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GABA: the principal inhibitory
neurotransmitter

The principal inhibitory neurotrans-
mitter in the central nervous system
(CNS) is �-aminobutyric acid (GABA),
which is widely distributed through-
out the brain. Approximately 60-75%
of al l  synapses in the CNS are
GABAergic.1 GABA binds to at least
three receptors, each of which has a
different physiological function.
GABA-A receptors mediate fast
inhibitory synaptic transmissions;
they regulate neuronal excitability and
rapid changes in mood. Thus, the
seizure threshhold, anxiety, panic,
and response to stress (i.e., the “fight
or flight” response) are regulated by
GABA-A receptors.2,3 In addition to
binding  s i tes  for  GABA,  GABA-
A receptors have binding sites for ben-

zodiazepines, ethanol, barbiturates,
and neurosteroids. GABA-B receptors
mediate slow inhibitory transmissions,
which appear to be important in
memory, mood, and pain.4 GABA-C
receptors have been identified, but
their physiologic role has not yet been
described. 

GABA and neurologic disorders

A decrease in GABAergic neurotrans-
mission is involved in the pathogene-
sis of several neurologic disorders,
including some forms of epilepsy,
chronic pain, and anxiety and other
mood disorders.2,5,6 For example, a
positron emission tomography (PET)
study showed that patients with panic
disorder have decreased GABA-A
receptor binding.2 Low plasma GABA
may be characteristic of a subgroup of
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patients with mood disorders.6,7

Similarly, research conducted at Yale
showed that unipolar patients have
GABA levels approximately 50%
lower than those of normal controls.8

Drugs that enhance GABA activity,
such as benzodiazepines, valproate,
and phenobarbital, are often effective
in the treatment of these disorders.3

GABAergic mechanisms appear to be
important in both anxiolytic and seda-
tive medications.9, 10 Not surprisingly,
GABAergic drugs that have anticon-
vulsant effects may also have clinically
useful mood-stabilizing or antimanic
effects (e.g., valproate).

Mechanisms for enhancing GABA
activity

There are at least five known mecha-
nisms by which drugs can increase the
availability and activity of GABA. (1)
Stimulation of GABA-A receptors.
GABA-A receptors are coupled to
chloride ion channels; activation of
the GABA-A receptor induces increased
inward chloride ion flux, resulting in
membrane hyperpolarization and neu-
ronal inhibition.11 This can be effected
by increasing either the frequency
(benzodiazepines) or the duration
(phenobarbital) of opening of the
chloride ion channels.6 (2) Increas-
ing the release of GABA from glial
cells. This is believed to be the mode
of action of gabapentin, which is
structurally similar to GABA but does
not interact with GABA-A receptors.
(3) Inhibition of GABA transami-
nase, (the enzyme that metabolizes
GABA).  Vigabatrin (not approved for
use in the U.S.) works primarily and
valproate works in part through this
mechanism. (4) Increases in GABA

synthesis and release. This is also
one of the multiple GABAergic mecha -
nisms of valproate.  (5) Inhibition of
reuptake of GABA by neurons
and glial cells. Tiagabine prevents
GABA reuptake by inhibit ing the
action of GAT-1 GABA transporters.
Table 1 summarizes the mechanisms
of potent GABAergic drugs that are
currently used for neuropsychiatric
disorders or have shown a potential for
such use.  The subsequent discussion
of the potential clinical uses of these
agents omits phenobarbital (because of
its serious adverse cognitive effects)
and vigabatrin (because it is not
approved for U.S. use).

The benzodiazepines

The benzodiazepines act primarily
through direct agonism at GABA-A
receptors by increasing the frequency,
but not the duration of opening of
GABA-activated chloride channels.12

These agents have potent anxiolytic
and sedative effects as well as hyp-
notic, muscle relaxing, and anticonvul-
sant effects . They may also have
modest antimanic and antidepressant
effects.13-15 

Benzodiazepines continue to be among
the most widely prescribed psycho-
tropic drugs. Their use for the acute
treatment of generalized anxiety disor-
der (GAD) was described by Schweizer
as “one of the early successes in the
field of psychopharmacology.”16 Benzo-
diazepine prescriptions peaked in 1974
and have generally been declining ever
since, in response to a growing aware-
ness about their potential for abuse.
As a percentage of total prescriptions



Table 1. Mechanisms of drugs with strong GABAergic activity 6

Drug GABAergic GABAergic Comments 
mechanism(s)   potency

Benzodiazepines Direct agonism Strong Increases frequency 
at GABA-A of GABA-A chloride 
receptors channel opening

Phenobarbital Direct agonism    Strong Prolongs duration of 
at GABA-A opening of GABA-A 
receptors chloride channel

Gabapentin Increases GABA   Strong Increases total 
release from glial cerebral GABA  
cells

Vigabatrin  Inhibits GABA     Strong Increases total 
(not approved in U.S.) transaminase cerebral GABA  

Valproate Multiple                Strong Increases total 
GABAergic cerebral GABA  
mechanisms, 
including GABA 
transaminase 
inhibition and 
increases in 
GABA synthesis 
and release

Tiagabine Selective  Strong GABA release
inhibition of  remains under 
GABA reuptake physiologic control;
by neurons and  no increase in total
glial cells CNS GABA 



for anxiety, benzodiazepine usage has
been declining. Nevertheless, the
absolute number of benzodiazepine
prescriptions, including prescriptions
for anxiety, has increased in recent
years.16 The significance of this trend
is not known.

Benzodiazepines continue     
to be among the most widely
prescribed psychotropic 
drugs.

The usefulness of benzodiazepines in
long-term therapy is limited by con-
cerns over tolerance, abuse, depend-
ence, and withdrawal symptoms.  For
these reasons, they no longer repre-
sent first-line therapy for long-term
treatment of GAD,17-19 but are still used
for acute anxiety and as adjunctive
treatment for chronic anxiety disorders.
Depression may emerge with long-
term treatment, especially in patients
with a history of affective disorder.17

Patients who receive long-term treat-
ment (six months or longer) with ben-
zodiazepines also have a high relapse
rate if the drug is discontinued19 and
there have been several reports of loss
of anxiolytic effect over time.20,21

Particular care should be taken in eld-
erly patients, who may be more suscep-
tible to the cognitive adverse effects of
these agents. In addition, because the
elderly metabolize benzodiazepines
more slowly, they may accumulate toxic
levels if the long-acting formulations are
used.22

Patients who abuse street drugs and/or
alcohol are at highest risk for benzodi-
azepine abuse.23 Physicians should be

concerned about possible dependence
if patients take more than 30 mg/day of
diazepam (or its equivalent) for longer
than four months.22 Patients who have
taken a benzodiazepine for a month
or longer should have the drug tapered
slowly; sudden discontinuation may
lead to a withdrawal syndrome similar
to that seen with alcohol. Withdrawal
symptoms may include anxiety, irri-
tability, delirium, and /or psychosis.24

In general, the adverse effects of benzo-
diazepines include sedation, ataxia,
slurred speech, difficulty with memory
and cognition, and motor impairment.

Tiagabine

One of the more promising new
approaches to enhancing GABAergic
activity is the inhibition of GABA
reuptake. The inhibition of GABA
reuptake preferentially accentuates the
pattern of endogenous GABA release
in the brain without affecting the
amount of total available synaptic
GABA, which remains under physio-
logic control.25

The inhibition of GABA
reuptake preferentially
accentuates the pattern of
endogenous GABA release
without affecting the
amount of available 
synaptic GABA.

The only currently available selective
GABA-reuptake inhibitor (SGRI) is
tiagabine, which is a nipecotic acid
derivative with a lipophilic anchor
covalently attached to the amino nitro-



gen. Tiagabine interacts preferentially
with the GAT-1 GABA transporter,
which is most important in the cortex,
cerebellum, and hippocampus.3,4

Tiagabine is currently approved for the
treatment of epilepsy. Meldrum and
Chapman make a strong case for inves-
tigating the drug’s potential in a variety
of additional neuropsychiatric disorders
related to GABAergic mechanisms.4 In
addition to expanded epilepsy-related
indications, such as status epilepticus and
infantile spasms, tiagabine is being
investigated for the pain of postherpetic
neuralgia and diabetic neuropathy,26

migraine,27 sleep disorders,28 (including
the disturbed sleep architecture of post-
traumatic stress disorder),16 movement
disorders (including tardive dyskine-
sia),29,30 bipolar disorder,31 anxiety disor-
ders,32,33 and neuroprotection against
ischemia-induced cell loss.34 Anxiety
disorders are perhaps the most promis-
ing of the potential new uses for
tiagabine.  In obsessive-compulsive dis-
orders, for example, tiagabine has
shown efficacy both in normalizing
sleep disturbances and in treating
avoidance/numbing symptoms (detach-
ment and avoidance of people or places
related to the trauma).16 In addition,
because tiagabine does not compete
with ethnanol at GABA-A receptors, it
may prove to be preferable to benzodi-
azepines in the treatment of alcohol
withdrawal.35 Tiagabine is generally
well tolerated; adverse effects include

dizziness, fatigue, somnolence, tremor,
cognitive slowing, nausea, and abdomi-
nal pain.

Gabapentin

Gabapentin increases GABA through
a different mechanism than that of
tiagabine; it appears to act primarily
by increasing the release of nonsynap-
tic GABA from glia. The structure of
gabapentin is similar to that of GABA,
but the agent does not interact with
GABA receptors and does not inhibit
either GABA reuptake or metabolism.6

Like tiagabine, gabapentin shows
potential for the treatment of a variety of
psychiatric disorders, including bipolar
disorder,36 intermittent explosive disor-
der,37 pain syndromes,38 and anxiety.39-43

Gabapentin has also been shown to be
beneficial in preclinical and clinical
studies of patients with panic disorder,40

social phobia,39 obsessive-compulsive
disorder,43 and post-traumatic stress
disorder.42 In case reports, gabapentin
has also showed promising results in
patients with post-traumatic stress dis-
order 42 and refractory panic disorder,
obsessive-compulsive disorder, and
generalized anxiety disorder.44 Gaba-
pentin is generally well tolerated;
adverse effects include somnolence,
dizziness, ataxia, fatigue, and weight
gain.45 Both gabapentin and tiagabine
have a low potential for clinically
important drug interactions.

The structure of gabapentin is similar to that of GABA, 
but the agent does not interact with GABA receptors and does
not inhibit either GABA reuptake or metabolism.



Valproate

Valproate is notable for having multi-
ple biochemical effects.  Its GABAergic
mechanisms include the inhibition of
GABA metabolism and increases in
GABA synthesis and release; these
result in an increase in total brain,
CSF, and plasma GABA.6

Valproate has multiple 
biochemical effects, 
including the inhibition of
GABA metabolism and
increases in GABA synthesis
and release.

Valproate was approved as an anticon-
vulsant in 1978 and has become estab-
lished as a broad-spectrum antiepilepsy
drug that is not contraindicated for any
seizure type.46 Valproate has since been
approved for the treatment of mania in
bipolar illness and for the prophylaxis
of migraine. An intravenous form of the
drug has been shown to have potential
in the treatment of acute migraine and
status epilepticus. The results of a re-
cently completed study suggest that
valproate may be effective in impulsive-
aggressive or agitated patients.47 The
drug may also have utility in paroxys-
mal pain syndromes, panic disorder,
and obsessive-compulsive disorder.
Preclinical studies suggest that val-
proate has anxiolytic and antidepres-
sant effects.6 These observations are
consistent with the sedating, mood-sta-
bilizing profile of the drug.  Compared
with tiagabine and gabapentin, the use-
fulness of valproate is limited some-
what by its adverse effects, which

include GI upset, weight gain, tremor,
hair loss, and teratogenic effects.
It should be noted that some of these
effects appear to be dose-related and
valproate is generally used at rela-
tively low doses for non-epilepsy neuro-
ropsychiatric disorders.48

Summary

There have been a number of research
initiatives investigating alternatives to
benzodiazepines in the treatment of
neuropsychiatric disorders character-
ized by a reduction in GABAergic
activity.  Most of these initiatives have
produced compounds of limited thera-
peutic utility because of side effects
related to generalized, possibly non-
physiological, stimulation of GABA
receptors or the development of drug
tolerance. For these reasons, alterna-
tives to direct GABA-receptor stimu-
lation appeared to offer promising
therapeutic approaches. Valproate has
already become established as a broad-
spectrum anticonvulsant, a major
mood stabilizer, and an effective pro-
phylactic agent for migraine.  It is likely
to prove useful in a variety of other
neuropsychiatric disorders. Where
tiagabine and gabapentin may prove
superior to valproate is in the areas of
safety, tolerability, and absence of drug
interactions. Tiagabine and gabapen-
tin have highly specific ranges of activ-
ity and are well tolerated at efficacious
dose ranges. The important role of
GABA in both normal and abnormal
neurological function suggests that
these agents may have a variety of
future therapeutic applications.
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