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Alcohol abuse can result in significant alterations to the structure of the brain and ultimately to behavioral
dysfunctions. Epidemiological studies have shown that alcoholism is closely associated with impaired memory
and judgment. However, the degree of deficit (brain injury) depends on factors such as the age of onset, duration
of heavy drinking, continuous versus periodic (binge) drinking and the typical amount consumed per session. In
recent years, neuroinflammation has been proposed as one of the alcoholism-induced neuropathological
mechanisms, since increased levels of microglial markers are observed in the brains of both post-mortem
human alcoholics and various alcohol-treated animals, from newborn or adolescent rodents to adult rodents.
Many studies have investigated how microglia modulate alcohol-induced behavioral changes such as cognitive
deficits, abnormal locomotor activity, motor impairment and mood disturbance. Importantly, we try to charac-
terize and compare the distinct features in different ethanol (EtOH)-induced neurodegenerative disease (NDD)
models. Moreover, mounting evidence indicates that in response to certain environmental toxins, microglia
can become over-activated under oxidative stress, releasing pro-inflammatory mediators that cause central
nervous system (CNS) disease. The molecular mechanisms involve free radical formation and the release of
pro-inflammatory cytokines that are detrimental to neighboring neurons and interfere with the molecules
regulating cell–cell interactions. The identification and understanding of the cellular and molecular mechanisms
ofmicroglial activation are described, aswell asmultiple downstream targets, in different alcohol-treated animal
models. This review might contribute to the development of treatments and/or therapeutic agents that can
reduce or eliminate the deleterious effects of alcohol-induced NDD.
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1. Introduction

Microglia, the resident immunocompetent and phagocytic cells of the
central nervous system (CNS), comprise approximately 10% of adult brain
cells (Kraft &Harry, 2011).Microglial activation is a graded processwhich
provides a very early and rapid response to various immunologic stimuli
and injuries in the brain. Physical microglial activation often results in
secretion of neurotrophic factors that limit tissue injury by aiding in repair
processes. However, abnormally activated microglia secrete a variety of
pro-inflammatory mediators such as cytokines, chemokines and reactive
oxygen species (ROS) that are known to potentiate the inflammatory
cascade and to cause neuronal damage by enhancing oxidative stress
and activating cell-death pathways. Thus excessive and protracted
microglial reaction can become deleterious and lead to chronic neuronal
inflammation and degeneration (Felderhoff-Mueser et al., 2005). On the
other hand, these features of microglia offer opportunities to find poten-
tial targets for the diagnosis and therapy of the early stage of neurodegen-
erative disease (NDD), which is closely associatedwith inflammation and
degeneration of neurons.

An important role of microglia in alcohol-induced brain damage has
been suggested since the 1990s. In recent years, it has become evident
that microglia are heavily involved in ethanol (EtOH)-induced NDD.
Studies have shown that glial cells are even more sensitive to EtOH-
induced degeneration than neurons in the brain (Korbo, 1999; Santos
et al., 2013). Increased levels of microglial markers are linked to EtOH-
induced neuroinflammation at such a high frequency that this has
been recognized as one of the features of EtOH-induced neuropathology
(He & Crews, 2008). However, in preclinical and clinical studies, it is not
possible to control for the duration or amount of alcohol administration
and the age at which such exposure occurs in human beings. Therefore,
animal models provide a framework for the integration of these
variables. The gene sequences of rats, mice, and other mammals are
similar to those of humans, and the modeling method is relatively sim-
ple and easy to carry out (Muller &Hein, 2010). In recent studies, animal
models of EtOH-induced neurodegeneration are classified by the age of
the animals or the duration of the drinking period. The detailed
behavioral characterization of these models allows us to study the
neurochemical and molecular mechanisms of alcoholism. On the other
hand, alcohol may have specific effects depending on differences in
dosage, duration, pattern, or period of EtOH exposure. Not surprisingly,
the response of microglia, as a pathological symptom of the early stage
of EtOH-induced NDD, occurs via different mechanisms in different
animal models. Thus, it is necessary to acquire a clearer picture to under-
stand the role ofmicroglia in EtOH-induced degeneration of neurons. This
review includes an overviewof previous studies on the action ofmicroglia
that relate to EtOH-induced brain damage, and summarizes current
evidence which provides new insights into the underlying mechanisms
of alcohol-related NDD. Various therapeutic strategies for modulating
the response of microglia are evaluated, as well as the current develop-
mental state of agents that protect against EtOH-induced neurotoxicity.

2. Models of ethanol-induced injury

2.1. Ethanol and central nervous system damage

2.1.1. The risk of alcohol abuse
Currently there is an upward trend in the consumption of alcoholic

beverages in most countries. Most people enjoy drinking alcohol to at-
tenuate negative (e.g., anxiety, tension, stress) and enhance positive
(e.g., relaxation, elation) affective states (Cooper et al., 1995; Kassel

et al., 2000; Levenson et al., 1980; Sayette, 1999). Physicians can use
the available research evidence describing the known benefits and
risks associated with alcohol consumption when counseling their
patients regarding alcohol-related decisions and behaviors (Doll,
1998; Standridge et al., 2004). The benefits of light-to-moderate alcohol
consumption include lower risk for dementia (Letenneur, 2004;
Ruitenberg et al., 2002), lower rates of myocardial infarction, heart fail-
ure, or coronary and cerebrovascular disease (Abramson et al., 2001;
Ashley, 1982; Cooper et al., 2000; Mukamal et al., 2003; Solomon
et al., 2000), reduced risk of ischemic stroke (Mukamal et al., 2005;
Patra et al., 2010; Sacco et al., 1999), and decreased risk of diabetes
(Wannamethee et al., 2002). Other data have defined the metabolic
and biochemical influences of alcohol that, in turn, explain the mecha-
nisms by which mild-to-moderate alcohol consumption improves
these health outcomes. However, excessive levels of binge drinking
lead to the development of tolerance and dependence. This further pro-
motes excessive consumption, which is associated with alterations in
the physiology, structure and functions of multiple organs such as
liver, stomach, brain, kidney and lung, and may even cause cancer.
Noticeably, alcoholics are much more susceptible to nervous system
diseases and their average life span may be shorter than normal people
(Harper & Matsumoto, 2005).

2.1.2. The genetic factors involved in alcohol abuse
Alcohol abuse is associated with a wide range of physical, mental

and social factors (Kohnke, 2008). The initiation of alcohol intake is
powerfully influenced by environmental factors; however, genetic fac-
tors are emerging as increasingly important in affecting regular patterns
of alcohol abuse, based on plentiful data (Buscemi & Turchi, 2011;
Kimura & Higuchi, 2011; Pan et al., 2013) from family, twin and adop-
tion studies. Furthermore, susceptibility and vulnerability to alcohol
abuse are determined by a complex array of genetic factors, which ac-
count for 50–60% of the liability (Mayfield et al., 2008). Genetic variants,
especially single nucleotide polymorphisms (SNPs), can result in differ-
ent endophenotypes that are potential contributors toward alcohol
abuse. SNPs affect several alcohol-metabolizing enzymes, particularly
alcohol dehydrogenases (ADHs) and aldehyde dehydrogenases
(ALDHs). The SNPs in and around the ADH4andALDH1A1 genes are sig-
nificantly associated with alcoholism susceptibility (Liu et al., 2011).
The potential relevance of SNPs to the risk of alcohol abuse has also
been discussed in several studies (Dick et al., 2006; Edenberg et al.,
2006; Franke et al., 2000). For instance, a SNP in theGABA(A) alpha 2 re-
ceptor subunit gene (GABRA2) has different effects on alcohol depen-
dence across different developmental stages. This SNP is associated
with alcohol dependence throughout adulthood, but not during child-
hood or adolescence. SNPs in the cannabinoid receptor 1 gene (CNR1),
on the other hand, are associated with attenuated negative responses
to alcohol (Marcos et al., 2012). In addition, another study found that
SNPs in the μ-opioid receptor (OPRM1) gene moderate the hedonic
effects of alcohol in heavy drinkers, indicating that these variants con-
tribute to mood modulation (Ray et al., 2013). Together, these studies
will help in understanding the role of genetic variants in processes
such as ethanol metabolism, motivational behavior and reward
responses, which may affect the risk of alcohol abuse.

2.1.3. The symptoms of alcohol abuse
Acute alcoholism occurs after a single episode of heavy drinking.

According to the toxic symptoms, acute alcoholism is divided into
three periods— excitement, ataxia and lethargy— but the boundary be-
tween these stages is indefinite.When acute alcohol intoxication occurs,
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