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Panic disorder (PD) being one of the most intensively investigated anxiety disorders is considered a heterogeneous
psychiatric disease which has difficulties with early diagnosis. The disorder is recurrent and usually associated with
low remission rates and high rates of relapse which may exacerbated social and quality of life, causes unnecessary
cost and increased risk for complication and suicide. Current pharmacotherapy for PD are available but these drugs
have slow therapeutic onset, several side effects and most patients do not fully respond to these standard pharmaco-
logical treatments. Ongoing investigations indicate the need for new and promising agents for the treatment of PD.
This article will cover the importance of immediate and proper treatment, the gap in the current management of PD
with special emphasis on pharmacotherapy, and evidence regarding the novel anti-panic drugs including the drugs
in developments such as metabotropic glutamate (mGlu 2/3) agonist and levetiracetam. Preliminary results suggest the
anti-panic properties and the efficacy of duloxetine, reboxetine, mirtazapine, nefazodone, risperidone and inositol as
a monotherapy drug. Apart for their effectiveness, the aforementioned compounds were generally well tolerated com-
pared to the standard available pharmacotherapy drugs, indicating their potential therapeutic usefulness for ambivalent
and hypervigilance patient. Further strong clinical trials will provide an ample support to these novel compounds as
an alternative monotherapy for PD treatment-resistant patient.

KEY WORDS: Antipsychotic agents; Antidepressive agents; Panic attack; Treatment-resistant; Clinical trial.

INTRODUCTION

Panic disorder (PD) being one of the most intensively
investigated anxiety disorders, is among the most com-
mon mental disorders affecting 2.7% of the population
per year with a lifetime prevalence rate of up to 5% in the
general population"” and as high as 10% in the medical
setting.3) PD is twice more often to occur in women than
in men and usually develop in late adolescence or early
adulthood, with an average age onset of 28 year old."”
Approximately 10% of children and adolescents are diag-
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nosed with PD.”

Conforming to the Diagnostic and Statistical Manual of
Mental Disorders 4th edition, text revision (DSM-IV-TR),”
PD is defined as the presence of recurrent unexpected
panic attack followed by at least one month of persistent
concern about having additional attacks, worry about the
implications of the attack or its consequences and a sig-
nificant change in behavior related to the panic attacks.
Moreover, the conditions of the panic attacks should not
due to the direct effect of a substance or medical con-
dition and are not better accounted for by another mental
disorder. The panic attack itself according to DSM-IV-TR”
is interpreted by a discrete period of intense fear or dis-
comfort in which at least four of the following symptoms
develop abruptly and builds to a peak rapidly within 10
minutes. For ease of interpretation, the symptoms can be
classified to two systems; first, the somatic systems such as
palpitations, pounding heart or accelerated heart rate,
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sweating, trembling or shaking, sensation of breath-
lessness or smothering, choking sensation, chest pain or
discomfort, nausea or abdominal distress, faintness or diz-
ziness and chills or hot flushes. Second, cognitive system
such as derealization (feeling of unreality) or depersonali-
zation (being detached from oneself), going mad or loss of
control, fear of dying and paresthesia (numbness or tin-
gling sensation). About one-fourth of people suffering
from PD also have agoraphobia.” In PD, patients are
known to suffer from agoraphobia when they are ex-
tremely anxious about being in places or other situations
from which escape might be difficult or in which help
would not be available if they have panic attack or pan-
ic-like symptoms. The anxiety typically develops to a per-
vasive avoidance of a range of situation that may include
scared of being outside the home unaccompanied or in
crowd or home alone, travelling by car, bus or airplane or
on a bridge or in an elevator.”

Understanding the cause of PD might open the possi-
bility of early detection and new treatment era. However,
the exact pathophysiology of PD is very much a grey area
but psychobiological causation is the current suggested
mechanism. The proposed neuroanatomic model suggest
that panic attacks occur in subjects with dysfunctional
fear network, including amygdala and its connection with
the hypothalamus, hippocampus, thalamus, peri-
aqueductal grey region, locus coeruleus and prefrontal
cortex. The inappropriate activation of amygdala then
stimulates neuroendocrine, autonomic and behavioral re-
sponses to fear or stress.” Different neurotransmitter such
as serotonin, norepinephrine, and y-aminobutyric acid
(GABA) acting in different brain areas and influencing
each other may be involved in modulating these
processes. To date, the mechanisms of existing anti-panic
drugs are not fully understood”'” but these drugs prob-
ably act in the amygdala and its projection via reducing
the fear network sensitivity and subsequently lowering the
severity and frequency of panic attacks.'"'"* Others postu-
late that PD represents a state of instability of respiratory
regulation and hypersensitivity of central neural network
of carbon dioxide/hydrogen ions (CO*H') chemo-
reception, which has been implicated both in ex-
perimentally evoked panic attacks via carbon dioxide in-
halation, sodium lactate infusion and in spontaneous pan-
ic attack.""?

In addition to the unknown etiology, PD is considered a

heterogeneous psychiatric disease which has difficulties
with early diagnosis. PD usually comorbid with other
medical conditions such as respiratory or cardiac dis-
eases, other mental disorders such as psychoactive sub-
stance abuse including alcohol, caffeine, cannabis and
cocaine, affective disorder, anxiety disorder including
post-traumatic stress disorder (PTSD), obsessive-compulsive

15,16, .
) Panic attack can also oc-

disorder and social phobia.
cur in other psychiatric disorder. However, panic attacks
in other disorders are predictable and related to the avoid-
ance of specific situation that can trigger stimuli to the
subjects such as being in a crowd in patients suffering
from social phobia and situations that refer to a traumatic
event in patients suffering from PTSD.”

The course of PD is variable, and in many cases PD
may be chronic or recurrent and when severe can be a de-
bilitating disease associated with low remission rates and
high rates of rebound. Since PD is associated with medi-
cal comorbidity or psychiatric complication, most PD pa-
tients require continuous or intermittent treatment to ach-
ieve remission or prevent relapse. In view of all that has
been mentioned thus far, PD is associated with significant
impairment in quality of life and social functioning and
has high suicide tendencies.'® PD as compared to healthy
individuals and to other psychiatric disorders causes
enormous economic burden for the health care system as
well as to the society.'” People with panic attacks often
show high unemployment rates, have significant work im-
pairment™” and typically present to general practitioners
or to a range of medical specialists seeking treatment for
their medically unexplained symptoms.”" The overuse of
medical services among PD patients are probably be-
cause PD mimics many medical conditions or is often as-
sociated with cognitive misinterpretation of physical

. 4,18
sensations.

' Due to the severity and serious character-
istics of this disorder, early identification (albeit it is not
simple) is essential and having a proper treatment is a top
priority so that functioning and quality of life can be im-
proved and unnecessary medical costs and risk of compli-

. . 22
cations can be avoided.?”

CLINICAL GUIDELINES
AND EVIDENCE BASE

According to the National Institute for Health and
Clinical Excellence (NICE) guidelines, the best treatment
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options for PD were cognitive behavioral therapy (CBT),
pharmacological interventions with antidepressants, and
self-help.”” The recommendation is in agreement with
one meta-analysis comparing the efficacy of CBT, phar-
macotherapy and placebo in PD. Both pharmacotherapy
and CBT were found to be superior to placebo and neither
treatment showed superior efficacy compared to each
other.””

. 25 .. .
above, a recent meta-analysis® also found similar effi-

In addition to the meta-analysis mentioned

cacy between the pharmacotherapy and CBT.
Concerning the pharmacological interventions, li-
censed selective serotonin reuptake inhibitors (SSRIs) are
considered as first choice pharmacological treatment, but
tricyclic antidepressants (TCAs) could also be prescribed.
According to the NICE guidelines, benzodiazepines
should not be prescribed because they are associated with
less favorable outcome in the long term plus the effective-
ness of serotonin and norepinephrine reuptake inhibitors
(SNRIs) venlaflaxine was not acknowledged.” However,
a number of meta-analysis have demonstrated similar effi-
cacy between antidepressants and benzodiazepines,”*””
between SSRIs and TCAs,”*? between benzodiazepines,
SSRIs and TCAs,”” though benzodiazepines have better
tolerability than antidepressants®®*” while SSRIs have bet-
ter tolerability than TCAs.””*’

demonstrated evidence that SNRI venlaflaxine is an effec-
9,30

' Several recent studies also
tive treatment for PD,”*” and should perhaps warrant an
appraisal of the current NICE guideline to include SNRIs
and benzodiazepines as standard treatment for PD.

The American Psychiatric Association (APA) guidelines
recommended pharmacotherapy or CBT and SSRIs,
SNRIs, TCAs, and benzodiazepines because current evi-
dence is not enough to ascertain which of these treatment
modalities is superior for all patients.”” On the other
hand, the World Federation of Societies of Biological
Psychiatry (WFSBP) guidelines recommended the SSRIs
(citalopram, escitalopram, fluoxetine, sertraline, fluvox-
amine, paroxetine) and the SNRI venlafaxine as the
first-line treatment for PD, while the TCAs (imipramine
and clomipramine), the benzodiazepines (alprazolam,
clonazepam, lorazepam and diazepam) and the mono-
amine oxidase inhibitors (MAOI) phenelzine were con-
sidered as a second-line treatment owing to their asso-
ciated side effects profile.””

To date, the available pharmacological treatments for
PD with strong evidence from clinical trials to support

their efficiency are antidepressants (SSRIs [citalopram, es-
citalopram, fluoxetine, sertraline, fluvoxamine, parox-
etine], SNRIs [venlaflaxine], TCAs [imipramine and clo-
mipramine], MAOI [phenelzine]) and benzodiazepines
(alprazolam, clonazepam, lorazepam and diazepam).'**”
A recent systematic review concluded that, anti-
depressants as a whole, SSRIs, TCAs and benzodiazepines
have similar efficacies and benzodiazepines have best tol-
erability, followed by SSRIs.*” Based on the mechanism of
action, SNRIs, some TCAs and MAOI modulate both the
serotonergic and noradrenergic systems, whereas SSRIs
and norepinephrine reuptake inhibitor (NRI) regulate only
the serotonergic or noradrenergic activities respectively.
Benzodiazepines on the other hand may have act via the
inhibition of the GABA receptors.*”

During initial treatment, the standard available phar-
macotherapy (SSRIs, SNRIs and TCAs) has a slow onset of
therapeutic action (4-10 weeks) and often require combi-
nation therapy with benzodiazepines. Albeit benzodiaze-
pines have fast anxiolytic effects property, yet it is asso-
ciated with potential side effects profile including seda-
tion, cognitive impairment, risk of tolerance and depen-
dence.”

Furthermore, patients treated with SSRIs, SNRIs and
TCAs often have an initial increase in anxiety (jittering
syndrome). Patients with this body hypervigilance (misin-
terpreting physical side-effects as panic attack symptoms)
may cause significant tolerability issues before experienc-
ing the significant benefits of pharmacotherapy and possi-
bly may cease the medication.”” Among these three
drugs, the second generation antidepressant SSRls and
SNRI are better tolerated than the first generation anti-
depressant TCAs. However, SSRIs and SNRI treatments
can cause unwanted side effects including sexual dys-
functions and weight gain.”**”

As large as 45% of patients do not fully respond to
standard first-line therapy or failed to achieve a full and

%% although recommended medica-

stable remission®'*
tions are used and the doses and the length of treatment
are adequate.'” On top of that, between 25% and 50% of
patients relapse within 6 months after medical drug taper
and up to 50% still experience residual PD symptoms and
up to 30% of patients still suffer from a full-blown PD after
3t06 years.38)

In practice, those PD patients who do not fully respond

to an adequate treatment of two SSRI, venlaflaxine ex-
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tended release, one of TCAs, benzodiazepines, or combi-
nation of any antidepressants with benzodiazepines can
be considered as treatment-resistant to pharmacotherapy.
A possible explanation for this could be due to low effi-
cacy of standard pharmacological treatments, unable to
tolerate some of these drugs or if some medications could
not be prescribed to them.””

Despite all these established pharmacological options,
there is still a demand for more effective, less side ef-
fect/better tolerance, faster onset of therapeutic action
and acute anxiolytic activity with the outcome of the ther-
apy should include a full and sustained remission of all
PD symptoms including its comorbid disease. Accordingly,
this article aims to review promising monotherapies of
novel pharmacological agents including two novel com-
pounds in development with clinical potential for the
treatment of PD.

A NEW HOPE FOR PD
TREATMENT-RESISTANT PATIENTS

Novel Drug Discovery

There are evidences indicating new compounds have
an anti-panic properties and may be effective for the treat-
ment of PD.”'***

depressants such as duloxetine, reboxetine, mirtazapine,

' These new compounds are novel anti-

nefazodone and other novel therapeutic agents such as
atypical antipsychotic-risperidone, and inositol. It is worth
mentioning that currently, these novel compounds are not
recommended for standard treatment but could be con-
sidered as an alternative monotherapy for treatment-re-

4,10 . .
19 Table 1 summarizes the evi-

sistant patients with PD.
dence for the new anti-panic drugs in the treatment of PD.
Figure 1 illustrate the mechanism of action at the neuro-

transmitter-receptor for selected novel anti-panic drugs.

Table 1. Potential anti-panic drugs for the treatment of panic disorder

Classification of

pharmacological Drug & dosage Comparing drug & Study type Malor Reference
(mg/day) dosage (mg/day) finding
classes
SNRI Duloxetine (60-120) . Non-controlled Effective Simon er al., 2009*”
NaSSA Mirtazapine (15-30) - Non-controlled Effective Carpenter et al., 1999*?
NaSSA Mirtazapine (30-45) - Non-controlled Effective Boshuisen et al,, 2001*
NaSSA Mirtazapine (13-30) Fluoxetine Double-blind, randomized, Mirtazapine= Ribeiro et al,, 2001*”
(10-20) controlled fluoxetine
NaSSA Mirtazapine (30) - Non-controlled Effective Carli et al, 2002*"
NaSSA Mirtazapine (30) - Non-controlled Effective Sarchiapone et al., 2003*”
NaSSA Mirtazapine (30) Paroxetine Nonrandomized, controlled Mirtazapine= Montanes-Rada
(20-30) paroxetine et al., 2005"
NRI Reboxetine (2-8) - Non-controlled Effective Dannon et al., 2002*
NRI Reboxetine (6-8) . Double-blind, randomized, Reboxetine > Versiani et al,, 2002°"
placebo-controlled placebo
NRI Reboxetine (6-8) Citalopram Single-blind, randomized, Reboxetine= Seedat et al., 2003°"
(20-60) controlled, crossover citalopram
NRI Reboxetine (8) Paroxetine (40) Single-blind, randomized, Paroxetine > Bertani et al., 2004°?
controlled reboxetine
SARI Nefazodone (200-600) - Non-controlled Effective DeMartinis et al., 1996°*
SARI Nefazodone (50-400) - Non-controlled Effective Bystritsky er a/, 1999°
SARI Nefazodone (100-300) - Non-controlled Effective Papp et al., 2000°°
Atypical Risperidone Paroxetine Single-blind, randomized, Risperidone= Prosser et al., 2009°®
antipsychotic (0.125-1.0) (30-40) controlled paroxetine
Inositol Inositol (12 g) - Double-blind, randomized, Inositol > Benjamin et al., 1995
systemic placebo-controlled, crossover placebo
Inositol Inositol (18 g) Fluvoxamine Double-blind, randomized Inositol= Palatnik et al., 2001°"
systemic (150) controlled, crossover fluvoxamine

SNRI, serotonin norepinephrine reuptake inhibitors; NaSSA, noradrenergic and specific serotonergic antidepressant; NRI, norepinephrine reuptake
inhibitors; SARI, serotonin antagonist and reuptake inhibitors; =, equal efficiency; >, superior than.
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Fig. 1. Mechanism of action of
novel anti-panic drugs at the syn-
apse of the brain neuron. 1. Mirta-
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prevent postsynaptic response. 2.
Mirtazapine inhibit auto/heterore-
ceptor at the presynaptic neuron and
promote subsequent neurotransmitter
release. 3. Duloxetine, reboxetine,
nefazodone inhibits the reuptake
transporter to prevent neurotransmitter
reuptake into the presynaptic neu-
ron.

NE, norepinephrine; 5-HT, serotonin;
D,, dopamine 2; Hs, histamine 1.
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Duloxetine

Duloxetine is a potent dual SNRI that lacks of affinity for
histamine H1, adrenergic al, dopamine D,, serotonin
5-HTA/5-HT:B/5-HT:D, 5HT,A/5HT.C and opioid re-
ceptors.”” In a single open label trial, duloxetine was sig-
nificantly effective in improving panic and other severity
symptoms in PD patients with or without comorbidity,
and also in patient with refractory PD. Duloxetine was
well tolerated with only two study discontinuations.*” In
future, further large randomized controlled studies testing
the utility of duloxetine is necessary.

Mirtazapine

Mirtazapine is an atypical noradrenergic and specific
serotonergic antidepressant (NaSSA). It has dual mode of
action because it enhances norepinephrine neurotrans-
mission via antagonizing the adrenergic o,-autoreceptors
and o,-heteroceptors at presynaptic sites as well as sero-
tonergic 5-HT1A neurotransmission via antagonizing the
serotonergic 5-HTy3 receptor postsynaptic sites.” Good
response rates and significant symptomatic improvements
were found in all four open trials of treatment with mirta-

zapine in PD patients.42'45) The subsequent two compara-
tive studies found that mirtazapine was equally effective

) )

.46 . 47) . . .
to fluoxetine™ and paroxetine™” in reducing panic

symptoms. Mirtazapine was well tolerated with the most
frequent side effect reported was weight gain.*>***°
These studies however have methodological short-
comings including the frequent use of concomitant drugs
(benzodiazepines), small sample size which may not de-
tect small statistical differences between mirtazapine and
active comparators and the absence of a placebo control
group. Well-designed clinical trial in the future will pro-
vide a concrete evidence for mirtazapine as a mono-

therapy agent for PD.

Reboxetine

Reboxetine is a selective and specific NRI which has
low affinity for muscarinic, histaminergic H1, dop-
aminergic D, and adrenergic a; receptors.*” A significant
reduction in panic symptoms observed suggested a possi-
ble efficacy of reboxetine in previous noncompliance
treatment of SSRI and in patients without comorbid

)

agoraphobia.*” In the first randomized placebo-con-
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trolled trial, reboxetine was superior to placebo in the
treatment of PD.*” Further randomized crossover study
found that reboxetine was equally effective as citalopram
in alleviating the severity of panic attacks.”” Another trial
found that reboxetine was not as effective as paroxetine in
reducing reactivity to 35% carbon dioxide/65% oxygen
inhalation.”” Despite the fact that reboxetine showed in-
ferior efficacy than paroxetine in the treatment of PD, re-
boxetine might offer some advantageous since sexual dys-
function or weight gain associated with SSRIs was not
found in patients receiving reboxetine and possibly sug-
gesting higher clinical importance of regulating the sero-
tonergic system than the noradrenergic system alone in

PD patients.10’33)

Nefazodone

Nefazodone is a combined serotonin (5-HT,A) receptor
antagonists and serotonin reuptake inhibitor (SARI).
Nefazodone has the ability to inhibit serotonin reuptake
presynaptically and serotonin 5-HT.A receptors post-
synaptically, while indirectly stimulates the serotonin
5-HT;A receptor.”” Thus far, the efficacy of nefazodone

59 The results from

was tested in three open-label trials.
all the three open label studies indicate that nefazodone
was significantly effective in improving severity scores
and was well tolerated in the treatment of PD thus justify-

ing for further large randomized controlled studies.

Risperidone
Risperidone is a new atypical antipsychotic agent and

potent antagonist of serotonin 5-HT,A and dopamine D,
receptors.”” In one single-blind randomized controlled-
trial, low-dose of risperidone and paroxetine showed
equal efficacy and tolerability in reducing the frequency
and severity of panic attacks. Furthermore, patients re-
ceiving risperidone may have faster clinical response than
patients receiving paroxetine.”® This preliminary result
suggested that low-dose of risperidone may provide an ef-
fective relief but further large controlled studies are cru-
cial to confirm this result.

Inositol

Inositol or myo-inositol is a simple isomer of glucose
and an important precursor in the phosphatidylinositol
(Pl-cycle) second messenger system in the brain.”” In a
double-blind randomized study, inositol showed a higher
efficiency than placebo with no substantial side effects
reported.®” In a further randomized crossover trial com-
paring inositol with fluvoxamine, symptomatic improve-
ments were similar for both treatments although frequent
side effects of nausea and tiredness were reported in pa-
tients receiving fluvoxamine.”” The second-messenger
strategy as opposed to the transmitter-receptor strategy is
a novel therapeutic mechanism for PD and deserves fur-
ther investigation.

Emerging Compounds

Two new compounds with clinical potential for future
developments are reviewed in this section. Table 2 sum-
marizes the evidence for emerging compounds in PD.

Table 2. Novel compounds in development for the treatment of panic disorder (PD)

Dosage Experimental Study design (type of study, Mechanism o Reference
Novel drug (mg/diy) IEr)nethod samplz sizefgdurzgon of stuzy) of action Major finding (trial)
Eglumegad or 200, twice Single breath of Double-blind, randomized ~ mGluR2/3 LY354740>placebo  Schoepp et al.,
LY354740 daily 35% CO»/65% placebo controlled (4 wk, 2003
O, mixture 30 PD patients)
Eglumegad or 100 or 200, - Double-blind, randomized ~ mGluR2/3 LY354740=paroxetine  Bergink et al.,
LY354740 paroxetine placebo controlled (9 wk, =placebo 2005%
60 37 PD patients)
LY544344 80 Intravenous Double-blind, randomized, = mGluR2/3 LY544344 > placebo Kellner et al.,
injection of 50 placebo controlled, 2005
ng CCK-4 cross-over (1 wk, 12
healthy human)
Levetiracetam 250, twice - Non-controlled (12 wk, 18 Synaptic Effective Papp, 2006””
daily PD patients) vesicle
protein 2A

mGluR2/3, type Il metabotropic glutamate receptors; CCK-4, cholecystokinin tetrapeptide; =, equal efficiency; >, superior than.
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Eglumegad or metabotropic glutamate (mGlu 2/3)
receptors agonist

Eglumegad is a selective type Il mGlu 2/3 receptors
agonist. Type Il mGlu 2/3 receptor agonist reduce gluta-
mate neurotransmission at presynaptic sites (as inhibitory
auto-receptors) and postsynaptic sites (as hetero-receptors)
to control the release of GABA and other neurotrans-

%253 The anti-panic effects of group Il metabo-

mitters.
tropic glutamate receptors (mGIluR2/3) agonist such as
LY354740 have been studied in lactate-induced (NaLac)
panic-like response in panic-prone rat model where the
systemic injection of LY354740 was equally efficient as
alprazolam in preventing Nalac-induced panic-like
response. Furthermore, the utility of LY354740 is not hin-
dered by sedation which is one of the major side effects of
benzodiazepines.®” In addition, the anxiolytic profile dis-
played in panic-prone rats is similar to those showed in
the fear-potentiated startle paradigm in human.®” Thus,
type Il mGlu 2/3 receptors agonist may have the potential
clinical utilities with novel mechanism and favorable side
effects.

A randomized, double blind, placebo controlled
study has been conducted to investigate the effect and
safety of LY354740 in PD patients. This study indicate
that LY354740 was more efficacious in alleviating panic
symptoms after 4 weeks of treatment and greater clinical
improvement for 3 of the 4 treatment weeks than those re-
ceiving placebo. In addition, LY354740 reported no sig-
nificant adverse effects compared to placebo.”” Following
the promising result from the Phase | trial, another
randomized double-blind placebo-controlled trial was
conducted. PD patients were given either LY354740 (100
or 200 mg), paroxetine (60 mg) as an active comparator or
placebo for 9 weeks. LY354740 was well tolerated.
However, results failed to reach statistical significant dif-
ference as compared to placebo.*”

Therefore, a dipeptide prodrug LY544344, the prodrug
of LY354740 has been developed to enhance the absorp-
tion and bioavailability of LY354740. The data from this
study seems promising and worthy to be investigated in
depth.®” A preliminary randomized double-blind place-
bo-controlled study in healthy human suggests the effec-
tiveness of prodrug LY544344 strategy in reducing panic
anxiety induced by cholecystokinin tetrapeptide (CCK-4)
injection. The validity of CCK-4 as panicogenic-challenge
is not clear thus warrants further clinical trials with

well-validated technique to induce panic attack to test the
anti-panic properties of LY544344.%” In summary, type Il
mGluR2/3 agonist may offer some advantages in which no
sedation and dependency liabilities as seen in benzodia-
zepines and no loss of libido as seen in antidepressants.

Levetiracetam

Levetiracetam is an antiepileptic drug approved by the
United States Food and Drug Administration in 1999.%”
The exact mechanism of action of this drug is unclear but
it seems to modulate high-voltage, N-type, voltage-de-
pendent calcium channels and potassium currents, while
the selective potentiation of GABAA-mediated responses
is controversial. However, recently it has been suggested
that the main mechanism of action is in relation to modu-
lation of synaptic vesicle protein 2A involved in vesicle
exocytosis.”” Previous study suggested that this drug pos-
sesses potential therapeutic benefits in the patients with
anxiety spectrum disorders.”” Another previous study
showed that PD patients administered with levetiracetam
at the dosage of 250 mg twice daily has a clinically sig-
nificant improvement with minimal adverse effects. The
common adverse effects observed were sedation, head-

ache, and irritability.””

LIMITATIONS

Although the credibility of the mentioned clinical stud-
ies are subjected to criticism because of the potential for
residual confounding factors or bias due to unmeasured
variables, these studies are important before embarking
on further trials with larger sample size (to detect subtle
differences) and inclusion of placebo control group (to
clarify specific effect magnitude of such compounds as
compared to placebo) as well as active comparators
group (to elucidate whether these novel compounds are
as effective and well tolerated as the standard drug). These
studies should not be discouraging but rather indicate the
need for ample support via strong randomized controlled
trials to further confirm their true efficacy. Apart from their
effectiveness, their tolerability should be well reported,
showing that they meet the standard requirement as an al-
ternative drug for PD.
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CONCLUSION

Positive preliminary evidences suggest that new com-

pounds such as SNRI duloxetine, NRI reboxetine, NaSSA

mirtazapine, SARI nefazodone, atypical antipsychotic-

risperidone and inositol have high efficacy and potency

for treatment-resistant patients with PD. Furthermore, all

drugs included in this review were generally well tol-

erated as compared to SSRI and benzodiazepines, in-

dicating their potential therapeutic usefulness for ambiv-

alent and hypervigilance patients.
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