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Annomayusa. O630p MOCBAIICH OMUCAHUIO OJHOTO U3 HEUPOTPOPUIECKHUX
¢dakropoB mMo3ra (BDNF) u ero ponu B ¢pu3nuecKoil aKTUBHOCTH YelIOBEKa.
B paGore roBopuTcsi, 4TO 3TO 0€JIOK, OOHAPY)KMBAEMbI BO MHOTHX 00JIacTsIX
Mo3ra (Harmpumep, Kopa runmnokami). [IpuBoasTcest 1oKa3arenbCcTBa yqyacThs
sTOrO Oernka B Tpolecce pa3BUTHS (Hampumep, B TuddepeHIMpoBKe KIETOK,
UX MUTPALIHN K MECTY AUCIIOKALINH, POCTE JICH/IPUTOB, CHHAIITOTEHE3E), BEDKUBAHHS
U TIOJ/IEPKAHUS aKTUBHOCTH HEHPOHOB. ONUCHIBAIOTCS MEXaHU3MbI CHHTE3a
BDNF. Iloka3aHo, 4TO 3TOT HEHPOTPOHUUECKHUil (haKTOp MPUCYTCTBYET B KJICTKA
MUKPOIJINH, TUM(POIUTAX, MOHOIIUTAX, B KIIETKaX CKEJIETHBIX MBIIIIL, OH MOXET
IIPeo/10JIeBaTh reMarosHIedannyeckuii 6apbep. OH SBISIETCS KPUTHIECKUM
KOMIIOHEHTOM B IIPOUCXOKIECHUH CBA3aHHBIX C JOJITOBPEMEHHON NOTEHIMALUEN
n3MeHeHuil cunaricos. BDNF nomoraer nogaep:xuBaTh BHICOKHI YPOBEHb
KOHLIEHTPAllUH U BHUMAHHUS U, BO3MOXKHO, UTPAET POJIb B 3aILHUTE MO3ra
ot nospesxaeHuil. Camxenue ypoBHs BDNF B KpoBU y HOBOPOXKAEHHBIX MOYKET
noBbImark puck paszsutus PAC, CIBI, nocTTpaBMaTH4eCKOro CTPECCOBOTO
paccrpoiicTBa, ourossipHoro paccrpoiicta. Ilpomeccsl 00yueHHs U MamsTH
CBSI3aHBI CO CTPYKTYPHBIMH U3MEHEHHUSIMH JEHAPUTHBIX MINIHUKOB B TMIITIOKAMIIE,
Kope 1 MuHAaneBuHoM Tene, 1 BDNF monynupyeT Kolnu4ecTBo U CTPYKTypy
JEHIPUTHBIX IIAIHAKOB KaK BO BPeMs PAa3BUTHUSA, TAK M BO B3POCIIOM MO3TE.
®usnyeckas aKTUBHOCTh Pa3IMYHBIMH MyTSIMH BO3JCHCTBYET Ha MOBBIIICHHE
ypoBHss BDNF. Oaun u3 Takux MeXaHW3MOB CBSI3aH C JIAKTAaTOM, KOTOPBII
TIOSIBIISIETCS! BCIIE/ICTBUE (PU3NYECKOI aKTUBHOCTH YEJIOBEKA, HO OTHOBPEMEHHO
TIPE/ICTABIIET COO0H BAXKHEHINTYIO CHTHAJIBHYIO MOJICKYITy. UeM BBIIIIC YPOBEHB
JaKTara, TeM Beime ypoBeHb BDNF. Viryumienue KorHuTHBHON (PyHKIINHT TIOCTE
(hu3nuecKkol aKTUBHOCTH TaKyKe OOBSICHSAETCS BHICOKUM ypoBHeM BDNF
B CBIBOPOTKE.

Knroueswvie cnosa: mo3r, Heliporpopuueckue dakrops, BDNF, dusndeckas
AKTHMBHOCTB, OHTOTEHE3
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Abstract. The review focuses on one of the brain-derived neurotrophic factors
(BDNF) and its role in human physical activity. BDNF is a protein found
in many areas of the brain including, e.g., the hippocampal cortex. The paper
provides evidence that BDNF is instrumental in the development
(e. g., in cell differentiation, cell migration to a specific location, growth
of dendrites, synaptogenesis), survival and maintenance of neuron activity.
The paper describes the mechanisms of BDNF synthesis. It is shown that this
neurotrophic factor is present in microglial cells, lymphocytes, monocytes,
and skeletal muscle cells. It can also cross the blood-brain barrier. It is a critical
component in the origin of long-term potentiation-related changes in synapses.
BDNF helps maintain high levels of concentration and attention and may play
arole in protecting the brain from damage. Decreased blood levels of BDNF
in newborns may increase the risk of developing ASD, ADHD, post-traumatic
stress disorder, and bipolar disorder. Learning and memory processes are
associated with structural changes in dendritic spines in the hippocampus,
cortex, and amygdala, and BDNF modulates the number and structure
of dendritic spines both during the development and in the adult brain.
Physical activity increases the level of BDNF in several ways. One of these
mechanisms is associated with lactate, which appears as a result of human
physical activity, and is also the most important signaling molecule. The higher
the lactate level, the higher the BDNF level. The improvement in cognitive
function after physical activity has also been attributed to high serum levels
of BDNE.

Pedagogical University of Russia.
Open access under CC BY-NC
License 4.0.

Herporpoduueckuit pakrop mosra (BDNF) —
0eAO0K, OAVH U3 HelipoTpoduyeckux HpakTopos,
SKCIIPECCUPYETCS] B PA3AUYHBIX 00AACTSIX MO3Ia,
BKAIOYAsI KOPY U TUIIIIOKAMIIL, ¥ OKa3bIBAEeT BAUSIHIE
Ha pasBUTHE, BBDKMBAHNE U TIOAAEPKAHUE HEVPO-
HOB B I[eHTpaAbHOU HepBHOU cucteme (LTHC)
(Mizoguchi, Yao, Imamura et al. 2020; Numakawa,
Odaka, Adachi 2018), B wactHocTu, B kope (An-
dreska, Rauskolb, Scheffler et al. 2020; Sbrini, Brivio,
Fumagalli et al. 2020), runnoxamre (Egan, Kojima,
Callicott et al. 2003).

HeilpoTpoduHbI UTPAIOT LIEHTPAABHYIO POAb
BO MHOrux acnexTax pyukuyuu LIHC, urpas pemra-
IOLIYIO POAB B AU depeHLIPOBKe KAETOK, BbDKM-
BaHUM HEMPOHOB, MUTPaLUM, Pa3BETBAEHUN
AEHADUTOB, CUHAIITOT€HE3€ U 3aBUCUMBIX OT aKTUB-
HOCTU (GOPMaX CUHANITUYIECKON MAACTUIHOCTMU.
V3 yeTblpex HEMPOTPOGMHOB Ayyllle BCEro oXxa-
pakrepusoBano perictBue BDNF B LIHC (Greenberg,
Xu, Lu, Hempstead 2009).

BDNF cuHTe3upyeTcs B 9HAONAA3MaTUUECKOM
petuxyayme B BuAe rpe-npo-BDNE, koropbiit pac-
ienasiercs B anmnapare [oAbaXXu ¢ 06pasoBaHneM
6eaxa, HazpiBaeMoro npo-BDNF. TToAyuyeHHbIi
MPEAIIECTBEHHIK MOXKET [TOABEPraThbCsl AAAbHEN -
1IeMY IIPOLIECCUHTY CrieiUYeCKMMY BHYTPUKA€-
TOYHBIMU U/MAU BHEKAETOUHBIMU (pepMeHTaMU
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¢ obpasoBaHueM 3peAoit GOpPMBIL, XOTsI CaM IIPO-
BDNF Mmo3keT AefiCTBOBATh KaK aKTUBHBIN AUTAHA
IIpU €ro BbICBOOOXXAEHUM BO BHEKAETOYHOE IIPO-
ctpaHcTBo (Bathina, Das 2015; Hing, Sathyaputri,
Potash 2017). BDNF npucyrcTByer B nmpecuHar-
TUYECKUX OKOHYAHUSIX U HA MMOCTCUHAIITUYECKO
meMbpaHe, a BbicBoOokaeHue BDNF mpouncxoput
B cunarncax (Niculescu, Michaelsen-Preusse, Giiner
et al. 2018), Ha mpe- ¥ MOCTCUHANITUYECKON MEM-
6pane (Lin, Kavalali, Monteggia 2018), ToAbKO
nocTuHantryeckoit Membpare (Harward, Hedrick,
Hall et al. 2016).

BDNF cexpeTtupyeTcs He TOABKO B Mo3re. Kaet-
KU MUKPOTAUHU, AUMQOLUTBI, MOHOLIMTBL U KAETKHU
CKEAEeTHBIX MBILIL] MOTYT CMHTE3UPOBaTh U BBI-
cBob6oxpaTe BDNF. TpoMOOLIUTHI HE MOTYT CHH-
Te3MpPOBaTh, HO CBA3BIBAIOTCA U coxpaHsaoT BDNF
MOCPEACTBOM PELIENTOP-0MOCPEAOBAHHOTO SHAO-
uutosa. BDNF moxxeT npeopoaeBaTb reMaToOsHLe-
dbaanueckuit 6apbep, 1 0KOAO 75% ypOBHsI Iiepu-
dbepunueckoro BDNF B maasme mpomcxoaut
u3 roroBHoro mosra (Dougherty, Dreyfus, Black,
2000; Miiller, Duderstadt, Lessmann, Miiller 2020;
Walsh, Tschakovsky 2018). ITo aToit npu4nHe
ypoBuu BDNF B naasme KpoBu (1 CBIBOPOTKE)
CUUTAIOTCS KOCBEHHBIM ITOKA3aTEAEM BBICBOOOXK-
aeHus BDNF B roaoBaoM mosre (Klein, Williamson,
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Santini et al. 2010; Miller, Duderstadt, Lessmann,
Miiller 2020). TTpu cuntese BDNF coxpausieTcs
B CEKPETOPHBIX I'PAHYAaX, B 3aBUCUMOCTY OT THUIIA
KAETOK AOCTABASIETCSI K AGHAPUTAM, YTOOBI MOAY-
AVPOBATb APXUTEKTYPY LIUIMKOB 1, TAKMM 00pasoM,
CUHAITUYECKYIO IIAACTUYHOCTD; TPAHCIIOPTUPYET-
Cs1 TI0 aKCOHAM AASI KOOPAMHALIUY CTaOMAM3ALIUK
MPECUHANITMYECKOTO YYaCTKa U pOCTa/BETBAEHUS
oxonuaHnui akcoHa (Kowianski, Lietzau, Czuba
et al. 2018).

BoAbII0e KOAMYECTBO AQHHBIX CBUAETEABCTBY-
eT o ToM, yTo po-BDNF 1 BDNF B3aumoaeiicTpy-
10T C PA3AMYHBIMU PELIENITOPHBIMYU/CUTHAABHBIMU
CUCTEMaMU, BbI3bIBAs POTUBOIIOAOXKHBIE a9 dek-
ThI BBDKMBAEMOCTU U MMAACTUYHOCTU HEMPOHOB.
3peaas dopma BDNF cBsisbiBaeTcs ¢ BbicoKoad-
(MHHBIM TPONIOMMO3VHKMHA3HBIM peLentopoM B
(TrkB) u crmocob6CTBYeT pOCTy CMHAIICOB U YKpe-
MAE€HIIO HEMIPOHOB B Pa3BMBAOLIEMCS U B3POCAOM
MO3re, YCUAMBAsI CMHANITUYECKYIO TiepeAady U CU-
HaNTUYeCKYIo MAaCTMYHOCTD. Peneritop TrkB Ha-
XOAMTCS TIpe- Y MOCTCUHANTUYECKNX CTPYKTYpax.
C apyroi croponsl, npo-BDNF cBs3biBaeTcs
C YAEHOM CeMeNCTBa peLenTopoB ¢akTopa He-
KpO3a OIyX0AM, HU3KOApUHHBIM HEPOTpOodu-
HOBBIM peLeNnTOPOM p75 U aKTUBUPYET IyTH Hel-
POHAABHOTO AIONTO3a, aKCOHAABHOTO MPYHMHTA
u poaroBpemeHHon Aenpeccun (Frithauf-Perez,
Temp, Pillat et al. 2018; Greenberg, Xu, Lu, Hemp-
stead 2009).

Husko4yacToTHasI CTUMYASILIVSI IPUBOAUT K BbI-
cBo60XXAeHMI0 Ipo-BDNF, KOTOPBIIT CBsI3bIBaETCS
C peLienTopoM p75, UTO CIIOCOOCTBYET AOATOBpe-
MeHHOM pAenpeccun (Zagrebelsky, Tacke, Korte
2020).

IIpeamoaaraeTcsi, UTO 3peAble AEHAPUTHbIE
IIUMVKY pa3BUBAIOTCS U3 QUAOIOAMI, AAVHHBIX
TOHKUX U/ OY€Hb TIOABVDKHBIX AEHAPUTHBIX BHIPOCTOB
MPU UX KOHTaKTe ¢ akCOHOM. [Ipoliecc cospeBaHus
AEHAPVITHBIX HIMMTMKOB BKAIOYAET MPOrPECCUBHOE
YBEAMYEHME X ITAOTHOCTY, YMEHBLIEHNE AAMHbI
U TIOABVDKHOCTU, YTO TIPOUCXOAUT TIPU TTOMOIIU
BDNEF. BDNF sBAsieTcst KpUTHY€CKUM KOMIIOHEH-
TOM B IIPOMCXOXXAEHUM CBSI3aHHBIX C AOATOBpe-
MEHHOM IMOTeHLMAaL[/ell U3MEeHEeHUM LIUTOCKEAETa
A€HAPUTHBIX nnuKoB (Zagrebelsky, Tacke, Korte
2020).

BDNF nopaAep>XmBaeT AOATOBPEMEHHYIO I10-
TEHLMALMIO, KOTOPasi SIBASIETCSI OCHOBHOM pOpMOIi
CUHAMTUYECKON TTAACTUMHOCTU U CBsI3aHa C 00-
pa3soBaHMeM HOBbIX CUHAIICOB, U3MEHEHEM KOAH-
yecTBa U MOPGOAOTUM AEHAPUTHBIX IIUIMKOB,
YTO CBSI3aHO C YAYYLIEHMEM MaMSITU U KOTHU-
tuBHBIX QyHkuuit (Camuso, La Rosa, Fiorenza,
Canterini 2022).
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AxrtuBanus TrKB npuBopuT B uTOre K aKTHBAa-
1y GaKTOPOB TPAHCKPUILIK 0€AKOB, GopMUpY-
IOLIUX LIUTOCKeAEeT AeHApUTHoro munuka (Luine,
Frankfurt 2013).

AxTuBupoBanHbil TrkB croco6cTByeT aKC-
IpeCccuy TeHOB, CIIOCOOCTBYIOIMX BbDKVMBAHUIO,
IIOCPEACTBOM (PaKTOPOB TpaHCKpuUILU. Perern-
topb! TrkB, KoTOpbIE 3aITyCKalOT MPOrpaMMBbI TPAHC-
KPUIILIMM B sIAPaX, MOTYT MMETb CBO€ IIPOMCXOXK-
A€HlEe B AMCTAaAbHBIX HeHPUTAX, TA€ OHU
ceaspiBaloT BDNF, nmopBepraroTcsa aHAOLUTO3Y
U MIepEMELAIOTCSI PETPOrPAAHO, IIPUHOCS CUTHAA
TrkB aoxaabHoO B sippo (Johnstone, Mobley 2020).

[TocTosiHHO pacTyuuit 00beM AQHHBIX YKa3bl-
BaeT Ha yyactue BDNF B nmpokom criekTpe Helt-
podr3MOAOrMYECKMX TIPOLIECCOB. ITO MOXKXHO
OOBSICHUTD CYLECTBOBAHMEM HECKOABKUX OMO-
Aormvecku akTuBHbIX Uzopopm BDNF, kotopeie
B3aVIMOAENCTBYIOT C Pa3HBIMU PeLielITOpaMy, TEM
CaMBIM KOHTPOAVPYSI MHOTOYVICAEHHbIE CUTHAABHbIE
OyTHU.

HoxayTupytouias myrauus B mpomorepe [V Bdnf
MPUBOAUT K HAPYILIEHUIO UHAYKLMU SKCIIPECCUU
Bdnf B xope, 3aBucCsIIIast OT CEHCOPHOTO OTIBITA.
HepoHbI 9THX >KMBOTHBIX 00Opa3ylOT MeHbliIe
TopMO3HbIX cuHarncoB (Greenberg, Xu, Lu, Hemp-
stead 2009). BOABIIMHCTBO MBILIEN C HOKAYTOM
bdnf ymuparor Bckope nmocae poxxpenus (Zagre-
belsky, Tacke, Korte 2020; Sakata, Woo, Martinowich
etal. 2009). XpoHuuecknit CTpecc CHUXKaeT YpOBEHb
BDNF B rumnmnokamiie u npeppoHTaAbHOI KOPE,
HO ITOBBIIIIAET €r0 3KCIPECCUI0 B MUHAAAE€BUAHOM
TeAe Ha XXUBOTHbBIX MoAeAsix. CHmkeHne BDNF
B TUIIIIOKAMIIe KOPPEAVPYET C pa3BUTHEM MOBBI-
IIIEHHOJ TPEBOXXHOCTU IPU COLMAaABHOM CTpecce
y >kuBoTHbIX (Miao, Wang, Sun 2020).

BDNF nomoraet mopaep>xuBaTh BbICOKUI YPO-
BEHb KOHLIEHTPalUVy ¥ BHUMaHUs U, BO3MO>KHO,
UI'DAET POAb B 3alVITE MO3ra OT ITOBPEXXAEHUI
(Brattico, Bonetti, Ferretti et al. 2021; Kowianski,
Lietzau, Czuba et al. 2017). BDNF urpaet poab
B narodusmnororuu pasBuTus u spoaonyu PAC
(Barbosa, Pratesi, Paz et al. 2020).

Y HOBOPO>XAEHHBIX OOAee HU3KUII YPOBEHb
BDNF B KpoBYM 3HaUMTEABHO CBSI3aH C ITOBBIIIEHHBIM
puckom passutust PAC (Skogstrand, Hagen, Borbye-
Lorenzen, et al. 2019). HoBoposkaeHHbIE C AMa-
rHosoMm PAC B 60Aee TTO3AHEM BO3pacTe MMEKT
cHkenHble yposHu BDNF B kposu (Liu, Gao,
Jin et al. 2021).

BDNF moxeT ObITb cBsi3aH ¢ pa3Butuem CABI
(Liang-Jen, Wu, Lee et al. 2019; Luo, Jiang, Cao
et al. 2020; Zhang, Luo, Li et al. 2018). Briaa Hait-
A€Ha CBSI3b Y CEMMAETHUX AETeNl MeXAY Ooaee
Hu3Kol poctynHocTbio BDNE, yasBumocTbio
K cTtpeccy u 6oaee Huskum IQ (Chau, Cepeda,
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Devlin et al. 2017). Cy1mecTByeT BAUSIHIE AOCTYTI-
HocTtu DBNF Ha npouecchl maMsaTy 1 MCIIOAHU-
TEABHBIX QYHKLWIT, HO TPEOYIOTCSI AOTIOAHUTEABHbIE
uccaepoBanus (Toh, Ng, Tan et al. 2018).

OO6Hapy>xeHbI MOHVKeHHbIe ypoBHM BDNF
u npo-BDNF B rpynne aeTeit 1 NIOAPOCTKOB
C NMOCTTPAaBMaTUYECKVIM CTPECCOBBIM PacCTPO-
crBoM (Aksu, Unlu, Kardesler et al. 2018; Zhao,
Zhu, Li et al. 2022).

IToapOCTKM, HaYaBILIME YIIOTPEOASITD AAKOTOAD
AO 15 AeT, AeMOHCTPUPYIOT DOA€€e HU3KME YPOBHU
BDNF u npo-BDNF (Miguez, Bueno, Espinoza
et al. 2020).

CyliecTBYeT CBsI3b MEXAY OMIIOASIPHBIM pac-
crporictBoM u ypoBHeM BDNF (Baykara, Koc,
Resmi et al. 2020). TTatobusmnosorusi 60AbIIOTO
AETpecCUBHOIO paccTpolicTBa cBsizaHa ¢ BDNF
(Kishi, Yoshimura, Ikuta, Iwata 2018). YmenbiieHue
cuHTesa BDNF MoxeT ObITb CBA3aHO C COLIMAABHOM
TpeBoxHOCTbIO (Li, Jing, Dellarco et al. 2021).

B 0AHOM 1CCAEAOBAHUM Y TTOXKMABIX AOAETL 6€3
AeMeHLMM 60oAaee HusKue ypoBHu BDNF 6pian
CBsI3aHBI C MEHBIIUM Pa3MepOM [UIIIIOKAMIIA
u yxyauenHoi1 mamsTbio (Erickson, Prakash, Voss
et al. 2010).

Boaee Bricokue yposuu BDNF y no>xuabix aro-
A€l CBsi3aHbI C 60Aee HU3KUM PUCKOM CHVDKEHUS
KoruutuBHbIX ¢yHKUMit (Yoshinori, Kazushige,
Mitsugu et al. 2021). Hapyuienus nepeaayuu cur-
HaroB BDNF/TrkB crabHO KOppeAUPYIOT C KOTHU-
TUBHBIMY HapyLIEHVSIMU Y U3MEHEHUSIMY A€HAPUT-
HBIX LIIATIOB BO BpeMsi crapeHust (Zagrebelsky, Tacke,
Korte 2020).

XPpOHUYECKHUIT CTPECC CBSI3aH CO CHIDKEHMEM
ypoBust BDNF 1 ymenbleHrem o6beMa rummoKam-
na (Murakami, Imbe, Morikawa et al. 2005). s-
meHeHue ypoBHst BDNF crioco6cTByeT yayuiiieHu0
TedyeHust 0oAe3HM AAblLTreriMepa, B TOM YMCAE
yBeAUYeHVe YPOBHS KOTHUTUBHBIX pyHKLMi (Amid-
far, de Oliveira, Kucharska et al. 2020; Caffino,
Mottarlini, Fumagalli 2020; Choi, Bylykbashi, Cha-
tila et al. 2018).

BDNF B ouTorenese

Mosr HOBOPO)XXAEHHOT'0 CIIOCOO€EH BOCIIPMHMMATh
OKPY>KaIOLIYIO CPEAY VI MTHTEPIIPETVPOBATh CUTHA-
ABI V3 BHEIIHETO Myupa 0e3 NMpeABapUTEABHOTO
OIIbITA. DTA paHHsAS CEHCOpHas 06paboTKa Tpedy-
€T, YTOOBI MO3rOBBI€ LieN OBIAY TOYHO MTOAKAIO-
4YeHbI AO pOKAeHUs1. BazoBoe pacroaokeHue
HEPOHHBIX CBsI3€il CHaYaAa yCTAHABAMBAETCS
C TIOMOLIBI0 MOAEKYASIDHBIX (paKTOPOB, KOTOpbIE
HAIIPaBASIOT aKCOHBI K VX LeAEBBIM 00AACTSIM. 3a-
TeM 3T CHHAIITUYECKI€e CBSI3Y YTOUHSIOTCS 32 CHET
CIIOHTAHHO I'€HepVPyeMOI1 aKTMUBHOCTY HEIPOHOB,
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Npe>XXAe YeM CEHCOPHBIN OIBbIT aAalTUPYeT CeTu
MO3ra K [IPe00AAAQIOLINM YCAOBMSIM OKPY KaOLI|ei
cpeabl (Winnubst, Cheyne, Niculescu, Lohmann
2015).

[TarTepHMpOBaHHas CIIOHTAHHAsI aKTUBHOCTD
reHepypyeTCsl B pa3BUBAIOIMXCS CETSIX B BUAE
CUHXPOHM3VPOBAHHBIX BCIIBILIEK MTOTEHI[MAAOB
AEVICTBUSA B OOABIIVX IOMYASILIVSIX HEIPOHOB.

Cyabba OTAEABHBIX CMHAICOB 3aBUCUT OT CO-
BMECTHOM aKTMBHOCTU C MX COCEASIMU: CUHAIICHI,
KOTOpble AEMOHCTPUPYIOT HU3KUI YPOBEHb
CUHXPOHM3AL[UU C COCEAHVMU CUHATICAMHU, CTAHO-
BSTCSI MeHee aKTUBHBIMU, TOTAQ KaK CUHAIIChI
C BBICOKVIM YPOBHEM AOKAAbHOM KOAKTMBHOCTHU
AEMOHCTPUPYIOT CTaOMABHBIE IOKA3aTEAY AKTVB-
HOCTH.

CrioHTaHHas1 aKTUBHOCTb (POPMUPYET CUHAII-
TUYECKYIO CBS3HOCTb BO BpeMsl pa3BUTUSA C CY0-
KAETOYHOV TOYHOCTBIO TOCPEACTBOM MeXaHM3Ma
MACTUIHOCTY «He CMHXPOHM3YPYellb — Tepsiellb
CBSI3b», OIIOCPEAOBAHHOIO MlepeAayell CUTHAAOB
npo-BDNEF/p75. AcuHxpoHHast CTUMYASILIMSL OT-
AEABHBIX CHHAIICOB 3amyckaeT rnmpo-BDNF/p75-
3aBMCUMYIO CMHAIITUYECKYIO AETIPECCHIO.

Aemnpeccusi AeCUHXPOHM3VPOBAHHBIX CUHATICOB
oKasaAach oueHb 3 HEKTUBHOM, TaK KaK BCETO
HECKOAbKO aKTMBALMI C HU3KOM CUHXPOHHOCTDIO
3a KOpOTKoe BpeMs (4—7 akTuBaluit 3a 3 MUH)
MOTYT BBI3BaThb Aenpeccuio. AOKaAbHas CHHAITU-
Yyeckasi AeIpeccysi BOBHUKAeT KaK B TUIIIOKAMITE,
TaK U B KOpe IIPU OAHOM U TOM e rmopore (Koak-
TUBHOCTD < 20%), 4TO MOYKET SIBASITHCS IIOBCEMECT-
HBIM 1 pYHAAMEHTAAbHBIM MEXaHM3MOM IIAACTUY-
HocTu (Winnubst, Cheyne, Niculescu, Lohmann
2015). CHMKeHMe CUHAIITUYECKOM HAAEKHOCTU
CHUHATIICOB C HU3KOI KOAKTUBHOCTBIO U AOATOBpe-
MEeHHas AeTlpeccys MOT'yT IIPUBECTU K CMHATNITAYe-
ckomy npyuuHry (Orefice, Shih, Xu et al. 2016;
Wiegert, Oertner 2013; Winnubst, Cheyne, Nicules-
cu, Lohmann 2015).

IIpeanoaaraercs, UTO HapylleHVe AOKAAbHOM
tpaHcasuuu AeHpputHoit MPHK Bdnf npuBoput
K AeULIMTY AEHAPUTHOTO IIPYHMHTA Y MBbILIEN, YTO
MO>KeT FOBOPUTD O HApPYLIEHUM PeMOAEAVPOBAHNS
AEHAPUTHBIX LIUITMKOB B 60A€e MO3AHEeM IIOCTHA-
taapHOM pasButum (Greenberg, Xu, Lu, Hempstead
2009).

BbIA 06HapY>KeH ABYXTAKTHbI MEXAHU3M I1AQ-
CTUYHOCTY, O0YCAOBAEHHBIV CTIOHTAHHO aKTUB-
HOCTBIO U aKTUBauuen peuentopa NMDA, rae
nepeaaya curiaros BDNF/TrkB ycuanBaer crpymn-
MMPOBAHHbIE CUHATIICHI, Iepepadya CUTHAAOB IIPO-
BDNEF/p75 nopaBAsieT HECMHXPOHM3/POBaHHbIe
cunanchl (Niculescu, Michaelsen-Preusse, Giiner
et al. 2018). [uranTCcKue AeNOAsIpU3YOLIEe TOTEH-
yuaasl (GDP) npeAcTaBASIIOT COOOI TUMYHBIN
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MaTTepPH CIIOHTAHHOU aKTUBHOCTU B HE3PEAOM
runmokamite (Delmotte, Diabira, Belaidouni et al.
2020; Griguoli, Cherubini 2017; Lombardi, Jedlicka,
Luhmann, Kilb 2018). GDP cocTosT 13 60ABIIMX
AETIOASIPU3ALIVIL, CBSI3aHHBIX CO BCIIBILIKON TO-
TEHLIMAAOB AEUCTBUSA. DTU AEMOASIPU3ALUN
AASITCSI HECKOABKO COTE€H MUAAMCEKYHA, PacIpo-
CTPaHSIOTCS TOCPEACTBOM CUHANITUYECKUX B3au-
MOAEMCTBUII B BUAE BOAH Yepe3 pa3BUBAOIINICA
TUIIIIOKAMII ¥ BO3HUKAIOT HAa HU3KOM YaCTOTe
(0,003-0,06 I'1y) y rppI3yHOB B Te4eHUeE ITePBOM
HeAeAu ocTHaTaAbHO Xu3Hu (Brigadski, LefSmann,
2020).

GDP omnocpepytorca 'TAMKepruueckumu
Y TAyTaMaTepruiecKyMy CUHAITUYECKVIMY BXOAA-
MU, U AASL VX MTHMLIMALMY TpeOyeTcsi BO30y)KAal0-
mee TAMKepruyeckoe AelCTBUE, TUITNYHOE AAS
He3pEeAbIX HEIPOHOB 13-3a VX IOBBILIEHHO! BHY-
TpukAeTouHon koHueHtpayuu Cl-. Takue GDP
TaK’Ke HaOAIOAQAMCH B HE3PEAOM HEOKOPTEKCe,
TaAaMyce I SMOPMOHAAbBHOM CIIMHHOM MOS3Te
(Lombardi, Jedlicka, Luhmann, Kilb 2018). Bsiao
noka3aHo BbIcBOO0xAeHue BDNF mpu moBTOpHOI
Aertoasgpusauyyu npu GDP, 4To Ba)kKHO AAS TIpa-
BUABHOTO GOPMUPOBAHUS CUHATITUYECKUX TIeTIeln
runmnokamma (Brigadski, LefSmann). ITpoueccst
00y4YeHMsI U TaMsITU CBSI3aHBI CO CTPYKTYPHBIMU
U3MEHEHVSIMU AEHAPUTHBIX LIUIIKOB B I'UIIIOKAM-
e, Kope U MUHAaAeBUAHOM Teae, 1 BDNF moay-
AVIpYET KOAMYECTBO U CTPYKTYPY AE€HAPUTHBIX
IIUITMKOB KaK BO BpeMsI pa3BUTUS, TaK U BO B3POC-
AoM Mosre (Zagrebelsky, Tacke, Korte 2020).

Dusnyeckasas aKTUBHOCTD
¥l KOTHUTUBHBIE QYHKIUN

Yxe 60Aee ABYX A€CSITUAETUI U3BECTHO, YTO
¢dusmyecKkass akTUBHOCTb 3aMETHO YBEAUYMBAET
skcmpeccuio reHa Bdnf B roaoBHOM MoO3Te, UTO
MOXKET IPMBECTU K YAYYILIEHMIO O0y4YeHVs U maMsi-
TH, 3aBUCAIIMX OT ynpakHeHuit (Beltran-Valls,
Adelantado-Renau, Moliner-Urdiales 2018; Sleiman,
Henry, Al-Haddad et al. 2016). BepositHo, cy1iie-
CTBYeT MHOKECTBO MeXaHM3MOB, KOTOpbIEe yya-
CTBYIOT B 9 deKTax yrnpakKHeHUI Ha YBeANYeHe
akcnpeccuu Tpobuyeckux GpakTopoB. CAOKHOCTH
rena BDNF, ero aApTepHaTUBHBIX IPOMOTOPOB
M COOBITUII CIIAQJICMHIA YKa3bIBa€T Ha TO, YTO
AOAYKHO CYLIECTBOBATb HECKOABKO PET'YASTOPHBIX
MEXaHU3MOB, OO'BSICHSIOIX er0 MHOTOYMCAEHHbIE
GYHKLMY B CMHANITMYECKO IIepeAaye Y BbDKMBaHUM
HelIpoHOB. Hipke OYAYT npriBeAeHbI BO3MO>KHbBIE
MeXaHV3MBI.

KoanyecTBO 3HAOT€HHBIX MOAEKYA KETOHOBOTO
teaa (D-B-rupapoxkcubyrupara, DBHB), xotopsie
MpeoAOAeBaeT reMaTosHLedasndeckuit 6apbep,
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YBEAUUMBAETCS NMPU GUBNYECKUX YIPaKHEHMSIX.
YnpaxHeHus MHAYLUPYIOT cuHTe3 DBHB B nevenn.
DBHB tpancnopTupyeTcsi KpOBOTOKOM K repude-
pUYeCcKMM OpraHaM, BKAIOYasi TOAOBHOM MO3T.
B runnokamne DBHB mnuaynyvpyeT akcrnpeccuio
Bdnf nocpeacTBOM MexaHu3Ma MHTMOMPOBAHUS
HDAC (pealieTnAaspl TICTOHOB, BbI3bIBAIOIINX
TMIIOALIETUAVPOBAHNE U BCAEACTBUE, PENPECCUIO
reHoB). YBeanueHuie BDNF, B cBow ouepepb, oroc-
peAyeT MOAOKUTEAbBHOE BAMSHME YIIPa KHEHUI
Ha MaMIThb, TO3HAHME M CMHAITUYECKYI0 aKTUB-
Hoctb (Di Raimondo, Rizzo, Musiari et al. 2020;
Sleiman, Henry, Al-Haddad et al. 2016).

IIpy HeAOCTAaTOYHOM YPOBHE KMCAOPOAA
B KAETKe, KaK I[P BICOKOMHTEHCUBHO HU3UIECKON
Harpyske, OpraH/3M II€PEKAIOYAeTCsI Ha MeHee
a¢bbexTUBHOE MPOU3BOACTBO SHepruu (aHaspoOHOE)
IIyTEM paclljelIAeHMsI IpyBaTa ¢ 0Opa3oBaHueEM
AT® BO BHYTPUMKAETOYHOM IIPOCTPAHCTBE BHE
MUTOXOHAPUU. AaKTaT SBASIETCS OCHOBHBIM IIPO-
AYKTOM 3TOT'0 @aHaspOOHOTO Ipoliecca.

ITo cpaBHEHMIO C OKMCAUTEABHBIM dochopu-
AVMIpOBaHVEM aHa3POOHbIN TAMKOAM3 3HAYUTEABHO
MeHee 3 deKTUBEH, 00ecreunBas YuCTOE MPOU3-
BOACTBO TOABKO 2 AT® Ha MOAEKYAY I'AIOKO3bI
(mo cpaBHenmio ¢ 32 AT® Ha MOAEKYAY AIOKO3BI,
00pasyIoLXCs TPU OKUCAUTEABHOM pochopuan-
poBaHMM). AHA3POOHBIN TAUKOAU3 NPOVCXOAUT
npumepHo B 100 pa3 6pICTpee, 4eM OKUCAUTEABHOE
¢dbochopuanpoBaHme, YTO MO3BOASIET AOCTUTATh
TEKYLIMX SHEPTeTUYEeCKMX LieAeit mpu pusnueckoi
Harpyske (Melkonian, Schury 2021).

AaxTaT — 5TO MPOAYKT KAETOYHOTO MeTabo-
AVI3MA, TIPOM3BOAHASI MOAOYHOI KUCAOTHL boaee
BBICOKVE KOHLIEHTPALMM AQKTaTa CBSI3aHBI C TIOBBI-
meHHbIM ypoBHeM BDNF B naasme n/mau coiBo-
poTKe.

AoAroe BpeMs AaKTaT IPOCTO CUUTAACS OT-
xopaaMu aHaspobHoro metraboausma. OpHAKO
B HaCToOsIIIjee BPEMsI SICHO, UTO AAKTAT SIBASIETCS
Ba)KHOJ CUTHAABHOM MOAEKYAOM, y4aCTBYIOLIeN
B MeTaboAnueckux mpoteccax (Miiller, Duderstadt,
Lessmann, Miiller 2020). AakTaT BEICBOOOXXAQET-
€S B KPOBD U IIOTAOLIIAETCS [TIeYeHbI0, TA€ OH CHOBA
IpeBpallaeTcs B MMPYBAT, & 3aTeM B TAIOKO3Y VIAU
TAMKOT€H B 3aBUCUMOCTU OT KAETOYHBIX IIOTpe0-
HOCTel1. AaKTaT TaloKe IIPOHMKAET Yyepe3 reMaTo-
sHLIeaANIeCKUIT Oapbep U CAY>XUT UCTOYHUKOM
sHepruu aast mosra (El Hayek, Khalifeh, Zibara
2019). AakTaT B HellpOHE MOXXET MHAYLIMPOBATh
nyTb PGCla/FNDC5/BDNF nocpeacTBoM akTu-
Bauuu SIRT1, 4To NPUBOAUT K YAYYIIEHUIO IIPO-
CTPaHCTBEHHOTO O0y4YeHNs 1 COXPAHEHUIO TaMATI
(Miiller, Duderstadt, Lessmann, Miiller 2020).
PGCla sBAsieTCSI KOAaKTMBATOPOM (aKTOPOB TPAHC-
KPUIILUY, KOTOPBIV COXpaHsAeT U 3allullaeT
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HelpoHsl oT paspyienus (Wrann, White, Salogi-
annnis et al. 2013).

PGCla peryaupyer 6eaox FNDC5. YpoBeHb
6eaxa FNDC5 noBblliaeTcsi Ipy BbIITOAHEHUY
¢busnueckux ynpaskHenuit B runnokamie. FNDC5
MOJKET YBEAUMBATD SKCIIPECCUI0 HelpoTpoduye-
ckoro ¢aktopa BDNF B runmoxammne (Jodeiri
Farshbaf, Ghaedi, Megraw et al. 2015).

Ousnueckasi akKTUBHOCTD CBsI3aHA C IIOBBILIEH-
HBIM ypoBHeM LupKyAupymomiero BDNE. B uact-
HOCTH, CYICTeMaTN4YeCcKyie 0030Pbl ¥ METAaHAAM3bI
MOKa3aAl, YTO ocTpasd ¢pusndeckas aKTUBHOCTb
BpeMeHHO yBeAnunBaeT nepudepudeckuit BDNFE.
Taioke Cy1ecTBYIOT yOeAUTEABHBIE AOKA3aTEABCTBA
TOTO, YTO MOCTOSIHHAsI PpU3NYecKasi aKTUBHOCTD
MOXXeT CIIOCOOCTBOBATh YAYUIIEHNIO KOTHUTVBHBIX
GbYHKUMIL. DTY YAy UILLIEHNsT, BEPOSITHO, OYAYT OIOC-
PEeAOBaHbI IIOBTOPSIIOIMMCST BPEMEHHBIM YBEAN-
yeHreM LupkyAupylomero BDNF, BbisBaHHBIM
¢dusnueckoit Harpyskoit (Walsh, Smith, Northey
etal. 2020). Kak ocTpsle, Tak 1 XpOHMYECKIE YITPaXK-
HEHVS YAYYLIAIOT (PYHKLVIO MEAVAABHOI BUCOYHO
AOAV OAHOBPEMEHHO C ITOBBILIEHVEM KOHLIEHTPa-
uuu BDNF B cpiBopoTKe, 4TO yKaspIBaeT Ha BO3-
MOXXHYIO (PYHKLIMIOHAABHYIO POAB 3TOT'O HEMIPOTPO-
¢dbuyveckoro pakTopa B BbI3BAHHOM (GU3UYECKOI
HArpy3KoW YAyYIIeHUY KOTHUTUBHBIX QPYHKLIUI
y atoaeit (Griffin, Mullally, Foley et al. 2011).

Y MOAOABIX AIOA€V OOHApY>KeHa 3HAUMTEeAbHasI
CBSI3b MEXXAY MOTOPHOJ NAMSITBIO U YBeAYEHVEM
BDNF nocae Tpenupoox (Skriver, Roig, Lundbye-
Jensen et al. 2014).

B APYroM MCCAEAOBAHNM Y MOAOABIX AIOAEN
OblAa OOHApY)XeHa B3aMMOCBSI3b MEXKAY yAY4IIle-
HYeM KOTHUTUBHBIX QYHKLMIT (TOPMO3HOTO KOH-
TPOASL U KOTHUTUBHOI I'MOKOCTH), 3aBUCSIINX
OT npedpPOHTAABHON 00AACTU, U YBEAUYEHUEM
BDNF B oTBeT Ha MHTEHCUBHYIO GM3UYECKYIO Ha-
rpysKky (Hwang, Brothers, Castelli et al. 2016). ITo-
BblleHYe ypoBHA BDNF nocae BbICOKOMHTEHCUBHOM
TPEHMPOBKU CBSI3aHO C YBEAMYEHNEM 00beMa pa-
6ouen nmamaru (Martinez-Diaz, Escobar-Munoz,

Carrasco 2020). Boaee BbicOKast a9pOOHAsT BHIHOC-
AVBOCTb CBsI3aHa C 60OABIIMMU OOBeMaMu Tpe-
($pPOHTAABHON KOPBI ¥ TUIIIIOKAMIIA Y MOXKUABIX
atopei (Erickson, Leckie, Weinstein 2014) u 6oaee
sddexTuBHOIT HerpoHHOIT 06paboTkoit (Voss,
Chaddock, Kim et al. 2011) y aeren (Chaddock-
Heyman, Erickson, Holtrop et al. 2014; Dinoff,
Herrmann, Swardfager, Lanctot 2017). Aspo6Hsie
yIpa>KHEHVsI, BBIITOAHSIEMbIE C YMEPEHHO AU
BBICOKOI1 MHTEHCUBHOCTHIO, MOI'YT CIOCOOCTBOBATH
nospimieHni0 ypoBHa BDNF y moppocTkoB
(de Azevedo, de Oliveira, de Medeiros 2020). ®u-
3M4ecKasi akTUBHOCTD CIIOCOOCTBYET YAYUILIEHUIO
snusoamveckon mamstu (Moore, Loprinzi 2020).
Aake KOPOTKUI eprop GU3UIECKON aKTUBHOCTHU
MOJKET YAYYLIUTD (PYHKLIMM, CB3QHHBIE C TUIIIIO-
KaMIIOM Ha MopeAsx kuBoTHbix (Ferreira, Real,
Rodrigues et al. 2011; Vaynman, Ying, Gomez-
Pinilla 2004). Ho B HEKOTOPBIX MCCAEAOBAHUSIX
CYILL|eCTBEHHbIX M3MeHEHUI1 He 0OHApY)KIBAeTCsI
(Goda, Ohgi, Kinpara et al. 2013; Schiffer, Schulte,
Hollmann et al. 2008; Sheikhzadeh, Etemad, Khosh-
ghadam et al. 2015).

3aKAYeHne

BDNF — 0AMH 113 Ba>KHBIX HEMPOTPOPUIECKUX
($baKTOpOB, yYaCTBYIOLUMX BO MHOTMX 3HAYMMBIX
npoueccax B Mosre. OH IPOXOAUT Yepe3 reMaTo-
sHIlearndecKnit 0apbep, MOITOMY MOXET BKAIO-
4aThCs U B mpoliecchl BHe Mo3ra. OH siBAsieTCs
IIOCPEAHMKOM, OAaropapsi KOTopoMy pusnudeckas
aKTMBHOCTb Y€AOBEKA CIIOCOOCTBYET MOBBIILIEHNIO
€ro KOTHUTVBHBIX CIOCOOHOCTEIL.

KondAukr unrepecon

ABTOp 3asgBAsIET 00 OTCYTCTBUM ITOTE€HLUMAADB-
HOTI'O AU ABHOTO KOH(l)AI/IKTa VHTEPECOB.

Conflict of Interest

The author declares that there is no conflict
of interest, either existing or potential.

References

Aksy, S., Unluy, G., Kardesler, A. C. et al. (2018) Altered levels of brain-derived neurotrophic factor, proBDNF and
tissue plasminogen activator in children with posttraumatic stress disorder. Psychiatry Research, vol. 268,
pp. 478-483. https://doi.org/10.1016/j.psychres.2018.07.013 (In English)

Amidfar, M., de Oliveira, J., Kucharska, E. (2020) CREB and BDNF: Neurobiology and treatment of Alzheimer’s
disease. Life Sciences, vol. 257, article 118020. https://doi.org/10.1016/j.1fs.2020.118020 (In English)

Andreska, T., Rauskolb, S., Schukraft, N. et al. (2020) Induction of BDNF expression in layer II/III and layer V
neurons of the motor cortex is essential for motor learning. The Journal of Neuroscience, vol. 40, no. 33,
pp. 6289-6308. https://doi.org/10.1523/jneurosci.0288-20.2020 (In English)

Barbosa, A.G., Pratesi, R., Paz, G. S. C. et al. (2020) Assessment of BDNF serum levels as a diagnostic marker
in children with autism spectrum disorder. Scientific Reports, vol. 10, article 17348. https://doi.org/10.1038/

$41598-020-74239-x (In English)

Komnaexcrvie uccaedosanus oemcemaa, 2022, m. 4, Ne 2

129


https://doi.org/10.1016/j.psychres.2018.07.013
https://doi.org/10.1016/j.lfs.2020.118020
https://doi:10.1016/j.lfs.2020.118020. (English)
https://doi.org/10.1523/jneurosci.0288-20.2020
https://doi.org/10.1038/s41598-020-74239-x
https://doi.org/10.1038/s41598-020-74239-x

Poav Helipompodghuyeckozo pakmopa mo3zeaa...

Bathina, S., Das, U. N. (2015) Brain-derived neurotrophic factor and its clinical implications. Archives of Medical
Science, vol. 11, no. 6, pp. 1164—1178. https://doi.org/10.5114/aoms.2015.56342 (In English)

Baykara, B., Koc, D., Resmi, H. et al. (2020) Brain-derived neurotrophic factor in bipolar disorder: Associations
with age at onset and illness duration. Progress in Neuro-Psychopharmacology and Biological Psychiatry, vol. 108,
article 10075. https://doi.org/10.1016/j.pnpbp.2020.110075 (In English)

Beltran-Valls, M. R., Adelantado-Renau, M., Moliner-Urdiales, D. (2018) Association between objectively measured
physical activity and plasma BDNF in adolescents: DADOS study. Journal of Molecular Neuroscience, vol. 65,
pp. 467-471. https://doi.org/10.1007/s12031-018-1122-2 (In English)

Brattico, E., Bonetti, L., Ferretti, G. et al. (2021) Putting cells in motion: Advantages of endogenous boosting
of BDNF production. Cells, vol. 10, no. 1, article 183. https://doi.org/10.3390/cells10010183 (In English)

Brigadski, T., LefSmann, V. (2020) The physiology of regulated BDNF release. Cell and Tissue Research, vol. 382,
pp. 15-45. https://doi.org/10.1007/s00441-020-03253-2 (In English)

Caffino, L., Mottarlini, F., Fumagalli, F. (2020) Born to protect: Leveraging BDNF against cognitive deficit
in Alzheimer’s disease. CNS Drugs, vol. 34, pp. 281-297. https://doi.org/10.1007/s40263-020-00705-9
(In English)

Camuso, S., Rosa, P, Fiorenza, M. T., Canterini, S. (2022) Pleiotropic effects of BDNF on the cerebellum and
hippocampus: Implications for neurodevelopmental disorders. Neurobiology of Disease, vol. 163. article 105606.
https://doi.org/10.1016/j.nbd.2021.105606 (In English)

Chaddock-Heyman, L., Erickson, K. L., Holtrop, J. L. et al. (2014) Aerobic fitness is associated with greater white
matter integrity in children. Frontiers in Human Neuroscience, vol. 8, article 584. https://doi.org/10.3389/
fnhum.2014.00584 (In English)

Chau, C. M. Y,, Cepeda, 1. L., Devlin, A. M. (2017) The Val66Met brain-derived neurotrophic factor gene variant
interacts with early pain exposure to predict cortisol dysregulation in 7-year-old children born very preterm:
Implications for cognition. Neuroscience, vol. 342, pp. 188—199. https://doi.org/10.1016/j.neuroscience.2015.08.044
(In English)

Choi, S. H., Bylykbashi, E., Chatila, Z. K. et al. (2018) Combined adult neurogenesis and BDNF mimic exercise
effects on cognition in an Alzheimer’s mouse model. Science, vol. 361 (6406), article eaan8821.
https://doi.org/10.1126/science.aan8821 (In English)

De Azevedo, K. P. M, de Oliveira, V. H., de Medeiros G. C. B. S. et al. (2020) The Effects of exercise on BDNF levels
in adolescents: A systematic review with meta-analysis. International Journal of Environmental Research and
Public Health, vol. 17, no. 17, article 6056. https://doi.org/10.3390/ijerph17176056 (In English)

Delmotte, Q., Diabira, D., Belaidouni, Y. et al. (2020) Sonic hedgehog signaling agonist (sag) triggers BDNF secretion
and promotes the maturation of GABAergic networks in the postnatal rat hippocampus. Frontiers in Cellular
Neuroscience, vol. 14, article 98. https://doi.org/10.3389/fncel.2020.00098 (In English)

Dinoff, A., Herrmann, N., Swardfager, W., Lanctot, K. L. (2017) The effect of acute exercise on blood concentrations
of brain-derived neurotrophic factor in healthy adults: A meta-analysis. European Journal of Neuroscience,
vol. 46, no. 1, pp. 1635-1646. https://doi.org/10.1111/ejn.13603 (In English)

Di Raimondo, D., Rizzo, G., Musiari, G. et al. (2020) Role of regular physical activity in neuroprotection against
acute ischemia. International Journal of Molecular Sciences, vol. 21, no. 23, article 9086. https://doi.org/10.3390/

ijms21239086 (In English)
Dougherty, K. D., Dreyfus, C. E.,, Black, L. B. (2000) Brain-derived neurotrophic factor in astrocytes, oligodendrocytes,

and microglia/macrophages after spinal cord injury. Neurobiology of Disease, vol. 7, no. 6, pp. 574—585.
https://d0i:10.1006/nbdi.2000.0318. (In English)

Egan, M. F, Kojima, M., Callicott, ]. H. et al. (2003) The BDNF val66met polymorphism affects activity-dependent
secretion of BDNF and human memory and hippocampal function. Cell, vol. 112, no. 2, pp. 257-269.
https://doi.org/10.1016/s0092-8674(03)00035-7 (In English)

El Hayek, L., Khalifeh, M., Zibara, V. et al. (2019) Lactate mediates the effects of exercise on learning and memory
through SIRT1-dependent activation of hippocampal brain-derived neurotrophic factor (BDNF). The Journal
of Neuroscience, vol. 39, no. 13, pp. 2369-2382. https://doi.org/10.1523/[NEUROSCI.1661-18.2019 (In English)

Erickson, K. I, Leckie, R. L., Weinstein, A. M. (2014) Physical activity, fitness, and gray matter volume. Neurobiology
of Aging, vol. 35, suppl. 2, pp. 20-28. https://doi.org/10.1016/j.neurobiolaging.2014.03.034 (In English)

Erickson, K. I., Prakash, R. S., Voss, M. W. et al. (2010) Brain-derived neurotrophic factor is associated with age-
related decline in hippocampal volume. jJournal of Neuroscience, vol. 30, no. 15, pp. 5368-5375.
https://doi.org/10.1523/jneurosci.6251-09.2010 (In English)

Ferreira, A. F. B., Real, C. C,, Rodrigues, A. C. et al. (2011) Short-term, moderate exercise is capable of inducing
structural, BDNF-independent hippocampal plasticity. Brain Research, vol. 1425, pp. 111-122.
https://doi.org/10.1016/j.brainres.2011.10.004 (In English)

Frithauf-Perez, P. K., Temp, F. R,, Pillat, M. M. et al. (2018) Spermine protects from LPS-induced memory deficit
via BDNF and TrkB activation. Neurobiology of Learning and Memory, vol. 149, pp. 135-143.

https://doi.org/10.1016/j.nlm.2018.02.012 (In English)

130 hitps://www.doi.org/10.33910/2687-0223-2022-4-2-124-133



https://www.doi.org/10.33910/2687-0223-2022-4-2-124-133
https://doi.org/10.5114/aoms.2015.56342
https://doi.org/10.1016/j.pnpbp.2020.110075
https://doi.org/10.1007/s12031-018-1122-2
https://doi.org/10.3390/cells10010183
https://doi.org/10.1007/s00441-020-03253-2
https://doi.org/10.1007/s40263-020-00705-9
https://doi.org/10.1016/j.nbd.2021.105606
https://doi.org/10.3389/fnhum.2014.00584
https://doi.org/10.3389/fnhum.2014.00584
https://doi.org/10.1016/j.neuroscience.2015.08.044
https://doi.org/10.1126/science.aan8821
https://doi.org/10.3390/ijerph17176056
https://doi.org/10.3389/fncel.2020.00098
https://doi.org/10.1111/ejn.13603
https://doi.org/10.3390/ijms21239086
https://doi.org/10.3390/ijms21239086
https://doi:10.1006/nbdi.2000.0318
https://doi.org/10.1016/s0092-8674(03)00035-7
https://doi.org/10.1523/JNEUROSCI.1661-18.2019
https://doi.org/10.1016/j.neurobiolaging.2014.03.034
https://doi.org/10.1523/jneurosci.6251-09.2010
https://doi.org/10.1016/j.brainres.2011.10.004
https://doi.org/10.1016/j.nlm.2018.02.012

H. B. CymopmuHa

Greenberg, M. E., Xu, B, Lu, B., Hempstead, B. L. (2009) New insights in the biology of BDNF synthesis and release:
Implications in CNS function. Journal of Neuroscience, vol. 29, no. 41, pp. 12764—12767. https://doi.org/10.1523/
INEUROSCI.3566-09.2009 (In English)

Goda, A., Ohgi, S., Kinpara, K. et al. (2013) Changes in serum BDNF levels associated with moderate-intensity
exercise in healthy young Japanese men. SpringerPlus, vol. 2, article 678. https://doi.org/10.1186/2193-1801-2-678.
(In English)

Griffin, E. W., Mullally, S., Foley, C. et al. (2011) Aerobic exercise improves hippocampal function and increases
BDNF in the serum of young adult males. Physiology & Behavior, vol. 104, no. 5, pp. 934—941.
https://doi.org/10.1016/j.physbeh.2011.06.005 (In English)

Griguoli, M., Cherubini, E. (2017) Early correlated network activity in the hippocampus: Its putative role in shaping
neuronal circuits. Frontiers in Cellular Neuroscience, vol. 11, article 255. https://doi.org/10.3389/fncel.2017.00255
(In English)

Harward, S. C., Hedrick, N. G., Hall, C. E. et al. (2016) Autocrine BDNF-TrkB signalling within a single dendritic
spine. Nature, vol. 538(7623), pp. 99—103. https://doi.org/10.1038/nature19766 (In English).

Hing, B., Sathyaputri, L., Potash, J. B. (2017) A comprehensive review of genetic and epigenetic mechanisms that
regulate BDNF expression and function with relevance to major depressive disorder. American Journal
of Medical Genetics. Part B: Neuropsychiatric Genetics, vol. 177, no. 2, pp. 143-167. https://doi.org/10.1002/
ajmg.b.32616 (In English)

Hwang, J., Brothers, R. M., Castelli, D. M. et al. (2016) Acute high-intensity exercise-induced cognitive enhancement
and brain-derived neurotrophic factor in young, healthy adults. Neuroscience Letters, vol. 630, pp. 247-253.
https://doi.org/10.1016/j.neulet.2016.07.033 (In English)

Jodeiri Farshbaf, M., Ghaedi, K., Megraw, T. L. et al. (2015) Does PGC1a/FNDC5/BDNEF elicit the beneficial effects
of exercise on neurodegenerative disorders? NeuroMolecular Medicine, vol. 18, no. 1, pp. 1-15.
https://doi.org/10.1007/s12017-015-8370-x (In English)

Johnstone, A., Mobley, W. (2020) Local TrkB signaling: themes in development and neural plasticity. Cell and
Tissue Research, vol. 382 (1), pp. 101-111. https://doi.org/10.1007/s00441-020-03278-7 (In English)

Kishi, T., Yoshimura, R., Ikuta, T., Iwata, N. (2018) Brain-derived neurotrophic factor and major depressive disorder:
Evidence from meta-analyses. Frontiers in Psychiatry, vol. 8, article 309. https://doi.org/10.3389/fpsyt.2017.00308
(In English)

Klein, A. B., Williamson, R., Santini, M. A. et al. (2010) Blood BDNF concentrations reflect brain-tissue BDNF
levels across species. The International Journal of Neuropsychopharmacology, vol. 14, no. 3, pp. 347-353.
https://doi.org/10.1017/s1461145710000738 (In English)

Kowianski, P., Lietzau, G., Czuba, E. et al. (2017) BDNF: A key factor with multipotent impact on brain signaling
and synaptic plasticity. Cellular and Molecular Neurobiology, vol. 38, no. 3, pp. 579-593. https://doi.org/10.1007/
$10571-017-0510-4 (In English)

Li, A., Jing, D., Dellarco, D. V. et al. (2021) Role of BDNF in the development of an OFC-amygdala circuit regulating
sociability in mouse and human. Molecular Psychiatry, vol. 26, pp. 955—-973. https://doi.org/10.1038/s41380-
019-0422-4 (In English)

Lin, P.-Y,, Kavalali, E. T., Monteggia, L. M. (2018) Genetic dissection of presynaptic and postsynaptic BDNF-TrkB
signaling in synaptic efficacy of CA3-CA1 synapses. Cell Reports, vol. 24, no. 6, pp. 1550—-1561.
https://doi.org/10.1016/j.celrep.2018.07.020 (In English)

Liu, Y.-K., Gao, H,, Jin, S.-B. et al. (2021) Association of neonatal blood levels of brain-derived neurotrophic factor
with development of autism spectrum disorder: a systematic review and meta-analysis. World Journal
of Pediatrics, vol. 17, no. 2, pp. 164—170. https://d0i:10.1007/s12519-021-00415-2. (In English)

Lombardi, A., Jedlicka, P., Luhmann, H. J., Kilb, W. (2018) Giant depolarizing potentials trigger transient changes
in the intracellular cl- concentration in ca3 pyramidal neurons of the immature mouse hippocampus. Frontiers
in Cellular Neuroscience, vol. 12, article 420. https://doi.org/10.3389/fncel.2018.00420 (In English)

Luine, V., Frankfurt, M. (2013) Interactions between estradiol, BDNF and dendritic spines in promoting memory.
Neuroscience, vol. 239, pp. 34—45. https://doi.org/10.1016/j.neuroscience.2012.10.019 (In English)

Luo, L., Jiang, X., Cao, G. et al. (2020) Association between BDNF gene polymorphisms and attention deficit
hyperactivity disorder in school-aged children in Wuhan, China. Journal of Affective Disorders, vol. 264,
pp- 304-309. https://doi.org/10.1016/j.jad.2020.01.017 (In English)

Martinez-Diaz, I. C., Escobar-Munoz, M. C., Carrasco, L. (2020) Acute effects of high-intensity interval training
on brain-derived neurotrophic factor, cortisol and working memory in physical education college students.
International Journal of Environmental Research and Public Health, vol. 17, no. 21, article 8216.
https://doi.org/10.3390/ijerph17218216 (In English)

Melkonian, E. A., Schury, M. P. (2021) Biochemistry, Anaerobic Glycolysis. Treasure Island: StatPearls Publ. [Online].
Available at: https://www.ncbi.nlm.nih.gov/books/NBK546695/ (accessed 11.06.2022). (In English)

Miao, Z., Wang, Y., Sun, Z. (2020) The relationships between stress, mental disorders, and epigenetic regulation
of BDNF. International Journal of Molecular Sciences, vol. 21, no. 4, article 1375. https://doi.org/10.3390/

ijms21041375 (In English)

Komnaexcrvie uccaedosanus oemcemaa, 2022, m. 4, Ne 2 131


https://doi.org/10.1523/JNEUROSCI.3566-09.2009
https://doi.org/10.1523/JNEUROSCI.3566-09.2009
https://doi.org/10.1186/2193-1801-2-678
https://doi.org/10.1016/j.physbeh.2011.06.005
https://doi.org/10.3389/fncel.2017.00255
https://doi.org/10.1038/nature19766
https://doi.org/10.1002/ajmg.b.32616
https://doi.org/10.1002/ajmg.b.32616
https://doi.org/10.1016/j.neulet.2016.07.033
https://doi.org/10.1007/s12017-015-8370-x
https://doi.org/10.1007/s00441-020-03278-7
https://doi.org/10.3389/fpsyt.2017.00308
https://doi.org/10.1017/s1461145710000738
https://doi.org/10.1007/s10571-017-0510-4
https://doi.org/10.1007/s10571-017-0510-4
https://doi.org/10.1038/s41380-019-0422-4
https://doi.org/10.1038/s41380-019-0422-4
https://doi.org/10.1016/j.celrep.2018.07.020
https://doi:10.1007/s12519-021-00415-2
https://doi.org/10.3389/fncel.2018.00420
https://doi.org/10.1016/j.neuroscience.2012.10.019
https://doi.org/10.1016/j.jad.2020.01.017
https://doi.org/10.3390/ijerph17218216
https://www.ncbi.nlm.nih.gov/books/NBK546695/
https://doi.org/10.3390/ijms21041375
https://doi.org/10.3390/ijms21041375

Poav Helipompodghuyeckozo pakmopa mo3zeaa...

Miguez, M. ]., Bueno, D., Espinoza, L. et al. (2020) Among adolescents, BDNF and Pro-BDNF Lasting changes with
alcohol use are stage specific. Neural Plasticity, vol. 2020, article 3937627. https://doi.org/10.1155/2020/3937627
(In English)

Mizoguchi, Y., Yao, H., Imamura, Y. et al. (2020) Lower brain-derived neurotrophic factor levels are associated with
age-related memory impairment in community-dwelling older adults: The Sefuri study. Scientific Reports, vol. 10,
article. 16442. https://doi.org/10.1038/s41598-020-73576-1 (In English)

Moore, D., Loprinzi, P. D. (2020) Exercise influences episodic memory via changes in hippocampal neurocircuitry
and long-term potentiation. European Journal of Neuroscience, vol. 54, no. 8, pp. 6960-6971.
https://doi.org/10.1111/ejn.14728 (In English)

Miiller, P, Duderstadt, Y., Lessmann, V., Miiller, N. G. (2020) Lactate and BDNF: Key mediators of exercise induced
neuroplasticity? Journal of Clinical Medicine, vol. 9, no. 4, article 1136. https://doi.org/10.3390/jcm9041136
(In English)

Murakami, S., Imbe, H., Morikawa, Y. et al. (2005) Chronic stress, as well as acute stress, reduces BDNF mRNA
expression in the rat hippocampus but less robustly. Neuroscience Research, vol. 53, no. 2, pp. 129-139.
https://doi.org/10.1016/j.neures.2005.06.008 (In English)

Niculescu, D., Michaelsen-Preusse, K., Giiner, U. et al. (2018) A BDNF-mediated push-pull plasticity mechanism
for synaptic clustering. Cell Reports, vol. 24, no. 8, pp. 2063—2074. https://doi.org/10.1016/j.celrep.2018.07.073
(In English)

Numakawa, T., Odaka, H., Adachi, N. (2018) Actions of brain-derived neurotrophin factor in the neurogenesis and
neuronal function, and its involvement in the pathophysiology of brain diseases. International Journal
of Molecular Sciences, vol. 19, no. 11, article 3650. https://doi.org/10.3390/ijms19113650 (In English).

Orefice, L. L., Shih, C.-C., Xu, H. et al. (2016) Control of spine maturation and pruning through proBDNF synthesized
and released in dendrites. Molecular and Cellular Neuroscience, vol. 71, pp. 66—79. https://doi.org/10.1016/j.
mcn.2015.12.010 (In English)

Sakata, K., Woo, N. H., Martinowich, K. et al. (2009) Critical role of promoter IV-driven BDNF transcription
in GABAergic transmission and synaptic plasticity in the prefrontal cortex. Proceedings of the National Academy
of Sciences, vol. 106, no. 14, pp. 5942-5947. https://doi.org/10.1073/pnas.0811431106 (English)

Sbrini, G., Brivio, P., Fumagalli, M. et al. (2020) Centella asiatica L. phytosome improves cognitive performance
by promoting BDNF expression in rat prefrontal cortex. Nutrients, vol. 12, no. 2, article 355. https://doi.
org/10.3390/nu12020355 (In English)

Sheikhzadeh, F., Etemad, A., Khoshghadam, S. et al. (2015) Hippocampal BDNF content in response to short- and
long-term exercise. Neurological Sciences, vol. 36, pp. 1163—1166. https://doi.org/10.1007/s10072-015-2208-z
(In English)

Schiffer, T., Schulte, S., Hollmann, W. et al. (2008) Effects of strength and endurance training on brain-derived
neurotrophic factor and insulin-like growth factor 1 in humans. Hormone and Metabolic Research, vol. 41, no.3,
pp- 250—254-. https://doi.org/10.1055/5-0028-1093322 (In English)

Skogstrand, K., Hagen, C. M., Borbye-Lorenzen, N. et al. (2019) Reduced neonatal brain-derived neurotrophic
factor is associated with autism spectrum disorders. Trauslational Psychiatry, vol. 9, no. 1, article 252.
https://doi.org/10.1038/s41398-019-0587-2 (In English)

Skriver, K., Roig, M., Lundbye-Jensen, J. et al. (2014) Acute exercise improves motor memory: Exploring potential
biomarkers. Neurobiology of Learning and Memory, vol. 116, pp. 46—58. https://doi.org/10.1016/j.nlm.2014.08.004
(In English)

Sleiman, S. F,, Henry, J., Al-Haddad, R. et al. (2016) Exercise promotes the expression of brain derived neurotrophic
factor (BDNF) through the action of the ketone body B-hydroxybutyrate. eLife, vol. 5, article 15092.
https://doi.org/10.7554/elife.15092 (In English)

Toh, Y. L., Ng, T., Tan, M. et al. (2018) Impact of brain-derived neurotrophic factor genetic polymorphism
on cognition: A systematic review. Brain and Behavior, vol. 8, no. 7, article €01009. https://doi.org/10.1002/
brb3.1009 (In English)

Vaynman, S., Ying, Z., Gomez-Pinilla, F. (2004) Hippocampal BDNF mediates the efficacy of exercise on synaptic
plasticity and cognition. European Journal of Neuroscience, vol. 20, no. 10, pp. 2580-2590. https://doi.org/10.1111/
j.1460-9568.2004.03720.x (In English)

Voss, M. W., Chaddock, L., Kim, J. S. et al. (2011) Aerobic fitness is associated with greater efficiency of the network
underlying cognitive control in preadolescent children. Neuroscience, vol. 199, pp. 166—176.
https://doi.org/10.1016/j.neuroscience.2011.10.009 (In English)

Walsh, E. I, Smith, L., Northey, J. et al. (2020) Towards an understanding of the physical activity-BDNF-cognition
triumvirate: A review of associations and dosage. Ageing Research Reviews, vol. 60, article 101044.
https://doi.org/10.1016/j.arr.2020.101044 (In English)

Walsh, J. J., Tschakovsky, M. E. (2018) Exercise and circulating BDNF: Mechanisms of release and implications for
the design of exercise interventions. Applied Physiology, Nutrition, and Metabolism, vol. 43, no. 11,
pp- 1095-1104. https://d0i:10.1139/apnm-2018-0192 (In English)

132 hitps://www.doi.org/10.33910/2687-0223-2022-4-2-124-133



https://www.doi.org/10.33910/2687-0223-2022-4-2-124-133
https://doi.org/10.1155/2020/3937627
https://doi.org/10.1038/s41598-020-73576-1
https://doi.org/10.1111/ejn.14728
https://doi.org/10.3390/jcm9041136
https://doi.org/10.1016/j.neures.2005.06.008
https://doi.org/10.1016/j.celrep.2018.07.073
https://doi.org/10.3390/ijms19113650
https://doi.org/10.1016/j.mcn.2015.12.010
https://doi.org/10.1016/j.mcn.2015.12.010
https://doi.org/10.1073/pnas.0811431106
https://doi.org/10.3390/nu12020355
https://doi.org/10.3390/nu12020355
https://doi.org/10.1007/s10072-015-2208-z
https://doi.org/10.1055/s-0028-1093322
https://doi.org/10.1038/s41398-019-0587-2
https://doi.org/10.1016/j.nlm.2014.08.004
https://doi.org/10.7554/elife.15092
https://doi.org/10.1002/brb3.1009
https://doi.org/10.1002/brb3.1009
https://doi.org/10.1111/j.1460-9568.2004.03720.x
https://doi.org/10.1111/j.1460-9568.2004.03720.x
https://doi.org/10.1016/j.neuroscience.2011.10.009
https://doi.org/10.1016/j.arr.2020.101044
https://doi:10.1139/apnm-2018-0192

H. B. CymopmuHa

Wang, L.-J., Wu, C. C., Lee, M.-]. et al. (2019) Peripheral brain-derived neurotrophic factor and contactin-1 levels
in patients with attention-deficit/hyperactivity disorder. Journal of Clinical Medicine, vol. 8, no. 9, article 1366.
https://doi.org/10.3390/jcm8091366 (In English)

Wiegert, J. S., Oertner, T. G. (2013) Long-term depression triggers the selective elimination of weakly integrated
synapses. Proceedings of the National Academy of Sciences, vol. 110, no. 47, pp. E4510-E4519.
https://doi.org/10.1073/pnas.1315926110 (In English)

Winnubst, J., Cheyne, J. E., Niculescu, D., Lohmann, C. (2015) Spontaneous activity drives local synaptic plasticity
in vivo. Neuron, vol. 87, no. 2, pp. 399—410. https://doi.org/10.1016/j.neuron.2015.06.029 (In English)

Wrann, C. D., White, J. P,, Salogiannnis, J. et al. (2013) Exercise induces hippocampal BDNF through a PGC-1a/
ENDCS5 pathway. Cell Metabolism, vol. 18, no. 5, pp. 649-659. https://doi.org/10.1016/j.cmet.2013.09.008
(In English)

Yoshinori, F,, Kazushige, 1., Mitsugu, H. et al. (2021) Higher serum brain-derived neurotrophic factor levels are
associated with a lower risk of cognitive decline: a 2-year follow up study in community-dwelling older adults.
Frontiers Behavioral Neuroscience, vol. 15, article 641608. https://doi.org/10.3389/fnbeh.2021.641608 (In English)

Zagrebelsky, M., Tacke, C., Korte, M. (2020) BDNF signaling during the lifetime of dendritic spines. Cell and Tissue
Research, vol. 382, pp. 185—199. https://doi.org/10.1007/s00441-020-03226-5 (In English)

Zhang, J., Luo, W., Li, Q. et al. (2018) Peripheral brain-derived neurotrophic factor in attention-deficit/hyperactivity
disorder: A comprehensive systematic review and meta-analysis. Journal of Affective Disorders, vol. 227,
pp- 298-304. https://doi.org/10.1016/j.jad.2017.11.012 (In English)

Zhao, Z., Zhu, Z., Li, H. et al. (2022) Effects of traumatic stress in adolescence on PTSD-like behaviors, dendrite
development, and H3K9me2/BDNF expression in the amygdala of male rats. Journal of Affective Disorders,
vol. 296, pp. 388—399. https://doi.org/10.1016/j.jad.2021.09.101 (In English)

Komnaexcrvie uccaedosanus oemcemaa, 2022, m. 4, Ne 2 133


https://doi.org/10.3390/jcm8091366
https://doi.org/10.1073/pnas.1315926110
https://doi.org/10.1016/j.neuron.2015.06.029
https://doi.org/10.1016/j.cmet.2013.09.008
https://doi.org/10.3389/fnbeh.2021.641608
https://doi.org/10.1007/s00441-020-03226-5
https://doi.org/10.1016/j.jad.2017.11.012
https://doi.org/10.1016/j.jad.2021.09.101

