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THE ROLE OF GABA IN THE PATHOGENESIS AND TREATMENT OF ANKIETY AND OTHER NEUROPSYCHIATRIC DISORDERS

This monograph is a companion piece to a 30-minute audio CD that contains
an edited version of a roundtable discussion that took place in New York City
on October 26, 2001.

The treatment of anxiety disorders: a brief overview

norepinephrine reuptake inhibitor (SNRI), and paroxetine, an SSRI, were
recently approved for the treatment of GAD and there is preliminary evi-
dence that, like the SSRIs, the efficacy of venlafaxine may extend to other
anxiety disorders." These newer agents represent a significant advance, but
side effects in some patients, including weight gain, sexual dysfunction,

and increases in anxiety upon initiation of treatment remain trouble-

some. With the currently available agents, the majority of
) g JOLILT)

The treatment of anxiety disorders has evolved considerably
in the past 50 years. There was early use of alcohol and bar-
biturates to treat anxiety, but both were associated with sig-
nificant problems. The situation changed in the 1950s and
60s, when the benzodiazepines were developed as effective
anxiolytics; these agents are still commonly used today. The
benzodiazepines work quickly and are generally well toler-
ated. Their primary disadvantages are initial sedation, ataxia,
incoordination, impaired memory, and cognition and, after
chronic adminstration, physiological dependence and the
potential for withdrawal symptoms upon discontinuation.
Some of these adverse effects occur more frequently in older
padents. The current faculty has also observed occasional
undesirable behavioral disinhibition in pediatric patients
and in patients with a comorbid Cluster B Personality
Disorder (Antisocial, Borderline, Histrionic, or Narcissistic).

People with a history of or propensity for alcohol or drug

abuse are at risk for abusing benzodiazepines. Due to their

As many
as one-third
of patients in

controlled studies

of anxiety are

unresponsive
to currently

used agents.

patients with anxiety disorders can be successfully treated.
Nevertheless, as many as one-third of patients in controlled
studies are unresponsive to any one of these medications.”
Thus, there remains a need for new safe and effective anxio-

lytic agents.
The role of GABA in psychiatric disorders

The brain’s principal inhibitory neurotransmitter, y-amino-
butyric acid (GABA), along with serotonin and norepi-
nephrine, is one of several neurotransmitters that appear
to be involved in the pathogenesis of anxiety and mood

disorders.

There are two principal subtypes of postsynaptic GABA
receptor complexes, the GABA-A and GABA-B receptor
complexes. Activation of the GABA-B receptor by GABA

causes neuronal membrane hyperpolarization and a result-

lack of significant antidepressant effects, these drugs are also _ ant inhibition of neurotransmitter release. In addition to

not optimal for long-term monotherapy treatment of patients with gener-
alized anxiety disorder (GAD) or other anxiety disorders. As a result, there
has been a continued search for new anxiolytic agents. Tricyclic antide-
pressants (TCAs) and monoamine oxidase inhibitors (MAOIs) proved to
be effective in the treatment of some anxiety disorders, but enthusiasm for
their use is limited by side effects, especially during long term therapy.
Over the past several years, the selective serotonin reuptake inhibitors
(SSRIs) have become first-line monotherapy for the anxiety disorders,
because they are generally better tolerated and have a broader spectrum of
efficacy than older agents. Benzodiazepines are now recommended as
adjunctive treatment for anxiety disorders, and as monotherapy for those

intolerant of or unresponsive to other agents. Venlafaxine, a serotonin and

binding sites for GABA, the GABA-A receptor has binding sites for
benzodiazepines, barbiturates, and neurosteroids. GABA-A receptors
are coupled to chloride ion channels; activation of the receptor induces
increased inward chloride ion flux, resulting in membrane hyperpolari-

zation and neuronal inhibition.?

After release into the synapse, free GABA that does not bind to either the
GABA-A or GABA-B receptor complexes can be taken up by neurons
and glial cells. Four different membrane transporter proteins, known as
GAT-1, GAT-2, GAT-3, and BGT-1, which differ in their distribution
in the CNS, are believed to mediate the uptake of synaptic GABA into

neurons and glial cells.”




The GABA-A receptor subtype regulates neuronal excitability and rapid
changes in fear arousal, such as anxiety, panic, and the acute stress
response. Drugs that stimulate GABA-A receptors, such as the benzodi-
azepines and barbiturates, have anxiolytic and anti-seizure effects via
GABA-A-mediated reduction of neuronal excitability, which effectively
raises the seizure threshold.? In support of the anticonvulsant and anxio-
lytic effects of the GABA-A receptor are findings that GABA-A antago-
nists produce convulsions in animals’® and the demonstration that there is
decreased GABA-A receptor binding in a positron emission tomography
(PET) study of patients with panic disorder.® Low plasma GABA has
been reported in some depressed patients and, in fact, may be a useful trait

marker for mood disorders.

GABA enhancement in psychiatric treatment:

different mechanisms for different patients?

Enhancement of GABA function can theoretically be effected through sev-
eral mechanisms, including direct receptor agonism (benzodiazepines),
inhibition of the extraneuronal enzymatic breakdown of GABA (vigaba-
trin), modulation of GABA-coupled ion channels (topiramate), and inhi-
bition of the reuptake of synaptic GABA by neurons and glial cells
(tiagabine). In a review article by one of the program faculty (Terence
Ketter) and colleagues, two categories of anticonvulsant drugs were identi-
fied on the basis of their clinical psychotropic profiles.” These categories
provide a theoretical model for the potential usefulness of GABA-enhanc-
ing agents in the treatment of anxiety and other neuropsychiatric disorders.
Two important mechanisms of anticonvulsant drugs are: (1) enhancement
of GABA inhibitory action and (2) attenuation of glutamatergic excitatory

action. Drugs that enhance GABA receptor-mediated inhibitory neuro-

transmission include benzodiazepines, tiagabine, valproate, vigabatrin, and
gabapentin; all of these agents have “sedating” clinical profiles. In addition
to anxiolytic effects, they can also cause fatigue and impaired cognition.
Valproate has known anti-manic properties, while others in this group
show promise in this therapeutic area. Agents that attenuate glutamatergic
excitatory neurotransmission, such as felbamate or lamotrigine, have
“activating” clinical profiles; they tend to improve alertness and, in some
patients, may have anxiogenic and possibly antidepressant effects. Table 1
shows the GABAergic and antiglutamatergic actions of several drugs with
distinctive GABA-enhancing activity: tiagabine, gabapentin, vigabatrin,
and valproate. Ketter et al note that patients with seizure disorders often
exhibit a variety of mood and anxiety symptoms. The authors suggested
that it may be clinically useful to select a drug with a side effect profile
that may actually benefit the patient. For example, a “sedating” GABA-
enhancing agent may be better tolerated or even beneficial in a patient

who manifests seizure-related symptoms of chronic anxiety.”

The faculty concurred that GABA-enhancing agents have shown early
evidence of efficacy in several neuropsychiatric disorders. The benzodi-
azepines, valproate, carbamazepine, tiagabine, gabapentin and vigaba-
trin, all have GABAergic mechanisms, and produce anxiolytic effects in
preclinical models of anxiety, and varying degrees of clinically relevant
anxiolytic effects.””””  Several GABAergic agents (tiagabine, topiramate,
valproate, and carbamazepine) have shown evidence of efficacy in post-
traumatic stress disorder (PTSD). One of the cardinal features of PTSD
is nocturnal awakening associated with vivid and very frightening night-
mares. Two of the faculty (EK and TAK) have found that tiagabine nor-
malizes sleep architecture or sleep disturbance in many patients with
PTSD and, in addition, reduced arousal, agitation, anxiety, and the fre-

quency of flashbacks. EK made a clinical distinction between PTSD

Psychotropic profiles of selected GABAergic drugs (adapted from Ketter et al)’

Drug GABAergic GABAergic
potency effects

Tiagabine Strong GABA- reuptake

inhibition

Gabapentin Strong glial GABA release

cerebral GABA

-> >

GABA- transaminase
inhibition
cerebral GABA

Vigabatrin Strong

Valproate Strong GABA;-R

GABA T/0

cerebral GABA/GAD
synthesis/release,
SSADH inhibition,
GABA-transaminase
inhibition

> S>> >

Carbamazepine Modest 4 | GABAgR
¥ | GABAT/O

Antiglutamatergic Antiglutamatergic Profile
potency effects

Absent None Sedating

Modest ¥ | glutamate synthesis Sedating

Absent None Sedating

Modest ¥ | cerebral aspartate Sedating

Modest ¥ | glutamate release Partially sedating




AVAILABLE AT OUR WEB

patients who develop PTSD following a single episode of trauma, such
as victims of violent crimes, and those who experience repetitive trauma,
such as incest victims or combat veterans. Patients who experience a
single traumatic episode appear to respond to SSRIs, while those with
repetitive trauma tend not to respond well to SSRIs. The latter patients
may benefit from treatment with GABAergic mood stabilizers. GABA-
enhancing agents (carbamazepine, valproate, and vigabatrin) have also
been shown to have activity in the behavioral despair model of depres-
sion'® and, in a recently completed study, valproate also appears to be

effective in impulsive-aggressive or agitated patients."”

There are promising preliminary reports of the clinical utility of the
GABA-enhancing agents gabapentin and tiagabine in the treatment of
anxiety disorders. Gabapentin increases GABA primarily by enhancing
release of GABA from glia.” Although the structure of gabapentin is
similar to that of GABA, it does not directly act on GABA receptors.”
Gabapentin has shown promise in neuropathic pain syndromes,'* and
anxiety.”? It has also demonstrated potential usefulness for the treatment

)

of bipolar disorder,* and intermittent explosive disorder.””
In preclinical studies, gabapentin was shown to have anxiolytic effects
similar to those of diazepam, but did not produce the memory-impairing

effects of the latter drug.?’ Gabapentin has also been shown to be ben-

Tiagabine has been investigated in open-label clinical studies of a vari-
ety of CNS disorders in which GABA may play a role, including

0

migraine,” sleep disorders,” postherpetic neuralgia, diabetic neuropa-

thy,” and tardive dyskinesia.”  Preclinical studies also suggest poten-

14,34 5

tial usefulness in models of anxiety, '*** spasticity,” and neuroprotection

against ischemia-induced cell loss.”* Tiagabine is generally well tolerated.
Adverse effects include dizziness, fatigue, somnolence, tremor, cognitive

slowing, nausea, and abdominal pain.

A conclusive demonstration of the clinical utility of tiagabine and other
GAT-1 agents with GABAergic-potentiating properties which provide
anxiolytic efficacy comparable to benzodiazepines but without the liability
of physiological dependence or withdrawal would represent a significant

advance in treatment of anxiety disorders.

Finally, case reports of patients with severe psychiatric disorders reported
clear benefits from the addition of tiagabine.” In one patient, with
schizoaffective disorder (manic type) tiagabine 8 mg daily was added as
an adjunct to paroxetine and olanzapine. The adjunctive tiagabine suc-
cessfully controlled paranoid features that appeared when the patient
stopped taking lamotrigine. Two other patients in this case report and
two patients in another report presented with severe, uncontrolled

mania (mixed mania, with and without mood-congruent psychosis in

eficial in clinical studies of patients with panic disorder - .
i ) patien panic ¢ _ the second report) were reported to benefit from the addi-
(PD),™ social phobia (SP),' obsessive-compulsive disorder

(OCD),” and PTSD.* In a randomized, double-blind,
placebo-controlled, parallel-group study, 69 patients with
SP were randomly assigned to gabapentin or placebo for
14 weeks."” A significant reduction (p < 0.05) in the symp-
toms of SP were seen in patients on gabapentin compared
with placebo. The adverse events reported were consistent

with the known side-effect profile of gabapentin.

Various case reports have appeared in which gabapentin has
been reportedly useful in PTSD? and refractory PD, OCD,
and GAD.* One case report described 18 patients with a
variety of serious psychiatric illnesses and comorbid anxiety
disorders. Gabapentin was administered for up to 38
months.” Fifteen patients were treated for at least 12 months.
The authors found that the anxiolytic effects of gabapentin

were sustained over several months in most patients, with no

evidence of tolerance or physical dependence after abrupt

Tiagabine
is the only
currently available
selective
GABA-reuptake
inhibitor
(SGRI).

tion of tiagabine to ongoing mood stabilizer and antide-
pressant treatment. Tiagabine treatment was followed by
complete remission of bipolar symptoms.?*** One patient
began to experience a manic episode at 3 mg/day tiagabine,
but these symptoms resolved after the dose was raised to

4 mg/day.

A small-scale European trial evaluated the use of
tiagabine in eight patients with acute mania.” The
patients received higher initial doses (20 mg daily) and a
more rapid titration than is typically employed (5 mg per
day until limiting side effects occurred or 40 mg daily is
reached). Three patients with moderate mania showed
slight improvements, but none of the patients with severe
mania showed a clear benefit. The authors suggested that

tiagabine may not be effective as acute therapy for mania,

but recommended further research on the drug as a mood

i i i i stabilizer.
discontinuation. In these 18 patients, the most common _ stabilize

adverse effects were drowsiness and dizziness during initi-
ation of treatment. This is consistent with the literature, which indicates
that gabapentin is generally well tolerated; the most common adverse

effects include somnolence, dizziness, ataxia, fatigue, and weight gain.”

Tiagabine potentiates CNS GABAergic function through its unique
ability to inhibit GABA reuptake at the GAT-1 GABA transporter.
Tiagabine is the only currently available selective GABA-reuptake
inhibitor (SGRI). Tiagabine increases the amount of available extracel-
lular GABA by up to 200%,* without perturbing normal physiologic
control and without increasing total brain GABA. Some researchers have
speculated that this unique mechanism of action may result in fewer

adverse effects compared with other GABA-enhancing mechanisms.'**

Three major mood stabilizers, lithium, carbamazepine, and valproate,
share GABAergic effects (at GABA-B receptors and/or on GABA
turnover) as one possible common mechanism for mood stabilization.
The GABAergic activity of valproate is believed to be an important
mechanism underlying both its anticonvulsive and mood-stabilizing
effects.® Recent work conducted at Yale University (not yet published)
suggests that unipolar patients have mean plasma GABA levels that
are only 50% of those of normal volunteers; these rise to 100% with
SSRI treatment. They also reported that depressed bipolar patients, in
contrast to non-bipolar depressives, have near-normal GABA levels,
which become significantly higher than normal as clinical improvement

occurs.
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TAK noted that two of the main mood stabilizers, lithium and carba-
mazepine, are ineffective as anxiolytics, suggesting that therapeutic
actions unrelated to GABA are important for these agents. There is a rela-
tively high prevalence of comorbid anxiety disorders in patients with
bipolar disorder. Thus, agents that provide a combination of anxiolysis
and mood stabilization would be clinically useful. While neither
tiagabine nor gabapentin have yet been studied sufficiently to determine
if either is effective as monotherapy in bipolar disorder, the faculty have
found that they appear to be clinically useful as adjunctive agents,
because of their anxiolytic effects (and, in the case of tiagabine, beneficial
effects on sleep). Further study is needed to clarify whether these agents
may be useful in controlling comorbid anxiety in patients with chronic
psychosis. An additional advantage of both gabapentin and tiagabine as

adjunctive agents is that they have a low propensity for drug interactions.

EK described his clinical experience using tiagabine to treat severe neuro-
psychiatric disorders. Based on published case reports, he became inter-
ested in using tiagabine to treat patients with bipolar disorder who had
failed to respond to lithium, valproate, or carbamazepine, either alone, in
combination with each other, or in combination with antipsychotic agents.
Some of the patients with the most refractory illness had comorbid anxi-
ety disorders, including some with PTSD resulting from chronic child-

hood sexual abuse.

In patients with epilepsy, the dose range of tiagabine is 32-56 mg per day,
while patients with anxiety or bipolar disorder appear to benefit from
doses of 4-12 mg day. Based on clinical reports and personal experience,
the faculty recommend initiating tiagabine at a dose of 2-4 mg and

increasing the dose by 2-4 mg weekly until efficacy is achieved or limit-

ing side effects occur. Low initial dosing and gradual upward titration
may prevent significant adverse effects, such as those observed in the

European trial described above.

The accompanying Case Reporr (Table 2) illustrates one of the more
dramatic successes achieved with tiagabine in a particularly complex

and refractory patient.
Summary and Conclusions

GABA appears to play a role in the pathogenesis of several neuropsychi-
atric disorders. Many of the traditional agents used to treat psychiatric
disorders are known to act, at least in part, by enhancing GABA activity,
while some of the newer agents may exert their therapeutic effects exclu-
sively via GABAergic actions. Clinical experience with the newer agents,
tiagabine and gabapentin, are preliminary but promising. Controlled
studies of these agents are in the planning stages and will be useful in clari-

fying their potential clinical utility across a range of psychiatric disorders.

The cliché “If you find one thing wrong in the brain, you’ll find more
than one” clearly applies to psychiatric disorders. Most individuals with
psychiatric disorders suffer from one or more additional disorders at
some point, and it is not surprising that many patients require multiple-
drug therapy to control their symptoms. Unfortunately, many individ-
uals with comorbid psychiatric disorders fail to respond optimally to
treatment. It is likely that specific GABA-enhancing agents will play
important roles as treatment for patients with anxiety disorders, with or
without comorbidity, and as adjunctive therapy in patients with more

complicated neuropsychiatric disorders.

CaseReport: A patient with refractory PTSD, anxiety, and substance abuse

Ethan Kisch, M.D.

Ellen P (not her real name) is a middle-aged woman with a history of post-traumatic stress disorder, dissociated identity disorder, severe
anxiety symptoms, refractory auditory hallucinations, and substance abuse (cocaine and alcohol). Her sleep was often disturbed by night-
mares, flashbacks, and hallucinations. She had proved very difficult to stabilize and has been hospitalized many times, ending up in
an inpatient unit or outpatient program nearly every month. She has been treated successively with the classic mood stabilizers; lithi-
um, valproate (2500 mg/day), and finally carbamazepine (2000 mg/day). She was also treated with a succession of psychotropic agents,
including risperidone (up to 6 mglday, reduced to 4 mg when tiagabine was started), olanzapine (up to 30 mg/day), and clozapine (up
to 700 mglday). Unfortunately, she became very obese (305 lbs) as a side effect of her therapy. Afier she failed ro respond to clozapine,
she was switched to quetiapine (up to 800 mglday, later reduced to 400-600 mg), which seemed to have a lesser tendency to cause weight
gain. On carbamazepine and quetiapine her response was less than optimal, so tiagabine was added to the regimen. The addition of
tiagabine produced a dramatic improvement. Her sleep partern was normalized, with a marked reduction in nightmares, flashbacks,
and hallucinations. With the exception of a three-day relapse of cocaine use, her drinking and drug-taking ceased and she has now been
abstinent for 18 months. She is currently stabilized, and remains greatly improved, on her regimen of carbmazepine (2000 mglday),

Y Y

quetiapine (400-600 mglday), and tiagabine (2 mg t.i.d. plus 16 mg at bedtime). Her weight has declined to 165 lbs. € ‘€
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POST-TEST QUESTIONS

1.

Eight correct answers are required for a passing score

Which of the following is the mode of action of venlafaxine?

[ ] A. Selective inhibition of serotonin reuptake

D B. Selective inhibition of serotonin and norepinephrine
reuptake

D C. Selective inhibition of GABA reuptake

Drugs that stimulate GABA-A receptors tend to have which of
the following effects?

A. A reduction in neuronal excitability

B. Increasing alertness

C. A reduction in symptoms of anxiety

D. All of the above

E. A. and C. above

oo

Panic disorder (PD) has been associated with decreased binding

at GABA-A receptors.

[] A. True [ ] B. False

‘Which of the following is one of the modes of action of topiramate?

[ | A. GABA-A receptor agonism

[ | B. Inhibition of the enzymatic breakdown of GABA
| | C. Modulation of GABA-coupled ion channels

|| D. Inhibition of the reuptake of synaptic GABA

Which of the following drugs enhance GABA inhibitory
neurotransmission?

A. Phenobarbital

B. Benzodiazepines

C. Valproate

D. Tiagabine

E. All of the above

FE B. and D. above

Oogdo

Which of the following drugs have shown evidence of efficacy
in post-traumatic stress disorder (PTSD)?

A. Tiagabine

B. Topiramate

C. Valproate

D. Carbamazepine

E. All of the above

E A. and B. above

Ooddod

10.

11.

12.

Which of the following is the primary mode of action of
gabapentin?

[ ] A. Selective inhibition of GABA reuptake from the synapse
[ | B. Increasing the release of nonsynaptic GABA from glia

[ | C. Inhibition of the enzymatic breakdown of GABA

Which of the following is the mode of action of tiagabine?

[ ] A. Selective inhibition of GABA reuptake from the synapse
[] B. Increasing the release of nonsynaptic GABA from glia
[ | C. Inhibition of the enzymatic breakdown of GABA

The GABAergic activity of valproate is probably responsible for

both its anticonvulsive and mood-stabilizing effects.

[] A True [ ] B. False

Both tiagabine and gabapentin have potential utility as adjunctive
therapy in bipolar disorder.

[] A True [ ] B. False

What is the typical dose range for tiagabine when it is used as an
anxiolytic agent?

[ ] A 4-12 mg/day

[ | B. 16-32 mg/day

| | C. 32-56 mg/day

Which of the following are potential disadvantages of
benzodiazepines?

A. Impairment of memory and cognition

B. Motor impairment

C. Disinhibition in patients with a comorbid Cluster B
Personality Disorder

D. Ataxia
E. All of the above
E A., B., and D. above

OO0 oo




POST-TEST ANSWERS

Circle the appropriate letter for each question.

1. ABC 2.ABCDE 3.AB 4.ABCD 5. ABCDEF
6. ABCDEF 7.ABC 8ABC 9.AB 10.AB 11.ABC
122ABCDEF

ACTIVITY EVALUATION

1. As a result of the information contained in this activity, will you make any

changes in your practice?  Yes No

If yes, what changes?

2. In your opinion, how could this activity be improved? (e.g., change format,

more details, fewer details, discuss other topics, change length)

3. Please rate the educational value/clinical relevance of this activity.
— Excellent/outstanding — Very good ~_ Good/above average
— Fair/acceptable — Poor/unacceptable

4. Please rate the extent to which the learning objectives were met.
— Excellent/outstanding — Very good ~— Good/above average

— Fair/acceptable — DPoor/unacceptable

5. Was the material presented objectively and did it avoid commercial bias?

Yes No

Comments:

6. Suggestions for future topics:

7. Other comments:
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MasterCard VISA Discover AMEX
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Credit card number

Signature Expiration Date
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