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Abstract
Evidence suggests that alcohol affects brain fonctiby interacting with multiple
neurotransmitter systems, thereby disrupting thécate balance between inhibitory anpd
excitatory neurotransmittétsit's often said that depression results from entbal imbalance,
but that figure of speech doesn't capture how cermphe disease is. Research suggests|that
depression doesn't spring from simply having toeiar too little of certain brain chemicals.
Rather, depression has many possible causes, imgldéiaulty mood regulation by the brain,
genetic vulnerability, stressful life events, medions, and medical problems. Short-tgrm
alcohol exposure tilts this balance in favor ofibiory influences. After long-term alcohol
exposure, however, the brain attempts to compenisqtdilting the balance back toward
equilibrium’. These neurological changes occur as the develupofetolerance to alcohol’s
effects. When alcohol consumption is abruptly didcwed or reduced, these compensam%
changes are no longer opposed by the presenceadfcdl thereby leading to the excitation|of—=
neurotransmitter systems and the development afhalcwithdrawal syndrome. Long term &
alcohol intake also induces changes in many nensinitter systems that ultimately lead to the,
development of craving and alcohol-seeking behaviwr believed that several of these forcess
interact to bring on depressibTo be sure, chemicals are involved in this preckst it is not &
simple matter of one chemical being too low andtla@otoo high. Rather, many chemicals
involved, working both inside and outside nervelsceThere are millions, even billions,
chemical reactions that make up the dynamic sydiest is responsible for your moo
perceptions, and how you experience life. With thigel of complexity, you can see how ty
people might have similar symptoms of depressionfite problem on the inside, and therefpres
what treatments will work best, may be entirelyfefiént. Researchers have learned much anog
the biology of depressidnThey've identified genes that make individualsreneulnerable tq S
low moods and influence how an individual respatiaddrug therapy. One day, these discoverie_sda
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should lead to better, more individualized treatingsee "From the lab to your medicipe
cabinet"), but that is likely to be years afiafnd while researchers know more now than ever
before about how the brain regulates mood, theitetstanding of the biology of depression is
far from complete. What follows is an overview bétcurrent understanding of the major factors
believed to play a role in depressioBerotonin is an important brain chemical that astsa
neurotransmitter to communicate information amoagy@a cells. Serotonin’s actions have béen
linked to alcohol’s effects on the brain and toohlnl abuse. Alcoholics and experimental
animals that consume large quantities of alcoholsévidence of differences in brain serotonin
levels compared with nonalcohdlidoth short- and long-term alcohol exposures afect the
serotonin receptors that convert the chemical sigmaduced by serotonin into functional
changes in the signal-receiving €elrugs that act on these receptors alter alcobmsamption
in both humans and animals. Serotonin, along wiitleroneurotransmitters, also may contribute
to alcohol’s intoxicating and rewarding effectsdabnormalities in the brain’s serotonin system
appear to play an important role in the brain psses underlying alcohol abuse.

Keywords: serotonin, neurotransmitters, alcohol, dpression, mood. AODE (alcohol ang
other drug effects); chronic ODE; serotonin receptes; brain; AODU (alcohol and other
drug use) development; neurotransmission; synapseieurotransmitters; serotonin uptake
inhibitors ;GABA; dopamine; receptor proteins; AOD abuse; AOD
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Serotonin is produced in and released from an area that plays an important role in theg
neurons that originate within discrete control of emotions, and the nucleus.g
regions, or nuclei, in the brain (Cooper et al. accumbens, a brain area involved ing
1991). Many serotonergic neurons are controlling the motivation to perform certain g
located at the base of the brain in an area behaviors, including the abuse of alcoho®
known as the raphe nucleus, which and other drugs In these brain regions, the g
influences  brain functions related to axon endings of the serotonergic neuronsg
attention, emotion, and motivation The secrete serotonin when activated. Theg
axons of the neurons in the raphe nucleus neurotransmitter then traverses the smalé
extend, or project, throughout the brain to space separating the neurons from eacly
numerous regions with diverse functions. other (i.e., the synaptic cleft) and binds tog
These brain regions include the amygdale, specialized docking molecules (i.e.,é’
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receptors) on the recipient cell. The binding
of serotonin to its receptors initiates a series
of biochemical events that converts the
extracellular, chemical signal into an
intracellular signal in the recipient cell. For
example, the interaction of serotonin with
one type of receptor stimulates the formation
of small molecules (i.e., second messengers)
within the celf. Second messengers interact
with other proteins to activate various
cellular functions, such as changes in the
cell's electrical activity or in the activity of
certain genes. These changes can result
either in the inhibition or the excitation of
the signal-receiving neuron, depending on
the cell affected. Through these
mechanisms, serotonin can influence mood
states; thinking patterns; and even behaviors,
such as alcohol drinking. Serotonin’s actions
at the synapses normally are tightly
regulated by proteins called serotonin
transporters, which remove the

neurotransmitter from the synaptic cleft after
a short period of time by transporting it back
into the signal emitting céll Consequently,
serotonin can affect neighboring neurons
only for a short period of time. Any
transporter

interference with serotonin

Observations on the brain’s serotonin
system

Alcohol interacts with serotonergic synaptic
transmission in the brain in several ways.
Even single-episode (i.e., acute) alcohol
exposure alters various aspects of
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function extends or diminishes the cells’
exposure to serotonin, thereby disrupting the
exquisite timing of nerve signals within the
brair’. The net result of such disruptions is
abnormal brain activity, which can lead to
psychological problems or mental illness.
One prominent example of a psychological
disorder that appears to involve
inappropriate serotonin use in the brain is
depression (Baldessarini 1996); some of the
most effective antidepressant medications
act on the serotonin transporters to prolong
the neurotransmitter’s activity. To gain
information about serotonin levels in the
brain, physicians and researchers have
measured the concentrations of serotonin
breakdown products generated after the
neurotransmitter has been removed from the
synapse (i.e., serotonin metabolifesThe
concentrations of these metabolites, which
can be determined from samples of blood,
urine, or the fluid that bathes the brain and
spinal cord (i.e., cerebrospinal fluid [CSF])
(LeMarquand et al. 1924 Pettinati 1996;
Virkkunnen et al. 1995), provide an indirect
measure of changes in the overall serotonin
level in the brain.

arch Chronicles, 2016

serotonin’s synaptic functions. In humans,g
for example, the levels of serotonin ®
metabolites in the urine and blood increast%
after a single drinking session, indicating.S
increased serotonin release in the nervou$

system (LeMarquand et al. 1994 This &
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increase may reflect enhanced signal
transmission at serotonergic Ssynapses.
Animal studies also have found that acute
alcohol exposure elevates serotonin levels
within the brain (LeMarquand et al. 1994
McBride et al. 1993), suggesting either that
more serotonin is released from the
serotonergic axons or that the
neurotransmitter is cleared more slowly
from the synapsésFor example, increased
serotonin release after acute alcohol
exposure has been observed in brain regions
that control the consumption or use of
numerous substances, including many drugs
of abuse (McBride et al. 1993). Researchers
currently are trying to determine the exact
mechanisms underlying the alcohol-induced
changes. For example, they are investigating
whether the net increase in synaptic
serotonin levels results from alcohol’s direct
actions on molecules involved in serotonin
release and uptake or from more indirect
alcohol effects Alcohol also interferes with
the function of serotonin receptors. Several
types of these receptors exist, including the
5-HT1A, 5-HT1B, 5-HT2, and 5-HT3
receptors. When activated by serotonin
binding, the 5-HT3 receptor rapidly
increases neuron activity by generating
electrical signals (Lovinger and Peoples
1993). Acute alcohol exposure enhances the
electrical signals generated by the 5-HT3
receptor. This change in receptor function
likely results from alcohol’s direct action on
the receptor protein or on molecules closely
associated with the receptor in the cell
membrane (Lovinger and Peoples 1993;
Lovinger and Zhou 1994)Increased 5-HT3
receptor function probably causes excessive
stimulation of neurons in brain regions
receiving information from serotonergic
neurons. As a result of this stimulation, the
release of other neurotransmitters that play
key roles in alcohol intoxication may be
increased.

Review

Long-term, or chronic, alcohol exposure2
can lead to adaptive changes within brain
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cells. This process, also called tolerance
development, presumably is a mechanism to
reestablish normal cell function, or
homeostasis, in response to continuous
alcohol-induced alterations. For example, if
alcohol exposure inhibits the function of a
neurotransmitter receptor, the cells may
attempt to compensate for continuous
inhibition by increasing the receptor
numbers or by altering the molecular
makeup of receptors or cell membranes so
that alcohol no longer inhibits receptor
function®. The 5-HT2 receptor appears to
undergo such adaptive changes (Pandey et
al. 1995). Thus, the number of 5-HT2
receptor molecules and the chemical signals
produced by the activation of this receptor
increase in laboratory animals that receive
alcohol for several weeks. Increased
serotonin activity at the 5-HT2 receptor
caused by chronic alcohol exposure also
may contribute to the alcohol withdrawal
syndrome—the pattern of behaviors
occurring when alcohol is withheld after
chronic us& For example, alcoholics
frequently experience increased anxiety
levels after cessation of drinking. This
withdrawal symptom may involve enhanced
serotonin activity at the 5- HT2 receptors: In
animal models of alcohol withdrawal, drugs
that blocked the activation of this receptor
(i.e., 5- HT2 antagonists) prevented behavior
indicative of increased anxiety (Lal et al.
1993). The effects of chronic alcohol g
consumption also were investigated in the 55
HT1B receptor knockout mice discussed incV
the previous section. Compared with normal®
mice, the knockout mice showed lessc
evidence of tolerance to alcohol's effectsg
(Crabbe et al. 1998) Interestingly, the &
knockout mice also demonstrated increase®
aggressive behavior, even in the absence &
alcohol consumption. A similar association g
between alcoholism and aggression exists it}
some alcoholics. Consequently, the 5-HT1By
receptor knockout mice may serve as &
model for the alcoholism subtype that is;(g)
characterized by an early age at onset arg

h
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often is associated with impulsive violence al. 1995).
and other behavioral disorders (Virkunnen et
transporter
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The first line of evidence implicating

serotonin in the development of alcohol

abuse was the discovery of a relationship
between alcoholism and the levels of
serotonin metabolites in the urine and CSF
of human alcoholics. For example, the
concentrations of the first serotonin

degradation product, 5- hydroxyindoleacetic
acid, were lower in the CSF of alcoholics

than in nonalcoholics of the same age and
general health status (LeMarquand et al.
1994n; Pettinati 1996; Virkunnen et al.

1995), an observation suggesting that
alcoholics may have reduced serotonin
levels in the brain. Several mechanisms
could account for such a decrease in brain
serotonin levels. For example, the brain cells
could produce less serotonin, release less
serotonin into the synapse, or take more

serotonin back up into the célls
Alternatively, the serotonin metabolite
levels in alcoholics could be reduced,

because less serotonin is broken down in the

brain. To date, the exact mechanisms
underlying the changes in serotonin-
metabolite levels are still unknown.
Researchers currently are trying to

determine whether alcoholics with abnormal
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serotonin metabolite levels have specific
variations in the gene that codes for the
enzyme

tryptophan hydroxylase, which produces
serotonin from other molecules in the cells.
Several variants of the tryptophan
hydroxylase gene exist; one variant appears
to be particularly common in alcoholics with
histories of aggression and suicidal
tendencies (Virkkunen et al. 1995). The
second line of evidence implicating
serotonin in the development of alcohol
abuse stems from studies of compounds that
interfere  with  the functions of the \S
transporters that remove serotonin from th
synaps® These agents also are calle 5
selective serotonin reuptake inhibitors ©
(SSRI's). One of these agents, fluoxetines
(Prozac®), is used widely for treating mood ©
disorders, such as depression (Baldessarig
1996). Experimental animals treated with
this and related compounds exhibited§
reduced alcohol consumption (LeMarquand$
et al. 1994; Pettinati 1996). Similarly, g
alcoholics taking fluoxetine drank less®
frequently and reduced their alcohol_§
consumption during drinking sessionsg
(LeMarquand et al. 1994 Litten et al. =
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1996; Naranjo and Bremner 1994, Pettinati
1996). The alcoholics also reported less
desire to drink and fewer pleasurable
feelings after drinking. Fluoxetine reduces

alcohol consumption in humans only

moderately, however, and does not affect all
alcoholics (Litten et al. 1996). Moreover,

although increased serotonin levels at the
synapses in the brain can moderate alcohol
consumption, additional factors contribute to

continued alcohol abuse. Consequently,
SSRI's cannot be recommended as the sole
treatment for alcoholisf Other drugs that
affect serotonergic signal transmission also
alter alcohol consumption in animals
(LeMarquand et al. 1994 For example,
antagonists of the 5-HT3 and 5- HT1A
receptors reduced alcohol ingestion in
rodents.

Role of Serotonin in Depression

A. Monoamine hypothesis

« Deficiency in the amount or
function of cortical and limbic
serotonin, norepinephrine
(NE), and dopamine (DA)

« SSRls (Selective Serotonin =\ & .
Reuptake Inhibitors): \%‘1 4% e -
Inhibition of the serotonin s
transporter (SERT) o i

Fluoxetine, Sertraline,
Citalopram

Observation

5-HT1A May control consummator
behavior, including alcohol consumption 5-
HT1B May contribute to alcohol’s
intoxicating effects May play a role in the
development of tolerance to alcohol’s
effects 5-HT2 May contribute to the
development of alcohol withdrawal
symptoms may play a role in alcohol’s
rewarding effects 5-HT3 May regulate
alcohol consumption may contribute to
alcohol's rewarding effects 3By breeding
rats with similar alcohol-consumption
patterns (e.g., high consumption or low
consumption) with each other for several
generations, researchers created two strains
with distinctly different preferences for
alcohof. More research is needed to
determine how and under what drinking
conditions alcohol consumption is affected
by different serotonin receptor antagonists.
In addition, researchers must investigate
whether the effects of these drugs vary
among subgroups of alcoholics (e.g.,
alcoholics with different drinking patterns or
with co-occurring mental disorders). For
example, recent evidence indicates that
buspirone—an agent that binds to the 5-
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HT1A receptor and which is used as an
anxiety-reducing (i.e., anxiolytic)
medication—also increases the time of
abstinence from heavy drinking (Litten et al.
1996; Pettinati 1996). These findings
suggest that buspirone may help reduce
anxiety in alcoholics with anxiety disorders,
thereby possibly improving their compliance
with therapeutic regimens. SSRI’'s also are
useful in treating anxiety, depression, and
other mood disorders that result at least in
part from dysfunctional serotonergic signal
transmission in the brain (Baldessarinig
1996f. Many alcoholics suffer from these &
mood disorders. Accordingly, drugs thatN
target serotonergic signal transmission mayg
reduce alcohol consumption partly by
improving the co-occurring psychiatric g
problems and thus eliminating the need forg
self-medication with alcohdl To some ©
extent, however, the effects of SSRI's ong
alcohol consumption appear to be unrelatedg
to the medications’ antidepressant or{
anxiolytic effects (Naranjo and Kadlec &’
1991). The effects of SSRI's and othergo
serotonergic medications on alcohol abus%
will be difficult to disentangle from their @

=

effects on co-occurring mental disorders!
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Nevertheless, the information currently
available clearly indicates that serotonergic
signal transmission plays an important role
in alcohol abuse and therefore may yet be a
target for therapies to reduce alcohol
consumptioh

Discussion

Serotonin does not act alone within the
brain. Instead, serotonergic neurons are parts
of larger circuits of interconnected neurons
that transmit information within and among
brain regions. Many neurons within these
circuits release neurotransmitters other than
serotonin.  Accordingly, some of the
serotonin-mediated neuronal responses to
alcohol may arise from interactions between
serotonin and other neurotransmitters. These
neurotransmitters also may be affected by
alcohoP. Two key neurotransmitters that
interact with the serotonergic system are
gamma-aminobutyric acid (GABA) and
dopamine. GABA is the major inhibitory
neurotransmitter in the brain (Cooper et al.
1991)—that is, it tends to reduce the activity
of the signal-receiving neuron. Many drugs
that enhance GABA'’s actions in the brain
(e.g., the benzodiazepine Valium®) cause
sedation and intoxication that resemble the
effects of alcohol. In fact, alcohol may
produce some of its sedative and
intoxicating effects by enhancing GABA’s
inhibitory function (Samson and Harris
1992). (For more information on alcohol’'s
effects on  GABA-mediated  signal
transmission, see the article by Mihic and
Harris, pp. 127-131.) Serotonin may interact
with GABA mediated signal transmission by
exciting the neurons that produce and
secrete GABA (i.e., GABAergic neurons).
For example, serotonin can increase the
activity of GABAergic neurons in the
hippocampal formation (Kawa 1994), a part
of the brain that is important for memory
formation and other cognitive functions.
Consequently, alcohol’s effects on serotonin
may alter the activity of GABAergic
neurons in the hippocampal formatfon
These changes may disrupt cognition and
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possibly contribute to alcohol-induced
memory loss and impaired judgment. To
activate hippocampal GABAergic neurons,
serotonin binds to the 5-HT3 receptor. This
receptor is present in many brain regions
(Grant 1995) and may reside on GABAergic
neurons. As discussed previously, alcohol
increases the activity of this receptor.
Increased 5-HT3 activity results in enhanced
GABAergic activity, which, in turn, causes
increased inhibition of neurons that, receive
signals from the GABAergic eurohther
serotonin receptor types might act similarly
on GABAergic neurons. Consequently,
alcohol’'s effects on these receptor subtypes
also might influence GABAergic signal
transmission in the brain. The activation of
serotonin receptors also modifies the activity
of the neurotransmitter dopamine, which,
like serotonin, modulates neuronal activity.
The neurons that produce and secrete
dopamine (i.e., dopaminergic neurons)
reside at the base of the brain and
communicate signals to brain regions
involved in the rewarding effects of many
drugs of abuse, including alcohol (Koob et
al. 1994). For example, alcohol consumption
induces a dopamine surge in the brain,
which is thought to signal to the brain the
importance of this action, thereby indicating
that alcohol consumption is an action that
should be continuéd Such a
neurotransmitter response to alcohol
ingestion easily could contribute to theg
development of an addiction to alcohol, 5
because these brain responses would tend €@
reinforce alcohol drinking and thus increaseg“
consumption. (For more information on'g
dopamine-mediated signal transmission, se
the article by Di Chiara, pp. 108-114.) &
Serotonin can alter dopaminergic signalQ
transmission in several ways. For example§
by interacting with the 5-HT2 receptor,
serotonin  stimulates the activity of
dopaminergic neurons in a brain regiongg
called the ventral segmental area (VTA),o
. . O
thereby enhancing an alcohol-inducedg
increase in the activity of these neuronsé’

o
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(Brodie et al. 1995) and causing increased
dopamine release (Campbell et al. 1996).
The dopaminergic neurons in the VTA are
connected to the brain areas thought to
mediate rewarding effects. Thus, the
serotonin-dependent activation of these
neurons could reinforce alcohol-drinking
behavior. This scenario suggests that
serotonin, through its interaction with the
dopaminergic system, may play a pivotal
role in producing alcohol's rewarding
effects. Serotonin also interacts with
dopaminergic signal transmission through
the 5-HT3 receptor, which helps control
dopamine release in the areas reached by
VTA neurons, most notably the nucleus
acumens Serotonin release in these brain
regions can stimulate dopamine release,
presumably by activating 5-HT3 receptors
located on the endings of dopaminergic
neurons (Campbell and McBridev 1995;
Grant 1995). Consequently, an alcohol-
induced increase in 5-HT3 receptor activity
would enhance dopamine release in these
brain regions, thereby contributing to
alcohol’s rewarding effects. This hypothesis
is supported by the results of studies in
animal models (Campbell and McBride
1995; Grant 1995; Wozniak et al. 1990),
which also found that 5-HT3 receptor
antagonists interfered with the serotonin-
induced dopamine release in the brain’s
reward systenis These findings may help
explain the antagonists ‘ability to reduce
drinking  behavior. These examples
demonstrate that serotonin interacts with
other neurotransmitters in several ways to
promote  alcohol's intoxicating and
rewarding effects. Serotonin also may
interact with additional neurotransmitters
that have been found to contribute to
alcohol’s effects on the brain.

Summary

Serotonin plays an important role in
mediating alcohol’'s effects on the brain.
Alcohol exposure alters several aspects of
serotonergic signal transmission in the brain.
For example, alcohol modulates the
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serotonin levels in the synapses and
modifies the activities of specific serotonin

receptor proteins. Abnormal serotonin levels
within synapses may contribute to the

development of alcohol abuse, because some
studies have found that the levels of

chemical markers representing serotonin
levels in the brain are reduced in alcoholic

humans and chronically alcohol-consuming

animals. Moreover, SSRI's and receptor

antagonists can reduce alcohol consumption
in humans and animals, although these
agents are only moderately effective in

treating alcohol abuse. Serotonin is not the
only neurotransmitter whose actions are
affected by alcohol, however, and many of

alcohol’'s effects on the brain probably arise

from changes in the interactions between
serotonin and other important

neurotransmitters. Thus, one approach
researchers currently are pursuing to
develop better therapeutic strategies for
reducing alcohol consumption focuses on
altering key components of the brain’s

serotonin system. _

References
1. Baldessarini, R.J. Drugs and the
treatment of psychiatric disorders:

Depression and mania. In: Hardman,
J.G.; Limbird, L.E.; Molinoff, P.B.;
Ruddon, R.W.; and Gilman, A.G., eds.
Goodman & Gilman’s The
Pharmacological Basis of Therapeutics.
9th Ed. New York: McGraw-Hill, 1996.

©
pp. 431-460. 5
2. Brodie, M.S.; Trifunovic, R.D.; and &
Shefner, S.A. Serotonin potentiatesg

ethanol-induced excitation of ventral©
segmental area, neurons in brain slice%
from three different rat strains. Journal g
of Pharmacology and Experimental©
Therapeutic273(3):1139-1146, 1995.

3. Campbell, A.D., and Mcbride, W.J.
Serotonin-3 receptor and ethanol-
stimulated dopamine release in theyg
nucleus accumbency. Pharmacology,o

esearch

Biochemistry and BehavioB1(4):835- g
842, 1995. Campbell, A.D.; Kohl, R.R;; é
307




Downloaded from www.medrech.com
“Interaction of neurotransmitters with alcohol iases of depression”

And Mcbride, W.J. Serotonin-3 receptor
and ethanol-stimulated somatodendritic
dopamine release. Alcohol 13:569-574,
1996. Cooper, J.R.; Bloom, F.E.; and
Roth, R.H. Rabbe, J.C.; Phillips, T.J;
Feller, D.J.; Hen, R.; Wenger, C.D,;

. Lessov, C.N.; and Schafer, G.L.

Elevated alcohol consumption in null

mutant mice lacking 5-HT1B serotonin.

Nature Genetics 14(1):98-101, 1996.
Devry, J. 5-HT1A receptor agonists:

Recent developments and controversial
issues. Psychopharmacology 121(1):1-
26, 1995.

Grant, K.A. The role of 5-HT3 receptors
in drug dependence. Drug and Alcohol
Dependence 38:155-171, 1995.

. Johnson, B.A.; Campling, G.M,;

Griffiths, P.; and Cowen, P.J.

Attenuation of some alcohol-induced
mood changes and the desire to drink by
5-HT3 receptor blockade: A preliminary

study in healthy male volunteers.

Psychopharmacology 112:142-144,

1993.

. Kawa, K. Distribution and functional

properties of 5-HT3 receptors in the rat
hippocampal dentate gyrus: A patch-
clamp study. Journal of
Neurophysiology71:1935-1947, 1994.
Koob, G.F.; Rassnick, S.; Heinrichs, S.;
and Weiss, F. Alcohol, the reward
system and dependencEXS 71:103-
114, 1994.

. Lal, H.; Prather, P.L.; and Rezazadeh,

S.M. Potential role of 5-HT1C and/or 5-
HT2 receptors in the mianserin-induced
prevention of anxiogenic behaviors
occurring during ethanol withdrawal.

Alcoholism: Clinical and Experimental

Researcll7:411-417, 1993.

. Lemarquand, D.; Pihl, R.O.; and

Benkelfat, C. Serotonin and alcohol
intake, abuse, and dependence: Clinical
evidence.  Biological Psychiatry
36(5):326-337, 1994.

Batta A., Med. Res. Chron., 2016, 4 (3), 300-308

Medico Research Chronicles, 2016

310»8




