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Abstract 

Background 

Alcohol abuse and addiction represent significant worldwide public health challenges impact-

ing both individuals and communities, leading to various physiological, psychological, and 

neurobiological effects. Research studies showed that glial cells, particularly astrocytes, are 

important in the pathophysiology of alcohol use disorders (AUDs), even though a lot of focus 

has been placed on the role of neurons in alcohol-induced brain damage. They express ex-

citatory amino acid transporters (EAAT1 and EAAT2), glial fibrillary acidic protein (GFAP), 

brain-derived growth factor (BDGF), Toll-like receptor 4 (TRL4), and nuclear factor kappa-

light-chain-enhancer of activated B cells (NFK-B), all crucial for their regulatory roles.  

Objectives 

This review seeks to clarify the influence of astrocytes on alcohol addiction by exploring their 

roles, interactions with neurons, and the molecular processes that underlie alcohol-related 

disorders.  

Methods 

The review utilized 52 research articles across several databases including PubMed, Sco-

pus, and Google Scholars. Based on their available data, a depth comprehensive review 

was done on 41 screened research articles and scholar opinions.  

Results 

Therefore, we concentrated on the cellular changes observed in nucleus accumbens core 

(NAc) astrocytes following alcohol exposure. Research studies utilizing animal models of 

addiction and relapse indicate that alcohol-seeking behavior is associated with modifications 

in cortico-accumbal plasticity due to chronic alcohol exposure.  

Conclusions 

Importantly, maladaptive reactions to alcohol resulted in lifelong alterations in protein expres-

sion within accumbal astrocytes that are essential for glutamate balance. These alterations 

contribute to the dysregulation of glutamate signaling in the cortico-accumbens circuit, corre-

lating with the resurgence of drug-seeking behavior. Grasping the complex relationships be-

tween astrocytes and alcohol abuse may provide new insights for developing focused thera-

peutic strategies for alcohol addiction.  

Key words: Alcohol, Alcohol exposure, Addiction, Astrocytes, EAAT1 and EAAT2, Protein 

markers.  
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Introduction 

Millions of people worldwide are impacted by alcohol abuse 

and addiction, which is a significant public health concern. It is 

typified by continued alcohol consumption despite negative 

outcomes and is linked to several harmful impacts on both 

mental and physical health[1–3].  Currently, addiction and sub-

stance misuse are significant socioeconomic and medical prob-

lems throughout the world. The most widely used addictive 

substances in the world are alcohol and other drugs. The de-

velopment of tolerance to the effects of alcohol, increased in-

take, loss of control over drinking, and the emergence of physi-

cal dependency are the hallmarks of alcoholism, a severe pub-

lic health concern[2, 3]. Thus, alcohol and other drug use can 

affect the endocrine system, central nervous system, and other 

systems in both acute and long-term ways in the body. Given 

that, acute or chronic alcohol and other drug abuse damages 

the molecular structure, biochemistry, and function of brain 

cells and have adverse effects on one’s health and quality of 

life[4–6]. Also, chronic alcohol consumption leads to defined 

molecular and cellular modification in the brain system. Alcohol 

modulates a wider range of neurochemical systems than per-

haps any other addictive drug. These adaptations are common-

ly viewed as tolerance and withdrawal, both common in individ-

uals with prolonged usage of addictive substances[1, 4–6].  

Many research studies conducted on the molecular and cellular 

basis of addiction have concentrated on the effects of drugs on 

neurons in brain regions that process behavioral and motor 

functions affected by substances of abuse[1, 6, 7]. Of these, 

neuronal dysfunction in the prefrontal cortex, limbic structures, 

nucleus accumbens, and ventral tegmental area is considered 

to underlie the general physio-pathological mechanisms for 

substance use disorders[2, 3, 6]. Alcohol and other drugs affect 

various neurotransmitter systems in the brain including the glu-

tamatergic, dopaminergic, opioid, adrenergic, cholinergic, GA-

BAergic, peptidergic, and serotonergic neuronal systems[3, 6] 

in those brain areas have been targeted in the development of 

pharmacotherapies for drug abuse and dependence. Numer-

ous studies have also investigated the neurobiological mecha-

nisms underlying alcohol addiction, primarily focusing on neu-

ronal processes such as reward pathways, synaptic plasticity, 

and neurotransmitter release[1-4, 6]. The role of neurons in the 

mechanisms of addiction is not the only cell responsible for 

sustaining and regulating neurotransmission[1, 2, 5]. Hence, 

recent evidence has suggested that glial cells, particularly as-

trocytes, may play a critical role in the development and pro-

gression of alcohol addiction impairments. In addition, glial 

cells, mainly astrocytes also play essential roles in the regula-

tion of glutamatergic neurotransmission, neurotransmitter me-

tabolism, and supply of energy substrates for synaptic trans-

mission[1, 2, 5, 8].  

Chronic alcohol consumption leads to astrogliosis, a reactive 

process characterized by the proliferation and hypertrophy of 

astrocytes. This astroglial reaction alters the cellular environ-

ment and disrupts the balance between excitatory and inhibito-

ry signaling pathways[1, 3]. Astrogliosis contributes to the de-

velopment of alcohol addiction by impairing synaptic plasticity, 

promoting neuroinflammation, and affecting neuronal communi-

cation within reward circuits[1, 8]. Hence, the mesolimbic dopa-

mine system, involved in reward processing, is a key compo-

nent in the development of addiction[2]. Astrocytes modulate 

dopamine signaling through mechanisms such as dopamine 

uptake and release and regulating dopamine receptor activity. 

Alcohol exposure influences astrocytic dopamine uptake and 

release, leading to altered reward signaling. Dysregulation of 

the reward circuitry mediated by astrocytic processes contrib-

utes to the reinforcing effects of alcohol and the perpetuation of 

addictive behaviors [1, 3, 8]. 

This review explores the emerging evidence on the involve-

ment of astrocytes in alcohol abuse and addiction mechanisms, 

emphasizing their role in neuroinflammation, synaptic plasticity, 

neurotransmitter regulation, and behavior. 

Methods 

The review utilized 52 research articles from several data-

bases, including PubMed, Scopus, and Google Scholar, to ex-

amine relevant literature on astrocytes and their role in alcohol 

abuse and addiction mechanisms. Then 41 full-text articles 

were reviewed to ensure alignment with the scope of this com-

prehensive analysis. Consequently, original research articles 

and reviews focusing on the involvement of astrocytes in alco-

hol-related behaviors and the neurophysiological mechanisms 

of addiction were systematically selected. 

The physiological role of astrocytes  

In the central nervous system (CNS), astrocytes are the most 

prevalent and diverse kind of glial cell family, providing structur-

al and functional support to neurons and responding to various 

physiological and pathological challenges[6, 8, 9]. Thousands 

of brain synapses can send information to a single astrocyte 

cell, containing many neuronal cell bodies[10]. Evidence of 

astrocyte–synapse dynamic interactions is thought to be an  
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abundant contributor to synaptic functioning in several CNS 

neural circuits under physiological settings[8, 11]. They have 

been classified as helping to maintain homeostasis and surviv-

al[6, 8, 9, 12], and supporting neuronal cells [6, 8, 9, 12], as 

well as the establishment of the blood-brain barrier (BBB)[12]. 

As a result, current investigations have demonstrated their 

critical function at the synaptic cleft in regulating neuronal fir-

ing, neurotransmission regulation, synaptic connection devel-

opment and formation, synaptic plasticity, and metabolic sup-

port for neuronal activity[6, 8–10, 12], reuptake of neurotrans-

mitters, buffering of extracellular ion concentrations, and re-

lease of many diffusible molecules[8, 9, 12]. The dynamic com-

ponents of brain connectivity and functions also carry out re-

ceptor trafficking, neuro-protection, neurogenesis, blood flow 

regulation, detoxification, immunological and oxidative stress 

defense, and acid-base balance [8]. On the cellular and molec-

ular level, the astrocytes express AQP4 channels, Na+/K+-

ATPase, Kir4.1 potassium channels, glutamate transporters, 

and the Na-K-Cl cotransporter (NKCC1) on their perisynaptic 

membranes[8, 13–15]. 

As a result, during nerve impulse conduction, astrocytes may 

identify changes in several chemicals that are released from 

neurons into the synaptic cleft.  They then react to those chem-

ical alterations that modify the neighboring neurons' and glia's 

activity[6, 8, 9]. For example, the majority of neurotransmitters 

and peptides, including glutamate, GABA, dopamine, norepi-

nephrine, serotonin, acetylcholine, and opioid peptides, are 

cleared by receptors found in the cell membrane of astrocytes, 

which influence synaptic plasticity and neural signaling[6, 8, 9]. 

Additionally, their plasma membranes contain aquaporin-4 

channels, glucose transporters, and neurotransmitter transport-

ers[6, 8].  

Accordingly, amino acid transporters in astrocytes are essen-

tial for controlling glutamatergic and GABAergic neurotransmis-

sion pathways[10].  Astrocytes exhibit high levels of EAAT1 

(GLAST in humans) and EAAT2 (GLT-1 in rodents), two of the 

five families of excitatory amino acid transporters (EAAT1–5) 

that are important for clearing synaptic glutamate extracellular 

concentrations [8–10, 16]. The SLC1A3 and SLC1A2, respec-

tively, are the human genes for these two soluble carrier fami-

lies of EAATs glutamate transporters[8]. The Na+-dependent 

excitatory amino acid transporter EAAT2 (GLT-1), which is 

found on the membrane of astrocytes, is principally responsible 

for 90% of all release glutamate uptake in the human CNS[12, 

17]. Other GABA, glycine, and adenosine transporters are also 

expressed by astrocytes. These transporters regulate their 

inhibitory actions through GABA transporters (GAT-1/SLC6A1, 

GAT-2/SLC6A13, and GAT-3/SLC6A11)[10, 18], and glycine 

transporters (GlyT-1 and GlyT-2). Adenosine is also transport-

ed through the equilibrated nucleoside transporters 1 and 3 

(ENT-1, ENT-3)[9].  

Recent research studies have shown that, in contrast to the 

uptake process, astrocytes are engaged in the release of many 

molecules that meet many of the requirements for a transmitter 

and can modify the activity of nearby glial cells and neurons[6, 

9]. Because of this, astrocytes facilitate bidirectional communi-

cation with neurons, yet they lack the electrical activity of neu-

rons [10]. They do, however, express most neurotransmitter 

and neuromodulator receptors. The release of several mole-

cules that meet the requirements for chemical transmitters, 

including glutamate, ATP, adenosine, D-serine[6, 8, 10], and 

taurine[8], as well as eicosanoids, cytokines[6], growth hor-

mones, 5-HT, and potassium[10], are triggered by the complex 

changes in intracellular Ca2+ that astrocytes produce during 

activation. Additionally, astrocytes play a key role in forming 

and maintaining the blood-brain barrier (BBB), which influ-

ences the transport of substances between blood and the 

brain[8, 19, 20].  

Since then, astrocytes release gliotransmitters (such as gluta-

mate, ATP, and D-serine) via a variety of pathways, one of 

which being the glutamate transporter GLT-1 acting in re-

vers[8, 9]. However, EAAT2/GLT-1 is a crucial location for glu-

tamate to enter and exit astrocytes via anti-port or other path-

ways. EAAT2/GLT-1 expression is decreased in the nucleus 

accumbens core (NAc) of astrocytes after prolonged exposure 

to a variety of substances, such as cocaine, nicotine, ethanol, 

and heroin[6, 8, 21, 22].  

Astrocyte function in the brain and ethanol expo-

sure 

The prefrontal cortex (PFC), nucleus accumbens core (NAc), 

ventral tegmental area (VTA), amygdala, or hippocampus are 

the brain regions that are essential for the manifestation of 

drug and alcohol addiction[6, 13, 17]. The ventral pallidum 

(VP) and the ventral tegmental region (VTA) are topographical-

ly related to the NAc.  The neurobiological processes of reward 

learning, impulsivity, and addiction are all significantly influ-

enced by NAc[8, 17]. According to research, in rat models of 

relapse, the recall of drug-seeking behavior depends on glu-

tamatergic synaptic transmission from the PFC to the NAc[8, 9, 

17]. The mechanisms underlying addictive behaviors are also  
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significantly influenced by changes in the morphology and func-

tion of glial cells, particularly astrocytes, in several brain re-

gions[6, 17] New information from many research showed that 

with repeated exposure to drugs of abuse such as cocaine, 

heroin, methamphetamine, nicotine, and ethanol, NAc astro-

cytes undergo molecular modifications[6, 8, 13, 17].  

Accordingly, the most prevalent glial cells in the brain, astro-

cytes play several physiological roles, such as maintaining the 

blood-brain barrier, regulating neurotransmitter homeostasis, 

and promoting synaptic plasticity[1, 2, 8]. Astrocytes are active-

ly involved in the neurobiology of addiction, according to recent 

research. They regulate the neurotransmitter systems and influ-

ence short-term and long-term synaptic strength changes. Con-

sequently, exposure to ethanol and other addictive substances 

has a major impact on astrocytes. Atrophic alterations in astro-

cytes are brought on by prolonged alcohol exposure, particular-

ly in specific brain areas including the hippocampus and 

PFC[16].  

 Furthermore, astrocytic reactions to alcohol exposure affect 

many of the physiologic functions that astrocytes perform in the 

nervous system in addition to changes in their quantity, shape, 

or development[6, 10, 16]. Alcohol, for example, reduces the 

expression of an astrocyte-specific glutamate transporter, 

EAAT-2/GLT-1, which removes glutamate from the synapse. 

Furthermore, astrocyte proliferation, DNA synthesis, and the 

well-known molecular markers of glial fibrillary acidic protein 

(GFAP) are significantly inhibited by the alterations associated 

with alcoholism [6, 16, 20, 23]. These astrocyte characteristics 

raise the possibility that changes in how astrocytes and other 

glial cells function in reward circuits may be a factor in the re-

ward and addiction behaviors associated with alcohol and other 

substances[6, 10, 24]. 

Thus, recent studies have demonstrated that astrocytes' regula-

tion of glutamate uptake and neurotrophic factor release affects 

addictive behaviors and may potentially modulate the use of 

opiates, alcohol, and psychostimulants[6, 8]. By altering astro-

cytic protein receptors that are in charge of preserving extracel-

lular homeostasis, ethanol exposure may result in glutamatergic 

dysfunction. However, prolonged exposure to ethanol results in 

a hyper-glutamatergic state and long-lasting alterations in the 

expression of glutamatergic receptors and transporters[10, 21].  

The activation of astrocytes and microglia, which results in the 

release of pro-inflammatory cytokines, chemokines, and reac-

tive oxygen species, is a hallmark of alcohol-induced neuroin-

flammation. These neuroinflammatory reaction impairs neuronal 

function and accelerates the development of alcoholism[3, 25, 

26]. By generating pro-inflammatory molecules such as cy-

clooxygenase-2 (COX-2), tumor necrosis factor-alpha (TNF-α), 

and interleukin-1β (IL-1β), IL-6, IL-1α, and IFN-γ; astrocytes 

play a critical role in mediating neuroinflammation. These 

chemicals also support addiction-related behaviors, interfere 

with regular brain activity, and prolong neuroinflammatory pro-

cesses[9, 11, 27].  Although acute inflammation has protective 

functions, long-term activation of astrocytes may result in neu-

roinflammation, which is associated with various neurodegener-

ative disorders, including brain damage caused by alcohol 

abuse and addiction[4, 21].  

Alcohol exposure and astrocytic EAAT-1 and 

EAAT-2 expression  
Neurotoxicity, neuroinflammation, and alcohol-induced neuro-

degeneration have been linked to altered glutamate homeosta-

sis and reduced astrocytic clearance of extracellular glutamate 

levels through the action of EAATs[8, 28, 29]. Astrocytes in the 

CNS play a crucial role in the neuronal physiology of synaptic 

activation by reabsorbing glutamate from extracellular space 

volume. From the five EAATs family (EAAT1 to EAAT5), astro-

cytes use the glutamate transporters EAAT-2 (GLT-1) and 

EAAT-1 (GLAST) to carry out the majority of the synaptic gluta-

mate reuptake process[6, 8, 12]. Except for certain brain re-

gions where EAAT-1 predominates (like, the cerebellum, brain-

stem, spinal cord, and other areas), EAAT-2 is the primary 

EAAT expressed by mature astrocytes in the adult CNS, espe-

cially in the brain regions of the cortex, hippocampus, and stria-

tum[8, 12]. Astrocytic EAAT-2 (GLT-1) and EAAT-1(GLAST) 

remove more than 80% of the glutamate produced by synapses 

from the synaptic cleft. Meanwhile, postsynaptic neurons ab-

sorb about 20% of the glutamate[12]. However, EAAT-1 

(GLAST) and EAAT-2 (GLT-1) have the same tendency to bind 

glutamate, with Km values ranging from 10 to 77 µM and 36 to 

97 µM, respectively, and 65% structural identity at the amino 

acid level[8, 12]  

In astrocytes, both EAAT-1 and EAAT-2 remove glutamate us-

ing sodium-dependent transport mechanisms, and different 

intracellular and extracellular signaling pathways affect their 

activity. Numerous neurological problems, such as alcohol use 

disorder (AUD), neurodegenerative diseases, and mental disor-

ders, have been linked to disruptions in EAAT-1 and EAAT-2 

function or expression[8, 17, 27]. Thus, long-term exposure to 

cocaine, nicotine, ethanol, and heroin decreases GLT-1 expres-

sion in the NAcore of astrocytes. In animal models, the manipu-

lation of astrocytes in key brain regions such as the prefrontal  
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cortex (PFC) and the nucleus accumbens has been shown to 

affect alcohol consumption and relapse. Therefore, it has been 

demonstrated that alcohol exposure upsets glutamate homeo-

stasis by suppressing the expression and functionality of 

EAAT-1 and EAAT-2, which leads to neuroinflammation and 

excitotoxicity. This suggests that astrocytes play an essential 

role in modulating the cognitive and emotional processes that 

drive alcohol abuse and addiction disorders[12, 17, 30].  

Thus, the purpose of this review is to investigate how alcohol 

exposure affects the expression and function of EAAT-1 and 

EAAT-2 in astrocytes, the resulting neurological effects, and 

possible treatment strategies. Therefore, abundant research 

studies have demonstrated that acute and chronic alcohol ex-

posure results in a significant downregulation and dysfunction 

of EAAT1 and EAAT-2 expression in astrocyte functions. Alco-

hol-induced reductions in both EAAT1 and EAAT-2 expression 

impair the ability of astrocytes to clear glutamate from the syn-

aptic cleft, leading to elevated extracellular glutamate concen-

trations, excitotoxicity, neuroinflammation, cognitive deficits, 

and neurodegenerations[7, 10, 17, 27]. 

Alcohol exposure and astrocytic GFAP expression   

GFAP is a type of intermediate filament protein predominantly 

found in astrocytes, although it may also appear in various oth-

er cell types under specific pathological circumstances. It plays 

an essential role in the cytoskeleton of astrocytes, offering 

structural stability and preserving cell integrity. GFAP serves as 

a biomarker for astrocyte activation and is usually upregulated 

during reactive astrogliosis, which experiences morphological 

and functional alterations in response to various stressors, in-

cluding alcohol exposure[18, 27, 30]. Elevated levels of GFAP 

in astrocytes are viewed as a marker of neuroinflammation and 

are linked to a range of neurological conditions, including 

AUD[10, 16]. Reactive astrocytes, characterized by increased 

levels of glial fibrillary acidic protein (GFAP), secrete pro-

inflammatory cytokines that hinder the expression and function-

ality of EAATs. Among the several cellular changes induced by 

chronic alcohol exposure, reactive astrogliosis, marked by in-

creased GFAP expression, is one of the most consistent find-

ings in preclinical and clinical studies[6, 30].  

Regionally specific adaptations to psychostimulants are signifi-

cantly linked to astrocytes [6, 30]. Glial fibrillary acidic protein 

(GFAP), a key constituent of the cytoskeleton of astrocytes, is 

activated and expresses more when alcohol as a depressant, 

morphine, cocaine, amphetamines, and other psychoactive 

substances are administered[30]. In response to neurotoxicity, 

brain injury, and other plastic alterations in the neuropil, GFAP 

expression is increased[6]. Consequently, after abstinence 

from ethanol, the packed density of astrocytes expressing 

GFAP promotor increased in the nucleus accumbens core 

(NAc)[8]. Additionally, this review focuses on how they linked 

the drive to self-administer ethanol and react to rewarding brain 

stimulation to the bidirectional communication of NAcore astro-

cytes [30].    

Furthermore, it has been demonstrated that rats given alcohol 

on a chronic basis exhibit increased GFAP expression during 

the first few weeks of exposure, whereas astrocytes exposed to 

alcohol for an extended period exhibit decreased GFAP ex-

pression [6, 31]. According to a study, rats given morphine on a 

chronic basis showed increased astrocyte counts and GFAP 

expression in the frontal cortex, locus coeruleus, VTA, NAcore, 

and nucleus of solitary tracts[6], as well as in the cerebral cor-

tex[31]. As a result, astrocytes and GFAP-positive cells 

(GFAP+) exhibit increased expression of GFAP and GFAP 

mRNA with prolonged alcohol exposure[6, 10, 18]. Generally, 

both short-term and long-term alcohol intake can cause pro-

nounced changes in GFAP expression within astrocytes, play-

ing a role in the neuroinflammatory and neurodegenerative 

impacts associated with alcohol use disorder and addiction. 

Alcohol exposure and astrocytic BDNF expression  

Numerous neurotrophic and growth factors are produced by 

astrocytes and are crucial for neuronal differentiation, out-

growth[28], synaptic plasticity, neuronal survival[8, 28, 29] dur-

ing development, and regulation of learning and memory mech-

anisms, mood disorders[32], and drug and alcohol addiction[8, 

29, 32] Brain-derived neurotrophic factor (BDNF), nerve growth 

factor (NGF), insulin-like growth factor (IGF), fibroblast growth 

factor 2 (FGF2), midkine (MDK) and pleiotrophin (PTN)[28], 

thrombospondin[8], neurotrophin-3 (NT-3), neurotrophin-4/5 

(NT-4/5), and neurotrophin-6 [32] are a few examples of neu-

rotrophic factors. Therefore, before being linked to an addiction 

scenario, alcohol intake changes the expression of these neu-

rotrophic growth factors or their receptor systems in specific 

brain regions[28]. 

Addiction to several drugs of abuse, including alcohol, has 

been linked to the chromosomal markers close to the BDNF 

gene, the human BDNF neurotrophic factor, and certain gene 

mutations[33]. Since BDNF is an alcohol-responsive gene in 

rodents, both acute alcohol administration and voluntary alco-

hol use raise BDNF mRNA levels and activate the BDNF sig-

naling pathway. This demonstrates how moderate alcohol  
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consumption increases BDNF signaling levels in the dorsal 

striatum. Dopaminergic pathways are primarily activated to 

mediate the beneficial effects of alcohol reinforcing. It has been 

demonstrated that BDNF modulates dopamine transmission[33, 

34].  

The Trk family of receptor tyrosine kinases is activated by neu-

rotrophic substances to exert their biological effects. For in-

stance, NT-3 can activate both TrkA and TrkC, while nerve 

growth factor (NGF) is selective for TrkA and BDNF NT-4 for 

Trk-B[32]. The BDNF is typically in charge of the brain's restor-

ative and protective processes[29, 32, 35]. Thus, it has been 

demonstrated that certain protein pathways, beginning with 

BDNF expression, act on its primary receptor of tyrosine recep-

tor kinase B (TrkB) activity[34, 35], and conclude with potassi-

um chloride cotransporter 2 (KCC2) in the VTA[35], are respon-

sible for the acute and long-term effects of alcohol on the nerv-

ous system. Therefore, Trk-B stimulation may result in a reduc-

tion in KCC2 expression in the hippocampus[35]. 

Accordingly, BDNF expression in the VTA decreases with 

chronic alcohol exposure[32, 35] during withdrawal, but not with 

acute alcohol exposure, and this increase lasts for at least sev-

en days[35]. However, compared to alcohol-naïve mice, mice 

treated with chronic irregular ethanol exposure exhibit reduced 

inhibition of VTA-GABA neurons when GABA channels are 

activated. Therefore, the firing rate of VTA-GABA neurons is 

not directly impacted by BDNF[32, 35]. Prolonged alcohol expo-

sure is linked to significant neuronal plasticity, as evidenced by 

the structural and biochemical alterations in the VTA-NAc cir-

cuit[32].  

In this case, the release of DA in the nucleus accumbens (NAc) 

has been reduced by suppressing the activity of DA neurons in 

the VTA. As a result, the research study revealed a strong cor-

relation between reward and reinforcement and the release of 

DA in the NAc neurons[35]. Accordingly, BDNF is impacted by 

alcohol and drug exposure and often controls the VTA-NAc 

pathway. Both the VTA and NAc exhibit high quantities of TrkB, 

and the VTA expresses high levels of BDNF. Furthermore, dur-

ing alcohol exposure, the hippocampus, frontal cortex, and 

amygdala all express high levels of BDNF and send projections 

to the VTA and NAc neuronal pathway[32, 35, 36]. 

Alcohol exposure and astrocytic Toll-like Receptor 4 

(TLR4) expression  

The innate immune response system[7, 25, 36–38] of drug re-

ward-associated behaviors and physiology is significantly influ-

enced by the family of pattern-recognition receptors known as 

toll-like receptors (TLRs). In the CNS, they are mostly ex-

pressed in glial cells of the astrocytes and microglia, respec-

tively[7, 25, 36] According to recent studies, neuroinflamma-

tion[7, 25], and neurological illnesses like neurodegenerative 

diseases, depression, impulsive behaviors, addiction[7, 8, 36, 

37], and Alzheimer's disease[36, 38] are all strongly impacted 

by TLR activation, particularly TLR4 signaling expression.  And, 

it has been demonstrated that the TLR4 directly affects inflam-

mation and neurotoxicity by alcohol exposure[36]. So, astro-

cytes play a central role in the neuroinflammatory response and 

neuroadaptive changes to express TLR4 associated with alco-

hol exposure. As a result, TLR4 dysfunction in astrocyte targets 

generally reduces opioid-related behaviors and related neuro-

chemical reactions[7].  

Studies have shown that both acute and chronic alcohol expo-

sure can upregulate TLR4 expression in astrocytes is particu-

larly relevant to alcohol addiction. For instance, in rodent mod-

els, alcohol exposure has been shown to induce the expression 

of TLR4 in astrocytes within vital brain regions, such as the 

hippocampus, prefrontal cortex, and nucleus accumbens; areas 

critical for memory, decision-making, and reward processing[7, 

27]. Moreover, another rat model study that favors alcohol has 

higher levels of TLR4 protein expression in their VTA when 

they self-administer alcohol. Given that site-selective siRNA 

reduction of TLR4 in the VTA and central amygdala decreases 

binge drinking in rats that favor alcohol, TLR4 activation, in 

particular, maybe a significant signal for binge alcohol con-

sumption [25] 

Alcohol exposure and astrocytic NF-kB expression  

An abundant transcription factor with various roles in mammali-

an cells, the nuclear factor kappa light chain enhancer of acti-

vated B cells (NF-kB) contributes to inflammation and the in-

nate immune response[39]. Both the central and peripheral 

nervous systems' neurons, glia, and Schwan cells have NF-

kB[40]. Numerous extracellular signaling patterns, including 

cytokines, T-cells, B-cells, mitogens, viral infection, oxidative 

stress, phorbol esters, bacterial lipopolysaccharides, and excit-

atory neurotransmitters, can activate NF-kB[40]. In addition, 

B-amyloid, N-opioid receptor agonists, and nerve growth fac-

tors all activate NF-kB[40].  

Likewise, by boosting BDNF activation in an autocrine loop, 

NF-kB expression plays a significant role in NMDA-mediated 

neuroprotection[40]. Therefore, by raising BDNF and NFk-B 

activities, which result in neurites[39, 40]. According to a recent  
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study, rats' brains exposed to higher ethanol concentrations for 

four days showed increased NF-kB binding to DNA, resulting in 

brain damage and the inhibition of neurogenesis processes[40]. 

The NF-κB, CREB, KBBP, N-myc, Sp1, and Yin Yang are 

among the transcription factor binding sites found in the EAAT-

2 promoter biomarkers[8, 26, 40].  

Consequently, according to different research studies, the NF-

κB factor effectively regulates the expression of EAAT2 through 

a variety of transcriptional pathways[1, 23, 24]. Alcohol-induced 

NF-kB activity plays a crucial role in mediating inflammation 

and neurotoxicity. NF-kB has a broad spectrum of gene targets 

that can affect complex behaviors like learning, memory, addic-

tion, and depression in addition to controlling inflammation and 

innate immunity [39]. Another study has demonstrated that high 

alcohol concentrations raise NF-kB activity in rat hippocampus 

and human astroglial cultures, but lower alcohol concentrations 

have no deleterious effects on NF-kB function[39]. 

Conclusions: 

The review that astrocytes play a major role in the neurobiology 

of alcohol addiction is being supported by new data. Alcohol 

can disrupt excitatory function by altering the pattern of calcium 

signaling and astrocyte clearance of neurotransmitters. Certain 

vital protein transporters made by astrocytes, including EAAT1, 

EAAT2, GFAP+, BDGF, NF-kB, and AQP4 indicators, are also 

changed by alcohol exposure. When it comes to the rate of 

glutamate transport per astrocyte, ethanol exposure can alter 

the expression of both the GLAST/EAAT1 and GLT-1/EAAT2 

transporters. To treat individuals with alcoholism and drug use 

disorders, a medicine that targets the astrocytic glutamate 

transporter of both EAAT-2 and EAAT1, as well as GFAP+, 

BDGF, NF-kB, and AQP4 biomarkers and indicators could be 

developed. Moreover, the development of focused treatment 

approaches depends on a knowledge of the intricate interac-

tions between neurons and astrocytes in the initiation and 

maintenance of addiction.  To understand the underlying mech-

anisms and find new therapeutic targets that can be used to 

treat alcohol addiction, more future study is required.  
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