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The relevance of this review article lies in the fact that the knowledge about the disorders of coordination of oscil-
latory activity and synaptic plasticity observed in various neuropsychiatric conditions with working memory deficits
opens up new prospects for the development of targeted therapeutic approaches. The aim was to analyze the rele-
vant science sources and studies from the up-to-date databases that investigate the neurophysiological mechanisms
of working memory functioning, in particular the role of neural oscillations of different frequencies (theta, alpha,
gamma, beta), synaptic plasticity and their interaction in the prefrontal cortex, hippocampus and parietal cortex. It
has been established that working memory functions through the interaction of neural oscillations and synaptic plas-
ticity in distributed brain networks. Theta oscillations (4-8 Hz) provide synchronization between the hippocampus
and prefrontal cortex during information encoding. Alpha oscillations (8-12 Hz) act as inhibitory filters, blocking ir-
relevant information. Gamma rhythms (30-100 Hz) ensure precision of neural activity and binding of different mem-
ory elements. Cross-frequency interactions, especially theta- gamma coupling, have been found to directly affect
working memory capacity. At the cellular level, working memory depends on short-term synaptic plasticity, including
NMDA-dependent synaptic enhancement, rapid dendritic spine formation, and neuromodulation through dopamine,
acetylcholine, and noradrenaline. A bidirectional relationship between oscillations and plasticity has been identified:
oscillatory patterns create optimal conditions for synaptic modifications, while changes in synaptic strength influ-
ence the oscillatory properties of neural networks. Working memory training leads to parallel changes in theta-gam-
ma coupling and structural network connectivity, indicating synchronized development of oscillatory and synaptic
properties. Working memory is based on a complex interaction between neural oscillations and synaptic plasticity
mechanisms, which together provide temporary storage and processing of information.

Key words: cognitive processes, neural activity, dendritic spines, theta rhythm, gamma rhythm.

activity of various regions of the cerebral cortex [3]. Alpha
waves act as filters, suppressing irrelevant information
from entering working memory [4]. Gamma rhythms play
a role in precisely synchronizing neural activity [5].

A number of researches inform us about the specif-
ic features of the neural mechanisms supporting work-
ing memory, which include short-term potentiation and

Connection of the publication with planned research
work.

The review article is part of the research project “Com-
pensatory-adaptive reactions of the central and peripher-
al nervous system in normal and pathological conditions”,
state registration number 0123U100034.

Introduction.

Working memory dysfunction causes declining cogni-

tive performance across multiple domains which makes
its neurophysiological brain foundation [1] a significant
research topic in modern neuroscience. Modern imaging
and recording technology reveals that working memory
functions through the combination of neural oscillations
together with synaptic plasticity [2] as fundamental neu-
rophysiological processes.

Numerous studies in this area include both the role of
rhythmic neuronal activity in the brain and the specifics
of its influence on long-term memory formation, based
on dynamic synaptic plasticity. So, theta oscillations gen-
erated in the hippocampus are known to synchronize the

persistent neural activity [6]. There is evidence of the
modulating function of the neurotransmitter system of
glutamate, acetylcholine, and dopamine in enhancing the
formation of interneuronal connections [7].

The significant number of scientific papers devoted to
this topic, discovered over the past five years, confirms
the continuing interest and relevance of this research
area. Understanding the precise mechanisms of working
memory formation will enable the development of spe-
cialized, pathogenetically based therapeutic programs for
the treatment of cognitive disorders.
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The aim of the study.

To review the literature over the past 10 years de-
voted to the study of the relationship between rhythmic
activity of cerebral cortex neurons and synaptic plasticity
in working memory formation, followed by a summary of
the results.

Main part.

The working memory processes are supported by
a dynamic system which involves sophisticated ways in
which oscillatory brain activity and synaptic plasticity
mechanisms interact, creating optimal conditions for the
temporary maintenance and manipulation of informa-
tion. This interaction is bidirectional: Oscillatory patterns
set up optimal conditions for certain types of synaptic
modification, and changes in synaptic strength modify the
oscillatory properties of neural networks. Understanding
this interplay is important for understanding how the
brain creates stable yet flexible working memory repre-
sentations [8].

Three primary anatomical regions support working
memory operations which include the prefrontal cortex
along with the hippocampus and parietal cortex. Differ-
ent oscillatory patterns operate independently within this
network.

Memory tasks rely on theta oscillations [3] between
4-8 Hz that primarily occur in the hippocampus together
with the medial prefrontal cortex to enable synchronized
activity between brain regions. The alpha oscillations [4]
in the range of 8-12 Hz function as inhibitory filters to
prevent unnecessary information from entering working
memory while maintaining stored items. The neural firing
gets its precise timing and memory representation bind-
ing from gamma rhythms (30-150 Hz) which operate as
the fastest brain oscillations [5].

Alpha oscillations in posterior brain regions increase
when it’s required to retent working memory and the
strength of alpha waves directly correlates with memo-
ry load. Memory maintenance through alpha oscillations
involves two critical functions: neural circuits relevant to
the task receive facilitation while alpha oscillations sup-
press brain regions dealing with unnecessary informa-
tion. New research using magnetoencephalography has
discovered that alpha oscillations exhibit spatial distribu-
tion patterns which correspond to the content of work-
ing memory [9]. During working memory maintenance
of visual information alpha power strengthens in visual
processing pathways that are not processing the memo-
rized material thus blocking potential distractions. Alpha
patterns in working memory become more precise in
their topographical organization after training for working
memory. The development of inhibitory control through
alpha oscillations demonstrates as the primary reason
working memory enhances with practice [10].

Theta oscillations organize neuronal activity into the
time window needed for synaptic modification and thus
create optimal conditions for spike timing dependent
plasticity (STDP) [11]. This form of plasticity depends on
the precise timing between presynaptic and postsynap-
tic activity, with potentiation occurring when presynaptic
spikes precede postsynaptic activation within a narrow
time window (~20 ms), and depression occurring when
this order is reversed. It was found that inputs that arrived
at hippocampal and prefrontal neurons during the peak
of the theta cycle reliably induced long-term potentiation
(LTP), while inputs that arrived at the trough induced long-

term depression (LTD). During the peak of the theta cycle,
cholinergic and dopaminergic neuromodulation increases
NMDA receptor conductance in dendrites, lowering the
threshold for LTP induction [12]. Simultaneously, reduced
inhibition during this phase of theta allows for stronger
postsynaptic depolarization, facilitating calcium influx
through NMDA receptors and voltage-gated calcium
channels. In contrast, during the theta trough, enhanced
inhibition limits postsynaptic depolarization and shifts the
balance toward LTD. This cyclical modulation of plasticity
conditions by theta oscillations may allow working mem-
ory networks to rapidly strengthen connections related to
task-relevant information while weakening connections
related to distractors or outdated information [12].

Gamma oscillations promote synchronous firing
among groups of neurons encoding related information,
facilitating cooperative synaptic strengthening through
coincidence detection mechanisms. When neurons fire
together within the brief window of a gamma cycle (~10-
30 ms), their synaptic connections become preferential-
ly strengthened through STDP mechanisms. Recordings
from the brain surface of patients performing working
memory tasks revealed that the power and synchrony of
gamma oscillations predicted subsequent strengthening
of functional connectivity between engaged brain re-
gions. This enhanced connectivity persisted beyond the
immediate working memory trial, suggesting that gam-
ma-synchronized activity leaves an enduring trace in the
synaptic architecture of working memory networks. The
precise timing of neural activity within gamma cycles also
determines the specificity of synaptic strengthening in
working memory networks. High-density recordings from
rodent prefrontal cortex during working memory tasks
showed that neurons encoding the same memory item
tend to fire within a narrow phase range of local gamma
oscillations, while neurons encoding different items fire at
distinct phases. This phase-specific coordination maximiz-
es the synaptic strengthening among neurons represent-
ing the same information while minimizing interference
between representations of different items [5, 13].

There are researches of molecular mechanisms linking
oscillatory activity to synaptic modification during work-
ing memory [14]. Calcium imaging studies in animal mod-
els showed that theta-gamma oscillations generate pre-
cisely timed calcium signals in neuronal dendrites, which
activate calcium-dependent signaling pathways that reg-
ulate synaptic strength. The amplitude and duration of
these calcium transients depend on the precise coordina-
tion between excitatory inputs and oscillatory inhibition,
with optimal conditions occurring when excitation arrives
during periods of reduced oscillatory inhibition. These
patterned calcium signals activate different downstream
signaling cascades depending on their temporal profile,
with brief, high-amplitude signals favoring LTP and pro-
longed, moderate-amplitude signals promoting LTD [15].

By manipulating inhibitory interneurons that generate
gamma rhythms, researchers demonstrated that desyn-
chronizing gamma oscillations prevented the formation
of stable neural ensembles during working memory tasks,
despite preserved overall levels of neural activity [13].
This finding highlights the critical importance of precise-
ly timed oscillatory patterns, rather than merely elevated
neural activity, for effective working memory encoding
and maintenance. Neuromodulators, particularly dopa-
mine, mediate the interaction between oscillatory activity
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and synaptic plasticity during working memory processes.
It was found that dopamine release in the prefrontal cor-
tex transiently increased both theta-gamma coupling and
NMDA receptor-dependent synaptic potentiation during
working memory encoding. This dual effect occurred
through distinct molecular pathways: dopamine D1 recep-
tor activation enhances NMDA receptor currents through
a protein kinase A-dependent phosphorylation mecha-
nism, while simultaneously promoting synchronized in-
hibition through modulation of fast-spiking interneurons
that generate gamma oscillations [16]. This dopaminergic
effect required precisely timed release relative to ongoing
theta oscillations, suggesting a mechanism for selective
reinforcement of task-relevant neural activity patterns
through coordinated oscillatory and synaptic modulation.

The temporal specificity of this neuromodulatory reg-
ulation appears finely tuned to different phases of working
memory processing. During encoding, phasic dopamine
release triggered by novel or salient stimuli enhances
both oscillatory synchronization and synaptic plasticity,
facilitating the rapid formation of new working memory
representations. During maintenance, a more tonic dopa-
mine signal maintains theta-gamma coupling and stabiliz-
es recently potentiated synapses through phosphoryla-
tion of key proteins that prevent synaptic depotentiation
[17]. This phasic-to-tonic transition in dopaminergic sig-
naling may support the transformation of initially fragile
memory traces into more stable representations that can
be maintained over extended delay periods.

Other neuromodulatory systems interact with dopa-
mine to fine-tune the relationship between oscillations
and plasticity during working memory processing. Ace-
tylcholine, released from projections originating in the
basal forebrain, enhances theta oscillations while simulta-
neously promoting NMDA receptor-dependent plasticity
through muscarinic receptor activation [18]. This cholin-
ergic influence appears particularly important during at-
tention-demanding working memory tasks that require
filtering of distracting information.

Stress levels demonstrate an inverse U-shaped re-
lationship with working memory performance because
noradrenaline from the locus coeruleus adjusts the size
of theta and gamma oscillations based on arousal levels.
Working memory training modifies both neural oscillation
spectral features and synaptic modification efficiency in
memory-related brain networks based on research evi-
dence [19].

EEG recordings conducted over time on participants
who received extensive working memory training showed
that progressive theta-gamma coupling changes predicted
improvements in behavioral performance [20]. The initial
working memory task performance of successful individ-
uals demonstrated superior theta-gamma coupling when
compared to unsuccessful performers. The entire group
developed better theta-gamma coupling through train-
ing but the most successful learners achieved this with
more efficient neural activity patterns that required less
neural effort to reach the same performance outcomes.
These oscillatory adaptations were accompanied by par-
allel changes in synaptic plasticity mechanisms. Studies
using transcranial magnetic stimulation before and after
working memory training found that participants who
made the most behavioral improvements demonstrat-
ed greater LTP-like plasticity. Longitudinal neuroimaging
studies demonstrated that participants who achieved

better working memory results through training showed
increased theta-gamma coupling and enhanced structur-
al frontoparietal network connectivity which indicated
synchronized developments of oscillatory and synaptic
properties [21]. Working memory development across
different time periods appears to result from reciprocal
oscillatory and synaptic adaptations that occur during
training [22].

The synchronization of oscillations generates favor-
able conditions that allow synaptic strengthening to
occur between neurons that operate simultaneously.
These synaptic modifications transform the oscillatory
characteristics of the network through changes in exci-
tation-inhibition balance and transmission efficiency be-
tween connected regions during extended periods. The
observed transfer effects in working memory training
may stem from this positive feedback process because
enhanced oscillation-synaptic coordination provides ben-
efits to various cognitive abilities that share similar neural
operations [23].

Researches show that targeted brain stimulation pro-
tocols that consider ongoing oscillatory patterns enhance
working memory performance more effectively than
standard stimulation methods [23]. The combination
of pharmacological interventions that target oscillatory
mechanisms and synaptic plasticity pathways shows en-
hanced working memory benefits which supports their
integrated role in cognitive processes. The research pro-
duces important clinical implications because oscillatory
activity coordination with synaptic plasticity disturbances
occurs in numerous neuropsychiatric conditions that lead
to working memory impairments. Theta-gamma coupling
strength directly correlates with reduced working mem-
ory ability in schizophrenia because both dopaminergic
modulation and oscillatory synchronization become dis-
rupted. Attention deficit hyperactivity disorder patients
show both impaired noradrenergic signal timing and less
precise synaptic reinforcement in prefrontal networks
[24]. The identification of pathophysiological mechanisms
will help create specific therapeutic approaches to treat
working memory impairments in various clinical disorders
[25].

Conclusions.

The temporary storage and manipulation of informa-
tion fundamentally depends on the intricate interplay be-
tween neural oscillations and synaptic plasticity mecha-
nisms within distributed brain networks.

A critical finding emerging from this analysis is the bi-
directional relationship between neural oscillations and
synaptic plasticity. The disruptions in oscillatory-plastici-
ty coordination characterize numerous neuropsychiatric
conditions associated with working memory deficits, in-
cluding schizophrenia and attention deficit hyperactivity
disorder.

Prospects for further research.

The identification of specific pathophysiological mech-
anisms involving altered theta-gamma coupling, impaired
dopaminergic modulation, and dysregulated synaptic
plasticity provides targets for developing precision ther-
apeutic interventions, including optimized non-invasive
brain stimulation protocols, targeted pharmacological
approaches, and cognitive training paradigms that maxi-
mize neuroplasticity through coordinated oscillatory and
synaptic adaptations.
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HEMPO®I310/10TNYHI OCHOBU POBOYOI NAM'ATI:
HEMPOHHI KONMBAHHA TA CUHANTUYHA NJIACTUYHICTb

[OHinpoBCbKUiA aeprKaBHUII MeauuHuit yHiBepcuTteT (M. OHinpo, YKpaiHa)
maksymivoleg@ukr.net

AKkmyasnbHicmb yiei 02110080i cmammi nosns2ae 8 momy, W,0 3HAHHA MPO NopyweHHs KOopOUHAii KoaueasnbHoT
aKMUBHOCMi MA CUHANMUYHOI MAACMUYHOCMI, WO Ccrocmepieatomecs npu pi3HUX Helponcuxiampu4yHux
cmaHax 3 degpiyumom poboyoi nam'smi, siOKpusaroms Hosi nepcrnekmusu 074 PO3POOKU UinecrnpamosaHuUX
mepanesmuyHux nioxodis. Memoto 6ys aHani3 8i0M0BIOHUX HAyKosuUX Oxcepes ma O00CAIOHEeHb 3 Cy4YacHUX
6a3 OaHux, AKki 0ocnioxcyrome HelipogizionoeidyHi MexaHismu yHKUYioHysaHHA pobo4oi nam'ami, 3okpema
posb HelipOHHUX KO/AUBAHL Pi3HUX Yyacmom (mema, anegha, 2amma, bema), CUHANMUYHY MAACMUYHICMb ma ix
830eMO00ito 8 npeghpoHmManvHili Kopi, 2inrokammni ma mim'aHil Kopi. BcmaHoeneHo, w0 poboya nam'ame pyHKYioHYe
yepe3 830eMO0it0 HelipOHHUX KOAUBAHb MA CUHANMMUYHOI NAACMUYHOCMI 8 PO3ModineHuUx Mepexax Mo3kKy. Tema-
KOUBAHHSA (4-8 [y) 3a6e3ne4yomb CUHXPOHI3AYiH0 MiXC 2iMOKAMIOM i pe@dpoHmMasbHOK KOPOH Mid Yac KOOY8AHHS
iHpopmauii. Anbgpa-konuearHa (8-12 ) ditomb AK eanbMisHi Ginempu, 60KyO4U HepenesaHmMHy iHpopmMauiro.
famma-pummu (30-100 ly) 3a6e3neyyroms moyHicme HelipOHHOT GKMUBHOCMI Ma 38'A3y8aHHA Pi3HUX enemeHmie
nam'ami. byno sussneHo, wo nepexpecHi YacmomHdi 83aemodii, ocobauso mema-2amMma-38'A30kK, be3nocepedHbo
srsausaroms Ha obcsae poboyoi nam'ami. Ha KaimuHHomy pieHi poboya nam'sme 3anexums 8i0 KOPOMKOYACHOI
CUHaNMu4Hoi naacmuyHocmi, ekao4aroyu NMDA-3anexcHe CUHANMuUYHe MOoCUeHHsA, WeUOKe (OopMy8aHHA
0eHOPUMHUX WUNuUKie ma HelipomoOdynayito Yepe3 GoPaMiH, auemusaxoniH ma HopadpeHaniH. byno esuseneHo
08oHanpasneHull 38'A30K MiX KONUBAHHAMU Ma NAACMUYHICMIO: KOAUBAbHI NAMEPHU CMBOPHKMb ONMUMAsbHI
YMOBU 01151 CUHANMUYHUX MOOUiKkayili, modi AK 3MiHU CUHANMMUYHOI CUAU 8MAUBAKOMb HA KOAUBA/bHI 8s10CMuUBoCcMi
HelipoHHUX Mepex. TpeHy8aHHA poboyoi nam'ami npuszsodume 00 NapanenbHUX 3MiH mema-2aMma-38'a3Ky ma
CMpYKmMypHoOI Mepexcesoi 38'A3HOCMI, WO BKA3YE HO CUHXPOHI308aHUL PO38UMOK KOAUBAABHUX MA CUHAMMUYHUX
enacmusocmeli. Poboya nam'ame 6a3yemocA HA CKAAOHIU 83aeMO0ii Mid HeUpOHHUMU KOAUBAHHAMU ma
MEXAHI3MaMU CUHANMUYHOI naacmu4yHocmi, AKi pazom 3abesneyyroms mumyacose 36epiecaHHA ma o0b6pobKy

iHpopmauii.

Knrouoei cnoea: KoeHimusHi rnpoyecu; HelUpOHHA OKMUBHICMb; 0eHOPUMHI WUMuUKU, mema-pumm,; 2amma-

pumm.

38’A30K ny6aikauii 3 nnaHoBMMM HayKOBO-gOCNig-
HUMK poboTamu.

OrnapoBsa CTaTTA € YAaCTMHOK AOC/IAHULBKOIO Mpo-
eKTy: «KoMneHcaTopHO-aAanTMBHI peakKLii LLleHTpaAbHOI
Ta nepndepryHoi HepPBOBOI CUCTEMU B HOPMA/IbHUX Ta
NaToNIONYHNX YMOBAxX», HOMEp LeprKaBHOi peecTpauii
0123U100034.

Bcryn.

AuncoyHKuia poboyoi nam’sTi CNPUYMHAE 3HUMKEHHSA
KOTHITMBHOI AiffibHOCTI B 6araTbox obnacTax [1], wo po-
6uTb ii HelipodisionoriyHy OCHOBY B MO3KY BaK1MBOIO
TEMOI AOCANIAMKEHHA B CyvacHin HeilpoHayui. CyyacHi
TexHosorii Bi3yanisauji Ta 3anuncy nokasytoTb, Wo pobo-
4a nam’aTb PYHKLiOHYE Yepe3 NOeLHAHHA HEMPOHHMUX
KOJIMBaHb Pa3OM i3 CMHAMNTUYHOM MAACTUYHICTIO [2] AK
dyHAAMEHTANbHUX Helipodi3ionoriyHMX NpoLLecis.

YncneHHi gocnigKeHHA B Uil ranysi BKAOYAOTb AK
poNb PUTMIYHOI HEMPOHHOT aKTMBHOCTI B MO3KY, TaK i
cneunodiky ii BNAMBY Ha GopmyBaHHA [0BroTpMBasOl
nam’sTi, Wo 6a3yeTbcA Ha AMHAMIYHIA CUHANTUYHIN
naacTMyHocti. TaK, BiAOMO, WO TeTa-KONMBAHHA, LO
reHepyrTbCcA B TiNOKammMi, CMHXPOHI3YIOTb aKTUBHICTb
Pi3HWX AiNAHOK KOpU ronoBHOrO MO3Ky [3]. Anbda-xBuni
AitoTb AK GiNbTPKU, NPUTHIYYIOYM NOTPANNAHHA Hepese-
BaHTHOI iHpopmauji B pobouy nam’atb [4]. lamma-put-
MW BiZlirpatoTb NeBHY POJIb Y TOYHiA CUHXPOHIi3aLii Hel-
POHHOT akTMBHOCTI [5].

Huska pocnigxkeHb iHGopmye Hac npo crneundiyHi
0CO6MBOCTI HEMPOHHUX MEXaHi3MiB, LLO NiATPUMYHOTb
pobouy nam’aTb, AKi BKAOYAOTb KOPOTKOYACHY NOTEH-

Lialito Ta CTiiKy HEeMPOHHY aKTUBHICTb [6]. ICHYtOTb Ao-
Kasu moayntotodoi GpyHKLiT HelipomeaiaTopHOI cucTemm
rAyTamaTy, aueTUAXoNiHy Ta AodamiHy Yy MOCWU/IEHHI
dopMyBaHHA MirKHEMpPOHHMX 3BA3KiB [7].

3HayHa KiNbKiCTb HayKoBMX POBIT, NPUCBAYEHUX Ui
TeMi, BUABNEHUX NMPOTATOM OCTaHHIX N'ATU POKIB, Nia-
TBEPAKYE NOCTIMHNI iHTEpEeC Ta aKTyaNbHICTb LiEi ranysi
[ocnigxeHb. PO3yMiHHA TOYHUX MexaHi3MiB popmyBaH-
HA poboyoi nam’saTi 403BOIUTL PO3POBUTK cnewjianiso-
BaHi, NaToreHeTM4YHO OBI'PyHTOBAHI TepaneBTUYHI Npo-
rpamu gns NiKyBaHHA KOTHITUBHUX PO31ajiB.

Merta gocnigKeHHs.

OrnaHyTK NiTepaTypy 3a ocTaHHi 10 pokis, npuceaAve-
HY BMBYEHHIO B3AaEMO3B’A3KY MiX PUTMIYHOIO aKTUBHIC-
TIO HEMPOHIB KOPM FONOBHOFO MO3KY Ta CMHAMNTUYHOMO
nAacTUYHicTio y dopmyBaHHi poboyoi nam’saTi, a TaKoX
niacymyBaTu pe3ynbTaTu.

OCHOBHa YacTuHa.

Mpouecn poboyoi mam’ati MiATPUMYKOTbCA AMHa-
MIYHOIO CUCTEMOIO, KA BKNIOYAE CKNAAHI cnocobu B3a-
€MOZji KONMBANbHOI aKTMBHOCTI MO3Ky Ta MeXaHi3MmiB
CMHANTMYHOI NAACTUYHOCTI, CTBOPIKOIOYM OMTUMANbBHI
YMOBM 419 TMMYACOBOro 36epeKeHHs Ta MaHinytoBaH-
HA iHbopmauieto. Lis B3aemogis € ABOHaNpPaBAEHOLO: KO-
NIBaNbHi NaTepHM CTBOPHOOTb ONTUMAJIbHI YMOBU ANA
NeBHUX TUNIB CMHANTMYHOI Moaudikauii, a 3miHU cu-
HaNTUYHOT CUAN MOoAMIKYIOTb KONMBAJIbHI BAACTUBOCTI
HENPOHHUX MepeXK. PO3ymiHHSA i€l B3aemogii Baxknse
O1A PO3YMiHHA TOro, K MO30K CTBOPIOE cTabinbHi, ane
rHy4Ki penpeseHTaLii poboyoi nam’aTi [8].
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Tpy OCHOBHI aHaTOMiYHiI 06nacTi NiATPUMYIOTb One-
pauii pobouyoi nam’aTi, BKAYalUM npedpoHTaNbHY
Kopy, rinokamn i Tim’aHy Kopy. Pi3Hi KonnBanbHi natep-
HW NPaLLOIOTb HE3AEXKHO B L Mepesxi.

3aBgaHHA nam’aTi cnupatoTbcA Ha TeTa-KoNMBaH-
HA [3] vacToToto 4-8 U, AKi BiABYyBaOTLCA NEpPeBarkHO
B riNOKamni pasom i3 megianbHo npedpOoHTaNbHO
Kopoto, Wwob 3abe3neynTn CUHXPOHI30BAHY aKTUBHICTb
MixK obnactamm Mmo3Ky. Anbda-KonmsaHHsa [4] y giana-
30Hi 8-12 Ty, PYHKLIOHYIOTb AK rafbmiBHI GinbTpy, Wob
3anobirtM noTpanaaHHIO HenoTpibHoT iHpopmauii B po-
6ouyy nam’aTb, 36epiratoumn Npu Uubomy 3beperkeHi ene-
MeHTU. HeMpoHHa aKTMBaLiA OTPMMYE CBil TOYHUIM Yac
Ta 3B’A30K 3 penpe3eHTaljieto Nam’aTi Big raMma-puTmis
(30-150 ), AKi GYHKLiOHYIOTb AK HAWLWBMALI KONWUBaAH-
HA MO3KYy [5].

Anbda-KoNnBaHHA B 3aHiX BigAinax mosKy 36inbLy-
H0TbCA, KoM NOTPiI6HO 36eperty poboyy nam’aTb, a cuna
anbda-xBunb HesnocepesHbO KOPENHOE 3 HAaBAHTANKEH-
HAM Ha nam’aTb. MigTpMMKa nam’aTi 3a LONOMOroHo asb-
$a-KonnBaHb BK/IOYAE ABi KPUTUYHI QYHKLI: HEMPOHHI
NaHLOrY, WO BiANOBIAAOTb 3aBAAHHIO, OTPUMYHOTb NO-
NerweHHaA, Toai AK anbda-KoNAMBaHHA NPUTHIYYOTL Ai-
NIAHKM MO3KY, L0 06p06astoTb HENOTPiIOHY iHGopMaLito.
HoBe pocnipgeHHsA 3 BUKOPUCTAHHAM MarHiToeHueda-
norpadii BMABMAO, WO anbda-KONMBAHHA AEMOHCTPY-
0Tb NpOCTOPOBI WabaoHW po3noginy, AKi BiANOBIAaOTb
3micTy poboyoi nam’aTi [9]. Nig yac nigTpUMKKM poboyoi
nam’saTi Bi3yanbHOI iHpopMauii anbda-NnoTYKHICTb no-
CUIOETHCA B LUAXAX Bi3yanbHOI 06pobKM, AKi He 0bpo-
61710Tb 3anam’ATOBYBaHWIN MaTepian, 6J10KyOUN TaKUM
YMHOM MOTEHLUiMHI BigBONnikatoui dakTopu. Anbda-na-
TepHW B pobodiit nam’saTi cTaloTb TOUHIWIMMKU Yy CBOIl
TonorpadiyHiv opraHisauii nicna TpeHyBaHHA pobouoi
nam’aTi. PO3BUTOK rasibMiBHOTO KOHTPO/ItO 33 AOMNOMO-
roto anb®a-KoAnMBaHb AEMOHCTPYE AK OCHOBHY NPUYUHY
nokpaleHHs pobouoi nam’saTi 3 npakTukoto [10].

TeTa-KONMBAHHA OPraHi30BYOTb HEMPOHANbHY aK-
TMBHICTb Yy YacoBe BiKHO, HeobxigHe Aas8 CUMHANTUYHOI
moaudikaLii, i TaKUM YMHOM CTBOPIOIOTb OMTMMA/bHI
YMOBM ANA NAACTUYHOCTI, 3aNeXHOi Bif Yacy cnavkis
(STDP) [11]. Us dopma nNacTUYHOCTI 3aNeXKMUTb Bif TOY-
HOTO Yacy MiXK MPEecUHANTUYHOK Ta NOCTCMHAMNTUYHO
AKTMBHICTIO, MPMYOMY NOTEHLiaLiA BUHUKAE, KOAK npe-
CUHaNTUYHI CMalku nepeayoTb MOCTCUHANTUYHINA aK-
TMBaLil NPOTArom BY3bKOro YacoBoro BikHa (~20 mc), a
[enpecia BUHUKAE, KON Lel NopAaAoK 3BOPOTHUIA. byno
BMABNEHO, WO BXiAHi CUTHANM, AKi HAAXOAWAW 40 HeWl-
POHIB rinokamna Ta npedpoHTa/IbHOT YaCTUHM MO3KY Mif,
yac niky TeTa-uUuKAy, HaAiMHO iHAYKYBanu AOBroTpuBany
noteHujiauyito (LTP), Toaj Ak BXiAHI cMrHanu, AKi Hagxoau-
M A0 3anafAMHN TeTa-UUKAY, iHAYKYBaAu JOBroTpMBany
aenpecito (LTD). Nig, yac niky TeTa-uuKny xoniHepriyHa
Ta godamiHepriyHa HeMpomoaynauia 36in1blwyoTb Npo-
BigHicTb NMDA-peuenTopiB y AeHAPUTAX, 3HUXKYHOUM
nopir iHayKuii LTP [12]. OgHOYacHO 3HUMXKEHE ranbmy-
BaHHA NiA 4Yac uiei ¢asnm TeTa-uMKNYy [03BONAE CUMb-
HilWy MOCTCMHANTUMYHY AenonApu3aLito, Monerwyym
npunamMe Kanbuito yepes NMDA-peuenTopu Ta noteH-
uian3anexHi KanblieBi KaHanu. Hasnaku, nig yac 3a-
NafvHU TeTa-LUMKAY NOCUAEHE Ta/ibMyBaHHA OOMENXYE
NMOCTCUMHANTUYHY Aenonsapu3alito Ta 3milye H6anaHc y
6ik LTD. Ua yMKkaiuHa moaynauia ymoB N1acTMYHOCTI 3a
[,0MOMOTOH0 TETA-KOIMBaHb MOE A03BOINTU MEPEKAM
poboyoi nam’ATi WBMAKO 3MiLHIOBATU 3B'3KM, NOB'A3a-

Hi 3 iHpopMaLjieto, WO CTOCYETLCA 3aBAAHHA, BOAHOYAC
nocnabnoumn 38’A3KKM, MNoB’A3aHi 3 BigBOANIKAOYMMMK
dakTopamu abo 3acTapinoto iHpopmalieto [12].
laMMa-KONIMBaHHA CMpUAOTb CUMHXPOHHOMY 36y-
OKEHHIO MiXK Fpynamun HerMpoHiB, WO KoaykoTb Nos’sA3a-
HY iHGOpMaL,ilo, NoNeriyYn KoonepaTMBHe CUHANTUY-
He MOCUNEHHA 3a AOMOMOrOK MEeXaHi3MiB BUABNEHHA
36iriB. Konv HelpoHW 36ya)KytoTbCA pa3soM MpOTArom
KOPOTKOro BikHa ramma-umkay (~10-30 mc), ixHi cnHan-
TUYHI 3B"A3KM NepeBaXKHO MNOCUIOIOTHCA 33 LONOMOToH0
mexaHi3mis STDP. 3anucy 3 noBepxHi MO3KY MaLLiEHTIB,
AKi BUKOHYBa/IM 3aBAaHHA poboyoi nam’aTi, nokasanu,
WO MOTYXHICTb i CMHXPOHHICTb raMMa-Ko/AMBaHb ne-
peabayann nogasnblue MNOCUNEHHA ¢YHKLIOHANbHOTO
3B’A3KY MiXK 3a4iaHMMKM AinAHKamM MO3Ky. Llei nocu-
NleHunii 38’A30K 36epirasca i nicna 6esnocepegHboro Bu-
npobyBaHHA poboyoi Nnam’aTi, WO CBiAYMTL NPO Te, WO
raMma-CMHXPOHI30BaHa aKTUBHICTb 3a/IMLLIAE TPUBANUN
CNif, y CMHaNTUYHIN apXxiTeKTypi meperk poboyoi nam’sTi.
TOYHMI Yac HEMPOHHOI aKTUBHOCTI B MeXKax ramma-Lu-
KNiB TaKOX BM3Hayae cneumndiyHicTb CMHAaNTUYHOrO MNo-
CUNEHHS B Meperkax poboyoi nam’aTti. 3anncu BMCOKOI
WiNbHOCTI 3 NpedpOHTANbHOI KOPU FPU3YHIB Mig Yac 3a-
BAAHb PoboY0oi Nam’aTi MoKasanu, WO HEMPOHM, Lo KO-
AYIOoTb OAMH | TON cammnii enemeHT nam’aTi, AK NpasBuo,
36yAKYOTbCA Y By3bKOMY $a30BOMY Aiana3oHi 10Kab-
HUX FamMMma-Ko/IMBaHb, TOA AK HEMPOHM, LLO KOoAykTb
pi3Hi enemeHTH, 30yAKYOTbCA B PidHMX dasax. Lia paso-
BO-cneundiyHa KOOPAMHALIA MAKCUMI3YE CMHANTUYHE
NOCUNIEHHA MiX HEeMpPOHaMM, WO NPeaCTaBAATb OAHY
1 Ty camy iHpopmaLito, MiHiMi3ytouM Npu LboMy nepe-
LWKOAM MiXK NpeaCcTaBNeHHAMM pisHUX enemeHTis [5, 13].

ICHYIOTb AO0CANIAMKEHHA MONEKYNAPHUX MEXaHi3mis,
LLLO NOB’A3YIOTb KOIMBA/bHY aKTUBHICTb i3 CUHANTUYHOO
moamdikauieto nig vac poboyoi nam’ati [14]. Locni-
OXKEHHA KaNbL,ieBOI BidyanisaLii Ha TBAPMHHUX MOgEeNaxX
NoKasanu, Lo TeTa-ramma-Ko/IMBaHHA reHepytTb TOYHO
CMHXPOHM30BaHi KaNbL€BI CUrHaAM B HENPOHANbHUX
AeHApUTax, AKi aKTUBYIOTb KasibLi-3a/1eKHi CUTHaNb-
Hi WAAXW, WO PeryatoTb CUAY CUHANTUYHMX 3B’A3KiIB.
AmnnitTyaa Ta TPUBANICTb LMX KasbLi€BMX TPAH3MEHTIB
3a/1eXKaTb Bif, TOYHOI KOOpAMHALl MiX 30yarKytoUMMK
BXOOAMM Ta KONMBAJIbHUM FafibMyBaHHAM, MPUYOMY
ONTMMasIbHI YMOBU BMHUKAOTb, KOAW 30yAKEHHA Haa-
XOAUTb Y NePioAN 3HUMKEHOrO KOMBAJIbHOrO rajibmy-
BaHHA. Lli CTPpyKTYpOBaHi Ka/ibLi€Bi CUTHaNM aKTUBYIOTb
Pi3Hi KacKaan HU3XIGHWX CUTHAnNIB 3aneXHOo Big iX 4Ya-
coBoro npodinto, NPUYOMy KOPOTKIi CUTHANAM BUCOKOIT
amnnitygu cnpuatoTb LTP, a TpmuBani curHanm nomipHoi
amnnitygm cnpmstoTs LTD [15].

MaHinyntooum ranbMiBHUMKU iHTEPHEMPOHaMM, LLO
reHepyrTb raMMa-puUTMK, AOCAIAHUKN NPOAEMOHCTPY-
Ba/M, WO AECUHXPOHI3aLlifa raMma-KoiMBaHb 3anobirae
dopmyBaHHIO CTabinbHUX HEWPOHHUX aHcambniB nig,
yac 3aBgaHb poboyoi nam’ATi, He3Baxatoum Ha 3b6epe-
YKEHWUIN 3aranbHUN piBEHb HEMPOHHOT akTMBHOCTI [13].
Lle BigKpUTTA NiAKPECNOE KPUTUYHY BaXKAUBICTb TOYHO
BM3HAYEHUX Y Yaci KONMBAIbHUX NATepHiB, @ He NPOCTO
niaBULWEHOI HEMPOHHOT aKTUBHOCTI, AN ePEKTUBHOTO
KO4yBaHHA Ta NiATPUMKM poboyoi nam’aTti. Helipomo-
AynATopu, 30Kkpema godamiH, onocepesKoByOTb B3a€-
MOZIO MiXK KONMBAJIbHOK aKTUBHICTIO Ta CUHANTUYHOO
NAaCTUYHICTIO Mif Yac npoueciB poboyoi nam’saTi. byno
BMAB/NEHO, LLO BUBINIbHEHHA AodamiHy B npedpoHTanb-
Hi Kopi TMMYacoBo 36inbliyBano AK TeTa-ramma-3s’s-
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3yBaHHA, TaK i CMHANTMYHY NOTeHLiaLilo, 3aN1eXHy Big,
NMDA-peuenTopiB, nig Yac KogyBaHHA poboyoi nam’aTi.
Llen noagitHuii edeKT BiabyBascs Yepes pisHi Moneky-
NAPHI Wnaxu: akTmMBauia godamiHosux D1-peuentopis
nocuntoe ctpymm NMDA-peuenTtopiB yepes mexaHiam
docdopuntoBaHHA, 3aN1E€XKHUIN Bif NPOTeiHKiHA3M A, oa-
HOYACHO CNPUAOYM CUHXPOHI30BAHOMY ra/ibMyBaHHIO
yepes MoAyNALUi0 LWBUAKOAIKYMX IHTEPHEMPOHIB, WO
reHepyloTb raMma-KonneaHHs [16]. Lei aodpamiHepriy-
HUI edeKT BUMaras TOYHO BM3HAYEHOrO Yy Yaci BUBI/b-
HEHHA BiJHOCHO MOTOYHUX TeTa-KO/IMBAHD, LLO CBIAYNTD
npo MexaHiam BMBIPKOBOro NiAcUNEHHA BigNOBIAHUX
ONA 3aBOAHHA NaTepHiB HEMPOHHOI aKTUBHOCTI yepes
CKOOPAMHOBAHY KOAMBAsIbHY Ta CUHANTUYHY MOZAYANSA-
ito.

YacoBa cneumndiyHicTb LUiEl HenpomoaynATOPHOI
perynauii, cxore, TOHKO HaNalToOBaHA Ha Pi3Hi ¢dasm
06pobKM pobouoi nam’aTi. Mig yac KogyBaHHA ¢aszo-
BE BMBINbHEHHA A0daMiHy, BMKAMKAHE HOBMMK abo
BAXK/IMBUMW CTUMYyNaMK, MOCUIIOE AK KONMBaNbHY
CMHXPOHI3aLito, TaK i CMHAaNTUYHY NAACTUYHICTb, CNpPU-
AUYN WBMAKOMY GOPMYBAHHIO HOBMX penpeseHTaLii
pobouoi nam’aTi. MNig yac NiATPUMKKM 6iNbll TOHIYHUNA
A0damiHOBMI CUrHaAN MiATPUMYE TeTa-ramma-3B’A30K i
cTabinisye Hewo0AABHO NOTEHLMOBaHI CMHAMNCK LAAXOM
dochopunioBaHHA KAoHoBUX BinkiB, sAKi 3anobiratoTb
CMHANTUYHIM aenoTeHTauii [17]. Llet $a30BO-TOHIYHWI
nepexig y podamiHepriyHii curHanisauii moxe nig-
TPUMYBaTM TpaHCHOPMaLLit0 CMOYATKy KPUXKUX CAigiB
nam’saTi B 6inblw cTabinbHi penpeseHTalji, AKi MOXYTb
nigTPUMyBaTUCA NPOTArOM TPUBANUX NEpPioaiB 3aTPUM-
KU.

IHWi HeMpoMOoAyNATOPHI CUCTEMM B3AEMOLIIOTH 3
AodamiHOM AN TOYHOrO HanalTyBaHHA B3aEMO3B'A3-
KY MiXK KOZIMBAHHSIMM Ta MNACTUYHICTIO Nig, Yac 06pob-
KM poboyoi nam’aTi. ALETUIXONIH, WO BUBINIbHAETLCSA 3
NPOEeKLii, WO BUHUKAIOTL Y 6asanbHOMY nepesHboMy
MO3KY, MOCW/IOE TeTa-KOJIMBAHHA, OAHOYACHO Cnpus-
UM MAACTMYHOCTI, 3anexHin Big NMDA-peuenTopis,
LWAXOM aKTMBaLii MycKapMHOBKUX peuenTopis. Llen xo-
NiHepriYHnn BNNB BUAAETLCA OCOBAMBO BAXKIMBUM Mig,
Yyac 3aBAaHb poboyoi nam’aTi, WO BMMaratoTb yBaru Ta
dinbTpauii Biasonikatoyoi iHbopmauii [18].

PiBeHb cTpecy pemoHcTpye obepHeHy U-nogmibHy
3a/IEXKHICTb BiZ, MOKAa3HMKIB poboYoi Nam’aTi, OCKibKK
HopaapeHaniH 3 6nakuTHoro naamu (locus coeruleus)
peryntoe po3mip TeTa- Ta raMMa-KoMBaAHb 3aN1EXKHO Bif,
piBHA 30yAXKEHHS. 3rifHOo 3 gocniarKeHHamM [19], TpeHy-
BaHHA pob0oYoi Nam’aTi 3MIHIOE AK CNeKTPaibHi XapaKkTe-
PUCTUKN HEMPOHHWX KONMBaHb, TaK i ePeKTUBHICTb CU-
HanNTMYHOI MogudiKaLii B Mepexax MO3Ky, NoB A3aHMX
3 nam’aTTio.

3anucm EEl, npoBegeHi NpoTArom nNeBHOro 4acy y
YYaCHUKIB, AIKi OTPUMANU iIHTEHCUBHE TpeHyBaHHA pobo-
Yoi Nam’ATi, MOKasanu, Wo NPorpecuBHi 3MmiHM TeTa-ram-
Ma-3B’A3Ky nepenbayvanm MNoOKpalLeHHA MOBeAiHKOBOI
aianbHocti [20]. Mo4yaTKoBe BMKOHaHHSA 3aBAaHb pobo-
yoi mam’aTi ycniwHMMK ocobamm NPOAEMOHCTPYBaio
Kpalmii TeTa-ramma-3B’A30K MOPIBHAHO 3 HeBAAMMM
BMKOHABLAMW. YcA rpyna po3BMHYya Kpawuii TeTa-ram-
Ma-3B’A30K 3aBAAKW TPEHYBAHHIO, asie HaWlycnilwHiLi
YYHi OCAMAN UbOro 3aBAAKM ePEeKTUBHILLMM naTepHam
HENPOHHOT aKTUBHOCTI, AKI BMMaraam MeHLIMX HeMl-
POHHUX 3yCWU/Ib ANA AOCATHEHHA TUX CAMMX Pe3y/bTaTiB.
Li ocumnATopHi aganTtauii cynpoBOAXyBanucA napa-

NeNbHUMU 3MiHaMM B MexaHi3mMax CMHanTU4YHOI naac-
TUYHOCTI. JocnigeHHA 3 BUKOPUCTAHHAM TPAHCKpPaHi-
ANbHOI MArHiTHOI CTUMYAALIT 40 Ta NicnA TPeHyBaHHA
poboyoi nam’ATi MoKasanu, WO yYaCHUKMU, AKi Jocarm
HalbiNbWNX NOKPALLEHb Y MOBEAiHL, NPOAEMOHCTPYBa-
v Binbly NAAcTUYHICTb, NoAibHy Ao LTP. JocnigxeHHs
No3J0BXHbOI HeMpPOBi3yanisaLii NoKasanu, Wo y4acHu-
KM, AKI AOCAMIWM Kpalwux pe3ynbraTiB poboyoi nam’aTi
3aBAAKM TPEHYBaAHHIO, NOKa3ann NiaBuLLEHY TeTa-ram-
Ma-3B'A30K Ta MOKpalleHy CTPYKTypHy 3B’A30K /106-
HO-TiM’IHOT MepeXxi, WO CBiAYNTb NPO CUHXPOHI30BAHUA
PO3BUTOK KOJIMBA/IbHUX Ta CMHANTUYHUX BNACTUBOCTEMN
[21]. Po3BUTOK poboUOi Nam’ATi NPOTArom pi3HMX nepi-
0fiB Yacy, MMOBIPHO, € pe3y/bTaTOM B3aEMHUX KOAU-
Ba/IbHWUX Ta CMHANTUYHMX aganTauii, wo BiabyBatoTbCA
nig yac TpeHyBaHHA [22].

CUHXPOHI3aLiA KOAMBAHb CTBOPKE CNPUATAUBI
YMOBMW, L0 A03BONAIOTL BiAOYBATUCA CUMHANTUYHE NOCU-
JIEHHA MiXK HeMpoHaMM, Lo NpautorTb ogHo4YacHo. Lli
CMHaNTUYHI moandikauii TpaHcPopMyOTb KOoAMBaANbHI
XapaKTEPUCTUKM Mepexi uvepe3 3miHM banaHcy 36y-
OXKEeHHA-raNbMyBaHHA Ta edEeKTUBHOCTI nepefadi Mix
nos’asaHMMM 0BNACTAMM NPOTATOM TPWUBANUX MNepio-
ais. CnocrepekyBaHi edbeKTn nepegadi Npu TPeHyBaHHI
poboyoi nam’aTi MOXKyTb BMMIMBATU 3 LLbOTO Npouecy
NO3UTUBHOIO 3BOPOTHOTO 3B’A3KY, OCKi/IbKM NOCW/IeHa
KO/IMBa/IbHO-CMHANTMYHA KoopaMHaLia 3abe3neyye ne-
peBaru Ans PisHUX KOTHITUBHMX 34i6HOCTEN, AKi MatoTb
CXOXKi HEeMPOHHI onepau,ii [23].

JocnigKeHHAa NoKasylTb, WO  LinecnpAMOBaHi
NPOTOKOAN CTUMYANALIT MO3KY, AKI BPaxOBYIOTb MOCTiN-
Hi KO/IMBaNbHi NaTepHW, NMOKPALLYOTb NPOAYKTUBHICTb
poboyoi nam’sTi edeKkTUBHIlEe, HiX CTaHOAAPTHI Me-
Toan ctumynauii [23]. MNMoegHaHHs dapmaKoiorivYHMX
BTPYYaHb, CMPAMOBAHMUX Ha KOJIMBA/IbHI MexaHi3aMu Ta
WAAXM CUMHANTUYHOI MIACTUYHOCTI, AEMOHCTPYE NOCU-
NeHi nepesarn gns pobodyoi nam’aTi, WO NiATBEPAXKYE
iXHIO iHTErpoBaHy po/b Yy KOTHITMBHMX npouecax. [o-
CNiAXeHHA Ma€E BaK/MBI KAIHIYHI HaCNigKK, OCKiNbKK
KOOPAMHALLIA KONMBANbHOI aKTUBHOCTI 3 MOPYLUEHHAMM
CMHaNTUYHOI NAAacTUYHOCTI BiAOYBa€ETbLCA NPU YUC/IEH-
HUX HEWpOMCUMXiaTPUYHUX CTaHax, fKi NPU3BOAATb A0
nopyleHb poboyoi nam’ati. Cuna TeTa-ramma-3B’sA3Ky
6e3nocepesHbO KOPENIOE 3i 3HWKEHOI 34aTHICTIO A0
poboyoi mam’aTi npu wmnsodpeHii, OCKiNbKM nopyLuy-
I0TbCA AK godamiHepriyHa Moaynauif, Tak i KoanBab-
Ha CUHXPOHI3auia. Y nauieHTiB 3 cuHAPOMOM aediunty
yBaru Ta rinepakTUBHOCTI CMOCTEPIraeTbCA AK NOPYLLEH-
HA HOpPAAPEeHEepPriYHOro Yacy CUrHaay, Tak i MeHLW TOYHe
CUMHaANTMYHE NiAKPINAeHHA B NpedPOHTaIbHUX MeperKax
[24]. BusHaueHHA naTodisionoriuHmMx mexaHiamis gono-
MOXKe CTBOpPUTU cneundiyHi TepaneBTUYHI niaxoan Ao
NiKyBaHHA NopyleHb poboyoi nam’aTi Npu pisHUX KAi-
HiYHMX po3nagax [25].

BucHoOBKM.

TumuyacoBe 36epiraHHA Ta MaHiNyatOBaHHA iHoOp-
Mauieto PyHOAMEHTANbHO 3a1eXKUTb Bif, CKNagHOI B3ae-
MOAIT MiXK HEMPOHHUMM KOJIMBAHHAMM Ta MeXaHi3MamMu
CMHANTMYHOI MAACTUYHOCTI B PO3MNOAINEHUX Mepexax
MO3KY.

BaKNMBMM BMCHOBKOM, OTPUMAHWM B pe3y/bTaTi
LbOro aHafni3y, € ABOHaNpaB/JeHWUN 3B’A30K MiX HeM-
POHHMMW KONMBAHHAMM Ta CUHANTUYHOKO NAACTUY-
HicTto. [MopyweHHA KoopAauHaLii KonmBanbHOI naac-
TMYHOCTI XapPaKTepM3yoTb YUC/IEHHI HelMponcuxiaTpuYHi
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CTaHK, NoB’sA3aHi 3 gediuntom poboyoi nam’aTi, BKAtO-
yatoum wusoodpeHito Ta cnHapom aediunTty yBaru Ta ri-
NepakTMBHOCTI.

MepcnekTMBM NOAANBLUNX [OCNIAKEHD.

BuasneHHa cneundivHMx natodisionoriyHMx mexa-
Hi3MiB, WO BK/OYAIOTb 3MiHEHE TeTa-ramma-3B’A3yBaH-
HA, NopyweHHA godpamiHepriyHoi moaynauii Ta aucpery-

NbOBaHYy CMHAMNTUYHY NAACTUYHICTb, 3abe3neyye Lini ana
PO3PO6KM TOYHUX TepaneBTUYHUX BTPYYaHb, BKAKOYALO-
YM OMNTMMIi30BaHi NMPOTOKONWN HEIHBA3UBHOI CTUMYAAL
MO3Ky, LinecnpamoBaHi papmaKonoriyHi niaxoam tTa na-
PaAUrMU KOTHITUBHOIO TPEHYBAHHSA, AKi MaKCUMI3yOTb
HeMpPONIaCTUYHICTb Yepes CKOOPANHOBAHY KO/MBasIbHY
Ta CMHANTUYHY aganTaLito.

References / Nliteparypa

. Hallett M, de Haan W, Deco G, Dengler R, Di lorio R, Gallea C, et al. Human brain connectivity: Clinical applications for clinical
neurophysiology. Clinical neurophysiology. 2020;131(7):1621-1651. DOI: 10.1016/j.clinph.2020.03.031.

N

2. Magee JC, Grienberger C. Synaptic Plasticity Forms and Functions. Annual review of neuroscience. 2020;43:95-117. DOI: 10.1146/
annurev-neuro-090919-022842.

3. Karakas S. A review of theta oscillation and its functional correlates. International journal of psychophysiology. 2020;157:82-99. DOI:
10.1016/j.ijpsycho.2020.04.008.

4. Zhou YJ, Ramchandran A, Haegens S. Alpha oscillations protect working memory against distracters in a modality-specific way.
Neurolmage. 2023;278:120290. DOI: 10.1016/j.neuroimage.2023.120290.

5. Ichim AM, Barzan H, Moca VV, Nagy-Dabacan A, Ciuparu A, Hapca A, et al. The gamma rhythm as a guardian of brain health. Elife.
2024;13:e100238. DOI: 10.7554/eLife.100238.

6. Lisman J. Glutamatergic synapses are structurally and biochemically complex because of multiple plasticity processes: long-term
potentiation, long-term depression, short-term potentiation and scaling. Philosophical transactions of the Royal Society of London. Series
B, Biological sciences. 2017;372(1715):20160260. DOI: 10.1098/rstb.2016.0260.

7. Klein MO, Battagello DS, Cardoso AR, Hauser DN, Bittencourt JC, Correa RG. Dopamine: Functions, Signaling, and Association with
Neurological Diseases. Cellular and molecular neurobiology. 2019;39(1):31-59. DOI: 10.1007/s10571-018-0632-3.

8. Wang Y, Huynh AT, Bao S, Buchanan JJ, Wright DL, Lei Y. Memory consolidation of sequence learning and dynamic adaptation during
wakefulness. Cerebral Cortex. 2024;34(2):bhad507. DOI: 10.1093/cercor/ bhad507.

9. Cona G, Chiossi F, Di Tomasso S, Pellegrino G, Piccione F, Bisiacchi P, et al. Theta and alpha oscillations as signatures of internal

and external attention to delayed intentions: A magnetoencephalography (MEG) study. Neuroimage. 2020;205:116295. DOI: 10.1016/.
neuroimage.2019.116295.

10.Borghini G, Candini M, Filannino C, Hussain M, Walsh V, Romei V, et al. Alpha Oscillations Are Causally Linked to Inhibitory Abilities in
Ageing. J Neurosci. 2018;38(18):4418-4429. DOI: 12.1523/JNEUROSCI.1285-17. 2018.

11. Debanne D, Inglebert Y. Spike timing-dependent plasticity and memory. Current opinion in neurobiology. 2023;80:102707. DOI: 10.1016/j.
conb. 2023.102707.

12.84anchez-Rodriguez |, Temprano-Carazo S, Jeremic D, Delgado-Garcia JM, Gruart A, Navarro-Lépez JD, et al. Recognition Memory
Induces Natural LTP-like Hippocampal Synaptic Excitation and Inhibition. International journal of molecular sciences. 2022;23(18):10806.
DOI: 10.3390/ijms 231810806.

13. Griffiths BJ, Jensen O. Gamma oscillations and episodic memory. Trends in neurosciences. 2023;46(10):832-846. DOI: 10.1016/j.
tins.2023.07.003.

14.Xu X, Zhao H, Song Y, Cai H, Zhao W, Tang J, et al. Molecular mechanisms underlying the neural correlates of working memory. BMC
Biology. 2024;22(1):238. DOI: 10.1186/s12915-024-02039-0.

15.8usin E, Destexhe A. Integration, coincidence detection and resonance in networks of spiking neurons expressing Gamma oscillations and
asynchronous states. PLOS Computational Biology. 2021;17(9):e1009416. DOI: 10.1371/journal.pcbi.1009416.

16.Lima KR, da Rosa ACS, Picua SS, E Silva SS, Soares NM, Mello-Carpes PB. Novelty promotes recognition memory persistence by D1
dopamine receptor and protein kinase A signalling in rat hippocampus. The European journal of neuroscience. 2022;55(1):78-90. DOI:
10.1111/ejn.15568.

17.8arno S, Beirdn M, Falcé-Roget J, Diaz-deLeon G, Rossi-Pool R, Romo R, et al. Dopamine firing plays a dual role in coding reward
prediction errors and signaling motivation in a working memory task. Proceedings of the National Academy of Sciences of the United
States of America. 2022;119(2):e2113311119. DOI: 10.1073/pnas.2113311119.

18.Pastor V, Medina JH. a7 nicotinic acetylcholine receptor in memory processing. The European journal of neuroscience. 2024;59(9):2138-
2154. DOI: 10.1111/ejn.15913.

19.Schwabe L, Hermans EJ, Joéls M, Roozendaal B. Mechanisms of memory under stress. Neuron. 2022;110(9):1450-1467. DOI: 10.1016/].
neuron. 2022.02.020.

20. Thompson TW, Waskom ML, Gabrieli JD. Intensive Working Memory Training Produces Functional Changes in Large-scale Frontoparietal
Networks. Journal of cognitive neuroscience. 2016;28(4):575-588. DOI: 10.1162/jocn_a_00916.

21.Abubaker M, Al Qasem W, Pilatova K, Jezdik P, Kvasnak E. Theta-gamma-coupling as predictor of working memory performance in young
and elderly healthy people. Molecular brain. 2024;17(1):74. DOI: 10.1186/s13041-024-01149-8.

22.Liu X, Jones PS, Pasternak M, Masellis M, Bouzigues A, Russell LL, et al. Frontoparietal network integrity supports cognitive function
in pre-symptomatic frontotemporal dementia: Multimodal analysis of brain function, structure, and perfusion. Alzheimer’s & Dementia.
2024;20(12):8576-8594. DOI: 10.1002/alz.14299.

23.Zheng S, Zhang Y, Huang K, Zhuang J, LU J, Liu Y. Temporal Interference Stimulation Boosts Working Memory Performance in the
Frontoparietal Network. Human brain mapping. 2025;46(3):e70160. DOI: 10.1002/hbm. 70160.

24.Galgani A, Bartolini E, D’Amora M, Faraguna U, Giorgi FS. The Central Noradrenergic System in Neurodevelopmental Disorders: Merging
Experimental and Clinical Evidence. International journal of molecular sciences. 2023;24(6):5805. DOI: 10.3390/ijms24065805.

25.Zhou J, Li J, Zhao Q, Ou P, Zhao W. Working memory deficits in children with schizophrenia and its mechanism, susceptibility genes, and
improvement: A literature review. Frontiers in Psychiatry. 2022;13:899344. DOI: 10.3389/fpsyt.2022.899344.

HEMPO®I310/10TIYHI OCHOBWU POBOYOI MAM’AITI: HEAPOHHI KOJIMBAHHA TA CUHANTUYHA MNNACTUY-
HICTb

TkaueHkKo C. C., PoauHcbkuii O. I., ApTioxoBa 3. A.

Pestome. MeToto 6yB aHani3 HelpodizionoriyHMx ocHOB poboYoi Nam’ATi 3 aKLEHTOM Ha B3aEMOZ,ii HEMPOHHMUX
OCUMAALM Ta CMHANTUYHOT NAACTUYHOCTI.

MpoaHanizoBaHO cyyacHi AyKepena Ta AOCAIAMKEHHS, AKi BUBYAIOTb HEMpPO®i3ioNnoriyHi MmexaHismu GyHKLIOHY-
BaHHA poboYOi Nam’saTi, 30Kpema posib HEMPOHHMX OCLMAALIN Pi3HMX YacToT (TeTa, anbda, ramma, 6eTta), cMHanTUY-
HOT NNaCTUYHOCTI Ta iX B3aemogii y npedpoHTaNbHil Kopi, rinokamni Ta Tim’aHii Kopi.

BctaHoBNEHO, Wwo poboya nam’aTb GYHKLIOHYE Yepe3 B3aEMOAi0 HEMPOHHUX OCLMAALIN Ta CUHANTUYHOI Naac-
TUYHOCTI B PO3MNOAINEHUX MepeXkax MO3Ky. TeTa-ocumunauii (4-8 Iy) 3abe3neyyoTb CUHXPOHI3aLLIK0 MiXK FimoKammnom
i NnpedpoHTaIbHOK KOPOIO MNif Yac KogyBaHHA iHpopmau,ii. Anbda-ocumnauii (8-12 ly) 4itoTb AK iHri6iTopHi dinbTpHy,
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ONOKYOUM HagXOOKEHHA HepeneBaHTHOT iHpopmauii. lamma-puTtmu (30-100 ) 3a6e3nedytoTb TOYHICTb HEMPOHHOT
AKTMBHOCTI Ta 3B’A3yBaHHA Pi3HMX efemeHTiB nam’aTi. loBeAeHo, WO MiXKYaCTOTHIi B3aEMogii, ocob11BO TeTa-ram-
Ma 3B’A3yBaHHA, 6e3nocepeaHbo BM/IMBAOTb HA EMHICTb poboyoi nam’aTi. Ha KAiTMHHOMY piBHI poboya nam’aTb
3a/1eXKMTb Bif, KOPOTKOCTPOKOBOI CMHANTUYHOI NAACTUYHOCTI, Wo BKAtoYae NMDA-3anexHe NocuneHHA CUMHanCcIs,
WwBKnaKe GopMyBaHHA AEHAPUTHUX WUMNUKIB Ta HEMpoMOAyAsLito yepe3 AodamiH, aUeTUAXONIH | HopaapeHaniH.
BusaBneHoO ABOHANPaBAEHWUI 3B’A30K MiXK OCUMANALLISMM Ta NAACTUYHICTIO: OCLMIATOPHI NaTepHU CTBOPIOKOTb ONTHU-
Ma/IbHi YMOBW N5 CUHANTUYHUX MOANPIKaLLiK, @ 3MiHW B CUHANTMYHI CUAi BNIMBAKOTb Ha OCUUASATOPHI BACTMBOCTI
HENPOHHUX Mepe. TpeHyBaHHA poboyoi Nnam’aTi Bege A0 NapanenbHUX 3MiH Y TeTa-raMma 3B’A3yBaHHi Ta CTPYK-
TYPHIl1 3B’A3HOCTI Mepex, WO CBiAYNTb MPO CUHXPOHHWUI PO3BUTOK OCLMAATOPHUX i CUHANTUYHUX BAACTUBOCTEN.

Poboya nam’atb 6a3yeTbcA Ha CKAAAHIN B3aEMOAIT HEMPOHHUX OCUMAALLIMA Ta MEXaHi3MiB CMHaNTMYHOI naac-
TUYHOCTI, AKi pasom 3abe3nevyoTb TMUMYacoBe 36epiraHHs Ta 06po6bKy iHbopMaLii. NMopyleHHA KoopauHau,ii oc-
LMNATOPHOI aKTUBHOCTI Ta CMHANTMYHOI NAACTUYHOCTI CMOCTEPIraeTbCA NPU Pi3HUX HEMPOMCUXIaTPUYHMX CTaHaxX 3
aediumMtom poboyoi Nnam’sTi, WO BiAKPUBAE HOBI NEPCNEKTUBM A/ PO3POOKM LiNecnpaMOBaHUX TePaneBTUYHUX
niaxoais.

Kno4oBi cnioBa: KOTHITUBHI NpoLecH; HEeMPOHHA aKTUBHICTb; AeHAPUTHI LUMMUKK; TETA-PUTM; FAMMa-pPUTM.

NEUROPHYSIOLOGICAL BASIS OF WORKING MEMORY: NEURAL OSCILLATIONS AND SYNAPTIC PLASTICITY

Tkachenko S. S., Rodynskyi O. H., Artiukhova Z. A.

Abstract. The aim was to analyze the neurophysiological foundations of working memory with an emphasis on
the interaction between neural oscillations and synaptic plasticity.

Contemporary sources and studies examining the neurophysiological mechanisms underlying working memory
functioning were analyzed, with particular emphasis on the role of neural oscillations of different frequencies (theta,
alpha, gamma, and beta), synaptic plasticity, and their interactions within the prefrontal cortex, hippocampus, and
parietal cortex.

It has been established that working memory functions through the interaction of neural oscillations and synaptic
plasticity in distributed brain networks. Theta oscillations (4-8 Hz) provide synchronization between the hippocampus
and prefrontal cortex during information encoding. Alpha oscillations (8-12 Hz) act as inhibitory filters, blocking
irrelevant information. Gamma rhythms (30-100 Hz) ensure precision of neural activity and binding of different
memory elements. Cross-frequency interactions, especially theta-gamma coupling, have been found to directly
affect working memory capacity. At the cellular level, working memory depends on short-term synaptic plasticity,
including NMDA-dependent synaptic enhancement, rapid dendritic spine formation, and neuromodulation through
dopamine, acetylcholine, and noradrenaline. A bidirectional relationship between oscillations and plasticity has
been identified: oscillatory patterns create optimal conditions for synaptic modifications, while changes in synaptic
strength influence the oscillatory properties of neural networks. Working memory training leads to parallel changes
in theta-gamma coupling and structural network connectivity, indicating synchronized development of oscillatory
and synaptic properties.

Working memory is based on a complex interaction between neural oscillations and synaptic plasticity
mechanisms, which together provide temporary storage and processing of information. Disruption of coordination
between oscillatory activity and synaptic plasticity is observed in various neuropsychiatric conditions with working
memory deficits, opening new perspectives for developing targeted therapeutic approaches.

Key words: cognitive processes, neural activity, dendritic spines, theta rhythm, gamma rhythm.
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