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ABSTRACT

Alcohol withdrawal syndrome (AWS) is a complex neurobiological condition that arises from the abrupt cessation
or reduction of chronic alcohol consumption. This review comprehensively examines the neurochemical alterations
in central neurotransmitter systems that underpin the clinical manifestations of AWS. Chronic alcohol exposure
induces neuroadaptive changes in key systems, including y-aminobutyric acid (GABA), glutamate, dopamine,
serotonin, norepinephrine, corticotropin-releasing factor (CRF), the endocannabinoid system, endogenous opioids,
and acetylcholine. During withdrawal, a shift toward excitatory dominance is observed, with reduced GABAergic
inhibition and elevated glutamatergic transmission contributing to anxiety, seizures, and agitation. Concurrently,
dysregulation in dopaminergic and serotonergic pathways results in affective disturbances such as depression,
anhedonia, and irritability. Hyperactivity of the noradrenergic and CRF systems further exacerbates autonomic and
stress-related symptoms. Additionally, deficits in endocannabinoid and opioid signaling compromise reward
processing and stress regulation. This review also outlines pharmacological strategies targeting these systems,
including both conventional treatments (e.g., benzodiazepines, acamprosate, naltrexone) and emerging therapies
(e.g., cannabidiol, CRF1 antagonists, and plant-based agents). By integrating preclinical and clinical findings, this
article highlights the importance of neurotransmitter-specific interventions in both acute withdrawal management
and long-term relapse prevention, advocating for a more personalized and multi-targeted approach to treating
alcohol use disorder.

KEYWORDS: Alcohol Withdrawal Syndrome, Neurotransmitters, GABA, Glutamate, Dopamine,
Pharmacotherapy.
INTRODUCTION These changes form the neurobiological basis of
Alcohol, commonly known as alcohol, is a central dependence and withdrawal. Alcohol withdrawal

nervous system depressant that profoundly affects the
brain’s neurochemical architecture. Consumable alcohol
refers primarily to ethanol (ethyl alcohol), the only type
safe for human consumption, found in beverages like
beer, wine, and spirits. In contrast, non-consumable
(toxic) alcohols include methanol, isopropanol, butanol,
and denatured alcohol, which are used in industrial
products, disinfectants, and fuels. These are highly toxic
if ingested and can cause severe health effects such as
blindness, organ failure, or death. Only ethanol intended
for drinking should ever be consumed; all other forms of
alcohol are dangerous. While acute alcohol intake
primarily exerts sedative and anxiolytic effects through
potentiation of inhibitory neurotransmission, chronic and
excessive alcohol use leads to compensatory
neuroadaptive changes that disrupt the delicate balance
between excitatory and inhibitory systems in the brain.

syndrome (AWS) occurs when an individual with
prolonged, high-dose alcohol exposure suddenly reduces
or stops consumption. This abrupt cessation unmasks the
neuroadaptive responses developed during chronic
intake, leading to a hyperexcitable neural state.
Clinically, AWS ranges from mild symptoms such as
tremors, sweating, irritability, and insomnia to severe
manifestations including hallucinations, seizures, and
delirium tremens a potentially life-threatening condition.
According to the National Institute on Alcohol Abuse
and Alcoholism (NIAAA), alcohol is the most
commonly used substance in the United States, with over
75% of individuals aged 12 and older reporting lifetime
consumption.™ Withdrawal symptoms are very common
in alcoholics. Manifestations of alcohol abstinence may
vary from simple tremulousness to the most dramatic and
severe form, with confusion, hallucinations, agitation,
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and autonomic nervous system overactivity with
delirium and tremens.”) When untreated, patients with
AUD experience frequently alcohol withdrawal
syndrome (AWS). Severity of AUD is associated with
increased risk of AWS, however this does not mean that
all the patients with severe AUD will experience AWS
after reduction or cessation.”! AUDs are common in
patients referred to neurological departments, admitted
for coma, epileptic seizures, dementia, polyneuropathy,
and gait disturbances.! In chronic alcohol users,
glutamate neuromediation is over-activated (i.e.
upregulation) in order to maintain a balance with the
GABA activity that is increased by alcohol consumption.
However, during the few hours after reduction or
cessation of alcohol intake, there is an acute reduction of
GABA activity creating an imbalance with glutamate
activity. Thus, alcohol withdrawal symptoms occur as a
result of subsequent glutamate overactivity.”! Alcohol
can modulate the activity of several neurotransmitter
systems and signalling pathways. These effects can
induce molecular and synaptic adaptations that over
time, are consolidated in brain circuits that reinforce
drug-seeking behavior, contribute to the development of
withdrawal symptoms during abstinence and increase the
susceptibility to relapse.’! The neuropathology of AWS
involves decreased GABA-A inhibitory function and
increased glutamatergic excitatory activity leading to
rebound hyper-neuroexcitability, irritability, and in some
cases seizures.! Alcohol has been shown to affect a
variety of different neurotransmitter systems. These
include adenosine, glycine, acetylcholine, as well as
monoamines and neuropeptides. Alcohol also exerts
important effects on membranes, voltage-gated ion
channels and second messenger systems. The interaction
of alcohol with two major amino acid neurotransmitter
systems, gaminobutyric acid (GABA) and excitant amino
acids (EAASs) has received extensive interest in recent
years.! The model of the neurochemical events of
chronic exposure to alcohol will be AWS, which defines
chemical dependence on this substance, contains
common mechanisms such as the functional or
pharmacodynamic tolerance and involves some of the
processes which result in cognitive impairment of
chronic alcoholics.”! Alcohol alters the majority of the
neurotransmission and neuromodulatory systems. Its

action goes from a decrease or an increase in the
concentration of the neurotransmitter due to changes in
biosynthesis, degradation or transportation, to the
desensitization or activation of its diverse receptors.l'")
Alcohol, EtOH and its metabolites affect many central
nervous system neurotransmitter systems e.g. y -
aminobutyric acid, GABA, glutamate, endogenous
opioids and acetylcholine, with dopamine, DA, and
endogenous opioids playing a major role.!*!

In these review, the properties of several
neurotransmitter receptors were determined to look for
possible changes in these neurotransmitter systems
during alcohol administration and withdrawal.

PATHOPHYSIOLOGY OF AWS

To maintain homeostasis in the CNS, inhibitory signals
from the GABAergic system are balanced by excitatory
neurotransmitters such as glutamate. Alcohol, a CNS
depressant, stimulates the GABAergic system and, in
acute intoxication, causes a range of clinical
manifestations such as disinhibition, euphoria, and
sedation. The effect of alcohol in the acute setting is
dose-dependent, with lower doses having a stimulating
effect and higher doses having a sedating
effect.'? Chronic alcohol use results in neuroadaptive
changes to the balance of GABA-glutamate by causing
an upregulation of glutamate to compensate for alcohol-
related increase in GABA. At the same time, endogenous
GABA is downregulated.™ Thus, when alcohol is
withdrawn, a relative deficit of GABA may occur and
simultaneous excess in glutamate, resulting in the
excitatory symptoms seen in alcohol withdrawal
syndrome.

Alcohol withdrawal syndrome exhibits a phenomenon
known as kindling or sensitization, meaning successive
withdrawal episodes tend to increase in severity,
specifically concerning epileptic potential.**! Repeated
episodes of alcohol withdrawal syndrome lower the
seizure threshold, making it more likely a person in
withdrawal will experience a seizure. For those who have
previously had alcohol-withdrawal seizures, their
likelihood of experiencing another is quite high.™
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Figure 1: Withdrawal Signs and Symptoms.
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ALTERATION IN BRAIN
NEUROTRANSMITTERS LEVEL

Prolonged excessive alcohol consumption sets in motion
a host of neuroadaptive changes initially triggered to
compensate for, and mitigate effects of, continued
presence of alcohol in the brain. This section will
provide an overview of adaptations in a wide array of
neurochemical and neuromodulatory systems associated
with alcohol dependence, with particular emphasis on
their relationship to various signs and symptoms of the
alcohol withdrawal syndrome, as well as their postulated
role in underlying enhanced relapse susceptibility and
perpetuation  of  excessive, unhealthy alcohol
consumption.

1. GABA

GABA acts through two receptor types: ionotropic
GABA, and metabotropic GABAg. Chronic alcohol
exposure causes adaptive changes in GABAergic
transmission, altering receptor subunit expression in a
brain region- and subunit-specific manner. Notably,
alcohol reduces a; and increases o, subunits of synaptic
GABA, receptors, decreases tonic inhibition via
containing extrasynaptic receptors, and diminishes
inhibitory postsynaptic currents, contributing to neural
hyperexcitability and withdrawal symptoms like anxiety.
These changes are partly regulated by protein kinase C
and clathrin-mediated endocytosis. Chronic alcohol
exposure also alters GABAg receptor function,
particularly presynaptically, reducing sensitivity in the
central amygdale.[*® "1

2. GLUTAMATE

The a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic
acid (AMPA) and Nmethyl-D-aspartate (NMDA)
subtypes of glutamate receptors are among the most
widely distributed and abundant receptors in the brain.
AMPA receptors are heterotetramers comprising GluR1-
4 subunits and mediate most fast synaptic
neurotransmission. NMDA  receptors are also
heterotetramers and are composed of an obligatory
GIuN1 subunit coassembled with a least one type of
regulatory GIuUN2A-D subunit. The majority of NMDA
receptors in the adult brain are composed of GIuUN2A and
GIuN2B subunits. NMDA receptors mediate the slow
component of excitatory postsynaptic potentials.
Glutamate also operates at two metabotropic receptor
subtypes: mGIuR1-like (mGlurl and mGIuR5) and
mGIuR2-like (MGIuR2, mGIuR3, and mGIuR4). Both
ionotropic (AMPA and NMDA) and metabotropic
(mGIuRs) receptors have been implicated in a wide array
of alcohol-associated phenotypes, including those related
to dependence and withdrawal.

Chronic alcohol exposure leads to compensatory
neuroadaptations that result in a hyperglutamatergic state
in the brain, contributing to increased neurotoxicity,
synaptic plasticity changes, and withdrawal symptoms
like seizures.'®'%?% This involves complex alterations in
NMDA and AMPA receptor function, including

increased synaptic GIuUN1/GIuN2B NMDA receptors and
GIuN2B phosphorylation via Fyn kinase, enhancing
receptor activity.?*?2%1 Additionally, AMPA receptor
upregulation occurs in several brain re?ions, contributing
to  withdrawal-related  anxiety®* Imaging and
microdialysis studies in both humans and animals show
altered glutamate levels during dependence and
withdrawal.?52"?82% Dysregulation of mGIuR2/3 and
mGIURS receptors also affects alcohol-seeking
behavior.E%*! Despite some promising findings, clinical
outcomes with glutamate-modulating drugs like
acamprosate and anticonvulsants remain  mixed,
indicating a need for further research.>%!

3. DOPAMINE

Dopamine plays a key role in alcohol addiction,
particularly through the mesolimbic and mesocortical
pathways that mediate reward.®*3 It acts via D; and D,
receptors, which have opposing effects on adenylate
cyclase activity. Chronic alcohol use enhances dopamine
neuron firing in the ventral tegmental area (VTA),
increases extracellular dopamine in the nucleus
accumbens,*"%® and alters receptor function.®**! In
contrast, withdrawal reduces VTA activity and dopamine
levels in the striatum, potentially due to enhanced
uptake."*42%3] This persistent hypodopaminergic state is
linked to negative affect, dysphoria, and increased
relapse risk."****! Although dopamine antagonists may
reduce craving, side effects limit their use.[*! Partial
agonists have shown some efficacy,""*®! possibly by
stabilizing dopamine function during withdrawal and
relapse.*! Severe withdrawal symptoms such as
delirium tremens may involve altered cortical dopamine
activity.[01

4. SEROTONIN

Serotonin, mainly synthesized in the raphe nuclei of the
brainstem, projects extensively throughout the brain and
regulates key functions such as mood, emotion, sleep,
aggression, and appetite via multiple receptor subtypes.
Although it does not directly mediate the physical
symptoms of alcohol withdrawal, its role in emotional
processing suggests it contributes to withdrawal-related
dysphoria and alcohol-related motivation. Chronic
alcohol use has been shown to lower serotonin levels in
several brain areas, and this reduction is strongly linked
with higher alcohol consumption.**3! Interestingly,
alcohol reintroduction after withdrawal reverses
serotonin deficits in the nucleus accumbens.

5. NORADRENERGIC SYSTEM

The noradrenergic system, primarily mediated by
neurons in the locus coeruleus, plays a significant role in
the autonomic and behavioral manifestations of alcohol
withdrawal syndrome (AWS). During chronic alcohol
consumption, alcohol inhibits the firing of noradrenergic
neurons, leading to compensatory upregulation of
norepinephrine  (NE) receptors and increased NE
synthesis to maintain homeostasis.”® However, upon
abrupt cessation of alcohol intake, this adaptive balance
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is disrupted, resulting in a rebound hyperactivity of the
noradrenergic system. This overactivation leads to many
of the characteristic symptoms of AWS, including
tachycardia, hypertension, deFression, tremors, anxiety,
insomnia, and agitation.® Moreover, heightened
noradrenergic activity stimulates the hypothalamic-
pituitary-adrenal (HPA) axis, further exacerbating stress
and anxiety-related behaviors during withdrawal " The
interaction between NE and other neurotransmitter
systems, particularly glutamate and corticotropin-
releasing factor (CRF), amplifies the hyperexcitable
neural state seen during AWS.P®  Therefore,
understanding the role of the noradrenergic system in
AWS not only enhances our comprehension of
withdrawal pathophysiology but also provides crucial
insights into targeted pharmacotherapy aimed at
improving clinical outcomes.

6. ENDOCANNABINOID SYSTEM

The endocannabinoid system (ECS), comprising
endogenous ligands such as anandamide and 2-
arachidonoylglycerol (2-AG), along with CB1 and CB2
receptors, plays a vital role in regulating synaptic
plasticity, emotional behavior, and stress responses.
Chronic alcohol exposure has been shown to disrupt ECS
signaling, particularly through downregulation of CB1
receptors in the prefrontal cortex and limbic areas, which

contributes to increased anxiety and dysphoria during
withdrawal.®!  Moreover, alcohol withdrawal is
associated with reduced endocannabinoid tone, leading
to increased glutamatergic activity and stress
sensitivity.®™ Preclinical studies suggest that enhancing
endocannabinoid  signaling, for instance through
inhibition of fatty acid amide hydrolase (FAAH), can
attenuate withdrawal-induced anxiety and reduce
relapse-like behavior in animal models.”

7. OPIOID SYSTEM

The opioid system, which includes endogenous peptides
such as endorphins, enkephalins, and dynorphins acting
on u-, 8-, and x-opioid receptors, is intricately involved
in alcohol's rewarding and reinforcing effects. Chronic
alcohol consumption induces neuroadaptive changes in
opioid receptor expression, particularly upregulation of
dynorphin and k-opioid receptor activity, which has been
associated with negative affect and stress during
withdrawal.[° Dysregulation of the opioid system during
withdrawal contributes to dysphoria, craving, and
increasedf relapse vulnerability. Moreover, recent
evidence suggests that selective «-opioid receptor
antagonists may alleviate withdrawal-related mood
disturbances and are under investigation as novel
treatments for alcohol use disorder.®?

SUMMARY OF NEUROTRANSMITTER CHANGES DURING ALCOHOL WITHDRAWAL
Table 1: Summary of neurotransmitter changes in alcohol withdrawal.

Neurotransmitter Ch_ange During Mechanism / Effect Associated References
System Withdrawal Symptoms
GABA (y- | GABAergic tone Seg\évrl:)ergs]'u liggge?lf(ﬁAiicA;gsed Anxiety, seizures, [16.17]
Aminobutyric Acid) & PLOTS, ’ insomnia, tremors
04 subunits
NMDA/AMPA receptor Seizures
Glutamate (NMDA, 1 Glutamatergic upregulation; GIuN2B ; e [20,25.27]
- A excitotoxicity,
AMPA) activity phosphorylation; increased oo
) agitation
excitatory tone
— Reduced VTA firing; decreased Dysphoria,
Dopamine (DA) | Mesolimbic DA 5 dopamine; anhedonia, [41.45.43]
activity L .
hypodopaminergic tone depression
Locus coeruleus hyperactivity; Hypertension,
Norepinephrine (NE) | 1 NE release increased NE synthesis and tachycardia, [56.57]
receptor sensitivity anxiety, sweating
| 5-HT Decreased 5-HT levels and Irritability,
Serotonin (5-HT) - receptor function; reversed by depression, mood [52.54]
transmission - . . -
alcohol reintroduction instability
Corticotropin- . . Anxiety, irritability,
Releasing Factor 1 CRF levels ::Zéaas):ds ggg;g%ﬂgt:gg cerisk | Stress-related [71.58]
(CRF) P behavior
| CBI receptor Downregulated CB1 in Mood instability,
Endocannabinoids - pto PFC/amygdala; reduced altered stress [59.61]
activity -
endocannabinoid tone response
| B-endorphin and Blunted reward signaling; Dysphoria, craving,
Endogenous Opioids P upregulation of dynorphin/i reduced pain [62:63]
enkephalins
receptors tolerance
1 ACh release (in D . . )
. ysregulated cholinergic tone; . . 51]
Acetylcholine (ACh) (r:](i)g;eg(éampus) related to delirium tremens Delirium, confusion
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Figure 2: Schematic representation for CNS regions and affected neurotransmitters.

THERAPEUTIC AGENTS TARGETING SPECIFIC NEUROTRANSMITTER SYSTEMS

Table 2: Therapeutic agents targeting specific neurotransmitter systems.

Neurotransmitter

Therapeutic

Clinical Purpose /

System Agent(s) Mechanism of Action Effect References
Benzodiazepines Positive allosteric ';rg((:g:x/t:ﬁéant
(e.g., diazepam, modulators of GABA, X ’ 501
lorazepam) receptors segjatlon, prevent
GABA (y- seizures
Arr_unobutyrlc Gabapentin, Modulate GABA release Redug:e W|th(_jrawal -
Acid) . and voltage-gated severity, anxiety,
Pregabalin . ; .
calcium channels insomnia
Phenobarbital Enha_nces GABAergic Antlconvulgant, used [50]
activity (barbiturate) in severe withdrawal
NMDA receptor
Acamprosate antagonist; modulates Maintains abstinence, 77
Glutamate P glutamate-GABA reduces craving
(NMDA) balance
Memantine NMDA receptor Potential to reduce [18]
(experimental) antagonist excitotoxicity
. 3 Norepinephrine and .
PO e | Moo |
Dopamine inhibitor (NDRI) y g
Antlpsy_chotlcs (e.9., D2 receptor antagonism Used in agitation or [51]
haloperidol) hallucinations
Clonidine a2-adrenergic agonists; Reduce autonomic
Norepinenhrine | Dexmedetomidine reduce sympathetic hyperactivity (BP, HR, ol
(NE)p P outflow sweating)
. Controls tremor, 81]
Propranolol Non-selective B-blocker . .
tachycardia, anxiety
SSRIs (e.g., Increase svnaptic 5-HT Used for comorbid
Serotonin (5-HT) | fluoxetine, ynap depression/anxiety (not (62]
. levels .
sertraline) for acute withdrawal)
CRF CRF1 antagonists Block CRF signaling Potential to reduce 1]
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(Corticotropin-
Releasing Factor)

(investigational)

stress-induced relapse

Cannabidiol (CBD)

Modulates CB1 and CB2

May reduce anxiety,

Opioid System Naltrexone

— ; [80]
Endocannabinoid (investigational) receptors craving, a'?d
inflammation

p-opioid receptor Reduces alcohol 83]

antagonist

reward and relapse risk

Physostigmine (rare

Acetylcholine use)

inhibitor

Acetylcholinesterase

May be used in
managing delirium
(rare, caution advised)

[51]

DISCUSSION

The neurochemical complexity of alcohol withdrawal
syndrome (AWS) is best understood through the lens of
translational research, particularly from well-validated
animal models. Rodents exposed to chronic intermittent
alcohol (CIE) via vapor inhalation or alcohol-containing
liquid diets exhibit neurochemical and behavioral
profiles that closely parallel human AWS, including
heightened  anxiety,  seizures, and  autonomic
dysregulation.® These models not only replicate acute
withdrawal features but also enable exploration of long-
term neuroadaptations through protracted abstinence
phases. Importantly, transgenic and knockout models
targeting GABAA, NMDA, and CRF receptor systems
have proven instrumental in dissecting the roles of
individual neurotransmitters in both withdrawal and
relapse.[®

Behaviorally, these neurochemical changes manifest in
predictable ways. The abrupt cessation of alcohol
disrupts the homeostatic balance between inhibitory and
excitatory neurotransmission. Chronic alcohol exposure
enhances GABAergic tone and suppresses glutamatergic
signaling; thus, withdrawal reverses this balance, leading
to decreased GABA activity and unmasked
glutamatergic hyperactivity both central drivers of
withdrawal-related anxiety, seizures, and agitation.®®¢”]
Concurrent suppression of mesolimbic dopamine and
serotonergic activity contributes to the dysphoric and
depressive symptoms seen during withdrawal, which
often  persist into  long-term  abstinence.[*®%%
Additionally, noradrenergic overdrive and elevated CRF
levels in the hypothalamus and amygdala amplify stress
responses, creating a neural environment primed for
relapse.[’®™

The impact of AWS on neurotransmitter systems is
dynamic and evolves across temporal phases. During the
acute phase (typically the first 72 hours post-cessation),
the rapid dysregulation of GABA and glutamate systems
results in life-threatening symptoms such as seizures and
delirium tremens. In contrast, the protracted withdrawal
phase, which can last for weeks or months, is
characterized by lingering neurochemical imbalances
that manifest as mood disorders, sleep disturbances, and
persistent cravings.'’>”*! Notably, even after outward
symptoms subside, alterations in GABAA receptor
expression, NMDA receptor function, and dopaminergic
tone persist, highlighting the chronic neurobiological

underpinnings of alcohol dependence.["*77®!

These findings support a growing consensus that
treatment for AWS should extend beyond symptom
suppression during acute detoxification. Conventional
benzodiazepine therapy, while effective in preventing
seizures, does not address long-term neurochemical
recovery. Emerging pharmacotherapies that target
specific neurotransmitter systems are therefore gaining
attention. For instance, NMDA receptor antagonists such
as acamprosate have shown efficacy in maintaining
abstinence by stabilizing glutamatergic  tone.l’”
Similarly, GABA analogs like gabapentin and pregabalin
offer benefits in managing protracted symptoms such as
anxiety and insomnia, without the abuse potential
associated with benzodiazepines.l”® Beyond these, CRF1
antagonists, kappa-opioid receptor blockers, and
cannabidiol (CBD) are under investigation for their
ability to modulate stress, reward, and mood-related
circuits implicated in relapse.l’*®

Overall, the  persistence  of  neurotransmitter
dysregulation after alcohol withdrawal underscores the
importance of sustained, system-specific interventions.
Predicted therapies for Alcohol Withdrawal Syndrome
(AWS) now extend beyond conventional drugs to
include plant-based extracts with neuroprotective and
anxiolytic properties. Herbs like Ashwagandha, Bacopa
monnieri, Passionflower, St. John’s Wort, and Valerian
show promise by modulating GABAergic, serotonergic,
and glutamatergic systems involved in withdrawal
symptoms. These plants may reduce anxiety, support
mood, and restore  neurotransmitter  balance.
Additionally, emerging agents such as GLP-1 agonists
and epigenetic modulators (e.g., HDAC inhibitors) offer
novel mechanisms to reduce cravings and relapse,
suggesting a future for multi-targeted, holistic AWS
treatment strategies. Continued integration of animal
model findings with clinical research will be critical in
refining our pharmacological strategies for AWS and
long-term alcohol use disorder recovery.

CONCLUSION

Alcohol withdrawal syndrome (AWS) is a complex
neuroadaptive response that results from the abrupt
cessation or reduction of chronic alcohol intake. The
syndrome is underpinned by profound alterations in
central nervous system neurotransmission, particularly
involving an imbalance between the inhibitory
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GABAergic and excitatory glutamatergic systems.
During prolonged alcohol exposure, the brain
compensates for increased GABA activity and
suppressed glutamate signaling by downregulating
GABA receptors and upregulating glutamate receptors.
Upon withdrawal, this adaptation leads to a relative
deficiency in inhibitory signaling and an excess of
excitatory neurotransmission—tesulting in a
hyperexcitable state associated with symptoms ranging
from tremors and irritability to seizures and delirium
tremens.

Beyond the GABA and glutamate systems, alcohol
dependence also induces long-term neurochemical
changes in dopaminergic and serotonergic circuits, both
of which are essential to mood regulation, motivation,
reinforcement, and relapse behavior. These changes not
only contribute to the emotional and psychological
symptoms experienced during withdrawal, such as
anxiety and dysphoria, but also perpetuate the cycle of
addiction by enhancing susceptibility to relapse.

Pharmacological interventions, including
benzodiazepines, anticonvulsants, SSRIs, and newer
agents targeting NMDA, AMPA, mGIuR, and GABA
receptor subtypes, offer varying degrees of effectiveness.
However, individual variability in treatment response
attributed to genetic polymorphisms, presence of co-
occurring psychiatric disorders, and the severity of
alcohol use disorder (AUD) poses significant challenges
to standardized care. Additionally, the kindling
phenomenon, whereby repeated withdrawals increase the
severity of future episodes, underscores the importance
of early intervention and prevention of recurrent
detoxification cycles.

Imaging and neurochemical studies in both animals and
humans have provided valuable insights into the brain
regions and receptor systems affected by chronic alcohol
exposure and withdrawal. These include the prefrontal
cortex, nucleus accumbens, amygdala, hippocampus, and
striatum regions implicated in decision-making, reward
processing, memory, and emotional regulation.
Understanding the region- and receptor-specific
adaptations in these circuits may aid in the development
of more targeted and effective treatments.

In conclusion, AWS is a dynamic and multifactorial
condition that involves intricate neurobiological
mechanisms affecting multiple neurotransmitter systems.
The interplay between these systems contributes to both
the acute withdrawal symptomatology and the long-term
risk of relapse. Future research must continue to explore
neurochemical pathways, genetic vulnerabilities, and
personalized pharmacotherapeutic strategies to improve
the treatment and prognosis of individuals with alcohol
dependence. A  holistic  approach  combining
pharmacological,  behavioral, and  psychosocial
interventions  remains  essential  for  successful
management and recovery.
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