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PE3IOME

Betyn. lNpoTAroMm TpuBanoro yacy KniHidHa HelpoHayka okycyBanachk NepeBaKHO
Ha TAXKWMX hopmax ankoronkHoi eHuedanonarii, AKi CyNpPOBOLKYOTECA BUPAKEHOH
3aANEXHICTI) Ta MaKpOCKONIYHMMKU 3MiHamMu MO3Ky. [poTe ocTaHHI MiXOWCUMNNIHapHI
OOCNIKEHHA AEMOHCTPYHOThL, L0 HaBITh PErynspHe MOMIPHE BHMBAHHA arKoromo,
He CYNpPOBOXYBaHE O3HAKaMW 3aneHOCTI, 3aaTHe HIUIlBaTh XPOHIYHI MopdodyHE-
LIOHANLHI 3MIHW B KOPTUKaINBHUX CTPYKTYpax Mo3ky. Lle no3sonae iaeHTUdIKYBaTH Ho-
BWUIA (DEHOTHN — CUHAPOM NPUXoBaHOT HeMpoToKkcudHOCTI (CIMH), Wo xapakTepuayeTscA
CYBKMIHIMHUMK HERPONCUXONOMNYHUMK 3PYLLEHHAMMK, HEeMpo3ananeHHAM, NOpPYLUIEHHAM
HEWpPONNACTUYHOCTI Ta AMCAYHKUIE HEAPOrNIOKaninApHOI B3aemoail.

MeTa poGOTHU — BUMBYEHHA KIIHIKO-(DYHKLOHANBHWX, HEMPONCUXOMNOTNYHUX Ta Makpo-
MopdodisionoriYHKX NPOoABIB NATEHTHOI KOPTUKanbHOI HelpoaereHepauii B coliansHo
afanToBaHUX MNauieHTIB 3 perynapHUM MOMIPHUM CMNOXWBaHHAM ankoront Oes aiar-
HO3Y ankoronbHOI 3anexHocTi, a Tako¥ o00rpyHTyeBaHHAa CIH Ak okpemoro nigruny
XPOHIYHOT ankorone-iHAyKoBaHoi eHuedanonartii.

Martepianu Ta Mmetogu. Byno npoBedeHO AKICHE MiXOWCUMNNIHAPHE AOOCNILHKEHHA
3 BMKOPWCTAHHAM MUWOMHHMX HanIBCTPYKTYpOBaHWX IHTepe'lo (n=24, 3 awx 20 Big-
NoBiganu KpUTepiaM BKMHOYEHHA), HEMPONCUXONOMYHMX CKPWHIHMB (MMSE), a Takox
CUCTEMATWMYHOIO OrMAAY HayKoBux axepen y basax PubMed, Scopus, Web of Science
3a Kno4oBuMK 3anuTamu. Ocobnuea yeara npuainAnacs (OeHOMeHY KOMMNEHCATOPHOMO
BHMBAHHA ANKOronw, HaaBHOCTI CYBKMIHIYHMX cKapr Ta (opMyBaHHK AankoronsHo-
MO/YNLOBAHOT MOBEAIHKM.

Pesynsrati. Y 40% nauieHTIB BUABNEHO O3HAKW KOTHITMBHWX 3MIH (3HMKEHHA BWKO-
HaBumx (bYHKUIA, KOoHUeHTpauii, yearun), y 30% — eMoUiAHO-MOTUBaUIAHI NOPYLUEHHA,
a y 25% — npocTopoBo-BisyansHi gediunti. byno onucaHo HerponatodizionoriyHi
MexaHiamu CIMH: 3HMeHHA pieHA BDNF, NpUrHiYeHHA CWMHANTWYHOI NMacTUYHOCTI,
akTuBaUiA MiKpornii, aucdyHKUIA rmiokaninApHoro BGap’epa, Mikpoatpodia B npe-
(bpoHTanLHIM Kopi Ta rinokammni. 3anponoHOBaHO MOeTanHy Mofens po3suTry CITH
(NpogpomantsHa, nateHTHa, cyOKNiHIYHa, NnormubneHa NaTeHTHICTL). 3a pesynsTataMmm
TPaHCAWCUMNNIHAPHOIO aHanisy NiATBEPLKEHO, WO HAaBiTb Mano[do30BE perynsapHe
BHMBAHHA ANKOTonNK MOXe BUKNWKAaTW CTIMKI HeWpomopdonoriyHi 3MmiHKM 3a BIiOCyT-
HOCTI KNIHIYHOI 3ane#HoCTI.

BucHoBKM. CHMHOPOM MPUXOBAHOT HEWPOTOKCUYHOCTI € HOBWMM MNIATWUNOM ankorons-
iHOyKOBaHOT eHuedanonarii, AKWIA XapaKTepu3yeTLCA NPUXOBAHKUM, are Nporpecy4nm
ypa#eHHAM HeApOHanbHO-MMiansHUX CTPYKTYP. BiH He NiAOaeTbCA BWABMNEHHK CTaH-
OapTHUMW  [iarHOCTUMHUMKM  IHCTDYMEHTaMW, OfHaK CTaHOBWTbL CEPWMO3HY 3arposy
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ABSTRACT

Background. For a long time, clinical neuroscience has primarily focused on severe
forms of alcohol-related encephalopathy, which are typically associated with pronoun-
ced dependency and macroscopic brain changes. However, recent interdisciplinary
studies demonstrate that even regular moderate alcohol consumption without
signs of dependence can initiate chronic morphofunctional changes in cortical brain
structures. This has led to the identification of a new phenotype: Silent Neurotoxicity
Syndrome (SNS), characterized by subclinical neuropsychological shifts, neuroinflam-
mation, impaired neuroplasticity, and dysfunction in neuro-glio-capillary interaction.
Purpose — of this study is to examine the clinical-functional, neuropsychological,
and macromorphophysiological manifestations of latent cortical neurodegeneration
in socially adapted patients with regular moderate alcohol consumption and no diag-
nosis of alcohol dependence, as well as to substantiate SNS as a distinct subtype
of chronic alcohol-induced encephalopathy.

Materials and Methods. A qualitative interdisciplinary study was conducted using
in-depth semi-structured interviews (n=24, of which 20 met inclusion criteria), neuro-
psychological screenings (MMSE), and a systematic literature review across PubMed,
Scopus, and Web of Science databases using relevant keywords. Special attention
was paid to the phenomenon of compensatory alcohol use, the presence of subclinical
complaints, and the formation of alcohol-modulated behavior.

Results. Cognitive changes (such as reduced executive functioning, concentration,
and attention) were found in 40% of participants, emotional-motivational disturbances
in 30%, and visuospatial deficits in 25%. Neurophysiological mechanisms of SNS
were described, including decreased BDNF levels, inhibition of synaptic plasticity,
microglial activation, glio-capillary barrier dysfunction, and microatrophy in the
prefrontal cortex and hippocampus. A staged model of SNS development was pro-
posed: prodromal, latent, subclinical, and advanced latent stages. Transdisciplinary
analysis confirmed that even low-dose regular alcohol consumption can lead to
persistent neuromorphological changes in the absence of clinical dependence.
Conclusions. Silent Neurotoxicity Syndrome is a newly identified subtype of alcohol-
induced encephalopathy, marked by hidden but progressive damage to neuronal-
glial structures. It evades detection by standard diagnostic tools yet poses a signi-
ficant threat to cognitive reserve and emotional regulation. The clinical implementation
of SNS requires an update in the assessment of «safe» alcohol consumption, the
inclusion of neuroplasticity screenings, and the development of early preventive
strategies at preclinical stages.

Bondarenko YaD, Kauk OIl. Latent Cortical Neurodegeneration in Moderate Alcohol Use: Silent Neurotoxicity
Syndrome as a New Subtype of Chronic Alcohol-Induced Encephalopathy Without Clinical Dependence. Psychiatry,
Neurology and Medical Psychology. 2025;12(3(29)):281-303. DOI: https://doi.org/10.26565/2312-5675-2025-29-01

BCTYN

INTRODUCTION

Y KNiHiYHIA HelpoHayli TpaaWuiiHO OCHOBHa yBara
30cepemKyBanaca Ha TSKKMX OpMax ankoronbHol
eHuedanonatii, U0 BWHWKAKTL Y KOHTEKCTi XpPOHI4HOT
3anNeKHOCTI, BUP&KEHWX KOTHITMBHMX po3nafie Ta Makpo-
ckoniyHoi atpodii mo3ky [1]. OgHak 3pocTtae obcar mik-
OWCUMNNiHAPHWX OO0CNifKeHb, K CBioYaTb, WO HaBiTbh
perynsipHe NOMipHe BXMBAHHS €TAHOMNY MOXE BUKMUKATH
NOCTYNOBi, ane cTiki MopdodyHKUIOHANbHI  3MiHW
B KOPTUKamNbHUX CTPYKTYpax MO3Ky, He CyNpPOBOLKYHHMCH
KNiHIYHOW KapTuHOw 3anexHocTi [2]. CyyacHi metogm

In clinical neuroscience, the main focus has traditio-
nally been on severe forms of alcoholic encephalopathy
that arise in the context of chronic dependence, pro-
nounced cognitive disorders, and macroscopic brain
atrophy [1]. However, a growing body of interdisciplinary
research indicates that even regular moderate ethanol
consumption can cause gradual but persistent morpho-
functional changes in the cortical structures of the brain,
without being accompanied by a clinical picture of
dependence [2]. Modern methods of functional neuro-
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dyHKUioHanbHOT Helposisyanizauii (fMRI, PET) euae-
NAKTL 3HWHKEHHA MeTaboniyHo! aKTUMBHOCTI B AiNAHKax
npedpoHTanNLHOT KOpW, NOSACHOT 3BUBWMHM, IHCYIW Ta rino-
Kamna B ocib 6e3 giarHo3y ankoroniamy, fiKi CNoXMBaTb
arnkoronb Ha perynspHiin OCHOBI y coUianbHO NPUAHATHUX
nosax (Hanpuknag, 1-2 nopuii Ha aeHb abo Kinbka pasiB
Ha TwxaeHb) [3]. Lle possonse cdopmyBaryu yaBIeHHA
Npo CWHOPOM MpWXOBaHOI HeWpoTokcuyHocTi  (CMH)
SIK OKpEMWIA MiATWUIN XPOHIYHOT aNKoronb-iHAYKOBAHOT eHLie-
dpanonarii, wo mae HU3Ky cneundivyHux Herpobionoriv-
HWX, MOPOYHKLIOHANBHUX Ta NOBEAIHKOBUX O3HAK.
CIMNH xapakTepu3yeTbCa XPOHIYHMM HW3bKOPIBHEBUM
Helipo3ananeHHaM, aKTUBaLlield MIKpOmMil, HaaMipHO

rMyTaMaTepriyHo CTUMYMSILED, 3HWKEHHSIM eKcrnpecii

HelpoTpodivHoro daktopa mo3ky (BDNF) T1a nporpe-
CYIOHOK [OEeCTPYKUIEH CUHANTUYHWX KOHTaKTIB y 30HaX,
BiANOBIAANbHWUX 3@ EMOUIAHWIA KOHTPOMb, MOTUBALLIO
Ta iHTpocnekuito [3-5]. [HodamiHeprivHa cucTema
BEHTpanbHOl TerMeHTanbHOI AiNAHKK BTpa4ae rHyYKIiCTb,
wo cnpusie OPMYBaHHIO PWUTYanbHOIO NaTepHy BW-
BaHHA ankoronio fk 3acoby BiOHOBNEHHA romeocTasy,
3HWKeHHA cTpecy abo couianbHoro npuiHaTTS [6].
Llel craH He CynpoBOOKYETbCH KIACWM4HOW abCcTuHeH-
LiE0 YW 3aneXHIiCTIo, ane MocTYnoBO 3MiHIOE NOBEMdiH-
KOBY apXiTekTypy ocobuctocTi. Y KniHiKo-noBeniHKOBOMY
acnekTi cnocTepiraeTbesl AedopmMalis emoUiHol pery-
NAUT: 3HWKYETbCA 30aTHICTb [0 ABTOHOMHOIMO NoJo-
NaHHA CTpecy, a ankoronb MOCTYNOBO CTae OCHOBHWM
IHCTDYMEHTOM  3HWKEHHS]  EMOLIAHOIO  Hanpy:KeHHs.
OcobucTicTb IHKOpNOpYE BXMBAHHA anKOron y BracHy
CaAMOIAeHTUYHICTb, He $fK NaTonorilo, a 9K enemeHT
NMOBCAKAEHHOCTI — HanpuKnag, Kenux BuHA Micns po-
B6otu abo nvBo A0 Bedepi abo TiNbKM TOMY LIO NPOXO-
nogHo [7, 8]. dopmyeTbcs NPUXOBaHWA XpOHOTWN —
ankoronbHO-MOAYNbOBaHa MNoBefiHKOBa CTPYKTYpa, Lo
3aNneXUTb Bifl HAsABHOCTI ankorofbHOro Tpurepa AOnsi
peanisaujii emouiiHoi po3paakm [7-9]. Llei natepH cynpo-
BOPKYETbCH HeWpobIOXiMiYHUMKM  3MiHAMW B cUCTemax
cepotoHiny, FTAMK Ta podaminy, fki He gocaraloTb piBHA
KNiHIYHOT BWPaMKEHOCTI, ane 3HWKYHTb MOTUBALRHY
aBTOHOMHICTb Ta eMoUiiiHy cTabinbHicTs [10, 11].
Ocobnvey yBary BapTo NpWOINWTK Herporniokani-
NAPHIA B3aeMOAil AK KIMHYOBOMY MEXaHi3My NaTeHTHOro
ankoronb-iHOYKOBAHOMO  HelpofereHepaTMBHOIO  Mpo-
uecy. HeiporniokaninapHa oaMHuUg — (QyHKUOHAINbHWIA
KOMMIeKc, wo ob6'eaHye HeWpoHW, MmianbHi  KNiTUHA
(ocobnmMeo acTpouwTu W MIKpOmMilo) Ta eHaoTenianbHi
KNITUHW CYWH MO3KY — BUSIBNSIETBCA BPa3NUBOI0 0 XpO-
HIYHOTO BMAMBY €TAHOIY HaBiTb Yy HW3bKMX Ao3ax [12].
PerynapHe BXWMBaHHA amnkorono CNpuse MIKPOMOLUKOI-
EHHIO eHI0TeNilo Kaninapie, NopylweHHIO reMatoeHLe-
daniyHoro 6ap’'epy (FEB), akTuBauii acTpouuTapHoi peak-
TWBHOCTI Ta MIOTOKCMYHOIO OKCWAATWMBHOMO cTpecy [13].
Lle, y cBow yepry, nopyllye HeAPOCYOWHHY perynsito,
3HWKYE [JOCTABKYy KUCHIO | MeTaboniTiB 10 KIpKOBUX Heit-
POHIB Ta cnpw4nHAE eHeproaediUUTHI CTaHwu, SKi 3anyc-
KaloTb Kacka[ naTeHTHOT HerpoaereHepadii [14, 13].
Haykoea uiHHicTb BMBYeHHs CIMH nongrae y BusB-
TIeHHI paHHIX HEeMpPONCUXONOMNYHNX Ta HelpobioXimMidHWX
MapkepiB CyOKMiHIYHOMO ypaskeHHA LWle [0 MosBK
BMpaKEHUX KOTHITMBHMX abo adyekTMBHUX posnagis.
OcobnvMBo Ue akTyanbHO Yy MAaUieHTIB 3 HOPMAaITbHUMMK
pesynbratammn MMSE, MoCA uu Basoeux ncuxomet-
PUYHUX TecCTiB, ane 3 HasABHICTIO TAaKUX CUMMNTOMIB SK
eMolifiHa rinonabinbHicTb,

iHILIAaTMBHOCTI, pWTyani3oBaHe BXWBAHHA aANKOromo,

3HWHKEHHA MOTMBALMHOT

imaging (fMRI, PET) reveal reduced metabolic activity
in the prefrontal cortex, cingulate gyrus, insula, and
hippocampus in individuals without a diagnosis of alco-
holism who consume alcohol regularly in socially accep-
table amounts (e.g., 1-2 servings per day or several
times per week) [3]. This allows for the conceptualization
of Silent Neurotoxicity Syndrome (SNS) as a distinct
subtype of chronic alcohol-induced encephalopathy,
which has a range of specific neurobiological, morpho-
functional, and behavioral features.

SNS is characterized by chronic low-level neuro-
inflammation, microglial activation, excessive glutama-
tergic stimulation, reduced expression of brain-derived
neurotrophic factor (BDNF), and progressive destruction
of synaptic contacts in areas responsible for emotional
control, motivation, and introspection [3-5]. The dopami-
nergic system of the ventral tegmental area loses its
flexibility, which contributes to the formation of a ritualistic
pattern of alcohol consumption as a means of restoring
homeostasis, reducing stress, or achieving social accep-
tance [6]. This condition is not accompanied by classical
withdrawal or dependence but gradually alters the
behavioral architecture of the personality. In clinical-
behavioral terms, deformation of emotional regulation is
observed: the ability to autonomously cope with stress
decreases, and alcohol gradually becomes the main tool
for relieving emotional tension [7]. The individual incor-
porates alcohol use into their self-identity not as a patho-
logy but as a part of everyday life — for example, a glass
of wine after work or beer with dinner or just because
its chilly [7, 8]. A hidden chronotype is formed —
an alcohol-modulated behavioral structure dependent
on the presence of an alcohol trigger to achieve emo-
tional discharge [7-9]. This pattern is accompanied
by neurobiochemical changes in the serotonin, GABA,
and dopamine systems, which do not reach clinical
significance but reduce motivational autonomy and
emotional stability [10, 11].

Special attention should be given to the neuro-
glio-capillary interaction as a key mechanism of the
latent alcohol-induced neurodegenerative process.
The neuro-glio-capillary unit — a functional complex
combining neurons, glial cells (especially astrocytes and
microglia), and endothelial cells of brain vessels —
is found to be vulnerable to chronic ethanol exposure
even in low doses [12]. Regular alcohol consumption
contributes to microdamage of capillary endothelium,
disruption of the blood-brain barrier, activation of
astrocytic reactivity, and gliotoxic oxidative stress [13].
This, in turn, disrupts neurovascular regulation, reduces
the delivery of oxygen and metabolites to cortical
neurons, and causes energy-deficient states that trigger
a cascade of latent neurodegeneration [14, 15].

The scientific value of studying SNS lies in the iden-
tification of early neuropsychological and neurobio-
chemical markers of subclinical damage before the
appearance of pronounced cognitive or affective disor-
ders. This is especially relevant in patients with normal
MMSE, MoCA, or basic psychometric test results but
who exhibit symptoms such as emotional hypolability,
reduced motivational initiative, ritualized alcohol con-
sumption, sleep disturbances, or an increased need for
«relaxation» at the end of the day. Current clinical
protocols do not include methods for detecting such
changes, which makes timely application of neuropro-
tective and preventive strategies impossible [16, 17].
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nopylieHHs cHy abo 3pocTaHHa noTpebu y «poscnab-
nNeHHi» HanpukiHui aHA. Cy4acHi KMiHiYHI NpOTOKONM
He BKMKYalOTb METOAIB ONA BWSIBMEHHS TaKuX 3MiH,
IO YHEeMOKMMBIIOE CBOEYACHE 3acTOCYBaHHA HeWpo-
NPOTEKTOPHMWX | NpeBeHTWBHWX cTpaTerin [16, 17].

3 coujanbHo-MeaW4HOT TOYKKM 30py 0cobnuBY 3arposy
cTaHoeuTb Te, wo CIH dopmyeTbea y npauesnatHoro
HacerneHHA cepefHbOro BiKy 3i 30epeKeHUM IHTeNeKToMm,
aJanTMBHICTIO Ta 4acTO BMCOKUM COLianbHUM cTaTy-

com [18]. Le 3Ha4yHO ycKnapHIOE BUSBMEHHA natonori

AK ana camoi ocobu, Tak i Ang KniHiumcTie. MNowmpeHHa
CMNH moxe maTtn 3Ha4YHi JOBrOCTPOKOBI HacnigkW: nig-
BULLIEHHS PU3UKY PO3BWUTKY [AEMNPECUMBHUX Ta TPUBOXHUX
po3nafie, 3HWKEHHA CTPECOCTIAKOCTI, NOCTYNoBe epo3sy-
BaHHS ABTOHOMHOI 0cOOUCTICHOT MOTWUBALT, NoTipLIeHHA
HEApONNacTUYHOCTI KOPU TOMOBHOMO MO3KY Ta BWUCHa-
YKEeHHS KorHiTMBHOro pesepiy [1-20].

MeTa poBOTM — BMBYMTM KNiHIKO-(DYHKLiOHANbBHI,
HeponcKMxonoriyHi Ta makpomopdodisionoriyHi nposeu
NaTeHTHOT KOpTWMKanbHOI HeWpoaereHepadlii y nauieHTiB
i3 perynapHMM MNOMIpHUM BXWBaHHAM ankoronio 6e3
03HaK KMNiHIYHOT 3aneXHOoCTI; JOCNiANTU B3aEMO3B'A30K
3MIH Yy HEeWponnacTMYHOCTI, EeMOLIAHO-MOTUBALLIAHIA
cdepi Ta HelporniokaninsapHii B3aemopil; obrpyHTyBatn
CUMHAPOM NPUXOBAHOT HEIMPOTOKCUHHOCTI K HOBWIA NiATUN
ankoronb-iHAyKoBaHol eHuedanonartii Ha OCHOBI AaHWX
ONWTYBaHHS Ta KMNiHIYHOMO aHani3y HayKoBOT MiTepaTypu.

MATEPIAAU TA METOAU AOCAIAXEHHA

Hocnigxenna dpeHomeHy CIMH — nateHTHOro Hemlpo-
TOKCUYHOTO CTaHy, aCOLMOBAHOTO 3 MOMIPHWUM, COLiansHo
NPUAHATHUM  BXMBAHHAM  ankoronto 06e3  KniHiYHWX
03HaK 3anekHOCTi, 3fiiicHioBanocsa y dopmMarti sKiCHOro
MIKOWCLUMNMIHAPHOIO aHarni3y 3 aKUEeHTOM Ha KOTHITUBHO-
NMOBE/IHKOBI MaTepHU Ta HEWPOMNCUXOMOTivHI MapKepu
cyOkniHi4HOT HelpopereHepauii. LleHTpanbHolo rinote-
3010 CTano MPWUNYLEHHA MNpPO iCHYBaHHA NPUXOBaHOIO
nigTuny ankoronb-iHAYKOBaHOT eHuedpanonarii, AKkuii
He CYNPOBOLKYETHCH KMNACWMHHOK aAWKTUBHOK CUMITTO-
MAaTUKOK, ane XapakTepu3yeTbCsi CTIRKUMW  3MiHaMK
Yy (PYHKUIOHYBaHHI  KOpPTUKANbHWX CTPYKTYP MO3KY,
30Kpema npedpOHTanbHOI KOpW, IHCYnW, Trinokamna
Ta NOACHOT 3BUBUHW.

Y wMexax emnipudHoi yYacTuHu Oyno npoBedeHo
24 HaniBCTPYKTYPOBAHWX MWOWHHUX iHTEpB'l0 3 mauieH-
TaMmu TepaneBTUYHONO BigOiNeHHA OfpHiel 3  KMIHIK
y Himewunni. B xoai pocnimpxkeHHs 6yno BM3HauveHo,
Lo 4 pecnoHOeHTU He BiANOBIAaoTb YMOBaM BKITHOYEHHS
i Bynv Hapani BUKMoYeHHI 3 nocnigxeHHs. OcTaTouHy BU-
Bipky cchopmysanm 20 nauieHTie Bikom Big 28 go 68 po-
KiB. Yci y4acHukn Oynu couianbHO afanToBaHUMK, Manu
cTabinbHWiA  piBeHb (PYHKUIOHYBaHHA B OCODMCTICHIN
Ta npodeciiHin cdepax Ta He Manu BCTAHOBIEHOTO
[iarHo3y ankoronbHOT 3aneXHOCTi BiANOBIAHO OO0 Kpu-
Tepiie ICD-10. IHTepB'l0c mpoBoaMnucH iHAMBIQYyanbHO,
Yy HeATpanbHOMY cepedoBuLLi, 3 JOTPUMAHHAM ETUHHWX
npyvHUMNIB  AOOpOBINBHOCTI, @HOHIMHOCTI Ta MCUXONOo-
rivHoi Oesnekwn. 3roga Ha y4YacTb HafaBanacs YCHO.
Mig y4ac iHTepB'l0 yBara 30cepemKyBanaca He nuile
Ha YacTOTi Ta [03yBaHHI BXUBAHHA arkorono, a W Ha
roro cyB'eKTMUBHOMY 3Ha4YeHHI ANg pecnoHaeHTa, ocob-
NWBOCTSX iHTErpauii ankoronw y MNOBCAKOEHHE XUTTH,
MexaHi3Max MCUXOMNoriYyHol KOMMeHcalil, a TaKoK Haas-
HOCTi CUMMTOMIB, 5IKi MOXKYTb BKa3yBaTW Ha HEMpOMNCHUXO-

From a socio-medical perspective, the particular
danger is that SNS develops in the working-age popu-
lation with preserved intellect, adaptability, and often
high social status [18]. This significantly complicates
the detection of pathology both for the individual and for
clinicians. The spread of SNS may have significant
long-term consequences: increased risk of developing
depressive and anxiety disorders, reduced stress
resilience, gradual erosion of autonomous personal
motivation, impaired cortical neuroplasticity, and depletion
of cognitive reserve [1-20].

Purpose - to study the clinical-functional, neuro-
psychological, and macromorphophysiological manifes-
tations of latent cortical neurodegeneration in patients
with regular moderate alcohol consumption without signs
of clinical dependence; to investigate the relationship
between changes in neuroplasticity, the emotional-moti-
vational sphere, and neuro-glio-capillary interaction; and
to substantiate Silent Neurotoxicity Syndrome (SNS) as
a new subtype of alcohol-induced encephalopathy based
on survey data and clinical analysis of scientific literature.

MATERIALS AND METHODS

The study of the phenomenon of Silent Neurotoxi-
city Syndrome (SNS) — a latent neurotoxic condition
associated with moderate, socially acceptable alcohol
consumption without clinical signs of dependence —
was conducted in the format of a qualitative interdis-
ciplinary analysis focusing on cognitive-behavioral
patterns and neuropsychological markers of subclinical
neurodegeneration. The central hypothesis was the
assumption of the existence of a hidden subtype of
alcohol-induced encephalopathy, which is not accom-
panied by classical addictive symptoms but is charac-
terized by persistent changes in the functioning of
cortical brain structures, specifically the prefrontal cortex,
insula, hippocampus, and cingulate gyrus.

Within the empirical part, 24 semi-structured in-depth
interviews were conducted with patients from the
therapeutic department of a clinic in Germany. During
the study, it was determined that 4 respondents did not
meet the inclusion criteria and were subsequently exclu-
ded from the study. The final sample consisted of
20 patients aged 28 to 68 years. All participants were
socially adapted, had a stable level of functioning in
personal and professional spheres, and did not have
a diagnosed alcohol dependence according to ICD-10
criteria. Interviews were conducted individually in
a neutral environment, adhering to ethical principles
of voluntariness, anonymity, and psychological safety.
Consent to participate was given orally. During the
interviews, attention was focused not only on the fre-
quency and dosage of alcohol consumption but also
on its subjective significance to the respondent, features
of alcohol integration into daily life, mechanisms of
psychological compensation, as well as the presence
of symptoms that could indicate neuropsychological
shifts. Among such symptoms, apathy, irritability, anxiety,
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noriyHi 3pywenHa. Ceped TakMx CUMMOTOMIB ikcyBa-
nvca  anartia, AOpaTiBnMBICTb, TPUBOXHICTb, eMoUiiHa
HecTabiNbHICTb, TPYAHOLL 3 KOHUEHTpaLieto, NOTipLISHHA
nam'aTi, 3HWKEHHS MOTMBALAHOT THYYKOCTI — HaBiTb
y BUMagKkax, KOnu cami pecrnoHOeHTW He NoB'a3yBarni ix
i3 BXXMBaHHAM anKorono.

Ons CKPpUHIHIOBOT OLIIHKM KOTHITUBHOTO CTaTYCy KO-
HOMy Yy4acHuky Oyno nposegeHo Mini-Mental State
Examination (MMSE). Lle 0o3Bonuno KinbKicCHO OUiHWUTK
Da30BuUil piBeHb KOTHITMBHOI MPOOYKTMBHOCTI Ta Bepu-
ikyBaTtK BiACYTHICTb TpyOWMX KOTHITMBHWMX AediumTiB
y eubipui. Maujentn 3 MMSE < 27 6anis Oynu BUKNOYeHi
3 noAanblUOro aHanidy, OCKIMbKW Taki pesynbratv
MOKYTb CBIYMTW NpO MOYATKOBY cTafilo AemeHuii abo
iHWi HeBpONOriYyHi MOPYLWIeHHS, He XapakTepHi AOnd
cyOKniHiYHOro heHOTUNY CUHAPOMY NMPUXOBaHOT HEeNpo-
TOKCHYHOCTI. Y (iHanbHy BMODIpKy yBIAWINKM nuwe naui-
eHTn 3 pesynbratamu MMSE y mexax 27-30 6Ganis,
W10 BiANOBIAAE HOPMANbHOMY KOTHITUBHOMY (PYHKLIOHY-
BaHHO. CepepHiid nokasHuk MMSE y rpyni crtaHoBuB
274 £ 0,3 (M £ SD), wo AeMoHCTpye CTabinbHWA KOrHi-
TUBHWIA CTaTyCc Ha MOMeHT obcTexeHHs. Takvid migxin
[JO3BOMMB CKOHLEHTPYBATU yBary Ha BUWSIBMEHHI came
CYOKMIHIMHMX KOTHITMBHWX 3MiH, SAKi He CynpOBOMKY-
H0TbCA POpManbHUMKM O3HaKaMKu JeMeHLiT, ane MoxyTb
OyTm paHHiMM NposiBaMW MATEeHTHOI  KOPTMKaIbHOT
HelipofereHepaLjii.

Ho pocnimxkenHa BrModanuea ocobu, Ak perynapHo
BAKMBANW ankoronb LWOHaWMeHWe [Bi¥i Ha TUAOeHb
y manux abo nomipHux posax, Oynwu 3pgatHi Hagatv
iHopMoBaHy BiONOBiAb, He ManuM MCUXIAaTPUHHNX
niarHosiB abo 03HaK KOTHITMBHOI fAerpagauii B aHaMHesi,
a TakoXK MNOroMLKyBanucs Ha BIiOKPUTY pO3MOBY Npo
ocobucte cTaBneHHs A0 ankorono. Buknioyanues yyac-
HWKW 3 O03HaKaMmu TOCTPOi anKOrofbHOI  3aneHOCTI,
abCTMHEHTHOTrO cUHApPOMY, TshKKMX adektusHux abo
NCUXOTUYHMX pPO3NafiB, a TakoK 3 HAATO PiAKICHUM
abo enizoAny4HMM  BXMBAHHAM (MeHWe [BOX pasiB
Ha micaup). Ocobnuey yesary npuainanu (peHoMeHy KoMm-
NeHcalUinHOIO BXMBaHHA — CUTYyalisM, KONW ankorofb
BUKOPUCTOBYETLCA K 3acih eMouiiHoro camoperynio-
BaHHS, 3HATTH BHYTPIWHbLOT Hanpyrm abo puTyanizoBa-
HOTO «Mepe3anycKy» NCUX0eMOLIAHOTO GTaHy.

MapanensHO 3 emnipyyHOK YacTuHoto Oyno 3gic-
HEHO CUCTeMaTW4HWIA MiKOMCUMMIIHAPHWIA orman nite-
paTypyu ONsi YTOYMHEHHS HayKoBOI TMiNoTe3n npo icHy-
BaHHg ClH T1a dopmyBaHHa HeiipobionoriyHol 6a3n
nocnigxkenns. Mowyk npoeoaueca y 6Gasax pgaHux
PubMed, Scopus, Web of Science, ScienceDirect
i Google Scholar 3a nepion 2000-2025 pokiB i3 BUKOpWC-
TaHHAM KOMDIHALIA TAKMX KNHY0BMX 3anuTie: «moderate
alcohol use AND cortical neurodegeneration», «silent
neurotoxicity syndrome», «low-dose ethanol AND brain
function», «subclinical cognitive impairment AND
alcohol», «alcohol AND glial-capillary dysfunction»,
«dopaminergic adaptation AND moderate alcohol»,
«neurovascular unit AND ethanol exposure». [o ananisy
obupanuca peueH3oBaHi nybnikauiil, NnpuceAYeHi Helpo-
Bi3yanisauiiiHAM JOCHiIKEeHHAM MO3KY Y KOHTEKCTi Hea-
OVKTUBHOTO BXMBaHHA ankorono, pobotm 3 onucom
KOTHITMBHO-adeKTUBHUX 3MiH De3 KMiHIYHOT 3anexHoCTi,
a TakoX CTarTi, WO BUCBITMIOOTL MEXaHi3aMu arnko-
ronbHOT HEAPOTOKCUYHOCTI (OKUCHIOBANBHWIA CTpec, Iy-
TamaTtepriyHa [ucperynsuis, MikporniansHa akTtueauis)
y cybToKcM4HuX fos3ax. He eknwodanucs nyOnikauii,
OpIEHTOBAHI Ha KIiHiYHO MaHicpecTHi hopMK ankoronb-

emotional instability, difficulties with concentration,
memory impairment, and reduced motivational flexibility
were recorded — even in cases where respondents
themselves did not associate these symptoms with
alcohol consumption.

For screening cognitive status, each participant
underwent the Mini-Mental State Examination (MMSE).
This allowed a quantitative assessment of the baseline
level of cognitive performance and verified the absence
of gross cognitive deficits in the sample. Patients with
MMSE scores < 27 points were excluded from further
analysis, as such results could indicate early-stage
dementia or other neurological disorders uncharacte-
ristic of the subclinical phenotype of Silent Neurotoxi-
city Syndrome (SNS). The final sample included only
patients with MMSE results in the range of 27—-30 points,
corresponding to normal cognitive functioning. The aver-
age MMSE score in the group was 27.4 = 0.3 (M = SD),
demonstrating a stable cognitive status at the time of
examination. This approach allowed focusing specifically
on detecting subclinical cognitive changes that are not
accompanied by formal signs of dementia but may be
early manifestations of latent cortical neurodegeneration.

Included in the study were individuals who regularly
consumed alcohol at least twice a week in small or
moderate doses, were able to provide informed res-
ponses, had no psychiatric diagnoses or signs of cogni-
tive degradation in their history, and agreed to open
conversations about their personal attitudes towards
alcohol. Participants showing signs of acute alcohol
dependence, withdrawal syndrome, severe affective or
psychotic disorders, or those with very rare or episodic
consumption (less than twice a month) were excluded.
Special attention was paid to the phenomenon of
compensatory consumption — situations where alcohol
is used as a means of emotional self-regulation,
relieving internal tension, or a ritualized «reset» of the
psycho-emotional state.

In parallel with the empirical part, a systematic
interdisciplinary literature review was conducted to
clarify the scientific hypothesis of SNS existence and
to form the neurobiological basis of the study. The search
was performed in PubMed, Scopus, Web of Science,
ScienceDirect, and Google Scholar databases for the
period 2000-2025 using combinations of the following
key queries: «moderate alcohol use AND cortical
neurodegeneration», «silent neurotoxicity syndromen»,
«low-dose ethanol AND brain function», «subclinical
cognitive impairment AND alcohol», «alcohol AND
glial-capillary dysfunction», «dopaminergic adaptation
AND moderate alcohol», «neurovascular unit AND
ethanol exposure». The analysis included peer-reviewed
publications dedicated to neuroimaging studies of the
brain in the context of non-addictive alcohol use, works
describing cognitive-affective changes without clinical
dependence, as well as articles highlighting mecha-
nisms of alcohol neurotoxicity (oxidative stress, gluta-
matergic dysregulation, microglial activation) at subtoxic
doses. Publications focused on clinically manifest forms
of alcoholic encephalopathy, hepatic encephalopathy,
or alcoholic dementia, as well as sources without full texts
or with questionable academic validity, were excluded.

The obtained data allowed integration of gualitative
neuropsychological observations with current under-
standings of structural-functional brain changes under
the influence of low-level chronic neurotoxicity. This, in
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HOT eHuedanonarii, neviHkoBy eHuedanonariio abo
anKkoronbHy OeMeHLlo, a TakoxK Jxepena 6e3 noeHoro
TekcTy abo i3 CyMHIBHOI akajeMi4yHOoI BanigHicTo.
OTpvMaHi gaHi JO3BONUNK IHTErpyBaTW AKICHI Heilpo-
MCUXOMNOTIYHI CNOCTEPEKEHHS 3 CYyYacHUMMW YSBNEeHHAMW
Npo CTPYKTYPHO-(PYHKUIOHANbHI 3MiHW MO3Ky Mg Bnnu-
BOM  HW3bKOPIBHEBOI  XPOHIYHOT  HEWPOTOKCWMHYHOCTI.
Lle, y cBOIO Yepry, 4ano 3Mory OKpPecnvTW KOHLEeNTyarnbHi

mexi CIMH gk Hoeoro dpeHoTUNY ankoronb-iHayKOBaHOT

eHuedanonaril Ta copMyBaTM OCHOBY ANs NOAAMbLUMX
OOCNioXeHb Yy HanpsaMKy paHHbOI OiarHOCTWMKW, npodi-
NAKTUKWN Ta iIHTepBeHLji.

PE3YABTATU

PeHOMEH AQTEHTHOI

KOPTHMKAALHOT HelipoaereHepauii (LCND)

MpPY NOMIPHOMY BXXMBOHHI QAKOTOAIO

Y mexax NnpoBedeHOro [AOCNIIKEHHA BCTAHOBMNEHO
HagBHICTb (DEeHOMEeHY NaTeHTHOI KOpTMKanbHOI Henpo-
Oerenepadii [21, 22] y 4acTuHK 0CiD, AKi NpoTArom Tpu-
Barnoro 4acy BXMBaKTb arkorofle Y MOMIpHWX [J03ax.
XapaktepHowo pucoto LCND € BigCyTHICTb  KMiHIYHUX
03HaK anKoronbHOT 3anexHOCTi, Lo NiATBEpoKYETbCA
HEBINOBIOHICTIO KPWTEpiiM, BCTAHOBMNEHUM Yy Knacu-
dikauigx DSM-5 Ta ICD-11. MNonpw ue, y HU3KKM pecnoH-
OeHTiB cnocTepiranncs  CyOKMiHIYHI  KOTHITUBHI  3MiHW,
30Kpema 3HweHHs obcary pobodol nam’aTi, ynosinb-
HEHHS1 KOTHITWBHOI THYYKOCTI Ta BUpaKeHa MeHTanbHa
BTOMa. 3a pesynsratami aHKeTyBaHHA Ui nposieu Gynu
BusBneHi y 7 i3 20 obcTteskenumx ocib, wo craHoBuTh 35%
Bubipkn. Taka yactoTa MOXe CBIiQYUTW NPO HasABHICTb
NOYaTKOBMX HerMpoJereHepaTMBHUX 3MiH ¥ KOPTUKaNbHUX
CTPYKTYpax TONOBHOIO MO3KY, SKi 3anuarTbCcsd nosa
MexaMmyu  opManisoBaHuX [iarHOCTUYHWX — KpWTepiiB
KniHiYHuX po3nagis [18].

Kpim KOTHITUBHMX NOpYLLUEHb, ¥ 5 pecnoHaeHTIB (25%)
BUABMNEHO O03HAKW MOTOPHO-BEreTaTMBHOI HecTabinb-
HocTti. Lli nmposen BKMOYanW enizogyM OW3aBTOHOMIT,
HecTabinbHICTL  apTepianbHOrO  TWUCKY, OpPTOCTATW4HI
peakuil, a TakoK nigBWLIEHY COMAaTWUYHY 4YTIUBICTb
0O TemnepatypHux, fotukoeux abo BonboBux nogpas-
HUKIB. CyKynHICTb 3a3HAa4YeHUX CUMMTOMIB [03BONAE
Tpaktyeatn LCND sx cdopmy MOBINbHO NPOrpecyoHoro
cyOKniHiYHOro OyHKLIOHANBHOTO MNOPYLUEHHs, Wo dop-
MYETbCH B YMOBax TpWBANoro, npote He HaOMipHOo
BNNMBY amKoOroni Ha LeHTpanbHy HepBOBY CUCTEMY
3 MepeBaXHUM 3aly4yeHHsAM KOpPTWMKanbHWX i Bereta-
TUBHUX PErynaTOpHUX MexaHi3MmiB.

HelponcuxoaoridyHi ocobamsBocTi

3rigHO i3 Cy4acHUMW HEeRpONCUXOMNOriYHUMK Moae-
NAMW, HABITb NOMIPHE, ane TpyUBane BXWBaHHA arnkorono
MOKE CMNPUYMHATU MOPYLUEHHA KOTHITUBHWX (DYHKLIRA,
WO He [OCAratTb KINHIYHOMO Mopory, Npore BKasyloTb
Ha (POpMyBaHHS CTaHy NAaTEHTHOI KOPTWKaNbHOT Helpo-
nerenepauii (LCND) [23]. ¥ mexax Haworo cnocre-
pexenHs cepen 20 nauieHTiB, SKi He MakTb [iarHoc-
TOBaHOI ankoronsHoi 3anexHocTi, 8 ocib (40%) npoge-
MOHCTPYBaNnN O3HaKW 3HWKEHHS BWKOHABYMX (DYHKLUINA,
SKi NPOSBNANWCH Y BAMSALAI TPYOHOLLB 3 KOHUEHTpaLlieo
yBarm,
abo HenOCTATHLOT KOTHITMBHOT THYYKOCTI. Y CBOWO 4epry
Green A., Garrick T., Sheedy D., Blake H., Shores E. A.,
& Harper C. (2010) y cBoemy AOCNiLKEHHI BUABWIN,

NepeMuKaHHAM 3ajad, YMoBINbHEHOT peakuil

turn, enabled outlining the conceptual boundaries of
SNS as a new phenotype of alcohol-induced encephalo-
pathy and laid the groundwork for further research
aimed at early diagnosis, prevention, and intervention.

RESULTS

The phenomenon of latent
corlical neurodegeneration (LCND)
with moderate alcohol consumption.

Within the scope of the conducted study, the presence
of the phenomenon of latent cortical neurodegene-
ration (LCND) was established in some individuals
who have consumed alcohol in moderate doses over
a long period of time. A characteristic feature of LCND
is the absence of clinical signs of alcohol depen-
dence [21, 22], which is confirmed by non-compliance
with the criteria established in the DSM-5 and ICD-11
classifications. Nevertheless, some respondents exhi-
bited subclinical cognitive changes, including a reduction
in working memory capacity, slowing of cognitive flexi-
bility, and pronounced mental fatigue. According to the
survey results, these manifestations were found in 7 out
of 20 examined individuals, constituting 35% of the
sample. This frequency may indicate the presence
of initial neurodegenerative changes in the cortical
structures of the brain, which remain beyond the forma-
lized diagnostic criteria of clinical disorders [18].

In addition to cognitive impairments, 5 respon-
dents (25%) showed signs of motor-vegetative instability.
These manifestations included episodes of dysauto-
nomia, blood pressure instability, orthostatic reactions,
as well as increased somatic sensitivity to temperature,
tactile, or painful stimuli. The combination of these
symptoms allows LCND to be interpreted as a form
of slowly progressing subclinical functional disorder
formed under conditions of prolonged but not excessive
exposure to alcohol on the central nervous system,
predominantly involving cortical and vegetative regu-
latory mechanisms.

Nevuropsychological features

According to modern neuropsychological models,
even moderate but prolonged alcohol consumption
can cause cognitive dysfunctions that do not reach
a clinical threshold but indicate the formation of a state
of latent cortical neurodegeneration (LCND) [23]. In the
course of our observation among 20 patients without
diagnosed alcohol dependence, 8 individuals (40%)
demonstrated signs of executive function decline,
manifested by difficulties with attention concentration,
task switching, slowed reaction, or insufficient cognitive
flexibility. In turn, Green A., Garrick T., Sheedy D.,
Blake H., Shores E.A., & Harper C. (2010) in their study
found that individuals who consumed alcohol showed
poorer performance compared to a healthy control group
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wo ocobu, fAKi BKUBaNW ankoronb, [OeMOHCTPYBanu
riplwi NOKa3HWKN MOPIBHAHO 3i 3[0POBOI KOHTPOMbHOO
rpynoK B JiNsiHKax Bi3yarnbHO-NPOCTOPOBUX HABUYOK
Ta OesnocepenHboi Mam'ATi, a TakoX 3a 3aranbHUM
innekcom RBANS (p < 0,001). Kpim Toro, Wi y4acHuku
nokasanu Oinblw BupakeHe 3HwkeHHA Oanie RBANS
BiJHOCHO TXHIX OUIHEeHWX nepexpecHux npemopbigHnx
nokasHukie. JOcniAHUKN BCTAHOBWUIN MO3UTUBHWIA KOpe-
NAUIRHWA 3B'A30K MK CNOKWBAHHAM aIKOronio Bhpo-
OOBX ocTaHHix 12 micauis Ta moHMM iHaekcom (p < 0,03),
a TaKoX pesyrnbrataMmu cybTecTy ceMaHTUYHOT NNMHHOCTI
(p < 0,03). Wopo BikoBux ocobnvBocTel, TO BiK Hera-
TUBHO KOPETOBAB i3 TAKUMMW NOKa3HUKaMK: 3anam aToBy-
BaHHg icTopiii (p < 0,02), koayeanusa (p < 0,001), pos-
nisHaBaHHa cruckie (p < 0,01) Ta 3anam’aToByBaHHA
diryp (p < 0,02) [24].

Okpemoi yBarn 3acnyroeytotb aeKTuBHI W MOTUBa-
LiiHi 3MiHW, AKi BUABNeHo y 6 naujenTie (30%). MpoeTbes
Npo MiABULLEHY TPUBOXKHICTb, 3HWKEHHS iHILIaTMBK, eMo-
UifiHy BiACTOPOHeHICTb abo OHIMIHHS, WO € TUMOBUMMK
nposiBamMn MpPWrHiYeHHs (PyHKUIT nepedHbol YacTuHK
MOSICHOT 3BMBWMHM Ta iHCynspHOi kKopwu. Ckaprv Takux
nauieHTiB 4YacTo He MaloTb SCKPaBOro KNiHIYHOro ogopM-
NeHHs, OfHaK Npu LinecnpsAMoOBaHOMY ONUTYBaHHI BUAB-
NSAETLCA eMOLHA CMIOLEHICTb, BiAYyTTS «BHYTPILLHLOTO
BUCHaXeHHa» abo BTpaTW MOTMBALLT, LLIO MOXe CBIAYUTH
Npo No4aTKoBy Aucperynsauito acdpekTueHol chepm [25].

Cepen obcTtexeHux nauieHTiB y n'atm ocib (25%)
Oyno [OiarHOCTOBAHO MOPYLUEHHA  Bi3yanbHO-NPOCTO-
pOBOI nNam'siTi, WO MNPOSABNANOCA Y BWIMAAI cKapr
Ha TPyOHOLLi 3 OpiEHTALlIE0 B HE3HAROMMX MicUsX, Npob-
neMu i3 3anam’ATOBYBaHHAM MPOCTOPOBMX MOCIiA0B-
HOCTEN Ta YCKNa[HEHHS MPU MEHTaNnbHOMY MaHinyno-
BaHHi 30poBuMKn 0Opasamu. Lli kniHi4Hi  nposBm
Y3rOPKYIOTECH 3 NITepaTypHUMK OaHWMW LIOO0 PaHHiX
PYHKUIOHANBHUX 3MiH y riNOKamni — MO3KOBIWA CTPYKTYpI,
flKka xapakTepusyeTbcsl 0COBNUBOID YYTNMBICTIO OO KyMy-
NATUBHOTO BIIMBY arKOroMnk HaeiTb Yy CYDTOKCUYHWX
KOHUeHTpauiax [26, 27]. Hocnigpkenns Meda S.A.,
Hawkins K.A., Dager A.D., Tennen H., Khadka S.,
Austad C.S., Wood R.M., Raskin S., Fallahi C.R., &
Pearlson G.D. (2018) pemoHcTpye, WO NiANiTKOBWIA
nepion XxapakTepusyeTbCsl BiMIHHOK Bi [O0pOCMOro
BiKy peakuield Ha ankoronb Yepes MiABULIEHY YyTnu-
BiCTb [0 WOr0 BMHArOpoJKyBanbHUX edekTie Ta binbl
BYPaKEHWA BMIMB Ha KOTHITWBHI pyHKUii, ocobnueo
nam'ate. ABTOpWM HaBOAATb NEPEKOHNMBI [OKa3W TOro,
Lo rinoKaMnanbHi Ta naparinokamnanbHi perioHwn, §Ki
3a3Hal0Tb NpUCKOpeHoi atpodii BHACNIAOK iIHTEHCUBHOTO
ankoronsHOro BMNWBY, [OEMOHCTPYHTb KOPENAUIAHWA
3B'A30K FK i3 YaCTOTO aMHEeCTUYHMX eni3ofiB, 3adikcoBa-
HWUX YNPOJOBK ABOPIYHOIO Nepiofly CrnocTepexeHH:, Tak
i 3 NokasHukamun TecTy BiaTBOpeHHsa nam'ati (CVLT-TR)
Ha 3aKMyHOMY eTani gocnimxkeHHs. Nonpu BcTaHoB-
TIeHHA 3HaYyLIol Kopensauil MK IHTEHCWMBHICTIO MHECTWY-
Hux posnagis (AUl) Ta enisogamu amHesii, [ocnigHWMKN
HEe BUSIBUNM CTATUCTUYMHO 3HAYYLLOMO 3B'A3KY MiX arnko-
rONbHOK EKCMOo3WLiED Ta [OCNiIKYBaHUMU (DYHKLISMA
nam'aTi, Wo Moxe DyTW 3yMOBNEHO XPOHIYHUM XapakTe-
pPOM ankorofibHOrO BMMMBY Ha MPOTMBArY rOCTPOMY,
a TaKOK BiACYTHICTIO NMOHMTYAUHAINBHOMO AW3anHy nig Yyac
OLiIHKW MHEeCTUYHKMX (DYHKLA [26].

CyKynHo Ui 3MiHW CBigNaTb NpO Te, L0 BKe Ha paHHIX
CTafisXx NaTeHTHOro (PYHKLIOHANBHOMO YpaXeHHd, Lo
He [OCsirac pIBHA KNAcW4HWX HerpoaereHepaTtuBHUX

in areas of visuospatial skills and immediate memory,
as well as in the overall RBANS index (p < 0.001).
Furthermore, these participants showed a more
pronounced decline in RBANS scores relative to their
estimated premorbid cross-sectional levels. The resear-
chers identified a positive correlation between alcohol
consumption during the last 12 months and the language
index (p < 0.03), as well as the results of the semantic
fluency subtest (p < 0.03). Regarding age-related
features, age negatively correlated with the following
indicators: story recall (p < 0.02), coding (p < 0.001),
list recognition (p < 0.01) and figure recall (p < 0.02) [24].

Special attention deserves the affective and moti-
vational changes detected in 6 patients (30%). These
include increased anxiety, reduced initiative, emotional
detachment or numbness, which are typical manifes-
tations of suppression of the function of the anterior
cingulate gyrus and insular cortex. Complaints of such
patients often lack vivid clinical presentation; however,
with targeted questioning, emotional flattening, a sense
of «internal exhaustion», or loss of motivation can be
revealed, which may indicate initial dysregulation of
the affective sphere [25].

Among the examined patients, 5 individuals (25%)
were diagnosed with visuospatial memory impairment,
manifested by complaints of difficulty orienting in unfa-
miliar places, problems remembering spatial sequences,
and difficulties with mental manipulation of visual
images. These clinical manifestations align with literature
data on early functional changes in the hippocampus —
a brain structure characterized by particular sensitivity
to the cumulative effects of alcohol even at subtoxic
concentrations [26, 27]. The study by Meda S.A,
Hawkins K.A., Dager A.D., Tennen H., Khadka S.,
Austad C.S., Wood R.M., Raskin S., Fallahi C.R., &
Pearlson G.D. (2018) demonstrates that the adolescent
period is characterized by a response to alcohol
different from that of adults due to increased sensitivity
to its rewarding effects and a more pronounced impact
on cognitive functions, especially memory. The authors
present convincing evidence that the hippocampal
and parahippocampal regions, which undergo accele-
rated atrophy as a result of intensive alcohol exposure,
show a correlational link both with the frequency of
amnestic episodes recorded over a two-year observation
period and with scores on the California Verbal Learning
Test (CVLT-TR) at the final stage of the study. Despite
establishing a significant correlation between the inten-
sity of mnemonic disorders (AUl) and amnestic episodes,
the researchers did not find a statistically significant
association between alcohol exposure and the studied
memory functions, which may be due to the chronic
nature of alcohol exposure as opposed to acute, as well
as the absence of a longitudinal design in assessing
mnemonic functions [26].

Collectively, these changes indicate that even at the
early stages of latent functional impairment, which does
not reach the level of classical neurodegenerative
syndromes, 40% of patients demonstrate cognitive
impairments, 30% affective disorders, and another 25%
spatial deficits, creating a conditional neuropsycholo-
gical profile of LCND with predominant involvement
of the dorsolateral prefrontal cortex, cingulate gyrus,
insula, and hippocampus [26—28]. Detection of such
changes at a preclinical level represents a potential
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cuHgpomie, 40% nauieHTiB OeMOHCTPYHOTb KOTHITWMBHI
nopywenHs, 30% — adexktuBHi posnaau, i we 25% —
NpocTopoBi AediunTh, L0 CTBOPHE YMOBHWIA HeNpo-
ncuxonorivHuie npodine LCND i3 nepeaxHum 3any-
YeHHAM [opconartepanbHOi  npedpoHTanbHOT  Kopw,
MOSCHOT 3BWMBWMHKM, I[HCYNKM Ta rinokamny [26—-28].
BusiBNeHHs Takux 3MiH Ha OOKMiHIYHOMY piBHI CTAHOBUTH
MOTEHLAHWIA IHCTPYMEHT PaHHbOT AiarHOCTUKKM (PYHKUIO-
HanbHWX po3nafiB, iHAYKOBaHWX MOMIPHWM, ane XpOoHiY-
HUM BXWBaHHSAM ankoronto [28].

MakpomopdpodpizionoriyHi MexaHizmu

AQTEeHTHOI eHLedpasonaTii

Y Mexax 0aHOoro JOCHIKEeHHA HamKu 3anpornoHOBaHO
Ta 0OrpyHTOBAHO KOHUENTYanbHO HOBE BU3HAYeHHSI
NaTonoriyHoro CTaHy, L0 OTPUMAEBR HAa3BYy CMHOPOM Mpw-
XOBaHOT HelpoTokcnyHocTi (CMNH) — nateHTHOT ankoronb-
iHOYKOBaHOT eHUedanonarTii, Aka po3BMBacTbCA Y BiANO-
Bilb Ha TpuBane, NOMIpHe, KNiHIYHO HEABHE BKMBAHHA
ankoronto, 6e3 manidecTauii 3anexHocTi 4nM abcTu-
HeHTHOro cuHapomy. CIMH BM3HAYaeTbCA SiK KOMMMEKC-
HWA  HeNponaToi3ioNoriYHWA CUHAPOM, AKWIA Xapak-
TEPU3YETLCH NPOTPECUMBHUM NOPYLUEHHAM MOPQOQYHK-
UioHANbLHOT LiMiCHOCTI MO3KOBMX CTPYKTYp Ha DoHi
HEBUPaKEHOT KNiHIYHOT CUMNTOMATUWKM, L0, TUM HE MEeHLL,
CYNpPOBOMKYETbCH 00’EKTMBHO BepudIKOBaHUMK  3Mi-
HaMW B HEWpOHanbHIA aKTUBHOCTI, HEAPONNaCcTU4HOCTI,
rmianbHiin  peakTMBHOCTI Ta MeTaboniyHomy 3abesne-
vyenHi LUHC [12, 20, 28, 30].

Ha ocHoBi aHanisy nitepaTypHux pxepen Ta pesynb-
TaTiB NPOBEASHOr0 iHTepB'to Hamu Byno BuaineHo nocni-
OOBHI naTtoreHeTwdHi ctafii possuTtky CIH, axi Hase-

neHo y Tabnuui 1 [12, 14, 15, 20, 28, 30-38]. Ui crapii

penpeseHTyIoTb NOTYHY eTanHICTe (DOPMYyBaHHA NaTeHT-
HOT eHuedanonaTii Npy cucTeMaTM4HOMY BMNMNWBI €TUNOo-
BOTO CMIMPTY Ha MO3KOBY TKaHWHY, 3 aKLIEHTOM Ha KITHO4OBI
MaKpoMOpdOMNorivHi, MIKpOCMHANTUYHI, Helpomedia-
TOpHI Ta HeWpormianbHi MexaHi3Mu, Lo peanisyroTbcs
Y KOHKPETHUX CTPYKTYpax rofIOBHOMO MO3KY.

tool for early diagnosis of functional disorders induced
by moderate but chronic alcohol consumption [28].

Macromorphophysiological mechanisms
of latent encephalopathy

Within the scope of this study, we proposed and
conceptually substantiated a novel definition of a patho-
logical condition called Silent Neurotoxicity Syndrome
(SNS) — latent alcohol-induced encephalopathy, which
develops in response to prolonged, moderate, clinically
non-apparent alcohol consumption, without manifes-
tation of dependence or withdrawal syndrome. SNS is
defined as a complex neuropathophysiological syndrome
characterized by progressive disruption of the morpho-
functional integrity of brain structures against the back-
ground of mild clinical symptomatology, which, neverthe-
less, is accompanied by objectively verified changes
in neuronal activity, neuroplasticity, glial reactivity,
and metabolic support of the CNS [12, 20, 28, 30].

Based on the analysis of literature sources and
the results of our conducted interviews, we identified
consecutive pathogenetic stages of SNS development,
which are presented in Table 1 [12, 14, 15, 20, 28, 30-38].
These stages represent the logical sequence of latent
encephalopathy formation under systematic exposure
of brain tissue to ethyl alcohol, with an emphasis on
key macromorphological, microsynaptic, neurotrans-
mitter, and neuroglial mechanisms implemented in
specific brain structures.

Tabnuua 1. MNMoetanHa esontouia LCND Ak cuHOpoMy NpUXoBaHoi HEMPOTOKCUYHOCTI
Table 1. The staged evolution of LCND as Silent Neurotoxicity Syndrome (Prepared by the authors during this research)

Cragia OCHOBHI XapakTepuCTUKK MNaTodisionoriyHi MexaHiamm
Stage Key Characteristics Pathophysiological Mechanisms
IMpogpomansHa IMoMipHe cnoxMBaHHA ankoromno 6ea ckapr HuabKkocTabinkHa HedporniansHa B3aemMogis,
Prodromal Moderate alcohol consumption without complaints | nowaTKoBI KaninApHi 3MiHK, NOMIPHE 3HWHEHHA
IMIOKO3HOro MeTaboniamy
Low-stability neuroglial interaction, initial capillary
changes, moderate decrease in glucose metabolism
JlateHTHa BigcyTHICTE 30BHILLHEOT CUMNTOMATHEMN, [NopyLWeHHA CUHaNTUYHOT NNAacTUYHOCTI, eni3oauyHi
Latent ane BUABNAETLCA 3HU#eHHA BDNF, nopylueHHA aKTUBaUil MIKPOINIi, 3HWKEHHA HEeporeHesy
LTP y rinokamni Disrupted synaptic plasticity, episodic microglial
No external symptoms, but reduced BDNF activation, reduced neurogenesis
and impaired LTP in the hippocampus detected
CyOKniHIiuHa Jlerki KOrHITUBHI 3MiHKW (yBara, nam'aTe), MOTOpHa | OKMCHIOBaNLHWIA CTPeC, MIKpo3ananeHHA, acTpo-
Subclinical CNOBINbLHEHICTL Ta MIKpornios, AMCGYHKUIA HERpOMEeaIaTOPHUX CUCTEM
Mild cognitive changes (attention, memory), Oxidative stress, microinflammation, astro- and
motor slowing microgliosis, neurotransmitter system dysfunction
Mornubnexa CTanui HelponcuxonoriyHuia aediumT XpoHiYHa aucperynauia rmio-KaninapHoro
narteHTHIicTb (CTH) 0e3 po3BUTKY KNIHIYHOT 3anexHOCTI Bap’epy, TpMBane mikposananeHHs, (hopMyBaHHA
Deep Latency (CINH) | Persistent neuropsychological deficit without MikpoaTpodii y Kopi A rinokamni
development of clinical addiction Chronic dysregulation of the glio-capillary barrier,
prolonged microinflammation, formation
of microatrophies in cortex and hippocampus
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Hamu 3anponoHoeano nopin natoreHesy CIMH na
4YOTMpW MOCMIAOBHI CTadil: nNpoapomarnbHy, MNaTeHTHY,
cyOKkniHiMHY Ta crafilo  normubneHol  NMaTeHTHOCTI.
KoxHa 3 HMX Mae 4iTko Bu3Ha4yeHi MopdodyHKUio-
HanbHi KpuTepil, sKi [J03BONAITL NPOBOAUTA PaHHIO
JOOKMiHIYHY [iarHOCTUKY [OaHOro CTaHy SK aBTOHOMHOI
opMM  MATEHTHOTO  HEMPOTOKCUHMHOTO  YPaKEeHHS.
OTpumani aaHi BigobpaskeHi Ha puc. 1.

MACROMORPHOPHYSIOLOGICCAL

MECHANISMS or LATENT ENCPHALOPATHY

We proposed dividing the pathogenesis of SNS
into four consecutive stages: prodromal, latent, sub-
clinical, and stage of deepened latency. Each has
clearly defined morphofunctional criteria, which allow
early preclinical diagnosis of this condition as an auto-
nomous form of latent neurotoxic damage. The obtained
data are reflected in Figure 1.

MAKPOMOP®O®IZIONOIYHI
MEXAHI3MW NNATEHTHOI
EHUE®ANONATII

SILENT NEUROTOXICITY SYNDROME (SNS)
Prolonged, moderate alcohol consumption

|

CUHAPOM TUXOI
HEMPOTOKCHYHOCTHM (CTH)

|

- l Tpwsane, NOMIDHE BXMBAHMA ANKOTOMO
8 B
(£ Prodromal Stage 1
}"3" —\: Intial neurogkal instability 4 [V' Npoapomanbha cTaala
L ) i}_‘ < Mo4aTosa HeRpOr nianuHa
l ['(\ weCTabineHicT,
" -
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- Impaired synaptic plasticity NarenTha cTanin
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>\.§¢ Neurodegeneration O Myeu'ruocﬂ
and dysiunction 1 v Hesponeresepaua
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Sequential pathogenetic stages

Mocnigoskl naTtoreseTwysl cTanil

Puc. 1. MakpomopdoizionoriyHi MexaHisMu naTteHTHOI eHuedanonatii
Fig. 1. Macromorphophysiological Mechanisms of Latent Encephalopathy (Prepared by the authors during this research)

Ha npogpomManbHii cTafii cnoctepiraetbcs BigcyT-
HicTb Byab-aknx cyG’'ekTMBHMX ckapr abo 30BHILLHIX KIli-
HiYHWX MpOsBiB, MpOTe BXe MnoYuHae QopmMyBaTUCA
no4aTkoBa HecTabiNbHICTL HepornianbHOr0 roMeocTasy.
Lia crapis xapakrepusyeTbcs MiHIMansHUMK, ane gikco-
BaHUMW 3MiHAMW Y KaniNsapHOMY pycni, NepeBakHOo Ha piB-
Hi eHOoOTenianbHUX NopylUeHb | nocnabneHHa Gap’epHol
dyHKUIT remaToeHuedanivyHoro 6ap’epy (FEB). Mepwmmn
pearylTb acTpoUMTK, SiKi, AK eNeMeHT TaK 3BaHOro Mmio-
KaninspHoro Gap’epy, BTpa4aloTb 30ATHICTb aAeKBaTHO
meTtaboniyHo 3abesnedyeatv Heilponn [31]. Lle, B cBoio
Yyepry, NPU3BOAUTL [0 IErKOro 3HWXEHHS Nnepukaninap-
HOIO KPOBOTOKY, 0CODNMBO Yy 30HaxX BUCOKOT meTabonivyHoT
aKTMBHOCTI, TAKUX SIK NpedpoHTanbHa Kopa Ta rinokam-
nanbHa dpopmadis [26, 31]. Ha ubomy etani gikcyeTbca
rinomMmeTabornism  [MKO3W, 3HWKEHHS] OKCUOATMBHOIO
docchopunioBaHHA Ta akTMBaUig BiNbHOpaaWKarnbHOIO
Kackaay Ha piBHi MiToXoHOpIn HelpoHis [14, 15].

Ha naTteHTHIA cTagii, Aka Be € NOBHOLIHHWM Heid-
POTOKCMYHUM  €TanoM, KIiHiYHa CUMNTOMAaTuKa [OCi
BiICYTHS, ofHaK BepudikyroTbca nepuli ob'ekTmBHI Bio-
MapKepW MoYyaTKy HEeBpOMOriYHOMo MOLIKOMKEeHHs. Hai-
Binbll ICTOTHUM 3 HUX € 3HWKEHHHA PIBHA MO3KOBOIO
HelipoTpodivHoro daktopa BDNF, wo € KputuaHum
perynsitropoM HelporeHesy, CUHaNTOreHesy, aKcoHallb-
HOro pocTy Ta AosroTpueanoi noteduiauii (LTP) [32].
Ha ubomy etani gikcyeTbca npurHideHHs LTP y rinokamni,
IO CYNPOBOLKYETHCH MOPYLUEHHSIM CTabinbHOCTI cuHan-
TUYHWUX KOHTAaKTIB, NepeayciM y OeHOPWUTHUX LUMMNUKaXx

At the prodromal stage, there are no subjective
complaints or external clinical manifestations; however,
initial instability of neuroglial homeostasis begins to form.
This stage is characterized by minimal but fixed changes
in the capillary bed, primarily at the level of endo-
thelial disturbances and weakening of the blood-brain
barrier (BBB) function. Astrocytes, as an element of
the so-called glio-capillary barrier, are the first to
respond, losing the ability to adequately metabolically
support neurons [31]. This, in turn, leads to a slight
reduction in pericapillary blood flow, especially in zones
of high metabolic activity such as the prefrontal
cortex and hippocampal formation [26, 31]. At this stage,
glucose hypometabolism, reduction of oxidative
phosphorylation, and activation of the free radical
cascade at the level of neuronal mitochondria are
recorded [14, 13].

At the latent stage, which is already a full neuro-
toxic phase, clinical symptoms are still absent; however,
the first objective biomarkers of the onset of neurological
damage are verified. The most significant among them is
a decrease in brain-derived neurotrophic factor (BDNF)
levels, which is a critical regulator of neurogenesis,
synaptogenesis, axonal growth, and long-term poten-
tiation (LTP) [32]. At this stage, LTP suppression in
the hippocampus is recorded, accompanied by disruption
of synaptic contact stability, primarily in dendritic spines
of pyramidal neurons in the CA1 zone [33]. Episodic
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nipamigHux HeipoHie CA1-30Hu [33]. CnoctepiraeTtbca
enizoAnyHa akTuBauia MiKpornii, Aka BuBinbHae IL-1B,
TNF-¢, IL-6, cnpuuvHA4M nokKanbHe MiKpo3anarneH-
HA [34, 35]. [HTerpanbHO Ue BeAe A0 3MeHLUEHHS CuHar-
TWYHOT LWIMBHOCTI TAa MPWUIHIYEHHA HEeWpOoNnnacTUYHOCTI
Oe3 30BHIWHBLOT KNiHikK [20, 34, 35].

Y cyOKniHiYHIA cTafgii nodvHalTh  3'9BnNATMCA
nepLui Nerki KOrHiTMBHI CUMMTOMM, 30KpeMa — 3HWKEHHS
weuakocTi obpobku iHopmalii, nerka moTopHa cno-
BiflbHEHICTb, eni30AWYHi  MOPYLUEHHS  KOHUEeHTpaLil.
Lli nposien CynpOBOKYHOTECH BUPAXKEHUM OKUCHIOBAIlb-
HUM CTPEeCcOM, WO Befle 10 NEePOKCUAHOIO NMOLUKOPKEHHS
MembpaH, ypaxenHs [HK, 6inkie i dpepmeHTHMX cucTem.
Y TkaHWHax MO3Ky peecTpyeTbecsi Mio3 — nponidpepauis
acTpouMTIB SK KOMIMEHCATOpHa peakuisi Ha XpOoHiyHe
3ananeHHs, Lo, OOHaK, 3HWAKYe edeKTMBHICTb Henpo-
HanbHOI B3aemopii [36]. Ha wawy nymky, ocobnuee
3Ha4YeHHA MOXe MaTu NOosiCHa 3BMBWMHA, Oe (DIKCyeTbest
Ovcperynsyis akTMBHOCTI MianbHUX KNITUH Ta 3HWKEHHS
amnnityaum KorHitmeHoi ERP-komnonentn P300 Ha EET —
MOKa3HWKa KOTHITUBHOT PEaKTUBHOCTI. TaKOX 3HUKYETbCA
HepoTpaHCMITepHa aKTMBHICTb Yy  AodamiHepriyHnx
Ta CEepOTOHIHEPriYHMX LUNSXax, Lo MOSCHIE 3pocTa-
104y eMoLiiHy NabinbHICTb [34].

Ha ctagii nornnbneHoi nateHTHOCTI, Aka Bigno-
Bijae nNOBHOMY (DOPMYBAHHIO CWUHAPOMY MPUXOBAHOT
HEMPOTOKCUYHOCTI, BCTAHOBIOETBCA XPOHIYHa HEeMporri-
anbHa AMCYHKUINA 3 HE3BOPOTHOK CTPYKTYPHOI OEKOM-
neHcaujeto. BinbyeaeTbca ToTanbHa avcperynauis rmio-
KaningpHoro Oap’epy, WO nopywye ioHHWA OanaHc,
MeTaboniyHWiA TpaHCNOPT Ta AHTWOKCMOAHTHWIA 3aXucT
HelipoHiB [36, 37]. ®opmytoTbea MikpoaTpodiyHi 30HK
B rinokamnmi, npedpoHTanbHiiA Kopi, iHCyni Ta MOSACHINA
3BMBWHI, SKi BisyanisytoTeca npyu MPT-ananisi y Burnagi
3HWKEHHS LWinbHOCTI cipoi peqoBuHu [37]. MNpu ubomy
KNiHIYHO He iKCYeTbCA 3aneXHICTb Bifl ankorosnto, npoTte
NauieHT [eMOHCTPYE BUPEKEHWIA HeRporncuxonoriyHui
Oediynt — po3nagu yearw, nam'aTi, NnaHyBaHHA, adek-
TWBHOT perynauii, be3 ycBiqoMneHHs ankorofibHOro Noxof-
YEeHHS uux 3MiH [1-38].

MNopyLueHHA HelpOorAiOKANIAAPHOT B3AEMOAIT

(NGC-interaction)

B ocHOBiI nporpecytodoi nateHTHoOI eHuedanonarii
ankoromnbHOT eTionorii, Lo KIiHiYHOo Bignoeiaae deHoMeHy
CUHAPOMY NPWXOBAHOT HEMPOTOKCUYHOCTI, NEXWUTL CTilKe
NopyLeHHA B3aeMOfil MK TpbOMa KIHYOBUMW KOMMO-
HEHTaMW HEeApOMIKpOCEepeLoBULLA: HEeAPOHaMK, Mialb-
HUMKW KNITUHaMKW Ta enemeHTamMyn MIKPOCYOWHHOT MepesKi
ronoBHoro mo3ky [13]. Liei dyHKUIOHANBHWIA TPUKYTHUK —
HeWpOoHIMioKaninAap, SkMin My nosHadYaemo 9k NGC-kom-
nnekc (Neuro-Glial-Capillary interaction) — 3abeanedye
yinicHicTb HeipomeTaboniyHOT perynsuii, romeoctasy
CUMHaNTMYHOIO cepefoevlla Ta crabinbHOCTI remarto-
eHuedaniyHoro 6ap'epy [39]. Came noeTanHa AMCHyHKLIA
KOKHOTO  enemMeHTa LUbOro  KOMMMeKcy, iHOyKoBaHa
TPUBANUM MOMIPHUM BXWBAHHAM arKorono, 3arnyckae
KackaZl MaroBupaxeHux, ane cucteMHo HebesneyHux
NaTonori4YHuX 3MiH, WO W BU3HAYAE XPOHIYHWMIA Ta npu-
xoBaHwii nepebir CMH [39, 40]. OTtpumani gaxi Bigo6-
paXeHi cxemMaTU4HO Ha puc. 2.

Mepwmm enemeHTOM, WO pearye Ha KyMynATUBHWA
TOKCUYHWIA BNIMB anKkoronto, € MmianbHi KNiTuHKW, 30Kpema
acTpouMTW Ta MIKpOrmisi, SKi 3a CBOEW NpPUPOAOIO0
BMKOHYIOTb porb MeTaboniYHUX CeHCOPIB i CUTHaNbHUX
perynatopiB HepoHarnbHOT akKTUBHOCTI [41].

activation of microglia is observed, which releases
IL-1B, TNF-o, IL-6, causing local microinflammation
[34, 35]. Integrally, this leads to a reduction in synaptic
density and suppression of neuroplasticity without
external clinical manifestations [20, 34, 35].

At the subclinical stage, the first mild cognitive
symptoms begin to appear, namely — a decrease in
information processing speed, mild motor slowing,
episodic concentration disturbances. These manifes-
tations are accompanied by pronounced oxidative stress,
leading to peroxidative damage to membranes, DNA,
proteins, and enzymatic systems. Gliosis is recorded
in brain tissues — proliferation of astrocytes as a com-
pensatory response to chronic inflammation, which,
however, reduces the efficiency of neuronal inter-
action [36]. In our opinion, special significance may
have the cingulate gyrus, where dysregulation of glial cell
activity and reduction in the amplitude of the cognitive
ERP component P300 on EEG — an indicator of cognitive
reactivity — are observed. Neurotransmitter activity also
decreases in dopaminergic and serotonergic pathways,
explaining increasing emotional lability [34].

At the stage of deepened latency, which corres-
ponds to the full formation of Silent Neurotoxicity
Syndrome, chronic neuroglial dysfunction with irrever-
sible structural decompensation is established. Total dys-
regulation of the glio-capillary barrier occurs, disrupting
ionic balance, metabolic transport, and antioxidant
protection of neurons [36, 37]. Micro-atrophic zones form
in the hippocampus, prefrontal cortex, insula, and cingu-
late gyrus, which are visualized by MRI analysis as
decreased gray matter density [37]. Clinically, alcohol
dependence is not registered; however, the patient
demonstrates pronounced neuropsychological deficits —
attention, memory, planning, affect regulation disorders —
without awareness of the alcohol origin of these
changes [1-38].

Disruption of Neuro-Glial-Capillary Interaction
(NGC-interaction)

At the core of progressive latent encephalopathy
of alcoholic etiology, which clinically corresponds to the
phenomenon of Silent Neurotoxicity Syndrome (SNS),
lies a persistent disruption of the interaction between
three key components of the neuromicroenvironment:
neurons, glial cells, and elements of the brain's micro-
vascular network [13]. This functional triangle -
neuron-glia-capillary, which we denote as the NGC-
complex (Neuro-Glial-Capillary interaction) — ensures
the integrity of neurometabolic regulation, homeostasis
of the synaptic environment, and stability of the blood-
brain barrier [39]. It is precisely the stepwise dysfunc-
tion of each element of this complex, induced by
prolonged moderate alcohol consumption, that
triggers a cascade of subtle but systemically dange-
rous pathological changes, which define the chronic
and latent course of SNS [39, 40]. The obtained data
are schematically presented in Fig. 2.

The first element to respond to the cumulative
toxic effect of alcohol is the glial cells, specifically
astrocytes and microglia, which by nature serve as
metabolic sensors and signaling regulators of neuro-
nal activity [41].
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Disruption of Neuro-Glial-Capillary
Interaction (NGC-interaction)

MopyweHHA Helpo-rnianbHo-
KaninspHoi s3aemogii (NGC-

B3aemopin
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At the basis of progressive latent encephalopathy of alcoholic etiology, which

clinically corresponds to the phenomenon of Silent Neurotoxicity Syndrome

(SNS), lies a persistent disruption of interaction among three key componen-
ts of the neuromicroenvironment, a Neuron, Gilal Cell, and elements

of the Capillary network.

LLliwasi
KOMTEXTH

~ WWlinuti KoHTaKTH

B ocHoBi nporpecyionoi natexTHol eHuedanonarii
ANKOTONBHOID reHedy, KNIHINHKUM NPOABOM AKOID € €
DEHOMEH HERDOTOKCHYHOCTI DEICHMNTOMHOID
nepebiry (SNS), nexuTs CTifike NOpyWeHHA B3a-
MOl TPLOX OCHOBHMX KOMNOHEHTIB HERPOMIKD-
ocepenosuua, Hedpowa, MiansHol knitike i en-

eMEeHTIB KaninapHol mepexi.

Puc. 2. MNopyweHHA HeiporniokaninAapHoi (NGC) eaaemogil
NpwW CUHAPOMI NPUXOBAHOT HERPOTOKCUYHOCTI
Fig. 2. Disruption of Neuro-Glial-Capillary (NGC) Interaction in Silent Neurotoxicity Syndrome
(Prepared by the authors during this research)

Y acTpouuTax KMHOBWM MOPYLUEHHAM € 3HWDKeHHS
ekcnpecii akeanopuiy-4 (AQP4) — tpaHcmemBpaHHoro
KaHany, SKuid perynioe nepemillleHHs BOAW B HanpsiMKy
Bil MiXKNITMHHOIO NPOCTOPY A0 NEepUBACKYNAPHOT 30HW.
AkBanopuH-4 NoOKanisoBaHWA NEpeBaKHO Ha HiKKax
acTpoumWTie, AKi OXONMIOKTL Kaninapu Ta BeHynWM Kopwu
ronoeHoro Moaky [41]. Woro npurHideHHs cnpuunHse
NOpYLIEHHS MianbHO-NiMMaTUYHOIo BIATOKY, L0 NMPU3BO-
OWTb 10 HAKOMWYEHHS TOKCUYHWX meTaboniTie, 30kpema
auetanbaerif, Ta NpoOyKTiB OKMCHOro ctpecy [41, 42].
Y npedpoHTanbHi 30HI, KA NepLlo 3a3Hae ypa-
wenHsa npu CIMH, sHuwxenHs AQP4 cynpoBomKyeTbCst
MOPYLUIEHHAM KNITMHHOTO OCMOTMYHOro BanaHcy, cno-
BiflbHEHHAM KIipeHCy MMyTamaTty Ta HagMipHUM Koro
HAKOMWYEHHAM Yy CUHaNTUYHIA LWinWHI, wo dopmye
CTaH [MnyTamaT-0nocepeKoBaHO! eKCaWTOTOKCUYHOCTI.
Lle, B cBOW uepry, cnpusie 3HWKeHHIO meTabonivyHol
e(PeKTMBHOCTI HEWpOHIB Ta MOCWIINE iX Bpa3nUBICTb
00 IHWKWX TOKCUYHKUX doakTopis [41].

MapanenbHo, Ha piBHI Mikpornii dikcyeTbea cybkni-
HiYHa XpOHiYHa aKTMBALlif, fiKa He Mae rocTporo 3ananb-
HOTO XapakTepy, OJHaK MNpPOSBMAETLCA MiABMLLEHO
ekcnpecieto CD68+ kniTwH, wWo ineHTUdIKye X y cTaHi
dparoumTapHoi aktueHocTi [43]. Ha ubomy etani mikpornia
CeKpeTye HM3bKOPIBHEBI Npo3anarnbHi LUMTOKIHW, 30Kpema
IL-1B, TNF-c. Ta IL-6, wo moaynioloTs eKcrnpecito peuen-
TopiB A0 HepoTpodinie, 3HuKyoTb BDNF-3anexHy cuH-
anTWU4HY NNAcTUYHICTL i rANbMYIOTb HelporeHes [32, 44].
BigcyTtHicTe MacwTabHol HepoHanbHoi 3armbeni He BU-
KMHYae BUMHUKHEHHS MOKanizoBaHoro MikposananeHHs,
fIKe KOHUEHTPYETbCA MEepeBakHO Yy CTPYKTypax, 3any-
YeHUX [0 perynauii KOrHITUBHUX Ta eMOLUiiHWX npo-
uecis (NpedpoHTanbHa Kopa, rinokamn, rnosicHa 3BuW-
BUHA) [32, 34, 44].

Ha tni yux miansHux 3miH (hopMyeTbCA NaTONOrYHUIA
rMioKaninApHWiA  3BOPOTHUIA  3B'A30K [39]. AcTpouutn
W MIKpOrmisa WNsSXoM BWAINEHHS MediaTopie 3anarneHHda
Ta peaKTUBHOMO KUCHIO BMNMBalOTb Ha eHOoTenianbHi
KMITMHW MIKpOCYAWH, O MNPU3BOAUTL OO0 MOPYLUEHHS

In astrocytes, the key disturbance is a decrease in
the expression of aquaporin-4 (AQP4) — a transmem-
brane channel that regulates the movement of water
from the intercellular space to the perivascular zone.
Aquaporin-4 is predominantly localized on the astrocyte
endfeet that envelop capillaries and venules in the
cerebral cortex [41]. lts suppression leads to disruption
of the glymphatic outflow, resulting in accumulation
of toxic metabolites, including acetaldehyde, and
products of oxidative stress [41, 42]. In the prefrontal
region, which is the first to be affected in SNS, the de-
crease of AQP4 is accompanied by disruption of cellular
osmotic balance, slowed clearance of glutamate, and
its excessive accumulation in the synaptic Ccleft,
creating a sftate of glutamate-mediated excitotoxi-
city. This, in turn, contributes to reduced metabolic
efficiency of neurons and increases their vulnerability
to other toxic factors [41].

Simultaneously, at the microglial level, subclinical
chronic activation is observed, which does not have
an acute inflammatory nature but manifests as increa-
sed expression of CD68+ cells, identifying their phago-
cytic activity [43]. At this stage, microglia secrete low
levels of pro-inflammatory cytokines, particularly IL-1p,
TNF-o, and IL-6, which modulate the expression of
neurotrophin  receptors, reduce BDNF-dependent
synaptic plasticity, and inhibit neurogenesis [32, 44].
The absence of widespread neuronal death does not
exclude the emergence of localized microinflammation,
which concentrates mainly in structures involved in
regulation of cognitive and emotional processes (prefron-
tal cortex, hippocampus, cingulate gyrus) [32, 34, 44].

Against the background of these glial changes,
a pathological glio-capillary feedback loop is formed [39].
Astrocytes and microglia, by releasing inflammatory
mediators and reactive oxygen species, affect the
endothelial cells of microvessels, leading to disruption
of tight junctions, depolarization of the endothelial
cytoskeleton, and increased permeability of the blood-
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winbHux  KoHTakTie  (tight junctions), aenonspusauii
eHOoTenMianbHOro UMTOCKeNeTy Ta NiABWLLEHHS Mpo-
HukHocTi TEB [45, 46]. Ha mopdonoriyHomy pieHi ue
NpPOABMNAETLCA BOTHWLLEBMM pO3'€QHAHHAM KOHTAKTIB
MiXX eHgoTeniouMTamy, NepUBACKYNAPHUM HabpsKom,
a TaKoX MOSIBOK AINSHOK 3 eKCTpaBasallielo nnasmaruy-
Hux Oinkie (Hanpuknag, dibpuHoreHy), WO QiKcyeTbcA
Ha iMyHoricToxiMi4HOMY piBHi [47].

BHacnigok XpoHi4HOI rmianbHOi akTMeauii Ta eHfo-
TenianbHOI AMCHYHKUIT NOCUMETLCS Mirpauis nepude-
PUHHKX iMyHOKOMNETeHTHUX KnitTuH (CD45+), wo y noe-
roTpyMBaniii nepcnekTnei cnpuse (OpMyBaHHIO acTpo-
Ta MIKpOITio3y 3 YTBOPEHHAM MiKpoaTpoiyHMX BOTHWLL,
Yy KMOHOBWMX [iNSHKax Kopw, Takux sK dorsolateral
prefrontal cortex, anterior cingulate cortex Ta rino-
KamnaneHa ginsHka CA1 [48].

AHanoriyHWin NaToreHeTUYHUIA MEexaHi3M OMUCYIoTb
y ceoemy aocnimkeHHi Zbesko J.C., Nguyen T.V., Yang T.,
Frye J.B., Hussain O., Hayes M., Chung A., Day W.A.,
Stepanovic K., Krumberger M., Mona J., Longo F.M.,
& Doyle K.P. (2018), aki 3a Qonomorow eneKTpoHHOT
MIKpOCKONiT BCTAHOBWMNMW, WO [MianbHi pybui xapak-
Tepu3yroTbcsa CcrneundivHo apXiTekTypoto, cdopmoBa-
HoO rinepTpodOBaHMMKM ACTPOLMTAPHUMK BigpOCTKamu
3 XapaKTepHO OpieHTaUiel0 BiAHOCHO 30HW YPaKeHHS.
OocnigHvk  BUABWMIM  MPUCYTHICTL  T-nimdouuTie
y CTPyKTypi miansHux pybuiB, WO NiATBEpOKYE KOH-
Uenuilo Npo akymynsuilo 3ananbHUX KiTWMH, NO3UTUB
HUX 3a mapkepom CD45+, y 3oHax rmiosy. Baxnuneum
€ Te, L0 aBTOpW NPOASMOHCTPYBanu BiACYTHICTL TUMO-
BUX MKKNITMHHUX 3'€dHaHb MK acTpouWMTamu B AOinsH-
Kax pybueemx 3miH. Kpim Toro, nopiBHanbHWiA aHanis
TKaHWH MIOAVHW Ta eKcnepuMeHTanbHUX TBapuH NoKa3as
noAibHICTb apXiTeKTOHIKW rmianbHMX pybLiB, WO CBIAYNTL
Npo KOHCEpPBATUBHICTbL LIMX NaTonoridyHvx npouecis [48].

SHWKeHHA edeKTUBHOCTI HelpormioKaninaApHoi B3ae-
Mofii Mae He nuilie MopdonoriyHi, a W yHKUIOHANbHO-
CUCTEMHi HAacnigKW: NopyLIyeTbCA IHTerpauig KorHi-
TUBHUX, BEreTaTMBHUX i aheKTMBHWUX KOMMOHEHTIB NoBe-
OiHKK, CMOCTepiracTbCa 3HWKEHHS KOTHITMBHOT MHYYKOCTI,
CMOBINbHEHHA CEHCOMOTOPHOT BiAMNOBIAi, NOTipPLIEHHA
apanTauii oo ctpecoreHHux daktopie [49)]. Lle B cBoio
yepry € XapaKTepHUMW  O3Hakamu  CyOKniHiYHOT
Ta normubneHo-nateHTHOT cTagiin CrMH.

KaniaapHi mexaHizmu

B koHTekcTi NGC-ancdoyHkuii

KnoyoBrM KOMNOHEHTOM HelrporniokaninapHoi B3ae-
MOofii € MO3KOBWIA MIKpOLMPKYNATOPHWIA anapart, 30Kpema
eHpoTenianbHi KNITMHW Kaninapie, Wo yTBOPIOTL rema-
ToeHuedaniyHnin 6ap’ep. MopyleHHsa WOro NPOHUKHOCTI
W BasoperynatopHoi @yHKUiT € yHOaMeHTanbHUM
eTanom y po3BWTKY NormubrneHol naTteHTHOI eHuedano-
natii [50]. Hamu BCcTaHOBNEHO, WO HaBiTb 3a BiOCYTHOCTI
KNIHIYHO BUpaKeHOT ankoronbHOI 3aneXHocTi, Npyu Tpu-
BanoMy MNOMIpHOMY BXWBaHHi ankoronw (opMyHTbCA
paHHi MIKpOCYOWHHI 3MiHW, SKi MalTb natodisionoriyHo
3Ha4YYLUMIA XapakTep.

OpgHuM i3 NpoBIAHWMX NPOABIE MIKPOLMPKYNATOPHOT
ONCPYHKLIT € 3HWKEHHS iHTerpaTuBHOI NnpoHukHocTI MEB,
Lo Mae MOABIMHWIA xapakTep: 3 ofHoro Doky, 3pocrae
PU3NK NPOHWKHEHHS [0 TKAaHWMHW MO3KY TOKCUYHUX
MeTaboniTie, 3 iHWOro — NapafoKcanbHO MOXEe 3HWKY-
BaTUCb 3aranbHa MetaboniyHa AOCTYNHICTE ANA KOpWG-
HUX PeYOBWH (HanpuKnag, [oKo3W Ta amiHOKWUCIOT)
[14, 15, 50-52]. Uei mexaHism nioTBepmKyeTbHCA

brain barrier (BBB) [45, 46]. Morphologically, this
manifests as focal disconnection of contacts between
endothelial cells, perivascular edema, and appearance
of areas with extravasation of plasma proteins
(for example, fibrinogen), detected at the immuno-
histochemical level [47].

As a result of chronic glial activation and endothelial
dysfunction, the migration of peripheral immune-
competent cells (CD45+) is enhanced, which in the long
term contributes to the formation of astro- and micro-
gliosis with the creation of microatrophic foci in key
cortical areas such as the dorsolateral prefrontal
cortex, anterior cingulate cortex, and hippocampal
CA1 region [48].

A similar pathogenetic mechanism is described in
the study by Zbesko J.C., Nguyen TV. Yang T,
Frye J.B., Hussain O., Hayes M., Chung A., Day W.A.,
Stepanovic K., Krumberger M., Mona J., Longo F.M.,
& Doyle K.P. (2018), who used electron microscopy
to establish that glial scars are characterized by
a specific architecture formed by hypertrophied astro-
cytic processes with characteristic orientation relative
to the lesion zone. The researchers found the presence
of T-lymphocytes in the glial scar structure, confirming
the concept of accumulation of inflammatory cells
positive for the CD45+ marker in areas of gliosis.
Importantly, the authors demonstrated the absence
of typical intercellular junctions between astrocytes
in the scarred areas. Moreover, comparative analysis
of human and experimental animal tissues showed
similarity in the architecture of glial scars, indicating
the conservatism of these pathological processes [48].

Reduced efficiency of neuro-glial-capillary interaction
has not only morphological but also functional-systemic
consequences: the integration of cognitive, autonomic,
and affective components of behavior is disrupted,
cognitive flexibility decreases, sensorimotor response
slows, and adaptation to stress factors worsens [49].
These, in tum, are characteristic signs of the subclinical
and deeply latent stages of SNS.

Capillary mechanisms
in the context of NGC dysfunction

A key component of neuro-glial-capillary interaction
is the brain microcirculatory apparatus, particularly
the endothelial cells of capillaries forming the blood-brain
barrier (BBB). Impairment of its permeability and
vasoregulatory function is a fundamental stage in the
development of advanced latent encephalopathy [50].
We have established that even in the absence of
clinically evident alcohol dependence, early micro-
vascular changes of pathophysiological significance
develop during prolonged moderate alcohol consumption.

One of the leading manifestations of microcirculatory
dysfunction is a decrease in the integrative permeability
of the blood-brain barrier, which has a dual nature:
on one hand, the risk of penetration of toxic metabo-
lites into brain tissue increases, and on the other hand,
paradoxically, the overall metabolic availability of bene-
ficial substances (such as glucose and amino acids)
may decrease [14, 15, 50-52]. This mechanism is
confirmed by clinical observations and biochemical
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pesynbratamyM KniHIYHUX crocTepekeHb Ta BioXiMivyHMx
OOCNioXeHb, 30Kpema, BWSABMNEHHAM MiABULIEHOro PpiB-
HA anbbymiHy y CMWMHHOMOS3KOBIW PpiauHI B NalieHTIB
i3 XpOHIYHMM MOMIpHUM ankoroniamom, ane 6e3 o3Hak
3anexHocTti [51]. MigBuwenns CSF/cepym-anbbymin-
Horo koediuieHta (Qalb) € wmapkepom nopyLleHHA
FEB, ockinbkn anbOyMiH He CUHTe3yeTbCA B MO3KY
i 32 HOpManbHWX YMOB He MPOHWKAE KPi3b iHTAKTHWNA
6ap'ep [14, 15, 50, 51].

DyHKUiOHANbHO Lie MOpYLIeHHS BWMKMUKAHe Aucpery-
nNAuiel0 WiNbHUX KOHTAKTIB (fight junctions) mix eHpo-
TeniouMTamu, WO 3abe3nedyoTb CeneKkTMBHY OWY3ilo
Ta napietanbHy crabinbHictb MEB. lMpwu ankoronbHomy
HaBaHTaXeHHI [OBrOTPUBANOro TWMY ChNOCTepiracTbes
3HWKEHHSI eKcnpecil KNaTpuHIB, OKMIOAWHY Ta Khay-
OWHY-5, GKi € KPUTMHHUMKW eneMeHTaMM LiNbHUX 3'ed-
HaHb. Taka cWTyauis CynpOBOOKYETLCA NOKANbHOK
Oenonsipusalielo  aKTMHOBO-MIO3MHOBOMO  LMTOCKEeneTy
eHaoTeniansHUX  KIITWH, WO nopywye MopdonoriyHy
KOMMAKTHICTL KaninApHoi cTiHku. [lapanenbHo aktu-
BYIOTLCA BHYTPILLHbOEHOOTENanbHi LWNAXW TpaHciTouu-
TO3y, fAKi 33 HOpPManbHUX YMOB MPWIHIYYIOTHCA Y MO3-
KOBMX cyamHax [53].

e ooHUM BaKNWBMM MATOTEHETMYHUM (PaKTOpOM
€ PO3BUTOK MIKpOILLEMIYHMX 3MiH Yy Oinii peyoBwmHi,
IO BM3HAYaKOTbCA 3@ [JOMOMOMO Cy4acHUX Hewrpo-
Bi3yanisauifiHMx TexHOIOri, 30KpemMa MarHiTHO-peso-
HaHcHol Tomorpadii (MPT) 3 peskumom DTI (Diffusion
Tensor Imaging) [52, 54, 55]. Oaxi DTIl-nocnimxeHb
BUSIBUIIM  3HWXKEHHA  pakuiiHoi  adizotponii  (FA)
y AiNsHKax nigkipkoeoT Binoi pevoBuHM (nobHa, Tim'aHa
Ta NEepUBEHTPWKYMSApPHA 30Ha), WO CBiOYMTL MPO 3HW-
KEHHSI CTPYKTYPHOI UiNICHOCTI aKCOHAaNbHWUX LUNAXIB —
30KpeMma, y TpakTax, BiOgnoBifanbHUX 3a KOTHITUBHY
perynsuilo, NPOCTOPOBY OpieHTaUil0 Ta MiBKMIBKYNbHY
B3aemofito [56]. Ui mikpoilwemiuyHi 3miHM MawTb Cy-
OWHHO-TMIianbHWA 'eHes3: BOHW MOB'A3aHi 3 OMCMepCHUM
3MEHLLeHHAM Mikponepdysii Ha (OHI XPOHIYHOIO HWU3b-
KOTpafieHTHOro  [MianbHOro  3ananeHHs Ta  nigew-
LIEHOrO OKCWAATMBHOMO HABAHTAXKEHHS Ha CyOWHHY
CTiHKy [52, 54, 55].

Lli gani BaxnuvBi TMM, WO BWUSIBMEHi MIKPOOPraHiyuHi
MOPYLUEHHA He CYNPOBODKYHTHCS KOOHUMMW O3HaKamu
KNacW4HOT arnkoronbHOT 3aneKHOCTi, a Yy KIiHIYHIA
KapTuHi  OOMEeXylTbCcs  HEe3Ha4YHMMW  KOTHITUBHUMU
abo emouUiAHUMK [eBialiaMK, YacTO iIHTepnpeToBaHUMMN
AK cTpecoei abo BikoBi 3miHu [57]. Came usg ocob-
NMBICTb — HEBIANOBIAHICTE Mi>K 00'EKTMBHOK OpPraHi4yHO
NaTonorierd MO3Ky Ta BIACYTHICTIO HABHOT KMiHIKM —
i cTaHOBWTL ronoeHy cyTb CIMH.

HelponAdcTUYHICTE TQ QAKOTOAB:

CYOKAIHIYHI 3pyLLUEeHHA

OpnH i3 KMHYOBMX NAaTOrEHETMYHMX MEXaHi3MiB,
wo ¢OpMye OCHOBY MNAaTEHTHOI anKoronb-iHoyKOBaHOl
eHuedanonatii y Mexax CUHAPOMY MPWXOBaHOI Herpo-
TOKCUMYHOCTI, — Ue MNOPYLUEHHA HeRponnacTUYHOCTI,
IO OXOMME AK MOMEKYNsPHi, TaK i CMHAaMTWYHI PiBHI
afanTauiiHMX MOXKIMBOCTER MO3Ky. Ha cyOkniHiaHOMYy
piBHI Lei npouec NPOSBNAETbCH MOCTYNOBUM 3HUMKEH-
HAM KOTHITUBHOT afanTWBHOCTI, CMOBINbHEHHAM (hopmy-
BaHHA HOBWX acoljauid Ta 3racaHHAM [OBroTpusarnoi
CUHanNTW4HOT noTeHujiauii (LTP), wo He 3aBxawu cynpo-
BOPKYETLCA BUPaXEHOW KNiHiYHOW KapTuHow [20, 58].
Brim, HelpobionoriyHi Ta HeWrpodisionorivyHi - gocniag-

studies, in particular the detection of increased albumin
levels in the cerebrospinal fluid (CSF) of patients
with chronic moderate alcoholism but without signs
of dependence [51]. Elevation of the CSF/serum albumin
coefficient (Qalb) is a marker of BBB disruption, since
albumin is not synthesized in the brain and under normal
conditions does not cross an intact barrier [14, 15, 50, 51].

Functionally, this disruption is caused by dysregu-
lation of tight junctions between endothelial cells,
which ensure selective diffusion and parietal stability
of the BBB. Under prolonged alcohol exposure, there
is decreased expression of clathrins, occludin, and
claudin-5, which are critical elements of tight junctions.
This situation is accompanied by local depolarization
of the actin-myosin cytoskeleton of endothelial cells,
disrupting the morphological compactness of the
capillary wall. Simultaneously, intracellular endothelial
transcytosis pathways are activated, which are normally
suppressed in brain vessels [53].

Another important pathogenetic factor is the develop-
ment of microischemic changes in the white matter,
detectable by modermn neuroimaging technologies,
particularly magnetic resonance imaging (MRI) with
Diffusion Tensor Imaging (DTI) mode [52, 54, 535].
DTI studies have revealed decreased fractional aniso-
tropy (FA) in areas of subcortical white matter (frontal,
parietal, and periventricular zones), indicating reduced
structural integrity of axonal pathways — especially
in tracts responsible for cognitive regulation, spatial
orientation, and interhemispheric interaction [56].
These microischemic changes have a vascular-glial
origin: they are associated with dispersed reduction
of microperfusion on the background of chronic low-
grade glial inflammation and increased oxidative stress
on the vascular wall [52, 54, 53].

These data are important because the detected
microorganic disturbances are not accompanied by
any signs of classical alcohol dependence, and clini-
cally are limited to minor cognitive or emotional devi-
ations, often interpreted as stress-related or age-related
changes [57]. This very feature — the discrepancy
between objective organic brain pathology and the
absence of overt clinical symptoms — constitutes the
core essence of SNS.

Neuvroplasticity and Alcohol:

Subclinical Shifts
One of the key pathogenetic mechanisms that
forms the basis of latent alcohol-induced encephalopathy
within the framework of Silent Neurotoxicity Syndrome
(SNS) is the disruption of neuroplasticity, which encom-
passes both molecular and synaptic levels of the brain’s
adaptive capacity. At the subclinical level, this process
manifests as a gradual decline in cognitive adaptability,
slowed formation of new associations, and attenuation
of long-term synaptic potentiation (LTP), which is not
always accompanied by a pronounced clinical picture
[20, 58]. However, neurobiological and neurophysio-
logical studies reveal profound hidden impairments
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HEHHS BMABMAOTL MWUOOKI NPUXOBaHI MOPYLUEHHS, LU0
MaKTb KPUTMYHE 3HAYeHHA [N PO3BUTKY CTIAKOMO
HelponcuxonoriyHoro aediunty [1-59].

LleHTpanbHe Mmicue B natoreHesi 3arWMae 3HWKEHHS
piBHA HeipoTpodiyHoro daktopa Mo3ky (BDNF —
Brain-Derived Neurotrophic Factor). Leit daxktop €
KIMHYOBUM MOOYNATOPOM HENApPOreHesy, CUHaNToreHesy
Ta AoBroTpuBanol cMHanTMYHOI nnacTuyHocTi. Jocnig-
KEHHSI MoKasanu, Wwo B ocib i3 perynspHWM MoMipHUM
BXKMBaHHAM asKoronioo, CcuMpoBaTKoBWIA piBeHb BDNF
3HWKYETBCH MOPIBHAHO 3 KOHTPOINbHUMM Tpynamu, Lo
He MalTb anKkoronbHOro HaBaHTaxeHHA [59]. MexaHizm
UbOro fABMLUA MOMNArae B enireHeTWYHIn penpecii ekc-
npecii resa BDNF y BignoBiab Ha okcuoaTMBHWIA CTpec,
iHOyKOBaHWIA eTaHornoMm Ta Woro metabonitom —
auertanbferigoM. HacniikoMm € nopyLieHHsi HeidporeHesy
B rinokamni, ocobnueo y AinsaHui 3yb4acTol 3BMBMHM,
0e HerponnacTuyHi npouecn BiobyBalTbcH HaRHTEH-
cuBHiwe [60-62]. Ak 3ayBaxye Shafiee A., Jafarabady K.,
Rafiei M.A., Beiky M., Seighali N., Golpayegani G.,
Jalali M., Soltani Abhari F.,, Arabzadeh Bahri R,
Safari O., Bakhtiyari M., & Alirezaei A. (2023), pesynstatn
MeTaaHanisy niaTBEP[KYIOTb  3HAYHWA  HeraTUBHWA
BMMMB ankorono Ha piseHs BDNF (SMD: —0,39; 95% [:
—0,68 po —0,10; p = 0,008). OocnioHwkn BCTaHOBMNW,
Lo y nauieHTiB 3 ankoroniamom pieeHb BDNF y cupo-
BaTUi KpoBi OYB 3HA4YHO 3HWKEHWIA NOPIBHAHO 3i 300po-
BUMKM ocobammu  KoHTponbHOi rpymm  (SMD: -0,37;
95% Al: 0,57 po -0,16; p = 0,008), 3 BupaxeHoO
BIKOBOIO 3anexHicTio Uboro edekty (koediuieHT kope-
nauii: —0,081) [59].

Y dyHKUioHanbHOMY acnekTi 3HuxeHHs BDNF TicHo
noe’'asaHe 3 avcyHkuiero LTP (long-term potentiation)
Ta LTD (long-term depression) — KNO4YOBWX MeXaHi3MiB
OOBroTpMBanol 3MiHW CWNMWM CUHaNTW4YHOI nepefadi, AKi
nexaTb B OCHOBi HaB4aHHA Ta popMyBaHHS nam'aTi [63].
ExkcnepumeHTanbHi mogeni mokasanw, Wo npu TpyBa-
NIOMy TMOMIPHOMY CNOXUBaHHI  ankoronw amnnityaa
LTP y CA1-30Hi rinokamna 3HWKYeTbCA, B TOW 4Yac
Ak LTD ctae gomiHaHTHUM npouecom [64]. Lle o3Hauvae,
o popMyBaHHA HOBUMX chidiB nam'ati € HecTabinbHUM
i MEeHW 3aKpinneHuM, WO MOACHIE PaHHIi TPYAHOLLI
3 KOHUeHTpauiel yBarm,
inpopmauil Ta popMyBaHHAM acouUiaTMBHUX NaHLIOTIB,
HaBiTb 3a 30epexeHoi 3aranbHol
NPOOYKTUBHOCTI.

MigTBepoeHHsSM UMX NOpylleHb Ha MaKpOpiBHI €
pesynbraty TpaHcYepenHoi MarHiTHol ctumynsauii (TMS).
3okpema, B OG0 i3 perynsipHMM MOMIPHUM BXMBaHHAM
arnkoromno peecTpyloThCA 3MillleHHs noporis 30yanuneocTi
MOTOPHOI KOpM, WO CBig4MTL Npo AucbanaHc Mix
ranomiBHumn  (GABA-eprivnumn) Ta  30ymKyBanbHUMK
(rmyTamart-eprivHumMu)  BrinmBamn. MoTOpHI  eBOKOBaHI

noteHuianu (MEPs), wo peecTpyloTbca npu cTumynauii

NpeLeHTpanbHoi 3BMBUHW, OEMOHCTPYHTE NiABULLEHY
NaTEeHTHICTb | 3HVKEHY aMnniTyay, Lo € 03HAaKO 3aralb-
HOT 3HWKEHOCTI NNacTU4HUX BMACTMBOCTEA Henpo-
HanbHWX aHcambnie [65]. Mpu uboMmy xapakTep 3MiH
CBIIYATb He Npo rocTpy TOKCWUYHY i, a Npo Hakonu-
yyBanbHUiA  edekT aesopraHisauil
aKTUMBHOCTI, XapaKkTepHWin Ansa nateHTHoro nepebiry CIMH.

Y CYKyNHOCTI Ui AaHi BKa3ylTb HA CUCTEeMHEe BUCHa-
HEHHA HEeMpONNacTUYHWX pPecypciB MO3Ky Ha i
perynsipHoro, xo4a W MOMIPHOTO, BXMBaHHS ANKOrorno
[20, 58, 59]. Takuii ctaH € natoreHeTM4HO Hebesned-
HWM, OCKIlIbKW CTBOPHOE CNPUATIIBWIA IPYHT ANs Nogarnb-

3anam’'siTOByBaHHAM  HOBOT

iHTeneKkTyanbHoT

HernpomepexeBoi

critically important for the development of persistent
neuropsychological deficits [1-59].

A central place in the pathogenesis is occupied by
a decrease in the level of brain-derived neurotrophic
factor (BDNF). This factor is a key modulator of neuro-
genesis, synaptogenesis, and long-term synaptic
plasticity. Studies have shown that in individuals with
regular moderate alcohol consumption, serum BDNF
levels are reduced compared to control groups without
alcohol exposure [59]. The mechanism of this pheno-
menon lies in epigenetic repression of BDNF gene
expression in response to oxidative stress induced
by ethanol and its metabolite — acetaldehyde. The con-
sequence is impaired neurogenesis in the hippocampus,
especially in the dentate gyrus region where neuroplastic
processes occur most intensively [60-62]. As noted
by Shafiee A., Jafarabady K., Rafiei M.A., Beiky M.,
Seighali N., Golpayegani G., Jalali M., Soltani Abhari F.,
Arabzadeh Bahri R., Safari O., Bakhtiyari M., &
Alirezaei A. (2023), meta-analysis results confirm
a significant negative effect of alcohol on BDNF levels
(SMD: —0.39; 95% CIl: —0.68 to —0.10; p = 0.008).
The researchers established that in patients with
alcoholism, serum BDNF levels were significantly
decreased compared to healthy control individuals
(SMD: —0.37; 95% CIl: -0.57 to —0.16; p = 0.008),
with a marked age dependence of this effect (corre-
lation coefficient: —0.081) [59].

Functionally, the reduction of BDNF is closely
associated with dysfunction of LTP (long-term poten-
tiation) and LTD (long-term depression) — key mecha-
nisms of long-lasting changes in synaptic transmission
strength, underlying learning and memory formation [63].
Experimental models have shown that with prolonged
moderate alcohol consumption, the amplitude of LTP
in the CA1 region of the hippocampus decreases,
while LTD becomes the dominant process [64].
This means that the formation of new memory traces
is unstable and less consolidated, explaining early
difficulties with attention concentration, memorization
of new information, and formation of associative chains,
even with preserved overall intellectual productivity.

Confirmation of these impairments at the macro
level comes from transcranial magnetic stimulation (TMS)
results. In particular, in individuals with regular moderate
alcohol consumption, shifts in the excitability thresholds
of the motor cortex are recorded, indicating an imbalance
between inhibitory (GABAergic) and excitatory (glutama-
tergic) influences. Motor evoked potentials (MEPs)
recorded upon stimulation of the precentral gyrus
demonstrate increased latency and reduced amplitude,
indicative of overall diminished plastic properties of
neuronal ensembles [65]. The nature of these changes
suggests not an acute toxic effect, but an accumulative
effect of disorganization of neural network activity
characteristic of the latent course of SNS.

Together, these data indicate systemic depletion
of the brain’s neuroplastic resources against the
background of regular, albeit moderate, alcohol consump-
tion [20, 58, 59]. Such a condition is pathogenetically
dangerous as it creates a favorable ground for further
deepening of cognitive dysfunction, even in the absence
of obvious clinical dependence. This once again
confirms the need to establish the concept of Silent
Neurotoxicity Syndrome as a separate clinical-patho-
physiological status that considers subclinical shifts
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woro nornubreHHs KOrHITMBHOT  AWCAYHKUIT, HaBiTb
3a BIACYTHOCTI SIBHOI KniHi4HOT 3anexHocTi. Le ule pas
nigTBepmKye HeobXiAHICTL BMBeOeHHA KOHUenuil cuHO-
POMY NPUXOBAHOT HEMPOTOKCUYHOCTI B OKPEMMIA KIiHIKO-
naToqisionoriyHWA  CcTaTyc, WO BPaxoBye CyOKNiHWYHI
3pYLIEeHHS HeponnacTUYHOCTI AK NpoBigHWiA Biomapkep
PaHHBLOT anKoronb-iHAYKOBaHOT HelipoaereHepallii.

KAiHikO- hbyHKLiOHOABHI cnocTepeXeHHA

30 AHKETOBUHMMM NALLIEHTAMMU

Y pamKkax pocnimkeHHss Oyno npoBedeHO KMiHiKo-
dyHKUioHanbHe cnocTepexenHa 3a 20 nauieHTamu pis-
HOro BIiKy (Bif 28 0o 68 pokiB), AKi NPOMLLNKW aHKETYBaHHA
3 METOI BUBYEHHSI BNMMBY PerynsapHoOro noMmipHoro Bxu-
BaHHA anKorornk Ha KOrHiTMBHI, eMOLUiHI Ta COMaTU4HI
MOKAa3HWKW. 3aranbHa 4YacToTa BKMBaHHA  ankoromnio
y Bubipui nokasana, wo 54% nauieHTiB CNoXWBalTb
anKoroneHi Hanoi BiJ OAHOTrO A0 TpbOX pasie Ha JeHb
Oe3 o3Hak 3anexHocTi. MNpu ubomy CyDKMiHIYHI KOrHi-
TUBHI CKapru, 30Kpema HeyBaKHICTb, MOPYLUEHHS KOH-
LUeHTpaLil yBarm Ta KOpPOTKOYAacCHI NOpYyLIeHHS nam'aTi,
BinsHa4anucs y 37% pecnoHaeHTie. O3HakM naTteHTHOT
eMoLiiHOT ancperynauii — anaris, TpUBOXHICTE — Bynn
BusBneHi y 33% onutaHux. PaHHi NposBuM rinokamnarnb-
HOT AMCOYHKUIT, AKi NposBnNANWCS BTpaTol nam'aTi
Ha HelloAaBHi noAil, 3ycTpivyanucs y 25% naujieHTiB.

lHOMBiOyanbHWIA aHani3 Nokasae, Wo NauieHTy 3 noe-
HOK BIiOMOBOK Bif ankoronw (Hanpwknag, nauieHTt 1,
47 pokiB) MaloTh iCTOPIl0 perynspHOro BXWBaHHA NWBA,
O[HaK Ha MOMEHT [OCNIIKeHHA He BXUBAIOTb anKkoronb,
WO TNOTEHUIWHO Cnpyae MOJMNWEHHID  KOrHITMBHOIO
cratycy. BoaHouyac iHWI nauieHTW niaTpuMyOTh WO~
OeHHe abo 4acTe MOMIpHE CMOXMBAHHA ANKOrONbHUX
Hanoie. Tak, nauieHtu 2 Ta 3 (54 Ta 64 pokv BignoBioHO)
perynsipHO BXWBalOTb  ankKoronbHe NWBO, MPUHOMY
nauieHT 3 BxuMBae NMBO WOAHA De3 iHWKMX ankoronbHUX
Hanoie. MauieHt 4 (38 pokis) Bingae nepesary BUHY
1-2 pa3su Ha TwKOeHb NepeBaXHO Yy BUXIAHI, @ nauieHT 6
(36 pokiB) BuBae BWHO pigko, NpubNWM3HO oovH pa3s
Ha [1Ba MicsLi, | ankoronbHe Nueo 1-2 pasu Ha MicAub.

Y nauieHTiB, AKi NOMIPHO BXWBAKTb ANKOrONb
(nanpuknag, nadienty 9, 10, 11), Big3HavaeTbCA pi3HUIA
CTYNiHb KOTHITUBHWMX cKapr: nauieHtTka 11 nepioguyHo
CKapWUTbCA HA 3HWKEHHA KOHLeHTpauil yearu Ta Tpyao-
HOLLi 3 NMEepeKIYEeHHAM MiXK 3aBAaHHAMM MICNs iHTenek-
TyanbHOIO HaBaHTaKeHHsA, ToAi 9K nauieHT 10 He nosi-
OOMMSE MpPO BWMpaXeHi KOrHITWMBHI nopylwieHHs. [aui-
eHT 12 (47 pokiB) BKMBae 3Ha4Hi 00'eMWn anKoronbHOro
nuea (1,0-1,5 n Ha goby), ogHak He Npen'siBMsAe 4iTKO
BMpaKEHUX CKapr, Xoda iHOAi 3a3Hayae «pO3CiAHICTb
aymok». [lauieHTw cepegHbLOrO Ta CTapuworo  BiKy
(nauientn 13, 14, 17) malTb aHAMHECTWYHI [aHi npo
enioaAnyHi TpyOHOLU 3 3anam'ATOBYBaHHSM HOBOI iH-
dopmauii, CMOBINMbHEHHS peakuii, Wo MOoXyTb OyTn
MOB'A3aHi 3 XPOHIYHOK HeWpo3anarnbHOK AaKTUBHICTIO
abo noyaTkoBMMM nposiBamu HelpopereHepalii. lMaui-
eHT 18 (52 pokn) perynspHo BxuBae OesankoronoHe
Ta ankoronbHe NWBO Kinbka pasiB Ha TWKAeHb, BiA3Ha4ae
3HWKEHHS LUBMAKOCTI MMWCMNEHHS Ta CXWNbHICTE [0
emouiiHoT NabinbHOCTI, U0 MOXKe CBiQ4WMTW Mpo no4art-
KOBIi KOTHITMBHI 3MiHW HEAPONNacTUYHOIO XapakTepy.

MeHLw aKTMBHI cnoXuBadi ankoront, AK nauieHtTn 15,
16, 19, BxmBaoTL ankoronb 1-2 pasu Ha TwKaeHb abo
pialwe, nepeBaxHo y Burnsai nuea. MauieHt 20 (68 pokis)

LIOAEHHO BXWBAE MWBO, MpOTe AeTanbHOI iHopmauil

Npo Moro coMaTMyHUin abo KOTHITUBHWIA CTaH HEMaE.

in neuroplasticity as a leading biomarker of early alco-
hol-induced neurodegeneration.

Clinical-functional observations
of surveyed patients

Within the study, clinical-functional observation was
conducted on 20 patients of different ages (from 28
to 68 years), who completed questionnaires to investigate
the impact of regular moderate alcohol consumption
on cognitive, emotional, and somatic indicators.
The overall frequency of alcohol consumption in the
sample showed that 54% of patients consumed alcoholic
beverages from one to three times a day without signs
of dependence. Subclinical cognitive complaints, inclu-
ding inattentiveness, impaired concentration, and
short-term memory disturbances, were noted in 37%
of respondents. Signs of latent emotional dysregu-
lation — apathy, anxiety — were identified in 33% of
those surveyed. Early manifestations of hippocampal
dysfunction, expressed as memory loss for recent
events, were observed in 25% of patients.

Individual analysis showed that patients who comple-
tely abstained from alcohol (e.g., patient 1, 47 years old)
had a history of regular beer consumption but at the
time of study did not consume alcohol, potentially
contributing to improved cognitive status. Meanwhile,
other patients maintained daily or frequent moderate
consumption of alcoholic beverages. For example,
patients 2 and 3 (54 and 64 years old, respectively)
regularly consume alcoholic beer, with patient 3 drinking
beer daily without other alcoholic drinks. Patient 4
(38 years old) prefers wine 1-2 times a week mostly
on weekends, and patient 6 (36 years old) consumes
wine rarely, about once every two months, and alcoholic
beer 1-2 times a month.

Among patients who moderately consume alcohol
(e.g., patients 9, 10, 11), varying degrees of cognitive
complaints were noted: patient 11 periodically reports
decreased concentration and difficulty switching bet-
ween tasks after intellectual load, while patient 10 reports
no marked cognitive impairments. Patient 12
(47 years old) consumes significant volumes of alco-
holic beer (1-1.5 liters per day), but does not report
clearly expressed complaints, although occasionally
notes «scattered thoughts». Middle-aged and older
patients (patients 13, 14, 17) have anamnesis of episodic
difficulties in memorizing new information, slowed
reaction time, possibly associated with chronic neuro-
inflammatory activity or early signs of neurodegeneration.
Patient 18 (52 years old) regularly consumes non--
alcoholic and alcoholic beer several times a week, noting
decreased thinking speed and emotional lability, which
may indicate early neuroplastic cognitive changes.

Less active alcohol consumers, such as patients 15,
16, 19, consume alcohol 1-2 times per week or less,
mainly in the form of beer. Patient 20 (68 years old) drinks
beer daily, but detailed information about his somatic
or cognitive status is lacking.

Analyzing the obtained data, a logical conclusion
can be drawn that Cclinical-functional observations
demonstrate that regular moderate alcohol consumption
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MpoaHanisyBaBlwM OTpMMaHi [OaHi MOXHA [inTK
TOMYHOTO BWMCHOBKY, LIO KNiHIKO-(DYHKUiOHAMNbHI cnocTe-
peXeHHsi AeMOHCTPYIOTh, WO perynspHe NoMmipHe Bxu-
BaHHS anKoroso acouiloeTbCA i3 CyOKMiHIYHUMM KOTHITUB-
HAMKM MOPYLUGHHAMW Ta €MOLIAHOI Oucperynsauieio
y YactvHu nauieHtis. Cepen nauieHTiB i3 HaWBWLLOKO
4YacTOTOI CMOXMBAHHA ANKOToMto BiACYTHI 03HAKW ABHOT
3aneXHoCTi, OOHAK € O3HaKW MNOYATKOBMX MOpYLUEHb
nam'aTi Ta KOHUEHTpaUil yBarv, WO CBi4WTb NPO paHHi
3MiHW ¥ (PYHKUIOHYBaHHI MO3KY.

Oani oTpumaHi 3 ONWTYBaHHA, MiOKPECMOITL BaX-
NMBICTb NOQANbLIOTO MOHITOPUHIY UWX MauieHTiB i3
3aCTOCYBAHHAM KOMMMEKCHWUX HEeWpPONCUXOMoriYHuX Ta
PYHKUIOHANbHUX METOAIB AOCIIMKEHHA ONA paHHbOro
BWAABMEHHA | MOXMNMBOMO 3anobiraHHA NporpecyBaHHIo
CYOKMIHIMHWX HEMPOTOKCUYHKMX 3MiH.

OBIrOBOPEHHA

OTpuvMaHi pesynsTati NinTBepOKYHOTh iCHYBaHHSA Npu-
XOBaHOMo (eHOTUNY XPOHIYHOT ANKoronb-iHAYKOBaHOT
eHuedanonaTil, 9KMiA He CyNpPOBOMKYETHLCH KITACUYHOO
KNIHIYHOI 3aneHICTIO, ane Mae YiTki MopdodyHKUio-
HamnbHi, HEeWpONCUXOMnoriYHi Ta MeTabonivyHi  03HaKK
NaTeHTHOTO YPaKeHHs KOpW ronoeBHoro mMosky. Lle noseo-
nse posmsagatu CMNH sk camocTiliHMiA NigTun ankoromnb-
HOI HEAPOTOKCMYHOCTI, L0 BUHWKAE B YMOBaxX TPUBAroro
NMOMIPHOTO BXXWBAHHA arnkoromnto. Ha siomiHy Big knacud-
HUX dopM ankoronbHoi eHuedanonarii, CMH He BuAs-
nsaeTbcs vepe3 fesapanTadito, rpybi KOTHITWMBHI nopy-
LIEHHS Y1 NOBeiHKOBY OeCTPYKLUil0, OOHAK CYNpOBOLKY-
€TbCH  MOCMIJOBHUM  3HWKEHHSAM  HEedponnacTU4HOCTI,
acpekTMBHOT CTabINbHOCTI Ta KOTHITMBHOT THYYKOCTI.
3rifHO 3 KMiHiMHMMKU cnocTepexeHHsMun, 40% nauieHTis,
SKi He Manu [aiarHosy anKorofbHOI 3anexHOoCTi, npo-
OEMOHCTpYBanM 03HaKM BMKOHABYOT OWMCOYHKUIT Ta
3HwkKeHHA yearn, 30% — adekTMBHY HecTabinbHICTD,
a y 25% BuWSBNEHO NpOCTOPOBO-BidyanbHi AediunTu.
Taki nokasHWKM cBig4ate Npo  yHKUiOHanNbHY Bpas-

NuBICTb NpedpOHTaNbHOI KOpW, Finokamna Ta MosCHOT

3BMBWHW HaBITb 33 BICYTHOCTI BMPa:KEHWX CUMIMTOMIB.
MpoTe, Ak 3asHavaTb Yan Z., Yingjie Z., Na A., Qi Q.,
Wei L., Wenzheng W., Lin S., ta Shifu X. (2021),
pesynbraTtu iX AOCTIMKEeHHS He BUABUNW CYTTEBOT pPi3HULI
Yy 3aranbHUMX KOTHITMBHWMX MOKA3HWKaxX MK rpynamu
3 nerkum abo NOMIPHWM BKMBAHHAM anKorosio Ta TUMK,
XTO WOr0 He BXWBAB, Hi Ha No4aTKy OOCNIOKEHHS,
Hi nig 4ac nopanbworo cnoctepexeHHda. Ocobu, Ak
yTpUMYBanucs Bif ankorono, OeMOHCTpYBanu Kpalli

pesynbtatm y yHKUiAX HasmBaHHA Ta abcTpakuil

Ha MOYaTKOBOMY eTani, a TakoX Kpauwly (yHKUilo Hasu-
BaHHA B nopansliomy. BogHoyac He Gyno 3adikcoBaHo
BiMIHHOCTE y Temnax 3HWKEHHS KOrHITMBHMX 3.i0-
HOCTE YW 4acTOTi PO3BUTKY AeMeHUii MK rpynamu.
OTxe, nerke Ta NomipHe BXWBaHHA aNKOroMi He Marno
3HaJyLOro BMMMBY HAa 3aranbHy KOTHITMBHY yHKLUIO
Ta pU3VK JeMeHLiT y YOMnoBiKiB NOXMIoro BiKy [66].

Y uentpi natoreHesy CIMNH nexuTs auncdyHKUiA
HelpornioKaninapHoi B3aemofii — cKnagHoro yHKUio-
HanbHOTO TPUKYTHWKA, SKWIA 3abe3neyye romeocTas Mo3-
KOBOrO MikpocepenoBuLla. Halle focnimxkeHHsa nokasye,
LLIO B3Ke Ha PaHHIiX CTafiax MOMiIPHOrO BXKWBaHHS anKoromnio
iKCYIOTbCS 03HAKWM MOPYLUEHHS [MianbHOro  KrlipeHcy,
3HWKEHHA eKCMpecil akBanopuHy-4, aktuealis MiKpormii,
nocnabneHHs WiNbHUX KOHTAKTIB reMatoeHuedaniyHoro

is associated with subclinical cognitive impairments
and emotional dysregulation in some patients. Among
patients with the highest frequency of alcohol consump-
tion, there are no signs of overt dependence, but early
signs of memory and concentration impairments are
present, indicating early changes in brain functioning.
Data obtained from the survey emphasize the
importance of further monitoring these patients using
comprehensive  neuropsychological and functional
research methods for early detection and possible pre-
vention of progression of subclinical neurotoxic changes.

DISCUSSION

The obtained results confirm the existence of a hidden
phenotype of chronic alcohol-induced encephalopathy,
which is not accompanied by classical clinical depen-
dence but has clear morphofunctional, neuropsychologi-
cal, and metabolic signs of latent cortical brain damage.
This allows considering Silent Neurotoxicity Syndrome
(SNS) as an independent subtype of alcohol neurotoxicity
arising under conditions of prolonged moderate alcohol
consumption. Unlike classical forms of alcoholic ence-
phalopathy, SNS is not revealed by maladaptation,
severe cognitive impairments, or behavioral destruction
but is accompanied by consistent reductions in neuro-
plasticity, affective stability, and cognitive flexibility.
According to clinical observations, 40% of patients
without a diagnosis of alcohol dependence demonst-
rated signs of executive dysfunction and reduced
attention, 30% — affective instability, and 25% showed
visuospatial deficits. These indicators point to functional
vulnerability of the prefrontal cortex, hippocampus,
and cingulate gyrus even in the absence of pronounced
symptoms. However, as noted by Yan Z., Yingjie Z., NaA.,
Qi Q., Wei L., Wenzheng W., Lin S., and Shifu X. (2021),
the results of their study did not reveal a significant
difference in overall cognitive performance between
groups with light or moderate alcohol consumption and
those who did not consume alcohol, neither at the
beginning of the study nor during follow-up observation.
Individuals who abstained from alcohol demonstrated
better naming and abstraction functions at the initial
stage, as well as better naming function during follow-up.
At the same time, no differences were recorded in the
rates of cognitive decline or frequency of dementia
development between the groups. Thus, light and
moderate alcohol consumption had no significant
impact on overall cognitive function and dementia risk
in elderly men [66].

At the center of the pathogenesis of SNS lies
dysfunction of the neuro-glio-capillary interaction —
a complex functional triangle that ensures homeo-
stasis of the brain microenvironment. Our study shows
that already at early stages of moderate alcohol con-
sumption, signs of impaired glial clearance, decreased
expression of aquaporin-4, microglial activation, weak-
ening of tight junctions of the blood-brain barrier, and
decreased levels of brain-derived neurotrophic factor
(BDNF) are recorded [3, 5, 12—15, 32, 34, 35, 41, 44, 59].
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Dap’epy Ta 3HWKEHHS piBHA HeWpoTpodiyHoro dakTopa
Mo3ky [3, 5, 12-15, 32, 34, 35, 41, 44, 59]. Ue, y cBoio
yepry, Befe A0 nopylueHHsa LTP-mexaHiamiB y rinokamni,
aKkcoHanbHOI Aerpafauii, 3HWKEeHHS CUHaNTUYHOI LWiNb-
HOCTI Ta HaKOMWYEHHS IMyTamaTy 3 PO3BUTKOM eKcalTo-
TOKCMYHOCTI. HesBakarioum Ha Te, Lo Ui 3MiHW He cynpo-
BOKYHOTLCA 3anexHicTio a60 aBCTUHEHTHUM CUHOPOMOM,
BOHW MalTb [OBIOTPUBANUIA HEraTMBHWA BMNNWB HA
KOTHITUBHY MNpPOAYKTUBHICTb, MOTMBALi0 Ta 34aTHICTb
[0 eMOUiHOT camoperynsLir.

KniHiyHa HeBmaumicte CMH € ogHuMm 3 Haibinblumx
BUKIIMKIB [NA Cy4acHoi AiarHocTukW. [lauieHTn 3 uum
cuHapomMom 30epiraloTe coujanbHy afganTalilo, BUKO-
HylOTb NpodeciiHi hyHKUIT, He MalTb TOCTPUX CKapr,
OfHaK [AeMOHCTPYHTb MNOCTYNORY BTPATy MOTMBALIAHOT
iHILIaTMBK, eMOLiHY CNMNOWEeHICTb, NIOBULLEHY 3anex-
HICTb BiJl pUTYanisoBaHOIO BXXUBAHHS amnKorono siK 3aco-
Oy crabinizauii NCMX0eMOLIAHOTO CTaHy. Take BXMBaHHA
He iHTepnpeTyeTbCA nauieHTamu K npobnemue, WO
YHEMOXIIMBIIOE CBOEYACHE 3BEPHEHHS M0  JONOMOry.
Y UbOMY KOHTEKCTi 3anponoHoBaHa wmofens ClH
[O3BONAE MOACHWTM Jucouiauio Mk  00'eKTMBHOW
CTPYKTYPHOK AMCOYHKLIEID Ta BifCYTHICTIO KMiHIYHOrO
fiarHo3y, a TakoX NigKpecmoe HeobXiaHICTL CTBOpEHHS
HOBMX MiOXOAiB [0 PaHHbOI AiarHOCTMKW — 30Kpema
CKPWHIHFOBMX MpOTOKONIB, $Ki BpPaxoBYyHOTb €MOLAHO-
MOTMBALAHI  3MiHW, HEWPOMNCUXONOriYHI  MapKkepu Ta
OaHi HeWpoBisyanisallji.

MopiBHAHHA 3 aKTyanbHO NiTepaTypoto NiATBEpIKYE
peneBaHTHICTbL BUSBIIEHWX MEeXaHi3MiB: cy4acHi Jocnig-
YKEHHSI OMUCYIOTb aHanorivHi heHOMeHW MiKpormianbHoT
aktueauji, 3HwxkeHHa BDNF, rinometaboniamy B npe-
dpoHTanbHIA 30HI Ta rinokamni B ocib, Ak BXMBaKOTb
ankoronb 6e3 3anexHocTi. Lle cBiguMTb Npo icHyBaHHA
CNINBbHOTO NATOreHETUYHOIO NaHuora, B LUEeHTPI SKoro —
XPOHIYHE MIKpO3ananeHHs, nopyleHHsa MmianbHoi pery-
nauii Ta kaninspHoi nepdysil, WO 3rogoM Npu3BOAUTH
00 nporpecyo4ol HelpopaereHepauii [3, 5, 12-15, 32,
34, 35, 41, 44, 59]. TepmiH «nateHTHa eHuedano-
natia» cTae [OpeYHUM Y BUNafKkax, KOnW KhiHiYyHa
MaHidpecTauis BiACyTHA, ane CTPyKTYpHO-(yHKLiOHamNbHI
3MiHK Be BinDyBatoTbCS.

MpaKkTuyHe 3HaYeHHs1 Hawol mogeni nonsrae y He-
obxigHoCTi nepernagy MOHATTS «nomipHoro» abo «bes-
MeYHOro» BXWMBAHHA ankoronto. PerynapHe cnoXuBaHHA
HaBITb Yy Manux Ao3ax — Hanpuknag, 3—4 nopuil Ha Twx-
OeHb — MOXe CTBOPIOBaTU KyMYNATUBHUA HEApPOTOK-
cu4HWIA edekT, ocobnNMBO y NAaUIEHTIB CepefHbOro BIiKYy
3 NIJBULLEHOK YYTIMWBICTIO [0 MOPYLUEHHS KaninsipHoOT
Ta mianbHoi perynsauii. Le craBute nig  cymHIiB
YHIBEPCANbHICTb ICHYHYMX HOPM BXWBAHHS arKOrorno
Ta nigkpecnioe HeobOXiOoHICTL iHAMBIOyanizauii puamk-
OpIEHTOBaHUX peKOMeHAaLlil.

3 omAny Ha Bulle3asHadeHe, AOUINbHUM € hopMmy-
TNIOBAHHA MpPakTUYHWX PeKoMeHAauUiil ansa nikapie nep-
BMHHOI INaHKW, HeBPONorie, ncuxiatpis Ta nikapiB
3aranbHoT NpakTMkW. Hacamnepen cnif 3MiHWTW KniHiYHe
yaBMNeHHsa npo  «BeaneyHe»  BXWMBAHHA  AMKOTOM
Ta BKMOYATW B a@HaMHe3 OLUiHKY He TiNbKWu 4acToTw,
a W pUTyanbHOCTI, KOMMeHCATOPHOT OYHKUIT Ta eMOUAHOT
3anexHoCTi Big ankoronmw. Y nauieHTiB cepeaHboro
BiKY 3 perynspHMM MOMIPHUM BXWBAHHAM arKOrorno
PEKOMEHYETbCA MPOBOAUTU CKPUHIHT KOTHITMBHOT THY4Y-
kocTi (Stroop Test, Digit Span), moTuBaUIAHOT iHiLiaTBK
(onutyBanbHukn SHAPS abo AES), a Takox adektme-
Horo crady (PHQ-9, HADS). Y Bunagky BuABNEHHA

This, in tumn, leads to disruption of LTP mechanisms
in the hippocampus, axonal degradation, reduced
synaptic density, and accumulation of glutamate with
development of excitotoxicity. Although these changes
are not accompanied by dependence or withdrawal
syndrome, they have a long-term negative effect on
cognitive performance, motivation, and the ability for
emotional self-regulation.

The clinical invisibility of SNS is one of the greatest
challenges for modern diagnosis. Patients with this
syndrome maintain social adaptation, perform profe-
ssional functions, do not have acute complaints, but
demonstrate a gradual loss of motivational initiative,
emotional flattening, and increased dependence on
ritualized alcohol consumption as a means of stabilizing
psycho-emotional state. Such consumption is not
interpreted by patients as problematic, which makes
timely seeking of help impossible. In this context,
the proposed SNS model explains the dissociation
between objective structural dysfunction and absence
of clinical diagnosis, as well as emphasizes the need
for new approaches to early diagnosis — in particular,
screening protocols that take into account emotional-
motivational changes, neuropsychological markers,
and neuroimaging data.

Comparison with current literature confirms the
relevance of the identified mechanisms: modern studies
describe similar phenomena of microglial activation,
decreased BDNF, hypometabolism in the prefrontal
area and hippocampus in individuals consuming
alcohol without dependence. This indicates the existence
of a common pathogenetic chain, at the center of
which is chronic microinflammation, disruption of glial
regulation and capillary perfusion, which subsequently
leads to progressive neurodegeneration [3, 5, 12-15, 32,
34, 35, 41, 44, 59]. The term «latent encephalopathy»
becomes appropriate in cases where clinical manifes-
tation is absent, but structural-functional changes are
already occurring.

The practical significance of our model lies in the
necessity to revise the concept of «moderate» or «safe»
alcohol consumption. Regular consumption even in
small doses — for example, 3—4 servings per week —
can create a cumulative neurotoxic effect, especially
in middle-aged patients with increased sensitivity to
disruption of capillary and glial regulation. This calls
into question the universality of existing alcohol con-
sumption standards and emphasizes the need for indivi-
dualization of risk-oriented recommendations.

In view of the above, it is advisable to formulate
practical recommendations for primary care physicians,
neurologists, psychiatrists, and general practitioners.
First of all, it is necessary to change the clinical percep-
tion of «safe» alcohol consumption and include in the
history assessment not only of frequency, but also
rituality, compensatory function, and emotional depen-
dence on alcohol. In middle-aged patients with regular
moderate alcohol consumption, screening of cognitive
flexibility (Stroop Test, Digit Span), motivational initiative
(SHAPS or AES questionnaires), as well as affective
state (PHQ-9, HADS) is recommended. In case of
detection of subclinical deviations, it is advisable to
use neuroprotective agents with emphasis on BDNF
modulation (e.g., citicoline) [67], antioxidants (alpha-
lipoic acid, acetylcysteine) [68], B vitamins [69], and
adaptogens [70]. Psychoeducation plays a key role:
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cyOKMiHIYHMX BigXwuneHb BapTO 3acTOCOBYBAaTW HeNpo-
npotexkTopHi 3acobu 3 akueHtom Ha BDNF-moaynauiio
(Hanpuknag, umTukoniH) [67], aHTMoKcuaaHTu (anbda-
ninoeea KWcnota, aueTunuucTeid) [68], BiTamiHu rpynu
B [69] ta apantorenn [70]. KnioudoBy ponb Bigirpae
ncuxoenykauia: nauieHTy HeobXigHO MOACHUTU MeXaHi3m
NPWXOBAHOT HEWPOTOKCMYHOCTI Ta BaXNMBICTb ansrep-
HaTUB eMoUiAHOI camoperynauii — isuyHi  Brpaew,
OWMXarnbHi NPaKTUKW, KOTHITMBHO-NOBEAIHKOBI cTpaTeril.

Anroputm KnididHoT Aif npu nigo3pi Ha CMNH moxHa
YMOBHO NOAINMTKU HA M'ATb eTanie:

nepLmvin — hopMyrniOBaHHA KMNIHIYHOTO MPUMYLLEHHS
Ha OCHOBI xapaKkTepy BXWBaHHS ankororno Ta HasBHOCTI
©MOLLIHO-KOTHITUBHWUX CKapr;

Opyrvii — npoBefeHHs DasoBoro ckpuHiHry (MMSE,
MoCA, onuTyBanbHUKM MOTUBALT Ta HACTPOI);

TPETiA — 33 MOXIMBOCTI — IHCTpPYMeHTansHa Bepu-
dikauig (ouiHka piensa BDNF, fMRI/DTI, P300);

yeTBepTUiA — KOMMMeKcHe iHopMyBaHHS naui-
€eHTa, MoAWIKaLia CTWMI KWUTTA, NPW3HAYeHHA nig-
TpUMYyBanbHOT Tepanir;

MATUA — OUHaMIYHE CMOCTEPEXEeHHA 3 NOBTOPHOK
HEepONCMXONOTiYHOK OLiHKOW Yepes 6—12 micauis.

Y pasi normubneHHs cuMnTomMatukn HeobxigHe 3a-
NyYeHHs MYNETUAUCLUMNIIHAPHOT KOMaHOW 3a y4acTio
HeBpomnora, ncuxotepaneeTa, a 3a norpebn — pea-
Ginitonora.

Y nopganbluvx OOCHIMKEeHHAX AOUINbHO 3aCTOCOBY-
BaTW KINbKICHI HeponcyxonoriyHi wkanw, Giomapkepn
rmianbHOT aKTMBaLUil, TpaHC4YepenHy MarHiTHy CTUMYy-
nauiro  Ta Bisyanisauiidi metogn (fMRI, DTI), wo
OO3BOMATb  BUABATW  MNOPYLUEHHA Ha [OKIiHIYHOMY
pieHi. Okpemy yBary cnig npuainuTM MNpeBeHTUBHUM
i TepaneBTW4HWM CTpaTeriiMm — BKIIHOYAKYW 3acTocy-
BaHHa BDNF-mopynsTopie, aHTMOKCHAAHTIB Ta nporpam
Ncuxoenykauii, CrNpaMOBaHWX Ha paHHe  yCBIiOOM-
NMEHHA MNOTeHUiRHOT KOAW HaBiTb  HW3bKOO030BOMO
CNOXMBaHHA ankoronio.

BUCHOBKH

OTpumani  pesynerati  [03BONAKTb  BUOKPEMMUTU
CMHAPOM NpPWUXOBAHOT HEWPOTOKCWMHYHOCTI $SIK OKpeMWii
nigTMN ankoronb-iHAyKoBaHO! eHuedanonarii, wo dop-
MYETbCH B YMOBaXx PerynspHoOro nomipHOIO BXWBAHHSA
ankoronto 6e3 kniHiyHOT 3anexHocTi. CMNH xapaktepu-
3yeTbCA CYOKMIHIYHMMKW KOTHITUBHUMM Ta adeKTMBHUMUK
NOPYLIEHHAMM, 3HWKEHHAM HEeRpONNacTUYHOCTI Ta OWNG-
dyHKUiED HelporniokaninapHoi B3aemofii. Busaenedi
3MiIHW  3anUMLIATbCA  No3a  Mexamu  TpaavuiiHoT
[OiarHOCTUKWM, O[HAK MalTb MNOTEHUIAHO Nporpecyroyui
xapaktep. Lle nigkpecnioe HeobxigHicTb nepernagy
cydacHux ysBneHb npo «BesnedyHe» BXWMBAHHS anko-
ron, a Takok noTpeby B po3pobui iHCTPYMEeHTIB paH-
HbOM0  BUABMNEHHA Ta  NPOMINaKTMKW  NareHTHOT
ankoronbHOT HeMPOTOKCUYHOCTI.
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it is necessary to explain to the patient the mechanism
of hidden neurotoxicity and the importance of alter-
natives for emotional self-regulation — physical exercise,
breathing practices, cognitive-behavioral strategies.

The clinical action algorithm in suspected SNS can be
conditionally divided into five stages:

first — formulation of a clinical assumption based
on the pattern of alcohol consumption and presence of
emotional-cognitive complaints;

second — conducting basic screening (MMSE, MoCA,
motivation and mood questionnaires);

third — if possible — instrumental verification (BDNF
level assessment, IMIRI/DTI, P300);

fourth — comprehensive patient education, lifestyle
modification, prescribing maintenance therapy;

fifth — dynamic observation with repeat neuropsych-
ological assessment in 6—12 months.

In case of symptom worsening, involvement of
a multidisciplinary team including neurologist, psycho-
therapist, and if necessary — rehabilitator is required.

In further studies, it is advisable to apply quantitative
neuropsychological scales, biomarkers of glial activation,
transcranial magnetic stimulation, and imaging methods
(fMRI, DTI), which allow detection of disturbances at
the preclinical level. Special attention should be paid
to preventive and therapeutic strategies — including
the use of BDNF modulators, antioxidants, and psycho-
education programs aimed at early awareness of the
potential harm of even low-dose alcohol consumption.

CONCLUSIONS

The obtained results allow distinguishing Silent
Neurotoxicity Syndrome (SNS) as a separate subtype
of alcohol-induced encephalopathy that develops
under conditions of regular moderate alcohol consump-
tion without clinical dependence. SNS is characterized
by subclinical cognitive and affective impairments,
reduced neuroplasticity, and dysfunction of the neuro-
glio-capillary interaction. The identified changes remain
beyond the scope of traditional diagnostics but have
a potentially progressive nature. This emphasizes
the need to revise current concepts of «safe» alcohol
consumption, as well as the necessity to develop
tools for early detection and prevention of latent
alcohol neurotoxicity.
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Prospects for further research

Further research into the phenomenon of Silent Neurotoxicity
Syndrome (SNS) should focus on a comprehensive exploration
of its pathogenesis, early diagnostics, and preventive strate-
gies. Primarily, it is essential to develop specific and sensitive
screening tools capable of detecting subclinical cognitive
and affective changes at early stages, even in the absence
of classical alcohol dependence. Particular attention should be
given to validated neuropsychological methods assessing
the functions of the prefrontal cortex, insula, hippocampus,
and cingulate gyrus. Promising directions include the study
of biochemical and neurophysiological markers such as
BDNF levels, aquaporin-4 expression, pro-inflammatory
cytokines (IL-1B, TNF-o, IL-6), and oxidative stress indicators
that may serve as objective indicators of early neurotoxic
disorganization. Equally important is the application of advanced
neuroimaging techniques (fMRI, DTI, PET) to detect micro-
structural and metabolic brain changes associated with regular
moderate alcohol consumption. Another critical research
direction involves investigating the impact of SNS on the
emotional-motivational domain and personal autonomy, as well
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UIAHO-MOTHUBALIWHY cdepy Ta 0CODMCTICHY aBTOHOMIKD, a TaKoX
Ha po3poOKy NPEeBEHTUMBHWUX CcTpaTterini — dapMakonoriyHux
| NOBEOIHKOBMX — ANA 30epexeHHA HerponnacTUYHOrO MoTeH-
uiany y BpasnuBUMX rpynax HaceneHHA. JIOHrTyauHansHi Oo-
CNIHEHHA 3 OLIHKOK AMHAMIKM KOTHITUBHOMO (PYHKUIOHYBaHHA,
pIBHA HeWpoTpodIYHKX (DaKTOPIB Ta 3MiH Y CTPYKTYPI MO3KY
[003BONATL chopMyBaTM JiTKy Mofens nporpecysanHHA CITH
Ta BNpOBaauTK Tl B CyYacHy HEBPOIMOTYHY MPaKTUKY AK OKpemy
HO30IMOMYHY OAWHULIO.
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uiel poboTu.

IHcpbopmauis npo dpiHaOHCYBAHHS

JocnixeHHA He OTPUMYBaNo 30BHILLHLOMO (hIHAHCYBaHHA.
PoboTa BUKOHaHa aBTopaMy CamoCTIRHO 3a BracH pecypcu.
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as developing preventive strategies both pharmacological
and behavioral aimed at preserving neuroplastic potential
in vulnerable populations. Longitudinal studies evaluating the
dynamics of cognitive functioning, neurotrophic factor levels,
and structural brain changes will help establish a clear model
of SNS progression and promote its recognition as a distinct
nosological entity in modern neurological practice.
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