbHOU — 16-MecayHble )KUBOTHBIE 00OUX
MOJIOB. AHANIOTHYHAs 3aKOHOMEPHOCTH ObLja BBISBIEHA
MIPU TIOICYETE CPEIHEr0 KOIMYECTBA HEHPOHOB B TPYII-
nax: HAaMMEHBIINK MMoKa3aTenb HaOIonacs y 2-Mecsd-
HBIX KpPBIC, HANOONBIIUHA — Y 7-MECSIHBIX XKHUBOTHBIX;
y 16-MecsunbIx 0co0el OH CHWXKAJICS U OBbLIT COMOCTa-
BUM CO 3HAYEHHUSMH, ONPEAETCHHBIMH JUISI MOJIOJBIX
ocooeil.

3aBMCMMOCTb MeXAy ABUraTenbHomn

aKTMBHOCTbIO U KONIMYE€CTBOM HEMPOHOB

cTpuatyma

s onpeneneHus JIOKOMOTOPHOM aKTUBHOCTHU KPBIC
OBUIM MCTIONIB30BaHbI PE3YNbTAaThl 3aIIUCH TOABHKHOCTH.
Koppensiiust aToro napameTpa v KOIMYECTBA HEHPOHOB
B 00JacTH cTpuaryma oTpaxkeHa B rpadukax (puc. 2).
VY ocobeit 06oero mona HaOIIOMACTCS BBICOKAs TPSIMO
MPOTIOPIIOHANIbHAS 3aBUCHMOCTh B BO3pacTe 2 Mecs-
LIEB, Y 7-MECSIUHBIX KPBIC OHA CHUXKAETCs, JOXOs A0 MU-
HUMAJIBHBIX 3HAUCHHUH Y 16-MeCSIYHBIX )KUBOTHBIX.

B xome perpeccrmoHHOrO aHanm3a ObLTa BELIBICHA
HanOObIIAsT KOPPEIIHOHHAS 3aBUCHMOCTh MEXKIY CO-
JiepKaHueM HEeHpOHOB B 0OJIacTH 0a3albHBIX TaHIIIH-
€B U JBHUraTeJIbHON aKTHBHOCTBIO y 2-MECSYHBIX KPBIC
JUIS KQ)XXKJOTO ToJIa. DTH MOKA3aTelIH 3aMETHO CBS3aHBI
Uy 7-MeCSYHBIX )KUBOTHBIX, B TO BpeMs Kak y 16-mecsu-
HBIX 0CO0eH HAJIMYKe TIOTOOHOM CBA3M MPOCIIEKUBACTCS
B MeHbIIel Mepe u umeet U-o0pasHsiii Bu (puc. 2).

OBCYXOEHWE

ITomydeHHbIE HAMM JaHHBIC WLTIOCTPUPYIOT AMHA-
MHUKY M3MEHCHHS CTENCHU BIUSHUS MOP(OIOTHIESCKUX
U KOJMYCCTBEHHBIX XapaKTEPHCTHK CTpHaTyMa Ha IIO-
BeJICHHE XHBOTHBIX B 3aBHCUMOCTH OT BO3pacTa U Iojia
cooTBeTcTBYOMEl rpynmsl [10—-13].

bazanpHBle TaHIIMM TONOBHOTO MO3Ta IpPECTaB-
JSI0T CO0OM MONEKYISIPHO M (PyHKIIMOHAJIBHO HEOA-
HOPOZHBIE TOAKOPKOBBIC CTPYKTYpPBI, Y4YacTBYIOIIHE
B OCYIIECTBICHIH MOTOPHBIX ()YHKUIHH, IPUHATHH pe-
mIeHu#, o0yyeHnn, GOpPMHUPOBAHIH MOTHBAIIMH, TIOBE-
nenus u namstu [10, 14].

CrpuaTyM — HEpBUYHOE BXOAHOE SAPO 0a3aiabHBIX
TaHIVIMEB, B OCHOBHOM COCTOHT U3 raMMa-aMHHOMAacCIIs-
Has kucnorta-eprudyeckux (FAMKepruuecknx) mpoek-
IIMOHHBIX HEHPOHOB, Ha3BIBAEMBIX CPEIHUMH IINIIOBA-
THIMU HefipoHaMu. OHH pa3[elieHbl Ha IBE MOMYIISIHA
C OTHENbHBIMU BBIXOJHBIMH NPOEKIUOHHBIMU IyTAMHU,
KOTOpbIE TNPOTHBOIONOXKHO MOAYIUPYIOT BBIXOTHBIC
CTPYKTypHl 0a3ajbHBIX TaHIIMEB. B mojocatom Tene
TaKXXe MPHUCYTCTBYIOT HEOONBIINE IMOMYJISIIUN HHTEp-
HEWPOHOB, B TOM YHCJIE€ XOJWHEPTrUYECKUE MHTEpPHEU-
pownsl [15, 16].

CrpuaTryM NojiydaeT BXOJIHBIE JAHHBIE OT KOPBI rO-
JIOBHOTO MO3ra M TajaMyca U OTIPABIISET BBIXOAHBIC
JaHHBIE Yepe3 TaJaMyc MO aCCOIMATUBHBIM M ITPOCKIIH-
OHHBIM CBSI3SIM 00paTHO K KOPE M HIKEJIEKAIIM CTPYK-
TypaMm. B oGmactu momocaroro tema mryTamareprude-
CKHIl BXOI MHOTHX OOJIaCTell MO3ra CIHBAcTCs C HM-
mynbcaryeil 1opaMUHOBBIX HEHPOHOB CPEAHETO MO3Tra,
4TO 00yCIaBINBACT XKU3HEHHO BaXXHYIO POJIb CTpHUATyMa
B 00yUeHHMHU M NPUHITUH pemieHuii [17].

MortopHass kopa — KIIOYeBash CTPYKTypa JIOOHBIX
OT/EJOB TOJOBHOTO MO3Tra, OTBETCTBEHHAs 3a oO0yde-
HHUE JIBUTaTEIbHBIM HaBBIKaM, OOECIICUMBAOMIAs IIPO-
U3BOJBbHYI0 MOTOPHYIO AaKTUBHOCTb, ILIAaHUPOBAHUE
JIBUTATENIHBIX aKTOB M MbIIIEUHYI0 namsath [18-20].
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PUC. 2. TIponomKuTensHOCTh JOKOMOTOPHBIX PEAKIUi U KOJHMYECTBO HEHPOHOB CTpHATyMa KPhIC 000Ero moja B pa3HbIX BO3-

PacCTHBIX IpyImmax.

FIG. 2. Length of locomotor reactions and nerve cell quantity in the striatum of rats of both sexes in different age groups.

MpumeyaHme. R? - k0athhULMEHT AETEPMUHALNM.
Note. R? - coefficient of determination.

OcymecTpnenue crnerupuieckux (GyHknuil MOTOpHOIL
KOpbI OOYCIIOBJIEHO €€ 3HAYUTEIbHOM IIACTUYHOCTBIO,
a TaKkXe CyIIECTBOBAaHHEM TECHBIX CBfi3eil ¢ ApyruMu
obnmactsimu Mo3ra [21, 22]. B uactHoCTH, H3y4eHHE MOp-
(h0TI0r0-aHATOMUIECKUX COCAMHEHUN MOTOPHOM KOPBI
BBISIBUJIO HaJlMYMe€ HEUPOHHOW CETH, CBS3BIBAIOLIECH
MOTOPHYI0, HIPEMOTOPHYIO KOpPY, CEHCOpHBIE 00IacTH
HEOKOpTeKca M Oa3albHbIE TAHIIMU TOJIOBHOTO MO3Tra
Kpbic [23, 24] IMeHHO B3aUMOOTHOILIEHUSIM KOpbI 1 Oa-
3aJIbHBIX TAQHITINEB B 00ECIEUCHUH JBUTaTEIbHBIX aKTOB
U TIOCBSIIIEHBI MHOTHE U3 PACCMATPUBAEMBIX PAOOT.

bazanpHbIe TAHIINY TECHO CBSI3aHBI ¢ HEOKOPTEKCOM
(B 4acTHOCTH, C MOTOPHOH KOpOH) 4epe3 OJUTOCHHAI-
Tuueckue nerin. CUrHajabHbele MYTH 3TUX HETeNb Ipe-
UMYIIECTBEHHO CXOAATCS B MOTOPHBIX 00JIacTSAX JJIOOHOM
KOpbI M1 B OCHOBHOM pa3/IeIeHbl Ha MOAKOPKOBOM YPOB-
HE, 4TO JJaeT OCHOBAHHE MpEJIoyaraTh Hajauuue (QyHK-
LMOHAJIBHOM B3aUMOCBSI3U CTPUAaTyMa U MOTOPHOU KOPBI
npu o0ecredeHuH MOTOPHBIX (pyHKIuit [24].

BunusiHuio MOTOpHOM KOpBI U CTpUaryMa Ha MOTOP-
HYI0 (DyHKIMIO U MOBEJEHHME KPBIC IOCBAILICHO MHO-
XKECTBO paloT, BKIIOYAIOIINX, IOMUMO yKa3aHHs POJIN
OTACIBHBIX CTPYKTYp B PETyISIUM aKTUBHOCTH [25,
26], MEXaHU3M B3aUMOCBSI3U 3THUX OTJICJIOB TOJIOBHO-
ro mosra apyr ¢ apyrom. CuuTtaercs, 4yTo Oas3anbHbIE
raaruu (BG — basal ganglia) coBmecTHO ¢ Ipyrumu
MOAKOPKOBBIMH CTPYKTypaMH (Tak Ha3biBaecMblii BG-
subcortical pathway) OTBETCTBEHHBI 3a BBHITIOJHEHHE
CTEPEOTHUIHBIX JBUXEHUN U BPOXKJIEHHBIX (OPM IIO-
BeZieHus y Kpeic [19]. B mocnenHee BpeMs 3HaYUTEIb-
HO PACIIMPSIOTCS MPEACTABICHUS O POJH CTpPHATYMa
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B pErylsaunuu mnoBeaeHus. Tak, Hampumep, JOKa3aHO
BIMSHUE Oa3aJIbHBIX TAHIVINEB B (POPMUPOBAHUY JBUTA-
TENbHBIX aKTOB KPBIC ITyTeM OOYy4EHHUS METOJOM Npod
u omu6ok [11, 19]. Uro kacaeTcs nprHoOpETCHHBIX BU-
raTelbHbIX HABBIKOB, TO UX ()OPMUPOBAHHUE U OCYIIECT-
BJIICHHE HAXOJWUTCA IOJ KOHTPOJEM MOTOPHOI KOpBHI,
KOTOpasl OCYLIECTBISICT CBOI CHCTEMY YINpaBJICHUS
yepes3 TanaMmyc (3a c4eT TaTaMOKOPTHUKAIbHBIX CBSI3Ei)
[27-29]. NMmeroTcst TakKe NAaHHBIE O BOBJIICUEHHOCTH
CTpUATyMa B Pa3BUTHE PA3IHYHBIX MOTOPHBIX HapyIle-
HUH, CBsi3aHHBIX ¢ Oone3Hbto [Tapkuncona [30, 31].
MHorue uccie10BaTeN! MbITAIOTCS BBISBUTH KOppe-
JSIMOHHYIO 3aBUCUMOCTB KOJIMUECTBAa HEHPOHOB B MO-
TOPHOM KOPE U CTPUATYME C ABUraTeIbHON aKTUBHOCTBIO
y KpbIC pa3HbIX BO3PACTHBIX IPymIl. B paHee mpoBeaeH-
HOM HaMH UCCJICIOBAHHH OTMEUCHO HAINYNE CTPYKTYp-
HO-(YHKIIMOHATBHBIX CBSI3€il MEXTy MOTOpPHOII KOpoit
U JIBUTaTEIIbHOM aKTUBHOCTHIO, KOTOPAsi, OHAKO, BBIPA-
JKCHA B OOJIBIIICH CTEIEHU Y B3POCIBIX KUBOTHBIX. B 31O
€ BpPEMsl Y MOJOJBIX XMBOTHBIX, COIIOCTaBUB JaHHBIC
C MOJY4YEHHBIMH B HacToAllel paboTe, MOXXHO MpeJIo-
JIOXXUTHh HAaHNOOJBIIYIO0 POJIb CTPHATyMa B 00ECIICUCHUN
JIBuratensHoro noseaeHus [32]. BonpmmHCTBO cTareit
MOCBSIIEHBI H3YyUCHUIO KPBIC C POXICHUS U JI0 TOAPOCT-
KOBOTO TIEPHO/a, TaK KaK B 3TOM BPEMEHHOM MHTEpBase
HAOMIONAOTCST HAUOOJIBIINE U3MEHEHUS UX IIOBEICHHUS.
CornacHo Mengler et al. ronoBHOIT MO3T KpbIC TOBEpTa-
€TCsl CUIIBHOMY POCTY B TEUEHHE IIEPBBIX MECSIIEB ITOCIIE
poxneHus [33]. ITo MOATBEPKAASTCS CTATUCTHUYECKON
OLIEHKOM ¢ IOCTpOeHUEM KpuBoi pocTta. IIpu aTom nocie
2 MecsIIeB TOCTHATANBHOIO Pa3BUTHSL 00BEM IOJIOBHOTO
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MO3Ta CyIIECTBEHHO HE MEHAETCs. AHATU3UpPys 00beM-
HBIE rpadUKU KOPHI ¥ 0a3aIbHBIX TAHTITUEB, TIPUBOAUMBIC
B HMCCJIEJOBAaHUH, MBI MOXEM 3aKJIIOYUTh, YTO OHH IIO-
Ka3bIBAIOT 3HAUUTENIbHOE YBEIUYEHUE OT 3-HeAeIbHOIO
BO3pacTa 10 1 Mecsia, HenpepbIBHBIN pocT oT 1 Mecsna
JI0 2 MECSIIIEB U OTCYTCTBHUE CYLIECTBEHHBIX U3MEHEHUN
oT 2 Mecs1eB 10 3 MecdaueB. B crpuatyme BpeMeHHas
mKana pa3BuTHs, Habmonaemast mpu DWI (auddysHo-
B3BELIEHHOM M300pakeHUH), MO-BUANMOMY, COIJIAcy-
€TCsl ¢ MPOLIECCOM MHUENMHU3ALUH, BU3YaITU3UPYyEMbIM
MIPU TUCTOJIOTMYECKOM HCCIICAOBAaHUH, UISHTHPULUPYS
My4YKd BOJIOKOH HAa Cpe3ax HEepPBHOM TKaHU, OKpalleH-
HoMi kpe3moBbM (puonetoBeiM 1 BGII [33]. Hecmotps
Ha AKTHBHOE TPHUMEHCHHE HWMMYHOTHCTOXUMHYECCKHX
METOJIOB BBISBICHUS PA3IHYHBIX CTPYKTYpP B HEPBHOM
cucTeMe, Kiaccudeckass HeWpoMopdoJorus ocraeTcs
aKTyaJbHBIM ITTOIXOAOM JUIS HM3y4YCHUS CTPYKTYp IICH-
TpaJIbHOM HEPBHOH cucTemsl [34].

BonpmmHCTBO uMccnenoBarenei cXomsiTcss BO MHe-
HHUH, 9TO KOopa u 0a3aybHBIC TAaHIIUH B TEYCHHUE MOCT-
HATAIBHOTO Pa3BUTHS KPBICH HAXOSTCS BO B3aUMOCBSI-
31 U ONpPEAESIOT mpeodiaganue TeX WM UHBIX (HopM
MOBE/ICHUS B pa3HbIe BO3pacTHBIE mepuoasl [23, 33].
MotopHast kopa TOJOBHOTO MO3ra KpPbICHI HAaXOAWUTCS
MOJ] BIUAHUEM HE TOJNBKO NepupepUIecKuX CEHCOPHBIX
addepeHToB U npedpOHTAIBHBIX aCCOLMATUBHBIX 00JIa-
cTei, HO U 0a3anbHBIX ranrueB. OLeHKa YPOBHS 3THUX
BOCXOASIIUX BIUSHUI Ha KOPY CO CTOPOHBI 0a3albHBIX
TaHIJIMEB MPOU3BOAUTCS Onarofaps cileayoluM TecTaM
B pa3HBIX BO3PACTHBIX TPYIIAX: JBUTATEIHHBIC TECTHI
Ha paBHOBECHE, HABHUTAlMIO MO JaOWUPHUHTY, MOIBEM
M0 MAHAYCY, a TaKXKe HCCIIEeIOBaHUE MOJIOBOTO IMOBele-
HUS KpbIC (B MEPUOJ] MOJIOBOTO CO3PEBAHUS B BO3PACTe
6—7 mecsues) [35].
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ComacHO pe3yiabraraM HCCIEIOBaHUS PEryssiuus
JIBUTaTeNbHOW aKTMBHOCTH, OCYIIECTBIIsIEMas MHOTH-
MH y4yacTKaMH TOJIOBHOTO MO3ra, B OOJbLICH CTEeHU
KOppeTupyeT Y MOJIOABIX KUBOTHBIX (2-Mec.) ¢ KoJluye-
CTBOM HEHPOHOB B IOAKOPKOBBIX CTPYKTYpax (CTpHATYM).
Bwmecre ¢ TeM B X01e OHTOreHe3a HalloaeTcst Bo3pacTa-
HHUE KOPPEJLUOHHON 3aBUCUMOCTH MEXIY JIOKOMOTOp-
HOU JIESITeNBbHOCTBIO U KOJMYECTBOM HEHPOHOB B CTPYK-
Typax Kopbl rojioBHOro Mo3ra [18, 20, 21, 24]. 3to noa-
TBEPXKIAET paHee MOJTy4YeHHbIE HAMH JaHHBIE O POJIM MO-
TOPHOI KOpBI B 00ECIICUEHUN JIBUTATEILHOTO MMOBEACHHUS
Y KpBIC B OHTOT€HE3€ C YYETOM IOJIOBBIX pa3nuyuii [32].

3AKNIOYEHUE

KonmnyecTBO HEHPOHOB B CTpHATyMme IOJBEPIKEHO
MIOJIOBOM M BO3PACTHOW JIMHAMUKE, B TO BpEMs KaK HX
pasMep ocTaeTcs HEM3MEHHBIM B TEUEHUE HM3y4aeMOTO
HamMu niepuona. J{st )KMBOTHBIX 000€ro 1MoJjia OTMEYEHO
CHUXCHHE POJIM CTpUATyMa B OOECIICUCHUU JIBUTATEIIb-
HOM aKTMBHOCTH B MPOIECCE B3POCIEHUS. DTa CBA3b
MaKCHMajbHa y 2-MECSIYHBIX KPBIC, HE3HAYNUTEIIBHO CHU-
JKaeTcs K 7 MecsiiaM, B JaJbHEHIIeM ele 0oee ociade-
Bas K 16 Mecs1iaM KH3HH.

OrncaHHasi 3aKOHOMEPHOCTh MOXKET OBITh 00YCIIOB-
JIeHA CIOXHBIMUA MOP(O]PYHKIIMOHAIBHBIMU TTpOIIecca-
MU pEOpraHu3alliu KOPbI, HAOIIOMaEMBIMH Yy MOJIOJIBIX
ocobell B aHTeHAaTalLHOM OHTOTEHe3e. B pesynbrare
MIPOUCXOMIAIIUX B TIEPBBIA MECSI] TOCTHATATHLHOU KU3HU
MEPECTPOCK CTPYKTYP TOJIOBHOTO MO3Ta TJIABEHCTBYIO-
11asi poJib B PETYJSIIUU MIOBEJCHUS B IIEJIOM U MOTOPHOH
aKTUBHOCTU B YaCTHOCTH, MPUXOIMBIIASCS HA TOIKOP-
KOBBIC CTPYKTYphI TOJIOBHOTO MO3ra, Iepepacrpencis-
€TCsl B HAIPABJIICHUH PETYISAIUUA JTOKOMOTOPHOTO TTOBE-
JIEHUs] KOPKOBBIMU CTPYKTYpPaMH.

AUTHOR CONTRIBUTIONS

Gennadii A. Piavchenko participated in the planning of the
experiment and its implementation. Varvara A. Kudryavtseva and
Aleksandra V. Moiseeva studied the literature, analyzed its data
and wrote an introduction and discussion of the article. Svetlana G.
Mukhamedova and Sergey L. Kuznetsov exercised overall control
over the implementation of the study, participated in the discussion
of the data obtained, general editing of the text of the article. All
authors approved the final version of the publication.

1 Maciejewska B., Lipowska M., Kowianski P, et al. Postnatal de-
velopment of the rat striatum — a study using in situ DNA end la-
beling technique. Acta Neurobiol Exp (Wars). 1998; 58(1): 23-28.
PMID: 9583184.

2 The Rat Nervous System — 4th Edition. Edited by George Paxinos.
Academic Press 2014. 1052 p. eBook ISBN: 9780080921372.

3 Avtandilov G.G. Meditsinskaya morfometriya. Rukovodstvo.
M.: Meditsina / Medical morphometry. Manual 1990. 384 p (in
Russian). ISBN 5-225-00753-8.

4 Bachdasarian L., Bulthuis R., Molewijk E., et al. Enhanced
technologies and integration parameters of pre-clinical studies.
Journal Biomed. 2013; 1(1): 83-97.

26 CEYEHOBCKMI BECTHUK T. 13, Ne 2, 2022 / SECHENOV MEDICAL JOURNAL VOL. 13, No. 2, 2022



10

11

12

13

14

15

16

17

18

ITvasuenko I'A., Anexcees A.I., Cepecuna E.C. u op. OneHka
TOKCHYECKOTO AEHCTBHS CYKIMHATAa IIMHKA HA KOPY OOJBIINX
MOy LIApHi TOJIOBHOTO MO3ra Kpbic. CedeHOBCKuUit BecTHUK. 2019;
10(2): 29-35. https://doi.org/10.26442/22187332.2019.2.29-35
Xoowcaii JI.U., Omennun B.A. Pacupenenenne TAMKepruueckux
HEWpPOHOB B HEOKOPTEKCE KPBIC B OTHAJICHHBIC MMOCTHATAJILHBIC
CPOKH TI0CJIE [IepUHATAIBHOM THIIOKCHH. JKypHall 9BOJIIOLHOHHO
ouoxumun u ¢usuonoruu. 2019, 55(4): 302-304. https://doi.
org/10.1134/S0044452919040077

Kupuuenxo E.IO., Jloceunos A.K., Ilosunaiimume ILE., Ipan-
xuna A.O. PacripeneneHue HepOHaIbHBIX U [JIHAJIbHBIX aHTHIC-
HOB B KOJIOHKaX COMaTOCEHCOPHOI KOPbI MO3ra KPbIChI (AIMMYHO-
THCTOXUMHUYECKOE HccienoBanue). Mopdonorus. 2014, 145(2):
7-11. PMID: 25282817.

Puoioicascruii B.A., Jlumeunyesa E.M., Tkau O. B., Pyoman FO.IO.
Bo3spacrhas auHamuka MOpHOMETPHUYECKUX M TUCTOXMMHYECKUX
mokasareliedl  pasBHTHs  KOpPbI  TOJOBHOTO  MO3ra  KpbIC.
JansaeBocrounslii Menunuuackuit XXypnain. 2014, 4: 82-84.
Paxinos G., Watson Ch. The rat brain in stereotaxic coordi-
nates. 7th Edition. Academic Press. 2013. 480 p. eBook ISBN:
9780124157521.

Antonazzo M., Gomez-Urquijo S.M., Ugedo L., Morera-
Herreras T. Dopaminergic Denervation impairs cortical motor and
associative/limbic information processing through the basal gan-
glia and its modulation by the CB1 receptor. Neurobiol Dis 2021
Jan; 148: 105214. https://doi.org/10.1016/j.nbd.2020.105214.
PMID: 33278598.

Moénne-Loccoz C., Astudillo-Valenzuela C., Skovgdrd K., et
al. Cortico-striatal oscillations are correlated to motor activity
levels in both physiological and parkinsonian conditions. Front
Syst Neurosci. 2020 Aug 13; 14: 56. https://doi.org/10.3389/fn-
8ys.2020.00056. PMID: 32903888.

Sjobom J., Tamte M., Halje P, et al. Cortical and striatal circuits
together encode transitions in natural behavior. Sci Adv. 2020
Oct 9; 6(41): eabcl173. https://doi.org/10.1126/sciadv.abc1173.
PMID: 33036974.

Lemke S.M., Ramanathan D.S., Guo L., et al. Emergent modular
neural control drives coordinated motor actions. Nat Neurosci.
2019 Jul; 22(7): 1122—-1131. https://doi.org/10.1038/s41593-019-
0407-2. Epub 2019 May 27. PMID: 31133689.

Monko M.E., Heilbronner S.R. Retrosplenial cortical connectivity
with frontal basal ganglia networks. 2021 Mar 3: 1-10. https://
doi.org/10.1162/jocn_a_01699. Epub ahead of print. PMID:
33656393.

Breu M., Reisinger D., Tao L., et al. In vivo high-resolution diffu-
sion tensor imaging of the developing neonatal rat cortex and its
relationship to glial and dendritic maturation. Brain Struct Funct.
2019 Jun; 224(5): 1815-1829. https://doi.org/10.1007/s00429-
019-01878-w. Epub 2019 Apr 22. PMID: 31011813.

van Bodegom M., Homberg J.R., Henckens M.J.A.G. Modulation
of the hypothalamic-pituitary-adrenal axis by early life stress
exposure. Front Cell Neurosci. 2017 Apr 19; 11: 87. https://doi.
org/10.3389/fncel.2017.00087. PMID: 28469557.

Cox J., Witten I.B. Striatal circuits for reward learning and de-
cision-making. Nat Rev Neurosci. 2019 Aug; 20(8): 482-494.
https://doi.org/10.1038/s41583-019-0189-2

Hori Y, IThara N., Sugai C., et al. Ventral Striatum Links
Motivational and Motor Networks during Operant-Conditioned
Movement in Rats. Neuroimage. 2019 Jan 1; 184: 943-953.
https://doi.org/10.1016/j.neuroimage.2018.10.018. Epub 2018
Oct 5. PMID: 30296556.

10

11

13

14

15

16

17

18

HENMPOXUPYPIA

Piavchenko G.A., Alekseev A.G., Seryogina E.S. et al. Evaluation
of the zinc succinate toxic effect on the cerebral cortex of rat.
Sechenov Medical Journal. 2019; 10(2): 29-35 (in Russian).
https://doi.org/10.26442/22187332.2019.2.29-35

Khozhai L.I, Otellin V.A. Long-Term effects of perinatal hy-
poxia on the distribution of GABAergic neurons in the rat neo-
cortex. Journal of Evolutionary Biochemistry and Physiology.
2019, 55(4): 302-304 (in Russian). https://doi.org/10.1134/
S0044452919040077

Kirichenko E.lu., Logvinov A.K., Povilaitite PE., Grankina A.O.
Neuronal and glial antigen distribution in the columns of somato-
sensory cortex of rat brain (an immunohistochemical study).
Morfologiia. 2014; 145(2): 7-11 (in Russian). PMID: 25282817.

Ryzhavskii B.Ya., Litvintceva E.M., Tkach O.V., Rudman Yu.Yu.
Age dynamics of morphometric and histochemical parameters of
cerebral cortex development in rats. 2014, 4: 82—84 (in Russian).

Paxinos G., Watson Ch. The rat brain in stereotaxic coordi-
nates. 7th Edition. Academic Press. 2013 480 p. eBook ISBN:
9780124157521.

Antonazzo M., Gomez-Urquijo S.M., Ugedo L., Morera-
Herreras T. Dopaminergic Denervation impairs cortical motor and
associative/limbic information processing through the basal gan-
glia and its modulation by the CB1 receptor. Neurobiol Dis 2021
Jan; 148: 105214. https://doi.org/10.1016/j.nbd.2020.105214.
PMID: 33278598.

Moénne-Loccoz C., Astudillo-Valenzuela C., Skovgdrd K., et
al. Cortico-striatal oscillations are correlated to motor activity
levels in both physiological and parkinsonian conditions. Front
Syst Neurosci. 2020 Aug 13; 14: 56. https://doi.org/10.3389/fn-
8ys.2020.00056. PMID: 32903888.

Sjobom J., Tamte M., Halje P, et al. Cortical and striatal circuits
together encode transitions in natural behavior. Sci Adv. 2020
Oct 9; 6(41): eabcl173. https://doi.org/10.1126/sciadv.abc1173.
PMID: 33036974.

Lemke S.M., Ramanathan D.S., Guo L., et al. Emergent modular
neural control drives coordinated motor actions. Nat Neurosci.
2019 Jul; 22(7): 1122—-1131. https://doi.org/10.1038/s41593-019-
0407-2. Epub 2019 May 27. PMID: 31133689.

Monko M.E., Heilbronner S.R. Retrosplenial cortical connectivity
with frontal basal ganglia networks. 2021 Mar 3: 1-10. https://
doi.org/10.1162/jocn_a 01699. Epub ahead of print. PMID:
33656393.

Breu M., Reisinger D., Tao L., et al. In vivo high-resolution diffu-
sion tensor imaging of the developing neonatal rat cortex and its
relationship to glial and dendritic maturation. Brain Struct Funct.
2019 Jun; 224(5): 1815-1829. https://doi.org/10.1007/s00429-
019-01878-w. Epub 2019 Apr 22. PMID: 31011813.

van Bodegom M., Homberg J.R., Henckens M.J.A.G. Modulation
of the hypothalamic-pituitary-adrenal axis by early life stress
exposure. Front Cell Neurosci. 2017 Apr 19; 11: 87. https://doi.
org/10.3389/fncel.2017.00087. PMID: 28469557.

Cox J., Witten 1.B. Striatal circuits for reward learning and de-
cision-making. Nat Rev Neurosci. 2019 Aug; 20(8): 482—494.
https://doi.org/10.1038/s41583-019-0189-2

Hori Y, Ilhara N., Sugai C., et al. Ventral Striatum Links
Motivational and Motor Networks during Operant-Conditioned
Movement in Rats. Neuroimage. 2019 Jan 1; 184: 943-953.
https://doi.org/10.1016/j.neuroimage.2018.10.018. Epub 2018
Oct 5. PMID: 30296556.

CEYEHOBCKMI BECTHUK T. 13, Ne 2, 2022 / SECHENOV MEDICAL JOURNAL VOL. 13, No. 2, 2022 27



NEUROSURGERY

19

20

21

22

23

24

25

26

27

28

29

30

31

32

28

Dhawale A.K., Wolff S.B.E., Ko R., Olveczky B.P. The basal gan-
glia control the detailed kinematics of learned motor skills. Nat
Neurosci. 2021 Sep; 24(9): 1256-1269. https://doi.org/10.1038/
$41593-021-00889-3. Epub 2021 Jul 15. PMID: 34267392.
Stubbendorff C., Molano-Mazon M., Young A.M. J., Gerdjikov T.V.
Synchronization in the prefrontal-striatal circuit tracks behav-
ioural choice in a go-no-go task in rats. Eur J Neurosci. 2019 Mar;
49(5): 701-711. https://doi.org/10.1111/ejn.13905. Epub 2018
Apr 2. PMID: 29520856.

Mehlman M.L., Winter S.S., Taube J.S. Functional and anatomi-
cal relationships between the medial precentral cortex, dorsal
striatum, and head direction cell circuitry. II. Neuroanatomical
Studies. J Neurophysiol. 2019 Feb 1; 121(2): 371-395. https://
doi.org/10.1152/jn.00144.2018. Epub 2018 Nov 14. PMID:
30427743.

Markham J.A., Greenough W.T. Experience-driven brain plas-
ticity: beyond the synapse. Neuron Glia Biol. 2004 Nov; 1(4):
351-363. https://doi.org/10.1017/s1740925x05000219. PMID:
16921405.

Ortiz-Pulido R., Hernandez-Briones Z.S., Tamariz-Rodriguez A.,
et al. Effect of electrolytic lesion of the dorsomedial striatum on
sexual behaviour and locomotor activity in rats. Neurologia. 2017
Jun; 32(5): 278-283. English, Spanish. https://doi.org/10.1016/j.
nrl.2015.11.007. Epub 2016 Jan 13. PMID: 26774412.

Hintzen A., Pelzer E.A., Tittgemeyer M. Thalamic interactions of
cerebellum and basal ganglia. 2018 Mar; 223(2): 569-587. https:/
doi.org/10.1007/s00429-017-1584-y. Epub 2017 Dec 9. PMID:
29224175.

Pimentel-Farfan A.K., Bdez-Cordero A.S., Peria-Rangel T.M.,
Rueda-Orozco P.E. Cortico-striatal circuits for bilaterally coordi-
nated movements. Sci Adv. 2022 Mar 4; 8(9): eabk2241. https://
doi.org/10.1126/sciadv.abk2241. Epub 2022 Mar 4. PMID:
35245127.

Balsters J.H., Zerbi V., Sallet J., et al. Primate homologs of mouse
cortico-striatal circuits. Elife. 2020 Apr 16; 9: €53680. https://doi.
org/10.7554/eLife.53680. PMID: 32298231.

Sippy T, Lapray D., Crochet S., Petersen C.C.H. Cell-Type-
Specific Sensorimotor Processing in Striatal Projection Neurons
during Goal-Directed Behavior. Neuron. 2015 Oct 21; 88(2):
298-305. https://doi.org/10.1016/j.neuron.2015.08.039. Epub
2015 Oct 1. PMID: 2643952.

Ghosal S., Packard A.E.B., Mahbod P, et al. Disruption of glu-
cagon-like peptide 1 signaling in Siml neurons reduces physi-
ological and behavioral reactivity to acute and chronic stress. J
Neurosci. 2017 Jan 4; 37(1): 184-193. https://doi.org/10.1523/
JNEUROSCI.1104-16.2016. PMID: 28053040.

Jun J.J., Steinmetz N.A., Siegle J.H., et al. Fully Integrated silicon
probes for high-density recording of neural activity. Nature. 2017
Nov 8; 551(7679): 232-236. https://doi.org/10.1038/nature24636.
PMID: 29120427.

Su W, Li K., Li C.M., et al. Motor Symptom Lateralization in-
fluences cortico-striatal functional connectivity in Parkinson’s
disease. Front Neurol. 2021 May 14; 12: 619631. https://doi.
org/10.3389/fneur.2021.619631. PMID: 34054684.
Moénne-Loccoz C., Astudillo-Valenzuela C., Skovgdrd K., et al.
Cortico-striatal oscillations are correlated to motor activity lev-
els in both physiological and Parkinsonian conditions. Front
Syst Neurosci. 2020 Aug 13; 14: 56. https://doi.org/10.3389/fn-
8ys.2020.00056. PMID: 32903888.

P’yavchenko G.A., Shmarkova L.I., Nozdrin V.I. Changes in the
number of neurons in the rat motor cortex and movement activity
with age. Neurosci Behav Physi 2016, 46, 270-273. https://doi.
org/10.1007/s11055-016-0228-7

19

20

21

22

23

24

25

26

27

28

29

30

31

32

Dhawale A. K., Wolff'S. B. E., Ko R., Olveczky B. P. The basal gan-
glia control the detailed kinematics of learned motor skills. Nat
Neurosci. 2021 Sep;24(9):1256-1269. https://doi.org/10.1038/
$41593-021-00889-3. Epub 2021 Jul 15. PMID: 34267392.
Stubbendorff C., Molano-Mazon M., Young A.M. J., Gerdjikov T.V.
Synchronization in the prefrontal-striatal circuit tracks behav-
ioural choice in a go-no-go task in rats. Eur J Neurosci. 2019 Mar;
49(5): 701-711. https://doi.org/10.1111/ejn.13905. Epub 2018
Apr 2. PMID: 29520856.

Mehlman M.L., Winter S.S., Taube J.S. Functional and anatomi-
cal relationships between the medial precentral cortex, dorsal
striatum, and head direction cell circuitry. 1I. Neuroanatomical
Studies. J Neurophysiol. 2019 Feb 1; 121(2): 371-395. https://
doi.org/10.1152/jn.00144.2018. Epub 2018 Nov 14. PMID:
30427743.

Markham J.A., Greenough W.T. Experience-driven brain plas-
ticity: beyond the synapse. Neuron Glia Biol. 2004 Nov; 1(4):
351-363. https://doi.org/10.1017/s1740925x05000219. PMID:
16921405.

Ortiz-Pulido R., Hernandez-Briones Z.S., Tamariz-Rodriguez A.,
et al. Effect of electrolytic lesion of the dorsomedial striatum on
sexual behaviour and locomotor activity in rats. Neurologia. 2017
Jun; 32(5): 278-283. English, Spanish. https://doi.org/10.1016/;.
nrl.2015.11.007. Epub 2016 Jan 13. PMID: 26774412.

Hintzen A., Pelzer E.A., Tittgemeyer M. Thalamic interactions of
cerebellum and basal ganglia. 2018 Mar; 223(2): 569-587. https:/
doi.org/10.1007/s00429-017-1584-y. Epub 2017 Dec 9. PMID:
29224175.

Pimentel-Farfan A.K., Bdez-Cordero A.S., Peria-Rangel T.M.,
Rueda-Orozco P.E. Cortico-striatal circuits for bilaterally coordi-
nated movements. Sci Adv. 2022 Mar 4; 8(9): eabk2241. https://
doi.org/10.1126/sciadv.abk2241. Epub 2022 Mar 4. PMID:
35245127.

Balsters J.H., Zerbi V., Sallet J., et al. Primate homologs of mouse
cortico-striatal circuits. Elife. 2020 Apr 16; 9: €53680. https://doi.
org/10.7554/eLife.53680. PMID: 32298231.

Sippy T., Lapray D., Crochet S., Petersen C.C.H. Cell-Type-
Specific Sensorimotor Processing in Striatal Projection Neurons
during Goal-Directed Behavior. Neuron. 2015 Oct 21; 88(2):
298-305. https://doi.org/10.1016/j.neuron.2015.08.039. Epub
2015 Oct 1. PMID: 2643952.

Ghosal S., Packard A.E.B., Mahbod P, et al. Disruption of glu-
cagon-like peptide 1 signaling in Siml neurons reduces physi-
ological and behavioral reactivity to acute and chronic stress. J
Neurosci. 2017 Jan 4; 37(1): 184-193. https://doi.org/10.1523/
JNEUROSCI.1104-16.2016. PMID: 28053040.

Jun J.J., Steinmetz N.A., Siegle J.H., et al. Fully Integrated silicon
probes for high-density recording of neural activity. Nature. 2017
Nov 8; 551(7679): 232-236. https://doi.org/10.1038/nature24636.
PMID: 29120427.

Su W, Li K, Li C.M.,, et al. Motor Symptom Lateralization
Influences Cortico-Striatal Functional Connectivity in Parkinson’s
Disease. Front Neurol. 2021 May 14; 12: 619631. https://doi.
org/10.3389/fneur.2021.619631. PMID: 34054684.
Moénne-Loccoz C., Astudillo-Valenzuela C., Skovgdrd K., et al.
Cortico-striatal oscillations are correlated to motor activity lev-
els in both physiological and Parkinsonian conditions. Front
Syst Neurosci. 2020 Aug 13; 14: 56. https://doi.org/10.3389/fn-
8ys.2020.00056. PMID: 32903888.

P’yavchenko G.A., Shmarkova L.I., Nozdrin V.I. Changes in the
number of neurons in the rat motor cortex and movement activity
with age. Neurosci Behav Physi 2016, 46, 270-273. https://doi.
org/10.1007/s11055-016-0228-7

CEYEHOBCKMI BECTHUK T. 13, Ne 2, 2022 / SECHENOV MEDICAL JOURNAL VOL. 13, No. 2, 2022



33 Mengler L., Khmelinskii A., Diedenhofen M., et al. Brain
Maturation of the adolescent rat cortex and striatum: changes in
volume and myelination. Neuroimage. 2014 Jan 1; 84: 35-44.
https://doi.org/10.1016/j.neuroimage.2013.08.034. Epub 2013
Aug 27. PMID: 23994458.

34 Piavchenko G., Soldatov V., Venediktov A., et al. A combined use of
silver pretreatment and impregnation with consequent Nissl stain-
ing for cortex and striatum architectonics study. Front. Neuroanat.
2022, 16: 940993. https://doi.org/10.3389/fhana.2022.940993

35 Delaville C., Cruz A.V., McCoy A.J., et al. Oscillatory activity
in basal ganglia and motor cortex in an awake behaving rodent
model of Parkinson’s disease. Basal Ganglia. 2014 Apr 1; 3(4):
221-227. https://doi.org/10.1016/j.baga.2013.12.001. PMID:
25667820.

HENMPOXUPYPIA

33 Mengler L., Khmelinskii A., Diedenhofen M., et al. Brain
Maturation of the adolescent rat cortex and striatum: changes in
volume and myelination. Neuroimage. 2014 Jan 1; 84: 35-44.
https://doi.org/10.1016/j.neuroimage.2013.08.034. Epub 2013
Aug 27. PMID: 23994458.

34 Piavchenko G., Soldatov V., Venediktov A., et al. A combined use of
silver pretreatment and impregnation with consequent Nissl stain-
ing for cortex and striatum architectonics study. Front. Neuroanat.
2022, 16: 940993. https://doi.org/10.3389/fnana.2022.940993

35 Delaville C., Cruz A.V., McCoy A.J., et al. Oscillatory activity
in basal ganglia and motor cortex in an awake behaving rodent
model of Parkinson’s disease. Basal Ganglia. 2014 Apr 1; 3(4):
221-227. https://doi.org/10.1016/j.baga.2013.12.001. PMID:
25667820.

NMHPOPMALIUA Ob ABTOPAX / INFORMATION ABOUT THE AUTHORS

KyapsiBuesa BapBapa AiiekceeBHa, CTyACHT-KpPY)XKOBeIl Kade-
JpBI TUCTOJIOTHY, IuTosioruu 1 sMopuoiorun ®IAOY BO «Ilep-
Bb1it MI'MYVY um. .M. CeuenoBa» Munsapasa Poccun (CeueHoB-
CKUil YHHBEPCHUTET).

ORCID: https.//orcid.org/0000-0002-7343-7655

MouceeBa Aunekcanapa BHKTOpoOBHa, CTyIEHT-KpY)KKOBEI[
kadeapbl rucToyioruy, nuroioru u smopuonorun GPTAOY BO
«ITepBbiit MI'MY um. U.M. CeuenoBa» Munzapasa Poccun (Ce-
YCHOBCKUH YHHUBEPCHUTET).

ORCID: https://orcid.org/0000-0002-6665-5419

MyxamenoBa Ceeriiana ['anueBHa, 1-p 6uon. Hayk, npodeccop
Kageapsl TUCTONOTHH, IuToNoruu U 3Mopuonorun PIrAOY BO
«ITepBerit MI'MY um. .M. CeuyenoBa» Munzapasa Poccuu (Ce-
YCHOBCKHI YHUBEPCHUTET).

ORCID: https://orcid.org/0000-0001-6769-4543

IIbsiBuenko I'enHagmii AﬂeKcaHHPOBI/I‘lZ, KaHJ. MeJl. HayK, JI0-

LEHT Kadeaphl THCTONIOTHH, IUTOJIOTHU U dMOpuonorun GIAOY
BO «llepBeiit MI'MYVY um. U.M. CeuenoBa» Munzapasa Poccuu
(CeuenoBckuit YHUBEpcuUTeT).

ORCID: https://orcid.org/0000-0001-7782-3468

Kysnenos Cepreii JIbBoBu4, wieH-koppecnongeHt PAH, n-p
Men. Hayk, npodeccop, 3aBenyromuil kadeapold TUCTOIOTHH,
mrosioruu v smMOpuonorun ®IAOY BO «Ilepseiit MI'MY um.
N.M. CeuenoBay Munsapasa Poccun (CeueHoBckuii YHUBep-
CHUTET).

ORCID: https.//orcid.org/0000-0002-0704-1660

& ABrop, oTBeTCTBEeHHBIH 3a nepernmcky / Corresponding author

Varvara A. Kudryavtseva, student, member of scientific student
society at Histology, Cytology and Embryology Department,
Sechenov First Moscow State Medical University (Sechenov
University).

ORCID: https://orcid.org/0000-0002-7343-7655

Aleksandra V. Moiseeva, student, member of scientific student
society at Histology, Cytology and Embryology Department,
Sechenov First Moscow State Medical University (Sechenov
University).

ORCID: https://orcid.org/0000-0002-6665-5419

Svetlana G. Mukhamedova, Dr. of Sci. (Biology), Professor,
Histology, Cytology and Embryology Department, Sechenov First
Moscow State Medical University (Sechenov University).
ORCID: https://orcid.org/0000-0001-6769-4543

Gennadii A. Piavchenko™, Cand. of Sci. (Medicine), Associate
Professor, Histology, Cytology and Embryology Department,
Sechenov First Moscow State Medical University (Sechenov
University).

ORCID: https://orcid.org/0000-0001-7782-3468

Sergey L. Kuznetsov, corresponding member of RAS, Dr. of
Sci. (Medicine), Professor, Head of the Histology, Cytology and
Embryology Department, Sechenov First Moscow State Medical
University (Sechenov University).

ORCID: https://orcid.org/0000-0002-0704-1660

CEYEHOBCKMI BECTHUK T. 13, Ne 2, 2022 / SECHENOV MEDICAL JOURNAL VOL. 13, No. 2, 2022 29


http://orcid.org/0000-0002-0704-1660
http://orcid.org/0000-0002-0704-1660

