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Abstract—Dependence on psychoactive substances is a phenomenon that is based on the alterations of common
molecular and cellular mechanisms, structures and neuronal networks underlying normal brain functioning
and realizing stress response, reinforcement and aversion, learning and memory. As a result, aberrant neuro-
plasticity states associated with somatic changes are formed, which determine the pathogenesis and symptoms
of dependence and at the same time can be considered as targets for the development of therapies for such
addictions. An integrative scheme of stress and neuroplastic changes participation in the formation of the
vicious circle of substance use disorders based on a holistic approach is presented. This special issue of the
journal focuses on the molecular mechanisms of psychoactive substance use disorders.
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Alcohol kills the nervous cells. All that’s left are the calm ones.

INTRODUCTION

This issue of Biochemistry (Moscow) focuses on
the molecular mechanisms of substance use disor-
ders (SUDs). Psychoactive substances (PASs) are chemi-
cal compounds with different pharmacodynamic prop-
erties and molecular targets, united by the ability to
induce a sense of satisfaction and euphoria, which
in chronic use may be accompanied by the develop-
ment of pathological dependence [1]. The formation
of dependence on PASs (alcohol, drugs, non-narcotic
PASs) is a chronic relapsing process in biologically

Abbreviations: HIP, hippocampus; HPA axis, hypothalam-
ic-pituitary-adrenal axis; PAS, psychoactive substance;
PFC, prefrontal cortex; SUD, substance use disorder.
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(A phrase attributed to Bernard Shaw)

predisposed individuals, in which PASs in the pres-
ence of specific external stimuli cause generally simi-
lar adaptation processes at the molecular, cellular; and
functional levels.

SUBSTANCE USE DISORDERS AS A PART
OF PLASTICITY-PATHOLOGY CONTINUUM.:
A CHOLISTIC APPROACH

Adaptation processes in the brain are realized
in the form of neuroplasticity, which encompasses a
variety of processes at the levels from molecules to
neural networks [2]. From the point of view of inte-
grative neurobiology, the concept of the continuum
of neuroplasticity and neuropathology was created.
It is obvious that the commonality and pleiotropy
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of mechanisms at the molecular, synaptic, cellular,
and network levels are associated with high adaptive
plasticity of a number of cerebral regions (e.g., the
hippocampus, HIP) responsible for brain integrative
function, including learning and memory [3]. Im-
portantly, the price of high plasticity is the selective
sensitivity of these structures to the development of
various pathological processes.

Difficulties in the treatment and prevention of de-
pendence on PASs are related to the complexity and
multidimensionality of the mechanisms underlying
development of such dependencies, as well as mul-
tiple states in the continuum of plasticity—pathology,
which develop on the basis of fundamental physiologi-
cal mechanisms of brain functioning, such as stress-re-
sponsiveness, reinforcement and aversion, learning
and memory. The holistic approach (the term “holism”
was introduced in 1926 by ]J. Smuts) [4], which inte-
grates various mechanisms and aspects of dependence
development, seems to be an adequate analytical tool
that allows taking into account the multifactorial and
multistage nature of the addiction phenomenon and
to understand how brain functioning changes sequen-
tially from alterations in genome activity, biochemi-
cal changes, remodeling of neuronal connections to
transition of behavioral acts to a new level [5].

This approach is all the more important because
the formation of SUDs occurs as a result of close in-
teraction between central and peripheral systems.
The review [6] in this issue presents the current un-
derstanding of the molecular mechanisms that un-
derlie the interaction between visceral systems and
central mechanisms of chemical dependence. SUDs
are associated with altered plasticity of specific brain
structures, with the development of dependence ac-
companied by stress responses, adaptive processes,
learning and memory processes. The realization of
all these changes and events is controlled by the cen-
tral neurohumoral stress-realizing system, the hypo-
thalamic-pituitary-adrenal (HPA) axis. This system is
closely associated with immune responses, inflamma-
tory processes and functions as a key regulator of the
most important events triggering plastic changes in
the brain - systemic inflammatory processes and neu-
roinflammation [7]. This issue presents a review [8],
as well as studies concerning the role of inflammatory
processes in the pathogenesis of alcohol dependence
in clinic [9] and animal model experiments [10, 11].

VICIOUS CIRCLE OF SUBSTANCE USE DISORDERS

Figure 1 presents an integrative scheme of the
involvement of stress and neuroplastic changes in the
formation of the vicious circle of the SUDs resulting
from changes in the plasticity of the main brain struc-
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tures implicated. Either directly or indirectly, PASs
stimulate dopaminergic projections of the ventral
tegmental area (VTA) to the striatum (STR) and pre-
frontal cortex (PFC), which is the key mechanism of
reinforcement [12, 13]. PASs affect the reward system,
which is normally targeted by natural stimuli [14], but
the degree of PAS effects is significantly higher [15].
With a combination of external (stress [16]) and in-
ternal (genetic predisposition [17]) factors, voluntary
chronic intoxication becomes possible, which over
time can become uncontrollable and is accompanied
by the development of tolerance and the formation of
stable conditional associative connections [18]. It is be-
lieved that at this stage the stress-reactive HPA axis,
the PFC as a decision-making center, and the HIP as a
key structure for learning and memory are involved.
Changes in expressed gene pattern in specific parts
of the brain, epigenetic alterations, disturbances in the
neurochemical systems of biogenic amines, neuropep-
tides, excitatory and inhibitory amino acids (in this
issue, these aspects are the subject of [19-21]), distur-
bances in trophic regulation of neurons, development
of the inflammatory process, and as a result, active
structural and functional reorganizations of the meso-
corticolimbic system are the basis of the adaptation
processes in the central nervous system underlying its
conversion to functioning under chronic PAS intoxica-
tion [22, 23]. Disorders developing as a result of PAS
abuse are considered as a pathological form of learning
and memory consolidation, accompanied by changes in
the synaptic contact architecture as a result of adap-
tive processes in the intracellular signaling cascades
of dopaminergic neurons, primarily in the cascade of
protein kinase A — transcription factor CREB [24].
The cessation of PAS intake in a dependent per-
son is accompanied by a deficit of positive reinforce-
ment and the development of a painful withdrawal
syndrome, which has both physiological manifesta-
tions and an evident affective component. Withdrawal
state is an additional stressogenic factor and the basis
for the formation of negative reinforcement. The key
role in the development of the affective component of
withdrawal is attributed to the amygdala (amygdalar
complex) and HPA axis [25]. Based on the concept of
addiction as an aberrant form of learning and mem-
ory, the combination of conditional and unconditional
stimuli leads to memory reconsolidation, which is a
trigger for relapse. The amygdala, HIP, and STR are
key structures of this process, and signal cascades ini-
tiated by dopamine and glutamate receptors are its
molecular basis [26]. Relapse has also been associated
with a declining of PFC control [27]. Increase of stress-
or influence, development of depressive symptoms,
which are accompanied by activation of HPA axis,
decrease of trophic regulation and atrophy of frontal
cortical areas are predictors of relapse [28]. The series
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* Stress response: HPA axis, AMY

« Positive reinforcement: VTA, STR, PFC

* Negative reinforcement: HPA axis, AMY

« Conditioning / memory: HIP, STR, AMY, PFC
* Relapse: HPA axis, PFC; HIP, AMY, STR

Fig. 1. Involvement of stress and neuroplastic changes in the formation of the substance use disorders (SUD) vicious circle:
a holistic approach. The development of SUDs is based on fundamental mechanisms of normal brain functioning, includ-
ing stress response, reinforcement (positive and negative), learning, and memory. Various PAS, along with specific effects,
induce typical adaptive and pathological changes in neuroplasticity at the molecular, epigenetic, cellular and functional
levels. During the development of dependence on PAS, the key mechanism of their influence on positive reinforcement
system is the stimulation of dopaminergic projections of the ventral tegmental area (VTA) into the striatum (STR) and the
effect on the prefrontal cortex (PFC). Stressors [their action is mediated by the stress-reactive hypothalamic-pituitary-adrenal
axis (HPA axis; HYP, hypothalamus; P, pituitary; AD, adrenals)] interacting with the amygdala (AMY) nuclei contribute to
voluntary chronic PAS intoxication becoming uncontrollable. This is accompanied by the development of tolerance to PAS
and formation of conditioned associative connections by comprising the system of key structures for learning and memory
(hippocampus, HIP, PFC, and AMY) closely interacting with HPA axis. When dependence on PAS is formed, stopping PAS
intake is accompanied by the development of withdrawal syndrome manifested at both physiological and affective levels
and associated with a decrease in positive reinforcement. Withdrawal becomes a new severe stressor and the basis for
negative reinforcement mediated by HPA axis and AM. HPA axis dysfunction is also associated with the manifestation of
relapse related with weakened PFC control. A physiologic trigger of relapse is memory reconsolidation, and key structures
are AM, HIP, and STR. Neuroplasticity changes associated with the development of addiction span all levels, from epigenetic,
molecular, and synaptic to cellular and network. Chronic PAS intoxication induces both adaptive and pathological changes
in the expression of various genes, alterations in neurotransmitter and trophic factor systems, development of inflammatory
process and, as a result, structural and functional rearrangements of involved structures. Attributable to a healthy brain
functional pleiotropy of brain structures involved in stress, adaptation, learning, and memory, plays a vital role in the for-
mation of SUDs, on the one hand ensuring the adaptation to PAS intoxication, and on the other hand forming pathological
phenotype of addiction. As a result, dependence on PASs is realized on the basis of fundamental mechanisms of normal
brain functioning by inducing aberrant plasticity. The integrative scheme presented is based on the data from [12, 13, 18,
25-28] and uses templates of Servier Medical Art (Servier), provided by Creative Commons Attribution 3.0 unported license.

of positive and negative reinforcement shapes asso- lead to the realization of the motivational act and sub-

ciative links of dependence and disrupts homeostatic
mechanisms of central nervous system functioning
[29]. Thus, SUD represents a vicious circle consisting
of cycles of intoxication and abstinence involving an-
atomical substrates specific to each act (Fig. 1).

As the duration of abstinence increases, structural
and functional abnormalities in the central nervous
system gradually recover [30]. In other words, if we
exclude PAS intake in the absence of significant or-
ganic damage, the brain will reach, if not the initial
parameters of functioning, then at least maximally
approach them. The key aspect of addiction is the
craving to the substance, which, given a combination
of external circumstances and internal readiness, will

BIOCHEMISTRY (Moscow) Vol. 89 No. 11 2024

sequent relapse. One of the main goals of therapy is to
stabilize remission, prevent memory reconsolidation,
and reduce craving and motivation to use. The de-
velopment of approaches to pathogenetically justified
therapy for SUDs is based, among other things, on un-
derstanding the important role of neurotrophic factor
system alterations in the development of dependence
on PAS [31]. In this issue, we present a paper showing
that low-molecular-weight mimetics of neurotrophin-3
attenuate somatic manifestations of morphine with-
drawal syndrome in rats [32]. On the other hand, an
important problem is the search for new biomarkers
reflecting the processes occurring in the brain during
the formation of dependence on PAS. In this issue,
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a review article on small extracellular vesicles in pe-
ripheral blood is devoted to this aspect [33].

CONCLUSIONS: MULTIPLE DIMENSIONS
OF SUBSTANCE USE DISORDERS

To summarize, we can conclude that SUDs are a
truly amazing phenomenon, which is based on the
usurpation by PAS of common molecular and cellu-
lar mechanisms, structures, and neuronal networks
fundamental to the normal functioning of the brain
and representing the basis for stress response, rein-
forcement and aversion, learning, and memory. As a
result, aberrant plasticity states associated with somat-
ic changes are formed, which underlie the pathogen-
esis and symptomatology of dependence on PAS and,
at the same time, are targets for the development of
therapies. Importantly, common mechanisms of patho-
genesis at the molecular, cellular and network levels
explain the high frequency of comorbidity between
dependence on PASs and many other psychiatric dis-
orders [17, 34, 35].
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