REVIEWS AND LECTURES

YK 616.89-008.441.13-092:616.8-097
https://doi.org/10.20538/1682-0363-2025-3-127-137

Neurotransmitters, factors of neuroimmune inflammation and endocrine

regulation in alcohol dependence

Vetlugina T.P., Epimakhova E.V., Prokopieva V.D., Shumilova S.N., Voevodin I.V.

Mental Health Research Institute, Tomsk National Research Medical Center (NRMC), Russian Academy of Sciences

4 Aleutskaya St., 634014 Tomsk, Russian Federation

ABSTRACT

Alcohol dependence remains a global medical and social issue, despite the advancements in studying its
pathogenesis and the diversity of available treatment methods. This determines the relevance of further research
aimed at revealing the complex neurobiological effects of ethanol on the human body. A fundamental knowledge
of the mechanisms of formation and course of alcohol dependence is the theoretical basis for the development of
new pathogenetically substantiated methods of prevention, diagnosis, and treatment of alcohol-related disorders,
which will contribute to enhancing the social functioning of patients and reducing the economic burden of socially
sensitive diseases.

The aim of the review was to analyze recent studies conducted by Russian and foreign authors on the role of
neurotransmitters, neuroimmune inflammation factors, and endocrine regulation in the pathogenesis of alcohol
dependence.
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PE3IOME

AJIKOTOJIBHAsI 3aBUCHMOCTB OCTA€TCsl III00aIbHON MEMKO-COLHAIBHOM POOIeMOi, HECMOTpSI Ha JOCTUTHYTbIS
YCIIEXH B M3y4EHHH [IATOTeHe3a 3a00JIeBaHNs U MHOTOOOpa3He CyIIECTBYIOIINX METOIOB JICUCHHs. DTO ONpe/iesseT
aKTyaJbHOCTh JAJIBHEHIINX HCCIEJOBAHUM, HAIPABICHHBIX HAa PACKPBITHE CIIOKHBIX HEHPOOMOIOTrHMYECKUX
3¢ dekToB dTaHONA HA OpraHu3M denoBeka. DyHTaMeHTaIbHbIC 3HAHHUSI MEXaHU3MOB ()OPMHUPOBAHUS U TCUCHUS
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AJIKOTOJIbHOM 3aBHCHMOCTH SBJISIFOTCS TEOpPEeTHYeCKoW Oa3oi Juid pa3paOOTKM HOBBIX IATOT€HETHYECKH
000CHOBAaHHBIX METOJOB MPOMUIAKTHKH, TUATHOCTUKH M JIEUEHHs] PACCTPOUCTB, CBS3AaHHBIX C AJIKOTOJIEM, YTO
Oy/ieT crocoOCTBOBATH MOBBIMICHUIO CONUAIBHOTO (YHKIIMOHUPOBAHUS MAIMEHTOB, CHIKSHUIO SKOHOMHUUECKUX
HOTEPb OT COLMAIbHO-3HAYMMBIX 3a00JIeBaHUII.

Henp: aHanm3 COBPEMEHHBIX HCCIEAOBAHMN POCCHHCKHX M 3apyOe)KHBIX aBTOPOB, KACAIOIIMXCS H3yYEHHS
ponu HeiipomMeauaTopoB, (GaKTOpOB HEHPOMMMYHHOTO BOCHAJICHHS M SHJOKPUHHOW PETYISIIMU B NATOTCHE3e
aJIKOTOJIbHOH 3aBUCUMOCTHU.

KiroueBble €10Ba: aJIKOrojbHAs 3aBUCHMOCTB, aJIKOTOJIM3M, HeHpoMeIuaTopsl, HEHPOMMMYHHOE BOCIAJICHUE,
KOPTUKOTPOIHMH-PHIN3UHT (HaKTOP, KOPTU3OI

KonpaukTt unTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMANBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaIKeil HACTOSIIEeH CTaThH.

HUcrounuk ¢punancuposanusi. CTaTbs MOAroTOBICHA ITPU (GUHAHCOBOM MOJ/Iep)KKe rpanTa Poccuiickoro Hay4yHOTo
¢doumaa (mpoekt Ne 25-25-00188, https://rscf.ru/en/project/25-25-00188/).

Jas uurupoanus: Bernmyruna T.I1., Enumaxosa E.B., [Ipokomsesa B./I., lllymunosa C.H., Boesonun U.B.
Heiipomennatopsl, hakTopsl HEHPOMMMYHHOTO BOCTIATIECHUS M SHAOKPUHHON PEryJILUM MPH aJKOTOJBHOU 3a-
BUCHUMOCTH. broinemens cubupckoi meduyunet. 2025;24(3):127-137. https://doi.org/10.20538/1682-0363-2025-

Neurotransmitters, factors of neuroimmune inflammation and endocrine regulation

3-127-137.

INTRODUCTION

Alcohol dependence (alcoholism) as one of the
primary addictive disorders remains a serious medical
and social problem in Russia and worldwide due to
a steady increase in the incidence of this pathology,
the severity of its consequences, and limited treatment
efficacy. Alcohol abuse leads to rising crime rates,
violence, and orphanhood and causes a notably high
level of disability and mortality among men aged 40—
60, who at this age are the most productive in social
and professional spheres. One of the approaches
to solving the problem of reducing the growth rate
of addiction is the development of new methods of
diagnosis, individualized prediction, and effective
therapies developed using fundamental knowledge
about the disease pathogenesis.

The brain neurotransmitter systems, primarily
the dopaminergic system, whose functional state is
related to the activity of other systems, play a crucial
role in the formation of addiction [1-3]. Alcohol and
its metabolites, in particular acetaldehyde, activate
peripheral immune cells and microglia leading to
an increase in the production of pro-inflammatory
cytokines and other mediators of neuroimmune
inflammation, affecting the severity of the disease and
cognitive and behavioral characteristics [4, 5]. Chronic
alcohol consumption and repeated withdrawal cycles
are stressors stimulating the hypothalamic-pituitary-
adrenal axis (HPA axis) and glucocorticoid synthesis
causing dysregulation of the brain reward system and
perpetuating alcohol-seeking behavior [6, 7].

The aim of this review was to analyze recent
studies conducted by both Russian and foreign authors
regarding the role of neurotransmitters, neuroimmune
inflammatory factors, and endocrine regulation in the
pathogenesis of alcohol dependence.

We searched the electronic databases PubMed
(https://pubmed.ncbi.nlm.nih.gov/) and the scientific
electronic library eLIBRARY (https://www.elibrary.
ru/) for studies published during the last 15 years. The
search was conducted using the following key words:
alcohol dependence, alcoholism, neurobiology of
alcoholism, neurotransmitters, inflammatory factors,
cytokines, and hormones. The review includes 88
publications (clinical and experimental studies, meta-
analyses, randomized controlled trials, and reviews)
relevant to the problem under study.

NEUROMEDIATORS

Ethanol crosses the blood-brain barrier altering
neurochemical processes in the brain and leading to
the remodeling of synapses that regulate emotions,
motivation, and overall human behavior. Currently, the
primary neurophysiological mechanism underlying
addiction to psychoactive substances (PAS) is
considered to be the emotionally positive reactions
that arise in response to the chemical effects of alcohol
and other PAS on brain regions linked to the reward
system [2, 8, 9].

Long-term studies conducted at the National
Scientific Center for Narcology (Moscow, Russia)
have established the leading role of dopamine (DA)
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in the development of addiction to alcohol and other
PAS. A vicious cycle underlying addiction formation
has been described, characterized by alternating
periods of increased and decreased DA levels during
alcohol consumption, withdrawal syndrome, and
remission. It has been shown that DA levels positively
correlate with the severity of withdrawal symptoms.
Elevated DA levels during the initial period of
remission formation subsequently decrease and, as a
rule, remain below normal, which may indicate that
DA deficiency is the basis of persistent pathological
craving for PAS [8].

Chronic ethanol consumption leads to long-term
changes in the dopaminergic system, affecting neural
networks associated with reward mechanisms and
addictive behavior [9]. Experimental studies have
demonstrated that both acute and chronic alcohol
intoxication cause the most pronounced changes in
the activity of the mesolimbic dopaminergic system
in rats, confirming the involvement of this system
in the neurobiology of alcohol effects [10, 11].
Alcohol activates dopaminergic neurons in the ventral
tegmental area of the midbrain leading to an increased
dopamine release in the cortico-limbic regions of the
forebrain. Inhibition of D2 dopamine receptors by
their antagonist, sulpiride, reduced voluntary alcohol
intake in animals [12, 13].

It has been shown that long-term potentiation or
suppression of cortical activity transmitted to the
striatum, which expresses D1 dopamine receptors,
controls alcohol-seeking behavior in experimental
animals [14]. In animals with a progressively
increasing preference for alcohol, a more pronounced
reduction in the expression of D1 and D2 receptor
MRNA in the striatum was observed compared
to rats that maintained consistently low levels of
alcohol consumption and those with consistently high
preference scores [15].

Neuroimaging methods used in clinical
research have expanded our understanding of the
neurochemistry of alcoholism. Reviewing 30 years
of functional magnetic resonance imaging (fMRI)
use, D. Nutt et al. (2021) highlight the significant
contribution of these studies to uncovering the
mechanisms of reward and neuroadaptation resulting
from chronic alcohol use, as well as the role of DA
neurotransmission. At the same time, the authors
note certain contradictions in the currently available
data and emphasize the need for further longitudinal
studies in this direction to identify biological markers
for predicting addiction development and to develop

new therapeutic approaches for patients at all stages
of the disease [2].

A longitudinal study of social drinkers (habitual
drinking) was conducted using positron emission
tomography (PET) to investigate the potential use
of striatal D2 dopamine receptors as predictors of
alcohol dependence development. When participants
were re-evaluated 8-16 years after PET scanning,
the authors found no evidence of a link between D2
receptor availability and the subsequent development
of alcohol use disorder [16]. These results also
underscore the need for continued research using
neuroimaging methods.

Overall, the data obtained by various authors on
the role of dopaminergic neurotransmission depend
on research methods, the brain region studied, the
duration of alcohol use, and the type of alcohol-
seeking behavior examined. Nevertheless, DA and the
brain regions where this neurotransmitter is actively
synthesized and functions remain key in the formation
of addiction syndrome and are primary targets in
translational research [17, 18].

Other neurotransmitters also play an important role
in the development of alcohol dependence, particularly
gamma-aminobutyric acid (GABA), glutamate, and
serotonin.

Chronic ethanol exposure disrupts the balance
between inhibitory and excitatory neurotransmitters,
with  GABA Dbeing the primary inhibitory
neurotransmitter in the brain. B.M. Roberts, E.F.Lopes,
S.J.Cragg, analyzing publications on the modulation
of dopamine release in the striatum through axonal
mechanisms, provide evidence that GABA inhibits the
activity of dopaminergic neurons, basal and induced
DA synthesis, and suppresses DA release, thereby
reducing overall DA neurotransmission. GABA
can modulate DA output by affecting metabotropic
GABA, and GABA, receptors [20].

A randomized double-blind placebo-controlled
study evaluated the role of the GABA, receptor in
the neurobiology of alcohol-related behavior. In
patients with alcohol dependence, administration of
the selective GABA,, receptor agonist baclofen had a
positive effect on some clinical characteristics of the
disorder, and the maximum plasma concentration of
baclofen negatively correlated with alcohol craving
[20, 21]. These findings, along with preclinical
studies, demonstrate that GABA, receptor modulators,
particularly baclofen, normalize impaired GABAergic
transmission and have high translational potential for
the treatment of alcohol use disorders [22].
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Glutamate is the primary excitatory neurotrans-
mitter. Glutamatergic signaling mediated by ionotropic
(NMDA, AMPA) and metabotropic (G protein-
coupled — mGIuR) glutamate receptors is crucial.
Ethanol-induced dysfunction of these receptors in
various brain regions leads to significant alterations in
glutamatergic neurotransmission [23]. Studies using
PET imaging in individuals with alcohol dependence
have provided evidence of the role of metabotropic
glutamate receptor subtype 5 (mGIuR5) in the
clinical features of the disorder. Researchers observed
increased mGIUR5 binding in various brain regions
with a particularly strong signal in the amygdala,
which was associated with reduced alcohol craving
[24].

Experimental data analysis has shown that a single
(acute) administration of ethanol typically inhibits
glutamatergic  neurotransmission, while chronic
ethanol use enhances it leading to a hyperexcitable state
and anxiety characteristic of withdrawal syndrome.
Prolonged ethanol exposure increases glutamatergic
activity, accompanied by neuroplasticity changes
in key brain regions, including the basolateral and
central nuclei of the amygdala. These impairments
may reduce behavioral flexibility, promote seeking
behavior, and increase the likelihood of relapse [25,
26]. These findings support the hypothesis that some
effects of chronic ethanol exposure are mediated by
its impact on synaptic transmission of GABA and
glutamate playing a significant role in maintaining
dependence.

The potential use of various drugs (pregabalin and
gabapentin) that modulate the GABA and glutamate
systems is investigated for the treatment of patients
with alcoholism. These studies have demonstrated that
these neurotransmitter systems could be promising
pharmacological targets for the pathogen-specific
therapy of alcohol dependence [27, 28]. Such studies
make it possible to obtain new data on the mechanisms
of development of alcohol dependence and to identify
biomarkers of treatment effectiveness.

Serotonin  (5-hydroxytryptamine, 5-HT) is a
neurotransmitter that regulates mood, sleep, appetite,
learning, memory, and other physiological functions.
Various types of serotonin receptors in the central
nervous system (CNS) convert the chemical signal
induced by serotonin into functional changes in the
signal-receiving cell. D.Most, L. Ferguson, R.A.
Harris (2014) analyzing studies of the molecular
basis of alcoholism provide evidence of serotonin
involvement in mediating both acute and chronic

effects of alcohol. Increased serotonergic transmission
has been associated with lower alcohol consumption,
while reduced transmission is linked to higher
consumption both in experimental models and in
individuals with alcohol dependence [30].

The administration of serotonergic agents
(SSRIs and buspirone) resulted in reduced alcohol
consumption across all models of alcoholism [30,
31]. Studies on serotonin levels in platelets of
alcohol-dependent patients admitted for treatment
demonstrated an increase in its concentration by
day 12 of therapy, with this rise coinciding with
a reduction in withdrawal symptom severity and
improved clinical condition in the patients [32]. When
examining individuals with alcohol and nicotine
dependence who were divided into groups based on
different phenotypes (age of alcohol use initiation,
presence of withdrawal syndrome, alcohol-induced
psychosis, aggression, etc.), thrombocytes of non-
smoking patients exhibited an association between low
5-HT levels and the severity of alcohol dependence,
whereas smokers showed a correlation with late-onset
alcohol abuse. It has been suggested that platelet 5-HT
could serve as a peripheral biomarker for different
phenotypes of alcohol-related disorders [33]. The
functions of serotonin and the role of the serotonergic
system in addictive behavior are discussed in detail in
a monograph [34].

In summary, literature analysis demonstrates that
alcohol-induced modulation of the brain dopaminergic,
GABAergic, glutamatergic, and serotonergic systems
is a crucial molecular mechanism underlying the
development of alcohol dependence and a potential
target for treatment.

NEUROIMMUNE INFLAMMATORY
FACTORS

Neuroimmune inflammation plays a significant
role in the pathogenesis of alcohol dependence.
Experimental studies have shown that acute and
chronic ethanol consumption activates resident brain
macrophages — microglia. Microglia activation leads
to an increased secretion of cytokine mediators, such
as high-mobility group protein B1 (HMGB1), which,
through various subtypes of Toll-like receptors (TLR),
triggers intracellular molecular cascades of reactions,
resulting in increased expression of pro-inflammatory
cytokines and the development of neuroinflammation.
TLR4-dependent signaling plays a key role in this
process [35, 36]. Neuroimmune inflammation
adversely affects the function of neurons in brain
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structures associated with behavior and emotions,
contributing to the development and persistence of
alcohol-related pathology.

Several recent reviews have analyzed the results of
studies on the contribution of neuroimmune activation
and neuroimmune inflammation to the formation of
alcohol dependence [5, 37-39]. Repeated cycles of
binge drinking/alcohol withdrawal cause persistent
induction of HMGB1, mRNA, and TLR receptors in
the brain, possibly underlying the loss of behavioral
control, impulsivity, and anxiety, which promote
reward-seeking behavior and increase the risk of
developing alcohol use disorders [40, 41].

When alcohol is consumed, the gastrointestinal
tract is exposed to the highest concentration of
exogenous ethanol. Alcohol and its metabolite,
acetaldehyde, disrupt the tight junctions between
intestinal epithelial cells and increase intestinal
permeability. Dysfunction of the intestinal barrier
facilitates the release of bacterial components,
such as the bacterial endotoxin lipopolysaccharide
(LPS), other pathogen-associated molecular patterns
(PAMPs), and intracellular proteins into the
bloodstream. These molecules activate the immune
system, primarily through TLR4 on immune cells,
elevating levels of circulating cytokines that act as
inducers of inflammation in the absence of pathogens,
which is referred to as “sterile inflammation” [42—
44]. Clinical studies have identified elevated levels of
serum LPS, peptidoglycan, and other inflammatory
markers, particularly IL-8 and IL-1pB, in actively
drinking individuals. These levels correlated with
the amount of alcohol consumed and with alcohol
craving, decreasing after abstinence [45, 46].

Analysis of available data indicates alterations in
the serum cytokine profile in patients with alcoholism,
generally towards an increase in pro-inflammatory
mediators, contributing to the formation of alcohol-
related pathologies [47-49]. Associations have been
identified between inflammation mediators and
the severity of alcohol dependence, as well as with
cognitive and behavioral characteristics [4, 50].
The results of a meta-analysis of cytokine studies
in patients with alcohol use disorder revealed that
the overwhelming majority of publications confirm
the presence of an abnormal circulating pro-/anti-
inflammatory cytokine profile in patients compared
to controls, with variations depending on the disease
stage. Elevated levels of pro-inflammatory cytokines
(interleukins IL-6, TNFo, IL-8, and IL-12) are
associated with the severity of dependence, alcohol

withdrawal syndrome, and alcohol craving [51]. Based
on these findings, a number of cytokines/chemokines
have been proposed as promising biomarkers of
excessive alcohol consumption and prediction of the
course of alcoholism [4, 50].

Peripheral cytokines, particularly IL-1a, IL-1f, IL-
6, and TNFa, penetrate the blood-brain barrier through
various mechanisms and enhance neuroinflammation
and neuroadaptive changes in the CNS [52]. A series
of reviews provide data from studies indicating that
cytokines influence surrounding neurons by regulating
neurotransmitter function and neurotransmission [37,
53-55].

ENDOCRINE REGULATING FACTORS

The effects of alcohol on the endocrine system
have been thoroughly researched. Long-term
alcohol consumption and repeated withdrawal cycles
are believed to be stressors leading to endocrine
dysregulation and neuroadaptive changes, the
mechanisms of which are discussed in a number
of reviews [6, 56-58]. The information presented
in these reviews can be briefly summarized in the
following statements: prolonged alcohol consumption
and withdrawal are powerful stressors that stimulate
the HPA axis and glucocorticoid synthesis; HPA axis
activation leads to multiple neuroadaptive changes
in the brain reward and stress systems which sustain
increased motivation for alcohol consumption and
largely determine pathological alcohol craving and
relapse in dependent patients.

According to the literature, alcohol can directly
activate the HPA by affecting corticotropin-releasing
factor (CRF), disruptingtheregulation of CRF signaling
in hypothalamic and extrahypothalamic brain regions.
Activation of the CRF system may contribute to
alcohol-related behavioral changes, the development
of negative emotional reactions, especially during
withdrawal states, compulsive responses, and stress-
induced resumption of psychoactive substances
(PAS) [59, 60]. The actions of CRF are mediated by
two subtypes of G-protein-coupled receptor (CRF1
and CRF2), with stress-related behavioral responses
primarily mediated by CRF1 receptors [61].

Corticotropin-releasing ~ factor  (corticotropin-
releasing hormone or corticoliberin), a neuropeptide
expressed by neurons throughout the CNS, is a
key regulator of the brain stress system and a key
factor in the transition from remission to substance
seeking to alleviate the negative emotional states of
acute withdrawal and prolonged abstinence [62—-64].
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Experimental and clinical studies have attempted to
promote corticotropin-releasing factor receptor 1
(CRF1) antagonists as potential therapeutic agents.

The CRF1 antagonist verucerfonte has been shown
to suppress stress-induced alcohol seeking in rats
[65]. A double-blind placebo-controlled study found
no clinical effect of the CRF1 antagonist pexacerfonte
in individuals with alcohol dependence and high
anxiety [66]. M.M.Weera, N. W.Gilpin (2024)
analyzed studies on the therapeutic potential of CRF1
antagonists and noted that clinical trials involving
individuals with anxiety, depression, and alcohol
use disorder have largely yielded negative results. At
the same time, further research in this direction may
lead to new therapeutic approaches for alleviating
symptoms in patients with these conditions [68].

The main stress-releasing hormone is cortisol, a
glucocorticoid steroid hormone secreted by the adrenal
cortex in response to effect of adrenocorticotropic
hormone (ACTH). ACTH secretion, in turn, is
stimulated by corticotropin-releasing factor. High
levels of cortisol correlating with the severity of the
clinical condition have been detected in biological
fluids (serum, plasma, and CSF) of patients with
alcohol withdrawal syndrome, alcohol delirium, and
alcohol abusers [7, 68-70].

As part of a double-blind placebo-controlled
clinical and laboratory study, the use of the
glucocorticoid receptor (GR) antagonist mifepristone
was tested as treatment of alcohol dependence.
Patients receiving mifepristone compared with
placebo showed a significant reduction in alcohol
craving and alcohol consumption during one-
week treatment phase and one-week post-therapy
period [71]. In a randomized double-blind placebo-
controlled study involving patients with alcohol
dependence, the effect of a single oral administration
of cortisol on craving was investigated [72]. It was
found that cortisol administration significantly
increased craving on the first day of testing in
less severe cases but decreased it in patients with
more severe forms. The authors conclude that the
different effects of cortisol on craving, depending
on disease severity, are still difficult to explain
and emphasize the importance of developing new
treatment approaches targeting alcohol-mediated
neurobiological dysregulation.

G.F. Koob, N.D.Volkow (2016) conceptualize
substance use disorder as a three-stage cycle:
binge/intoxication; withdrawal/negative affect; and
preoccupation/anticipation [9]. Neurotransmission

dysregulation occurs within three functional domains:
incentive salience/pathological habits, negative
emotional states, and executive function, which are
mediated by key elements of neural circuits (basal
ganglia, extended amygdala, and prefrontal cortex).
Impaired executive function during the preoccupation/
anticipation stage leads to alcohol craving and
perpetuation of the addiction cycle. Each stage is
characterized by specific alterations in neurotransmitter
and neuromodulator systems, manifesting in the core
components of neural circuits — the basal ganglia,
extended amygdala, and prefrontal cortex. In summary,
stage-specific changes include increased dopamine and
glutamate neurotransmission; reduced function of the
dopamine component in the reward system; recruitment
of stress-related neurotransmitters; and dysregulation
of peptidergicneuromodulatory systems (glutamate/
GABA). The application of this three-stage model
may facilitate the individualization of pharmacological
treatments for alcohol dependence [73].

Literature reviews discuss the concept of positive
and negative reinforcement as an important aspect
of the neurobiology of psychoactive substances
(PAS) use [74—77]. The positive reinforcing effects
of alcohol, which induce pleasurable sensations, are
primarily mediated by dopamine, opioid peptides,
serotonin, and GABA. Negative reinforcement
associated with negative emotional states involves
increased recruitment of corticotropin-releasing factor
and glutamatergic systems, along with reduced GABA
transmission.

CONCLUSION

The analysis of the current state of the problem
discussed in the review demonstrates that the main aim
of research is to develop new strategies to improve the
effectiveness of therapy for alcoholism and prevent
early relapses of the disease. To do this, crecently
conducted and future studies should focus on further
elucidation of the complex neurobiological effects of
ethanol, identification of molecular pharmacological
targets, and the search for measurable objective
markers of disease stages.

Alcoholism is a chronic disease with alternating
periods of relapse and remission. There are various
approaches to defining remission and calculating its
duration. In Russian addiction medicine, remission is
typically calculated starting from 1 month of complete
abstinence from alcohol and disappearance of
intoxication symptoms [78]. Despite the diversity of
alcoholism treatment methods, the issue of achieving
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and maintaining therapeutic remission remains
relevant. After completing a course of treatment, only
50% of patients maintained sobriety for up to three
months, while 34% continued to consume alcohol
despite treatment [79]. Furthermore, only 7.1% of
individuals with alcohol abuse reported abstinence for
two years [80].

Aone-year follow-up of 877 patients after outpatient
treatment revealed that about 65% of those surveyed
experienced at least one transition from remission to
relapse during the follow-up period. [81]. The state
of remission in alcohol dependence is unstable and
dynamic; it cannot be considered equivalent to mental
health, as the clinical structure permanently includes
alcohol craving of varying degrees of severity, which is
the core syndrome of dependence, and its actualization
(activation of craving) is considered to be one of the
main causes of disease relapse [78, 82—-85].

The problem of finding ways to prevent relapse,
particularly the search for predictive markers of
craving activation to improve the effectiveness of
therapy and the stability of remission, is becoming
increasingly important. In psychiatry and addiction
medicine, alongside the importance of expensive
neuroimaging and omics technologies, the potential
of a rapidly expanding field of research focused
on identifying peripheral biomarkers that provide
affordable non-invasive methods of monitoring the
course of the disease and the effectiveness of therapy
has been highlighted. Researchers most often consider
factors related to inflammation, oxidative stress, and
endocrine mediators of the stress response as potential
biomarkers [86-88].

It is important to emphasize the significant
expediency of using as craving markers not individual
parameters but a complex of peripheral biomarkers
reflecting the interrelated processes of alcohol
dependence pathogenesis — neurotransmission,
neuroimmune inflammation, and endocrine regulation.
Such an approach would enhance the value and
reliability of clinical and biological research findings,
which could be used for a personalized approach to
treatment based on individual patient profiles.
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