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TepHoninbcbKull HauioHaabHUl nedazoeiyHul yHisepcumem imeHi Bonooumupa MHamiokd, TepHonisb, YKpaiHa

POJIb HEAPOTPO®IYHOIO ®AKTOPA MO3KY ¥ BIIHOBJIEHHI HEPOMIACTUYHOCTI
Y OITEN

PE3KOME. HenpoTpodiuyHuin dakTop Mo3ky (Brain Derived Neurotrophic Factor (BDNF)), € K/1l04OBOO MOEKYJIOO
B rasly3i HepoHayKku Ta Helripobioiorii, Bifirpae BMpiwanbHy posb y andepeHuiaLii, PO3BUTKY, BUXKMBAHHI Ta NigTpUMLi
HelrpoHiB, BDNF Takox Ai€ ik HeripomegiaTop i 6epe y4acTb y N1aCcTUYHOCTI HEPBOBOI CMCTEMW. AKTYasIbHICTb Mornnbne-
HOro aHanisy Aii HeMpoTpodiHiB, 30Kkpema BDNF, 3pocTa€ y 38'13KY 3 MOLIYKOM epeKTUBHUX NiAX04iB 4O PAHHbOMO BTPY-
YaHHA Ta peabiniTauii Npy HEMPOPO3BUTKOBMX NMOPYLLIEHHSIX.

MeTa - cncTemMaTm3aLia Cy4acHUX HayKOBMX AAHWX LLOAO BMAMBY HENPOTPOGdIYHOro GpakTopa MO3KY Ha npouecu
HENPONIACTUYHOCTI B ANTAYOMY BiLli, aHas1i3 MeXaHi3MiB Aii Ta OLiHKa NOro NoTeHLiany AK MPOrHOCTUYHOMO IHCTPYMEHTA
B CcMCTeMi MeanKko-6ionoriyHoro cynpoBoay AiTen i3 ypaXKeHHSAM rosIoBHOr0 MO3KY.

Marepian i MeToaun. CCTEMATUYHNI NOLLYK HAYKOBUX AKEPe 34iACHIOBABCA Y NPOBIAHMX MiXKHAapOAHMX HAYKOBO-
MeTpMYHMX 6a3ax faHmx, 3okpemMa PubMed, Scopus, Web of Science, Google Scholar Ta ScienceDirect. Mowyk 34iicHto-
BaBCA 3a JOMNOMOrol KOMGIHaLiN KJIloYOBUX CiB, BKJIKOYHO 3 TepMiHamu: Brain-derived neurotrophic factor; child
development; postnatal developmental; cerebral plasticity.

Pe3synbTaTu. [lepani 6inblue HaykoBUx pobiT GoKycyoTbcs Ha BUBYEHHI BNanBy BDNF Ha po3BMTOK HEPBOBOI CUC-
TeMK y AiTen, Ha 3B'A30K Mix piBHSAMN BDNF y paHHbOMY BiLli Ta MOKa3HNMKAMWN HEMPOPO3BUTKY, KOTHITUBHOIO dYHKLiO-
HYBaHHA 1 couiasibHOi aganTauii. BDNF Moxe c/lyryBaT paHHiM MapkepoM HerpOpO3BUTKOBMX MOPYLLEHb, 30KpeEMa y
HeZlOHOLLIeHUX AiTel. Moro piBeHb MOB'A3aHMI i3 ncMxocoLiasbHMMM HaBMUYKaMM, pearye Ha peabinitaLito Ta Bigobpaxae
BMJIMB CEPEAOBMLLA, L0 NiATBEPAXKYE NOro NoTeHuian sk 6iomapkepa HeMpoOnNIaCTUYHOCTI 1 ebeKTUBHOCTI BTPYYaHb.

BucHoBKM. HelipoTpodiuHnin bakTop MO3KY Bigirpae BaXkivBy posib y GopMyBaHHI Ta NiATPUMLI HelMponaacTny-
HoCTi, 0c061MBO B KPUTMYHI Nepioan po3BUTKY HEPBOBOI CMCTEMMU AUTUHWU. PiBeHb BDNF KOpentoe 3 KOTHITUBHUMM
$YHKLIAMM, MOTOPHMM PO3BMTKOM Ta peaKLi€to Ha peabiniTauiriHi BTpyYaHHs. BDNF BMJIMBa€E Ha BUXMNBAHHA HENPOHIB,
$dopMyBaHHA HOBMX CMHANCIB Ta Moamndikauito dyHKLioHaNbHUX MepeXx LIHC i BigKpMBa€E HOBI MOXIMBOCTI 419 BNPOBa-

O>KeHHA peabiniTauiHmx cTpaTerin.

KJIFOYOBI CJIOBA: HEMPONIACTUYHICTb; MOPYLLUEHHA HEMPOPO3BUTKY; HeMPOTpodiYHMIA GaKTOp MO3KY; Helpobio-
noris; 6iomapkep; peabiniTauiiHMiN NPOrHo3; paHHE BTPYYaHHS.

Bctyn. Pi3Hi 33aKOHOMIpPHOCTI HenponiacTny-
HOCTi Ta yHiKasibHa 0CO6/IMBICTb MiABULLEHOI Niac-
TUYHOCTI MPOTArOM KPUTUYHMX Ta CEHCUTUBHUX Me-
pioAiB € BaXXJIMBMMMW KOHLUEMNUIAMN AN AOCNIAHMKIB
Ta KAIHILMCTIB Y ranysi AMTa40i HEBPOJIOTii Ta HENPO-
PO3BUTKOBMX MOPYLIEHb. KPUTMYHI Ta CEHCUTUBHI
nepioan po3BMTKY MO3KY Y 3[J0POBOMY Ta XBOPOMY
CTaHi MOXYTb CTBOPHOBATU «BiKHA MOXJINBOCTEN»
OJ19 HeMpOMOAYAALINHMX BTPYYaHb, AKi 3a3BMYamn
He CroCTepiralTbCs B MO3KY AOPOC/NX, i, UMOBIPHO,
NOCU/IIOKOTL PeakLii NMaCTUYHOCTI Ta NMOKPALLYOTb
KNiHiYHI pe3ynbTaTth [1].

HenpoTpodiyHnn ¢akTop mMo3ky (Brain Derived
Neurotrophic Factor (BDNF)) € k/1t040BOIO MOJIEKY-
JI010 B raJlysi HeripoHayku Ta Helpobiosiorii, aKa Bigj-
rPa€ BUPILLA/IbHY POJIb Y ANdEpPEHLitoBaHHI, pO3BUT-
Ky, BUXKMBaHHI Ta NigTPUMLI HEMPOHIB, BiH TakoX Aj€
AK HerpomefiaTop i bepe y4acTb y NIaCTUYHOCTI Hep-
BoBOI cuctemu [2]. OgHak posib BDNF BuxoauThb 3a
MeXi 6a30B0i HeMPOHAYKM Ta BNJIMBAE Ha Pi3Hi acnek-
TV 340POB’sl T3 3aXBOPIOBaHb MO3KY. [licnA noyaTtko-
BO BMABNEeHNX ¢yHKUiM BDNF wozo andepeHuiadii,
BMXKMBAHHA Ta POCTY HEMPOHIB 6YJ10 BUABMEHO Kiflb-

Ka iHWKX edekTiB, TAKNX AK BTPYYaHHS B CMHANTUYHY
NAacTUYHICTb [3, 4], HeponpoTekuis [5], Henpoaere-
Hepauif [2] Ta KOHTPOJ1b PO3/1aAiB HAacTpoto [3]. Taknm
YMHOM, BiNbLLICTb CMOYATKY BUABJIEHUX POJIEN LIbOrO
HenpoTpodiHy GOPMYIOTb KJITUHHY Ta PYHKLLIOHA b~
HY OpraHi3auito HOpMaJsibHOro MO3KY, aJ1e HOBILWi AaHi
NpPOAEMOHCTPYBaAJIN, WO NOpYLLUEHHA perynsuii BDNF
NoB'A3aHe 3 HM3KOK HEBPOJIOTIYHNX PO3/1aiB, BKJIO-
yatoun xBopoby Anburenmepa [5], xBopoby MapKiH-
COHa [6], xBOpobY XaHTiHITOHA Ta 6i4HWI amioTpodiy-
HuI cknepos (BAC) [7, 8], @ TaKOX L0 HWU3bKi PiBHI
BDNF noB’a3aHi 3 genpecieto Ta Tpusoroto [9].

Tako>x BDNF Bigirpa€ smpiwanbHy poJib B aHTe-
HaTaNIbHUX Ta MOCTHATaJIbHMX MpoLEecax pO3BUTKY
MO3KY, BKJ/1HOYalOYM HenporeHes, Mirpauito Henpo-
HiB Ta popMyBaHHS cMHanciB. BDNF Moxe crnpuaTu
natoreHesy 3aTPMMOK HEMPOPO3BUTKY, SIK Lie Npwu-
nycKarTb MozeJli Ha TBapuHax [10], abo Mmoxe 6yTu
paHHiM bioMapkepoMm y fiTen, y AK1X Ni3Hille po3Bu-
BalOTbCA aHOMAJTIT MO3KY. 3 L€l NPUYMHN KiNlbKa A0-
CNigXeHb BMBYAIM MOTEHUIMHWIM 3B'A30K HEOHa-
TanbHoro BDNF Ta Henpopo3BuTKy aiten [11], ane
0ann cynepeyvnunBi pesynbTaTy.
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OfHak, nonpu 3Ha4yHy KiNnbKiCTb AOCAIOXKEHD,
LLO OEMOHCTPYIOTb Baxk/nBicTb BDNF y n03piBaHHi
HEepPBOBOI CMCTEMMU, 3a/IMLIAETLCA He A0 KiHUs 3'Aco-
BaHMM, YN MOXe piBeHb Lboro ¢GakTopa y paHHbOMY
Billi CyryBaT HaginHUM MapKepoM AJ11 NPOrHO3y-
BaHHSI HEMPOIMCMXOJIONYHOIO PO3BUTKY AiTeN. AKTY-
aNbHICTb NorNnbIeHOro aHanisy aii HeMpoTpoodiHiB,
3okpeMa BDNF, 3pocTa€ y 3B'A3KY 3 NoLluykom edek-
TUBHMX NiAX0/iB [0 paHHbOr0 BTPyYaHHA Ta peabini-
Tauii Npy HEMPOPO3BUTKOBMX NMOPYLLEHHSX.

MeTa — cMCcTeMATM3aUia CyYacHNX HAayKOBUX Aa-
HWX LWOA0 BNANBY HEMPOTPodiYHOro pakTopa Mo3-
KY Ha NpoLec HEMPOMIACTUYHOCTI B ANTAYOMY BiLli,
aHaNi3 MexaHi3MiB Aii Ta ouiHKa NOoro noTeHuUiany Ak
NPOrHOCTUYHOIO IHCTPYMEHTA B CUMCTEMi MeanKo-
6ionoriyHoro cynpoBoay AiTeln i3 ypaXXeHHAM ro-
JIOBHOIO MO3KY.

MarTepian i Metogu. [na niAroToBKM LbOro
ornaay 6yno 34iNCHEHO CMCTEMATUYHWNI MOLLYK Hay-
KOBWX AXKepen y NPOBiAHNX Mi>XKHapPOAHUX HAayKOBO-
MeTpMUHMX basax AaHux, 3okpema PubMed, Scopus,
Web of Science, Google Scholar Ta ScienceDirect.
MowyK LOMOBHIOBABCA NepeBipKOIO BiAKPUTMX pe-
cypciB, Takmx ik ResearchGate, ons BWSIBNEHHS
OCTaHHIX AOC/iAXEHb | MPENPUHTIB 3 BIiAKPUTUM [0-
cTynoM. Molyk 34iNcHI0BaBCA 33 AOMNOMOroH KOM-
6iHaUiM KIOYOBUX CAiB, BK/IIOYHO 3 TepMiHamMu:
Brain-derived neurotrophic factor; child develop-
ment; postnatal developmental; cerebral plasticity.

HenpoTpodiuyHunit pakTop Mo3ky (BDNF) — Lie no-
NidpyHKUiOHaNbHUI HenpoTpodiH, NnoaibHNn oo dak-
TOpa poCTy HepBiB abo HelpoTpodiHy-3, KM 3ape-
KOMeHAayBaB cebe nicns CBOro MepLuoro BiAKPUTTA
Yves-Alain Barde et al. BDNF BUBiNbHAETLCA B J10-
KaJsibHY AiNIAHKY HEMPOHIB, ika aKTMBYETbCS, 3B'A3Y-
€TbCSl, aKTUBYE Ta 3[iNCHIOE CBOLO A0 Yepes CBil pe-
uenTop. LIs atunoBsa Ais 3abe3neyvye yHikasbHY OCHO-
By nna BDNF sk Moaynistopa MOJIeKYJIAPHOro
HaBYaHHS, a TAKOX rOJIOBHOrO OPraHi3aTopa HaBYaH-
HA, NaM'aTi Ta aaanTUBHOI NoBediHkK [12, 13].

Takoxx BDNF moxxe 6yTn 6iomapkepoM, OCKisTbKK
BMBIJIbHAKOYMCb Npe- Ta MOCTCMHANTUYHO 3 HEMPOHIB,
BiH onocepeaKoBYE anonTos, AndepeHLujaLio Henpo-
HiB, BM)KMBAHHA KJITWH Ta CMHANTUMYHE MOCUNEHHSA
[14]. Taknum 4ynHOM, Ha BiAMIHY Big TpaanuLiHUX 6io-
MapKepiB CTPYKTYPHMX Nowkoa>XeHb Mo3Ky, BDNF €
6ioMapkepoMm HeMponaacTUYHOCTI Ta penapadii, He-
06XiAHMM AN PO3BMTKY MO3KY, BUXKMBAHHSI HEMPO-
HiB Ta CKJIaAHMX KOTHITUBHUX YHKLiM [15].

BDNF - 6in10Kk poaAnHM HenpoTpoodiyHnX dpakTo-
piB pocTy, BiH 6epe yyacTb y pocTi Ta AndepeHLito-
BaHHi HEMPOHIB, a TakoX Yy popMyBaHHI Ta nikBigaLil
cnHanci [16]. BDNF icHye B LeHTpasibHin HEPBOBIW
CMCTeMi Ta, 3 BMCOKOK Kopensuieto, Ha nepudepii
[17], i 6epe yyacTb y NpeHaTa/IbHOMY Ta NOCTHaTa b
HOMY PO3BUTKY MO3KY [17]. BiH Ma€ 3HauYHWUI BNIMB

Ha npouecy GOpMyBaHHS MNaM'ATI, @ TAKOX Ha PO3BK-
TOK MO3KY, 30KPEMA Ha HEMPOTreHe3, CMHANTOreHes i
HelpoHasbHy AndepeHuiadito [18].

BuinbHAeTbcA BDNF 6aratbMa TKaHMHaMy,
BKJ/IHOYAIOUYM CKeNeTHi M'A3M, a Takox Mo30k [19].
BDNF Bigirpae BaxxiMBy poJsib y CTPYKTYPi Ta GyHKLT
MO3Ky, 3axmLuaroum KnitTnHm 1a AHK Big nowkoaxxeHr-
HS LWWISIXOM 3HVDKEHHA OKCMAATUBHOro ctpecy [20],
MOAY/TOHYN HEMPOTreHes, CNPUAOYM POCTY aKCOHIB
Ta AeHApuTiB [21] Ta MOAY/IIOOUYN CMHANTMYHY MJ1aC-
TUYHICTb [22].

BDNF BBaXa€TbCA TrOJIOBHUM peryjaaTopom
HenporeHesy, 3abe3neyyoumn curHanm ansa nponide-
pauii, audepeHuiauii Ta Ao3piBaHHSA HENPOHIB Npo-
TArOM YCbOro iXHbOIO XWUTTS, Big embpioreHesy o
popocnioro Biky. BDNF peryntoerbca nigBuLeHNM
YMHOM Ha PaHHIX CTafiAX PO3BUTKY Ta € BaXXJINBUM
ON1A BUXKMBAHHA MOCTMITOTUYHMX HEMPOHHMX Mnore-
pPeaHNKIB Y HEMPOreHHMX AiNITHKaX MO3KY, TakuX SIK
LUJTYHOYKOBA 30HA Ta CyOLINYHOYKOBA 30Ha, @ TakoX
CNpUAE iXHbOMY MITOTMYHOMY poO3LIMPeHHIO [23].
HaBiTb y iopocniomy Biui BDNF npoaosxye dyHKLjio-
HYBaTK AK PEryaaTop HEMpOreHesy Ta HEMPOHasb-
HOI 3aMiHW, WO NPOAEMOHCTPOBAHO B HEMPOreHHMX
Hilwax, Takmx K cybrpaHynsipHa 30Ha 3yb4yacToi 3Bu-
BWHM riNnoKamna, NigTPMMYOYM NOCTINHY pereHepa-
Lit0o HEMPOHIB Ta A0AAaBaHHA HOBMX HEMPOHIB A0 ic-
HYHOUMX HEMPOHHUX NaHutoris [24].

TaknMm 4ymHoM, BDNF € kst040BMM MOLYIATO-
pPOM HEMPOMJIACTUYHOCTI, BMJIMBAOUM SIK H3 BMXKMU-
BaHHA HEMPOHIB, TaK i Ha pOpMyBaHHS HOBMX CMHAnM-
TUYHMX 3B'A3KiB, 0C06/MBO B Mepioan aKTMBHOrO
Henpopo3BMTKY. denani 6inblue HaykoBuX pobiT ¢o-
KYCYHOTbCA Ha BMBYEHHI BNMBY BDNF Ha po3BMTOK
HEepPBOBOI CUCTEMM Y AiTEN, HA 3B'A30K MiX pPiBHAMM
BDNF y paHHbOMY BiLli Ta NOK3a3HMKAMWN HENPOPO3-
BUTKY, KOFHITUBHOIO GYHKLIOHYBAHHS M couiafibHOI
ajanTadil.

3okpeMa gocnipgxeHHa Ward N. Ta Hagg T. npo-
OEeMOHCTPYBAJIO, WO HeoHaTasbHUI BDNF moxe Bi-
[obpakaTtn CTyniHb 3pisIoCTi HEMPOHIB y HeAOHOLLIEe-
HUX AOiTen, OCKiNbkM MokasaHo, wo BDNF Bigirpae
3HAYHYy POJib Y [,03PiBaHHI KOPY FOJIOBHOIO MO3KY Ta
CMHANTUYHIN NAaCTUYHOCTI B MEpMHATaJIbHOMY Ta
paHHbOMY MOCTHaTasibHOMY nepiogax [25]. PoboTa
Xion L. L. et al. 3acBigunna, Lo iCHYE NPSIMNIA B3aEMO-
3B'A30K MiX KOHLeHTpauieto BDNF Ta ebekTUBHICTIO
poboTK K UeHTpanbHOI HepBoBoOi cnctemmn (LIHC),
TakK i nepndepnyHOi HepBOBOT cMCcTeEMM [26].

Kinbka gocnigkeHnb, WO BMBYaIM BMINB MyMo-
BMHHOT KpoBi abo HeoHaTanbHoro BDNF Ha po3Bu-
TOK AMTMHMW, MOKa3aJin NO3NTUBHUI 3B'A30K 3 0CO-
6UCTiCHO-CoLiabHMMK HaBMYKamMK y aiten [27].

Pe3ynbtatn gocnigxeHHa Ghassabian et al. cBig-
4yaTb NpO Te, WO HWMXYi piBHIi BDNF y HOBOHapoae-
HUX MOXYTb BYTW paHHIM MapKepoM aHOMAJIbHOrO
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HEeMpOPO3BMTKY Y HeOHOLWEHUX AiTen. laeHTndiKa-
Lin 6iomapkepa, AKUN NPUCYTHIN [0 NOABM aHOMaJlb-
HOI MOBeAiHKKN, MOXe A03BOJINTUN paHille po3ni3HaTh
JiTen rpynv p13nKky Ta paHille BXWUTK 3axoais [28].

HoBi gaHi, aki cBig4aTb nNpo Te, Wwo BDNF 6epe
yyacTtb y 6ionoriyHoMy B6ya0BYBaHHI NcMxocouianb-
HOro cepefoBWLLa, pearye Ha peabinitTauinHy Tepa-
nito Ta NOTeHLUiNHO Moxe 6yTn MmoandikoBaHMM. Lli
0C06/IMBOCTI MiATBEPAKYIOTb YHIKANBHUN MOTEHLI-
an BDNF ak 6iomapkepa HeMpONIacTUYHOCTI Ta Hel-
POHHOIO BiAHOBJ/IEHHS, LLIO Big0bpaXae Ta pearye Ha
BMJINB HAaBKOJINLLIHBbOIO CEPEAOBULLA AK [0, TaK i Mic-
N1 TPaBMMK, 3 NOTEHLA/IOM OJ1 NOKPALLEHHA NiKy-
BaHHS AMTSAYOro HabyToro ypaXKeHHA FOJI0BHOIO
MO3KY LUJIAXOM MNiABULLEHHA TOYHOCTI MPOrHOCTWY-
HWX IHCTPYMEHTIB Ta iHPOPMYBaHHSA NPO NPUMAHATTA
TepaneBTMYHUX PilleHb 3aBAAKN MOr0 BUMKOPUCTAH-
HIo K bioMapKepa BignoBiai Ha BTpyYaHHS, WO BKa-
3y€ Ha TepaneBTNYHI edpekTn [15].

Taknm ynHoM, BDNF noctae Ak nepcnekTMBHUM
6ioMapkep HEMpPONIaCcTUYHOCTI, 34aTHUIA He JinLle
Bif06paXkaTh CTaH HEPBOBOI CUCTEMM B YMOBAX NCK-
XOCOLiaIbHOrO BMJMBY Ta MiC/11 TPaBM, a 1 CIyryBa-
TW IHCTPYMEHTOM [J1A MPOrHO3yBaHHSA Ta OLiHKMK
edeKkTMBHOCTI peabiniTauiiHNX BTpyYaHb y OiTen.

OTxe, HeMpoTpodiuHNI baKTOp MO3KY € Mefia-
TOPOM HEMNPOMNIACTUYHOCTI B yMOBax sk disionoriy-
HOro pO3BWUTKY, TaK i NP HEMPOMATOJIONIAX Y ANTA-
YoMy BiLli. Mloro 34aTHiCTb BNIMBATV Ha BUXMBAHHA
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M. V. Vitsentovych

Volodymyr Hnatiuk Ternopil National Pedagogical University, Ternopil, Ukraine

THE ROLE OF BRAIN-DERIVED NEUROTROPHIC FACTOR IN THE RESTORATION
OF NEUROPLASTICITY IN CHILDREN

SUMMARY. Brain Derived Neurotrophic Factor (BDNF) is a key molecule in the field of neuroscience and
neurobiology, playing a crucial role in the differentiation, development, survival and maintenance of neurons, BDNF
also acts as a neurotransmitter and is involved in the plasticity of the nervous system. The relevance of in-depth analysis
of the action of neurotrophins, in particular BDNF, is growing in connection with the search for effective approaches to
early intervention and rehabilitation in neurodevelopmental disorders.

The aim - to systematize modern scientific data on the effect of brain-derived neurotrophic factor on neuroplasticity
processes in childhood, analysis of mechanisms of action and evaluation of its potential as a prognostic tool in the system
of medical and biological support for children with brain damage.
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Material and Methods. A systematic search of scientific sources was carried out in leading international scientific
and metric databases, including PubMed, Scopus, Web of Science, Google Scholar, and ScienceDirect. The search was
conducted using combinations of keywords, including terms: Brain-derived neurotrophic factor; child development;
postnatal developmental; cerebral plasticity.

Results. An increasing number of scientific studies focus on the impact of BDNF on the development of the nervous
system in children, the relationship between BDNF levels in early life and indicators of neurodevelopment, cognitive
functioning and social adaptation. BDNF can serve as an early marker of neurodevelopmental disorders, particularly in
preterm infants. Its level is associated with psychosocial skills, responds to rehabilitation, and reflects environmental
influences, which confirms its potential as a biomarker of neuroplasticity and the effectiveness of interventions.

Conclusions. Brain-derived neurotrophic factor plays an important role in the formation and maintenance of
neuroplasticity, especially during critical periods of development of the child’'s nervous system. BDNF levels correlate
with cognitive function, motor development, and response to rehabilitation interventions. BDNF affects neuronal
survival, the formation of new synapses and modification of CNS functional networks and opens up new opportunities
for the implementation of rehabilitation strategies.

KEY WORDS: neuroplasticity; neurodevelopmental disorders; brain-derived neurotrophic factor; neurobiology;
biomarker; rehabilitation prognosis; early intervention.
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