internal segment and thus form the
“indirect” pathway that tends to
dampen cortical output. The coordi-
nation of these two pathways deter-
mines one’s ability to initiate actions
and control action sequences. Thus,
dopamine, working through these
two receptor subtypes, has key roles
in controlling performance of actions,
including those affected by intoxica-
tion and those involved in addiction.
Dopaminergic transmission is
targeted by many drugs, including both

legal prescription medications and ille-
gal drugs of abuse. Perhaps the most
widely known brain disorder involving
the brain dopaminergic system is
Parkinson’s disease. This debilitating
and ultimately lethal neurological disor-
der arises from the death of dopamin-
ergic neurons and the resultant loss of
brain dopamine (Kandel et al. 2000).
The most common therapy for this
disease involves dopamine replacement
by treatment with the dopamine pre-
cursor L-Dopa (Stacy and Galbreath
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2008), which is taken up by the brain
and used to make more dopamine.
Dopamine receptor agonists also are
sometimes used as an adjunct therapy
with L-Dopa (Stacy and Galbreath
2008). Agonists of the D, class of
dopamine receptors are used in the
treatment of the movement disorder
known as restless legs syndrome
(Winkelman et al. 2007). Dopamine
receptor- and transporter-targeted
drugs also have a large role in the
treatment of other neurological and

Human

Rat

HO

Figure 5 Neurotransmitters with discrete localization within the brain. A) The chemical structure of the monoamine neurotransmitter
dopamine and a schematic drawing of the localization of dopamine-containing neurons in the human and rat brain and
the sites where dopamine-containing axons are found. B) The chemical structure of the monoamine neurotransmitter
serotonin and similar brain map showing locations of serotonin-containing cells and their axons.

Central nucleus Striatum
(amygdala)

NH, HO

Dopamine

OH

NH,

Serotonin
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neuropsychiatric disorders. The major-
ity of antipsychotic drugs have potent
actions at the D,-like dopamine
receptors, although they certainly have
effects on other targets that could
contribute to their therapeutic efficacy
(Kapur et al. 2006). Drugs that block
the dopamine transporter, such as
methylphenidate (Ritalin®) are used in
the treatment of attention deficit
hyperactivity disorder (ADHD)
(Arnsten 20006) (note the potential
abuse liability of this class of drugs, as
discussed below) (Faraone and Wilens
2007). Antagonists for D, dopamine
receptors also are used clinically to
reduce vomiting in circumstances
such as chemotherapy (Reddymasu

et al. 2007).

Cocaine, amphetamine, and other
“stimulant” drugs block or reverse the
action of the dopamine transporter
(Amara and Sonders 1998). The net
effect of these drugs is to increase levels
of dopamine within the synapse.
Although these drugs act on other
molecular targets, the evidence is fairly
convincing that it is the effect on
dopaminergic transmission that accounts
for the majority of the intoxicating
and addictive actions of these drugs.
Most other drugs of abuse also influ-
ence the brain dopaminergic system.
Nicotine stimulates the activity of
the dopaminergic neurons themselves
(Pidoplichko et al. 1997) and also
can activate dopamine release from
axon terminals (Grady et al. 2007).
Morphine and other opiate drugs
depress the activity of GABAergic
interneurons and, through this effect,
indirectly increase the activity of
dopaminergic neurons (Johnson and
North 1992). Alcohol also increases
the activity of these neurons, likely
via both direct actions on the neurons
and indirect actions through other
neurons (Brodie et al. 1999; Ericson
et al. 2008; Gessa et al. 1985; Okamoto
et al. 20006).

Dopaminergic transmission has
been implicated in the actions of
almost all drugs of abuse, and trans-
mission mediated by this neurotrans-
mitter is altered by alcohol exposure
in both the acute and chronic phases
(reviewed in Vengeliene et al. 2008).

The acute alcohol-induced increase in
firing of dopaminergic neurons appears
to drive increases in extracellular
dopamine levels in the brain regions
to which these neurons project
(reviewed in Gonzales et al. 2004).
Imaging of dopamine receptors in

the human brain also suggests that
acute alcohol exposure alters dopamine
levels in key brain structures (reviewed
in Wong et al. 2003). These effects
may contribute to the process by
which animals encode the reinforcing
value of alcohol.

As animals learn to consume
alcohol in the laboratory, increases in
brain dopamine levels become associ-
ated with stimuli that predict access
to alcohol (Gonzales et al. 2004).
Thus, dopamine also plays a role in
learning about environmental contexts
that encourage drinking. Chronic
alcohol consumption can lead to a
hypodopaminergic state that motivates
the drinker to seek alcohol in order
to restore the desired levels of the
neurotransmitter (Volkow et al. 2007).
However, despite these findings,
pharmacotherapies aimed at the
dopaminergic system have not shown
particular efficacy in reducing alcohol
drinking either in animal models or in
humans with alcohol abuse disorders.
Perhaps the development of drugs with
greater specificity for certain subtypes
of dopamine receptors will prove
more efficacious in this context.

ADENOSINE

Adenosine is a purine nucleoside (a
compound with a nitrogen-containing
base linked to a sugar molecule) that is
produced during nudleic acid metabolism.
This compound also participates in a
number of types of cell—cell communi-
cation, including synaptic transmission
in all regions of the nervous system.
Adenosine primarily is a neuromodula-
tory transmitter and produces its actions
via the activation of two main types of
GPCRS, the Al and A2a adenosine
receptors (Fredholm et al. 2005). Other
adenosine receptors exist but are present
only in small quantities within the CNS.

Activation of Al adenosine
receptors in turn activates Gy, class
G-proteins. In general, these G-proteins
activate GIRK potassium channels,
inhibit voltage-gated calcium chan-
nels, inhibit adenylyl cyclase, or activate
phosphorylation of certain intracellu-
lar protein kinase enzymes (Fredholm
et al. 2005). Adenosine A2a receptors
activate G, or G —type G-proteins
(Fredholm et al. 2007). These G-
proteins stimulate adenylyl cyclase
to enhance production of the second
messenger cyclic AMP (Fredholm et
al. 2007).

After producing its actions on
synaptic adenosine receptors, the
neurotransmitter is transported back
into cells via a cell membrane neuro-
transmitter transporter protein known
as the adenosine transporter (Fredholm
et al. 2005). Adenosine also can be
metabolized by enzyme proteins
known as adenosine deaminase and
adenosine kinase (Fredholm et al.
2005). The transporter and enzymes
regulate the duration of adenosine
signals within the synaptic cleft.
Inhibition of either process can prolong
the time that the neurotransmitter
is present in the synapse and, conse-
quently, the duration of activation of
the adenosine receptors.

The behavioral effects of modifying
brain adenosinergic communication
are very familiar to many of us. Caffeine
acts as an adenosine receptor antago-
nist (Dunwiddie and Masino 2001).
The major behavioral effects of caf-
feine, including enhanced activity and
focused attention, appear to involve
inhibition of the function of both
Al- and A2a-type adenosine receptors,
although locomotor stimulation by
caffeine is predominantly because of
A2a antagonism.

Acute alcohol exposure increases
adenosine signaling in cell lines of
neural origin (Nagy et al. 1990). This
effect appears to involve inhibition of
a nucleoside transporter that normally
produces rapid uptake of adenosine
into cells. This inhibitory action
increases extracellular adenosine levels
and prolongs the duration of adeno-
sine signaling to the cell. The role of
these changes in adenosinergic trans-
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mission in acute intoxication is not
clear, although removing the alcohol-
sensitive nucleoside transporter in
mice alters intoxication and alcohol
intake (Choi et al. 2004). Chronic
alcohol exposure causes a compensatory
downregulation of A2a adenosine
receptors and decreases in the adenylyl
cyclase signaling by these receptors
(Diamond et al. 1991). These receptors
predominantly are found in brain
regions involved in neural processes
important for reward, habit formation,
and addiction (Jarvis and Williams
1989). Thus, alterations in adenosine
signaling in these brain regions could
contribute to alcohol addiction (Choi
et al. 2004; Naassila et al. 2002).

SEROTONIN

The neurotransmitter serotonin (also
known as 5-hydroxytryptamine or 5-
HT) is a close molecular relative of
dopamine that belongs to the family of
neurotransmitters known as monoamines
(Kandel et al. 2000). Like dopamine,
serotonin is made by small discrete
clusters of neurons located at the base
of the brain (see figure 5B). These
serotonergic neurons connect to other
neurons located throughout the CNS,
including neurons in the cerebral cortex
and other forebrain structures. Thus,
serotonin has the capacity to influence
a variety of brain functions including
sensations related to environmental
stimuli, pain perception, learning and
memory, and sleep and mood (Kandel
et al. 2000). The role of serotonin in
mood control has received considerable
attention in both the laboratory and
the clinic, as selective serotonin reup-
take inhibitors (SSRIs) such as Prozac®
are the most widely prescribed drugs for
depression and other mood disorders
(Brunton et al. 2005; Kandel et al. 2000).
The majority of serotonin actions
in the brain occur via activation of
GPCRs. The human brain has 15
serotonin-activated GPCRs that activate
a wide variety of G-protein subtypes
(Kitson 2007). Thus, serotonin can
produce neuromodulatory effects that
tend to either increase or decrease
neuronal output. Different subtypes

of these GPCRs are found on presy-
naptic and postsynaptic neuronal
structures in different brain regions.
By activating these receptors, serotonin
can enhance or inhibit neurotrans-
mitter release at certain synapses and
can produce slow hyperpolarizing

or depolarizing synaptic responses

at others. Intracellular signaling via
serotonin-activated GPCRs also can
influence the function of intracellular
enzymes as well as alter gene expression.

Serotonin also can activate a single
type of LGIC-type neurotransmitter
receptor, the so-called 5-HT} receptor
(Thompson and Lummis 2007). This
receptor contains a channel that is
permeable to positively charged cations
and thus produces fast activation of
neurons when bound to serotonin.
One interesting facet of the action
of this recepror is that often it resides
on axon terminals that contain and
release GABA. Thus, activation of these
presynaptic 5-HTj receptors leads
to a rapid release of GABA that will
then inhibit downstream neurons.

In addition to the use of SSRIs
for neuropsychiatric therapy, as men-
tioned above, a variety of other thera-
peutic uses exist for serotonergic drugs.
The SSRIs produce their actions via
inhibition of the serotonin transporter
protein, as their name implies.
Buspirone is an anxiety-reducing drug
that acts on the 5-HT-1, receptor
(Barrett and Vanover 1993), and use
of this drug has been suggested for
other disorders. The 5-HT}; antago-
nists routinely are used to reduce
nausea and vomiting resulting from
chemotherapy and can be used for
similar purposes following surgical
anesthesia, and these drugs also have
been used for treatment of irritable
bowel syndrome (Thompson and
Lummis 2007).

The brain serotonergic system
also is the target of psychoactive drugs,
including many that are illegal. The
largest class of hallucinogenic drugs,
including LSD, mescaline, and psilo-
cybin, are all partial agonists of the
5-HT), receptor subtypes, and the
5-HT,, receptor is implicated in the
effects of these drugs (Fantegrossi et
al. 2008). Several amphetamine
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derivatives, such as 3,4-methylene-
dioxymethamphetamine (MDMA,
also known as ecstasy), alter serotonin
transporter molecules and increase
synaptic serotonin levels (McKenna
and Peroutka 1990). This may account
for their sensory-enhancing effects.

Acute alcohol has mixed effects
on serotonergic transmission (reviewed
in Lovinger 1997). A slowing of sero-
tonergic reuptake is observed (Daws
et al. 2006), but this does not appear
to be because of impairment of the
serotonin transporter targeted by
SSRIs. Alcohol also potentiates the
function of the 5-HTj; receptor
(Lovinger 1999).

Chronic alcohol exposure has
been demonstrated to interact with
various aspects of serotonergic trans-
mission that could alter anxiety and
affect (reviewed in Lovinger 1997).
Based on the well-known role of
serotonin in neural mechanisms
underlying mood and stress responses,
pharmacotherapies aimed at the
serotonergic system have long been
touted as potential treatments for
alcoholism (reviewed in Ait-Daoud et
al. 2006). Treatments with SSRIs are
efficacious in reducing alcohol intake
in laboratory animals (LeMarquand
et al. 1994; Pettinati et al. 1996) but
have had mixed success in humans
(Ait-Daoud et al. 2006; Naranjo and
Kadlec 1991). It is possible that these
drugs might work best in patients
with comorbid depression. The 5-
HT; antagonist ondansetron reduces
relapse in alcoholics, particularly in
those with early onset (reviewed in
Ait-Daoud et al. 2006).

OPI10IDS AND OTHER PEPTIDES

Peptides have long been known to
function as hormones within the body
and to participate in synaptic commu-
nication in the brain (Brunton et al.
2005; Kandel et al. 2000). All of the
known peptide actions in the brain are
neuromodulatory, and thus these agents
act through GPCRs. Many peptides
act as neurotransmitters (i.e., the so-called
neuropeptides); this section will focus
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on a few neuropeptides that have been
implicated in alcohol actions on the brain.

Most of the neurotransmitter
molecules discussed above are synthe-
sized within the axon terminal itself
and are then delivered into the vesi-
cles waiting near the presynaptic
release sites. Peptide neurotransmitters,
however, normally are synthesized in
the neuronal cell body, some distance
from the site of release (Kandel et al.
2000). The neuropeptides then are
packaged into vesicles and transported
inside the vesicle to the axon terminal.
Thus, it is somewhat easier to deplete
the store of neuropeptide transmitters
in a given axon terminal, and it can
only be refilled after transport from
the cell body.

The opioid peptides are some of
the most widely known neuropeptides.
These include B-endorphin (which
consists of 31 amino acids), dynorphin
(13 amino acids), and the enkephalins
(5-amino-acid peptides that end in
either methionine [met-enkephalin]
or leucine [leu-enkephalin]) (Kandel
et al. 2000). The notoriety of these
peptides stems from the fact that they
serve as agonists for the receptors that
also are activated by morphine, heroin,
and the other opiate drugs. These
receptors are known as opiate receptors,
and there are three different subtypes
designated the 1, , and K receptors
(Connor and Christie 1999). In addi-
tion, a peptide known as nociceptin or
orphanin FQ has actions at a separate
opiate-like receptor called the ORL-1
receptor (Connor and Christie 1999).
All of these receptors preferentially
couple to Gy,-type G-proteins and
thus generally are known to inhibit
neurotransmitter release and reduce
the activity of neurons (Williams et
al. 2001).

Opioid peptides are found in
many regions of the nervous system.
Like other neuropeptides, the opioids
usually are stored in and released from
large vesicles different from those that
contain the small molecules (e.g.,
glutamate or GABA). These opioid
peptide—containing vesicles often are
found in the same axon terminals with
the smaller diameter, small molecule—
containing vesicles, and thus many

neurons have the capacity to release
both small molecule and opioid pep-
tide neurotransmitters (Kandel et al.
2000). Opiate receptors are found
on both presynaptic and postsynaptic
structures (Williams et al. 2001). The
termination of transmission mediated
by opioid peptides involves peptidases,
which are specific enzymes that catalyze
the degradation of the peptide into
its constituent amino acids (Schwartz
et al. 1981). These amino acids are then
taken back into cells via amino acid
transporters, where they can be used for
future peptide or protein synthesis.

Opiate receptors have been targeted
for a number of therapeutic uses.
Morphine, heroin, fentanyl, and other
powerful opiate receptor agonists have
long been used for pain reduction
(Brunton et al. 2005). The opiate
receptor partial agonist methoadone is
a well-known and effective treatment
for addiction to opiate drugs (Brunton
et al. 2005), basically substituting for
morphine or heroin to prevent with-
drawal symptoms without having the
same debilitating effects.

Of course, opiate agonists are
among the drugs with the strongest
abuse/addiction liability (Brunton et
al. 2005). Injectable heroin is perhaps
the best-known addictive opiate and
continues to be a problem for people
wortldwide. However, abuse of power-
ful synthetic opiates taken in pill form,
such as Oxycontin® (also known as
Oxycodone), has been on the rise in
recent years (Compton and Volkow
2006). Another psychoactive drug, the
plant derivative known as salvanorin
A, acts as an agonist at K-opioid
receptors (Roth et al. 2002). When
ingested, it produces a relatively short-
lasting disorientation, such that the
user becomes unaware of his/her loca-
tion in space and time.

Acute alcohol alters endogenous
opioid peptides and opiate receptors
(Charness 1989; Gianoulakis 1989).
However, the contribution of these
actions to intoxication remains unclear.
Chronic alcohol exposure also alters
brain opiatergic systems (Charness
1989; Gianoulakis 1989). Interestingly,
opiate receptors have emerged as use-
ful targets for pharmacotherapeutic

treatment of alcohol use disorders
(reviewed in O’Brien 2005; O’Malley
and Froehlich 2003). Use of the gen-
eral opiate receptor antagonist nal-
trexone is approved for the treatment
of alcoholics. This compound also
reduces alcohol drinking in rodents,
apparently via blockade of the p-type
opiate receptor (Aleshuler et al. 1980;
Gonzales and Weiss 1998; Krishnan-
Sarin et al. 1998). The mechanism
of action may involve a reduction

of endogenous opioid peptide actions
that normally promote increases in
dopamine release (Gonzales and
Weiss 1998).

Many other neuropeptides origi-
nally found to act as hormones also
have been found to act as neurotrans-
mitters. Corticotrophin-releasing hor-
mone (CRH) was originally known
for its role in the pituitary gland, where
it stimulates a cascade of molecular
processes that ultimately leads to the
release of the cortisone-like steroid
hormones (e.g., corticosteroids)
(Brunton et al. 2005). Within the
brain, CRH can communicate signals
related to stress, mood, and changes
in other bodily functions (Reul and
Holsboer 2002). The cellular release
of this neuropeptide is stimulated by
alcohol (Nie et al. 2004) as well as by
exposure to stressful stimuli. Mounting
evidence suggests that CRH and its
receptors participate in the interactions
between stress and alcohol, including
increased drinking or relapse to
drinking following stressful events
(Heilig and Koob 2007).

A variety of other neuropeptides
have been implicated in brain responses
to alcohol and alcohol drinking behav-
ior (see Thorsell 2007 and Wurst et
al. 2007 for more information).

ENDOCANNABINOIDS AND
OTHER L1PID-DERIVED
NEUROMODULATORS

Molecules derived from the chemical
modification of the lipids found in
neuronal membranes are another
class of neuromodulatory substances.
Throughout the body, lipid-derived

molecules are known to have paracrine
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actions. The lipid metabolites known
as prostaglandins are perhaps the best-
known examples of such paracrine agents
(Brunton et al. 2005). It is worth not-
ing that lipid-derived compounds do
not have to be released from synaptic
vesicles. Unlike other neurotransmitters,
they usually escape from neurons directly
through the cell surface membrane.

Many of these lipid-derived agents
are involved in synaptic communica-
tion. Endocannabinoids (a contrac-
tion of endogenous cannabinoids) are
an example (Chevaleyre et al. 2006).
Arachidonoyl ethanolamide (AEA)
and 2-arachidonoyl glycerol (2-AG)
are two compounds that can be pro-
duced upon breakdown of membrane
lipids that contain the fatty acid known
as arachidonic acid. These compounds
are produced throughout the brain
and body and have been implicated
in a number of physiological functions.
Endocannabinoids have an intriguing
retrograde signaling action at synapses
(Alger 2002). In other words, synaptic
communication by these compounds
generally occurs in a direction opposite
to that of traditional neurotransmitters.
The endocannabinoids often are
produced by postsynaptic neuronal
elements and act on their cognate
receptors, cannabinoid 1 (CB1)
receptors, which are found almost
exclusively on presynaptic axon ter-
minals in the brain. This signaling
requires that the compound traverse
the synapse in a backward, or retro-
grade, direction. This action of endo-
cannabinoids has now been found
throughout the nervous system.

The CB1 receptor is a GPCR
that links to Gj,-type G-proteins.
The most common effect of activating
this receptor is inhibition of neuro-
transmitter release (Lovinger 2008).
Thus, retrograde endocannabinoid
signaling results in decreased release
of several types of neurotransmitters,
including both GABA and glutamate.
Endocannabinoid effects are therefore
disinhibitory (relief from GABAergic
inhibition) or inhibitory (decreased
glutamatergic excitation) depending
on the brain region and synapses in
which they act. The presence of endo-
cannabinoids in the synapse often

leads to inhibition of neurotransmitter
release that persists for as long as the
endocannabinoid is present (Chevaleyre
et al. 2006; Lovinger 2008). Endo-
cannabinoids also can trigger a long-
lasting depression of neurotransmitter
release called long-term synaptic
depression (LTD) (Chevaleyre et al.
2006; Lovinger 2008). This depression
is set into motion by endocannabinoid
activation of CB1 receptors but does
not require sustained CB1 activation
for its long-term maintenance. Accum-
ulated evidence suggests that the synap-
tic depression produced by retrograde
endocannabinoid signaling has key
roles in brain mechanisms of learning
and memory as well as addiction
(Lovinger 2008).

The term “cannabinoid” within
the name of these compounds reflects
that fact that the endocannabinoids
have something in common with drugs
derived from the Cannabis saziva plant,
such as marijuana. Indeed, the CB1
receptor is itself the major target for
A-9tetrahydrocannabinol (A-9THC),
the primary psychoactive ingredient
in cannabis-derived drugs (Brunton
et al. 2005). The endocannabinoids
produce much milder and shorter-last-
ing versions of the effects produced
by cannabinoids in the brain, includ-
ing relief from anxiety, relief from pain,
actions that affect movement initia-
tion, balance and coordination, and
effects on cognition (Lovinger 2008;
Piomelli et al. 2000). Knowledge of
the neuronal effects of A-9THC pro-
vides a great deal of information on
the effects of specific CB1 agonists.
Indeed, a number of synthetic agonists
have been developed for this receptor,
and they produce strong intoxication,
movement impairment, decreased
learning and short-term memory,
pain relief, and, at high doses, a loss
of movement known as catalepsy
(Howlett 1995). At low-to-moderate
doses, these compounds also stimulate
appetite, a well-known effect of mari-
juana and other illegal cannabis-derived
drugs (Di Marzo et al. 2001).

Antagonists for the CB1 receptor
also have neural actions, and there is
increasing evidence of the therapeutic
usefulness of these compounds. Studies
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in laboratory animals indicate that
CBI1 antagonists reduce feeding and
the metabolic changes that often
accompany obesity (Di Marzo et al.
2001; Ravinet Trillou et al. 2003).
The CB1 antagonist known as
Acomplia®, Rimonabant, or SR141716
already is in use in Europe for treatment
of obesity and the associated metabolic
disorder. Antagonists for this receptor
also reduce self-administration of a
number of drugs of abuse, most notably
nicotine and alcohol (Maldonado et
al. 2006; Wang et al. 2003). Indeed,
researchers have observed a variety of
interactions between alcohol and the
brain endocannabinoid system, sug-
gesting involvement of this system in
alcohol dependence (Colombo et al.
2007). Research on alcohol interac-
tions with the brain endocannabinoid
signaling system still is in the early
stages. Chronic alcohol has been shown
to increase AEA and 2-AG levels in
cells and tissue (Basavarajappa and
Hungund 1999; Basavarajappa et al.
2000, 2003). There also is evidence
that chronic alcohol exposure down-
regulates CB1 receptors (Basavarajappa
et al. 1998). Clearly, further studies
are needed to explore the mechanisms
through which endocannabinoids par-
ticipate in the neural actions of alcohol.

Agonists for the CB1 receptor
already are in use, mainly for treating
chemotherapy side effects. These
agonists reduce nausea induced by
chemotherapy and also stimulate
appetite in both chemotherapy patients
and people with AIDS (Pertwee 2005).
Formulations of cannabis plant
extracts containing THC and other
cannabinoids also have been touted
for treatment of multiple sclerosis
and other neurological disorders
(Wade et al. 2003).

Targeting enzymes involved
in endocannabinoid synthesis and
degradation also is a promising
avenue for future applied pharmaco-
logical research (Pertwee 2005). For
example, inhibiting the fatty acid
amide hydrolase (FAAH) enzyme
that metabolizes AEA prolongs
the pain-reducing function of the
endocannabinoid system in certain

paradigms (Hohmann et al. 2005),
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and strategies like this may be useful
in treating certain neuropathic pain
disorders.

ALCOHOL INTERACTIONS
WITH NEUROTROPHINS AND
STEROID HORMONES

Alcohol has been shown to alter intra-
cellular signaling induced by different
neurotrophins. The most consistent
finding is that acute exposure to alcohol
inhibits the signaling and cellular effects
produced by BDNF (Davis et al. 1999;
Fattori et al. 2008; Li et al. 2004;
Ohrtman et al. 2006). This inhibition
may contribute to the damaging effects
of fetal alcohol exposure on brain
development but also appears to affect
neurotrophin actions in the adult animal.
Studies of chronic alcohol effects on
the expression and actions of this neu-
rotrophin are more mixed (reviewed in
Davis 2008). Chronic alcohol exposure
in adult animals reportedly increases
levels of BDNF mRNA in several brain
regions (Back et al. 1996; McGough et
al. 2004; Tapia-Arancibia et al. 2001);
in a few cases, levels of the protein itself
were increased (Bruns and Miller 2007;
Miller 2004; Miller and Mooney 2004).
However, a number of other studies
have reported decreases in BDNF mRNA
or no effect (Bowers et al. 20006;
MacLennan et al. 1995; Miller et al.
2002; Pandey et al. 1999; Zhang et al.
2000). Some intracellular signaling targets
downstream from the Trk receptors,
most notably the Fyn and Src protein
kinases, also may be targets of acute
and chronic alcohol actions (Miyakawa
etal. 1997; Wang et al. 2007).

Alcohol exposure has well-known
effects on the levels of the corticosteroid
hormones released from the adrenal
glands. Acute and chronic alcohol
exposure enhances levels of cortisol
(the major adrenocorticoid hormone
in humans), at least in part by increas-
ing secretion of adrenocorticotropic
hormone from the pituitary gland
(Gianoulakis 1998; Rivier 1996). The
hypothalamic—pituitary—adrenal (HPA)
axis responsible for brain stimulation
of cortisol secretion also is activated
during alcohol withdrawal and may

be part of a stress-like effect of with-
drawal (Adinoff et al. 1998). Within
the brain, alcohol also appears to inter-
act with the so-called neurosteroids,
including the progesterone metabo-
lites that can potentiate GABA, recep-
tor function. Acute alcohol exposure
enhances levels of progesterone in the
blood plasma and also increases brain
levels of allopregnanolone and other
neurosteroids (VanDoren et al. 2000),
and there is evidence that this mecha-
nism may contribute to some neuro-
physiological and behavioral effects
of the drug (Biggio et al. 2007; Morrow
et al. 2001). All of these steroid com-
pounds are released in response to
stressful stimuli, and thus these sub-
stances may contribute to interactions
between stressful environmental stim-
uli and the neural actions of alcohol.

SUMMARY

Communication within the brain
involves electrical activation of neurons
and chemical transmission between
neurons at structures called synapses.
Transmission can be broken down into
fast synaptic transmission mediated by
LGICs and slower-developing neuro-
modulation mediated by GPCRs.
Neurotrophins and steroid hormones
also influence neuronal function by
altering intracellular signaling pathways
and gene expression. Extensive research
has shown that many aspects of synap-
tic transmission are altered by alcohol
at doses and brain concentrations
encountered during drug ingestion.
Alcohol can affect numerous neuro-
transmitter, neurotrophin, and steroid
hormone systems in the brain to pro-
duce acute intoxication, as well as neuro-
adaptations that contribute to tolerance
and dependence. The neurotoxic
effects produced by alcohol ingestion
also involve neurotransmitters. Many
of the neurotransmitter systems that
are implicated in alcohol actions are
currently considered as potential targets
for pharmacotherapeutic approaches

to combating alcohol abuse and alco-
holism. Articles in this two-part series
will describe the specific neural effects
that contribute to different alcohol

actions on the nervous system. Neuro-
transmitters and synaptic communica-
tion, as well as neurotrophins and
steroid hormones, figure prominently
in these neural effects of alcohol. W
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