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Abstract

Existing pharmacological treatments for bipolar disorder (BPD), a severe recurrent mood
disorder, is in general insufficient for many patients. Despite adequate doses and treatment
duration, many individuals afflicted with this disease continue to experience mood episode
relapses, residual symptoms, and functional impairment. In contrast to the manic phase of the
illness where a fairly large variety of effective treatments are available, in bipolar depression
effective therapeutics are scarce. This is especially troubling because the long-term course of
BPD is dominated by recurrent depressive episodes and lingering depressive symptoms
rather than hypomanic/manic episodes. Novel therapeutics — that is, drugs that do not include
the existing antipsychotic, antiepileptic, and antidepressant medications — currently being
studied to determine their efficacy and safety in bipolar depression include modafinil,
pramipexole, N-acetyl cysteine (NAC), scopolamine, agomelatine, riluzole, memantine, ket-
amine, AMPA potentiators, ketoconazole, mifepristone, celecoxib, creatine, and uridine
RG2417. Further study of these drugs will investigate their clinical utility in bipolar depres-
sion, and further our understanding of relevant drug targets.

Introduction

Previous chapters of this volume explored the epidemiology, definition, clas-
sification, outcome, and currently used pharmacological treatments for bipolar
depression. However, it is becoming increasingly clear that current pharma-
cotherapies are insufficient for many patients with bipolar depression. For
instance, a large-scale study funded by the National Institute of Mental Health
(NIMH) failed to find any benefit to antidepressant use for patients with
Bipolar I and II depression over the course of 26 weeks [1]. In contrast to the
manic phase of the illness, where a fairly large variety of effective treatments
are available — most notably antipsychotic and antiepileptic agents — in bipo-
lar depression efficacious therapeutics are scarce. This is especially worrisome
because the long-term course of bipolar disorder (BPD) is dominated by recur-
rent depressive episodes and lingering depressive symptoms rather than hypo-
manic/manic episodes [2].

This chapter will review the efficacy and safety of several novel therapies
for bipolar depression. Promising drug targets and agents for bipolar depres-
sion involve several systems, including the melatonin and serotonergic
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(5-HT2C receptor) systems, the dopaminergic system, the glutamatergic sys-
tem, and the hypothalamic-pituitary adrenal (HPA) axis. In addition, the GSK
intracellular signaling cascade, the arachidonic acid cascade, and the oxidative
stress system appear to be worthy of further study. This chapter will review
several specific agents, including modafinil, pramipexole, N-acetyl cysteine
(NAC), scopolamine, agomelatine, riluzole, memantine, ketamine, alpha-
amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) potentiators,
ketoconazole, mifepristone, celecoxib, creatine, and uridine RG2417. Table 1
summarizes the use and profile of these drugs, all of which meet the category
of clinical evidence rating (see Ch. 9) of B, C, or D. The chapter does not
review studies in which the treatment of bipolar depression was not the pri-
mary issue. Omega-3 fatty acids will also not be reviewed here as they have
been extensively reviewed elsewhere (see [3]) and because a large, random-
ized, controlled study failed to find significant benefits for their use in bipolar
depression [4]. Finally, we will not review non-pharmacological somatic treat-
ments (see Ch. 11 for a thorough review of this topic).

Drugs that affect multiple systems
Modafinil

Modafinil is currently approved by the U.S. Food and Drug Administration
(FDA) as a wakefulness-promoting agent for the treatment of excessive day-
time sleepiness in narcoleptic patients [5]. The presumptive mode of action of
this drug is currently unknown, but is hypothesized to be multisystemic in ori-
gin. Modafinil has been reported to affect the following neurotransmitter sys-
tems: glutamate, GABA, hypocretin, and to a lesser extent, the dopaminergic
and noradrenergic systems [6].

Clinically, modafinil appears to benefit patients with mood disorders, par-
ticularly in cases where sedation is clinically troublesome. In a 6-week, ran-
domized, double-blind, placebo-controlled evaluation of modafinil (mean
daily dose 177 mg) in subjects with bipolar I or IT depression who did not ade-
quately respond to mood stabilization with or without adjunctive antidepres-
sant therapy (n = 87), there was both greater baseline to endpoint change and
change in week 2 onwards in patients treated with modafinil than with place-
bo [7]. No manic switches were reported. In another study, Frye and col-
leagues (unpublished, reported in [8]) compared the add-on modafinil (100 or
200 mg in the morning for 3 weeks) to placebo in the treatment of patients
with BPD who also had residual fatigue, depressive symptoms, or both. The
study drug was significantly more effective than placebo on a variety of
scales, including baseline to endpoint change on the Inventory for Depressive
Symptoms (IDS), percentage response rate, remission rate, and Clinical
Global Impression (CGI) improvement. In addition, modafinil was not found
to be significantly associated with treatment-emergent mania. One published
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case report described a manic switch in a patient with treatment-resistant bipo-
lar depression who was treated with modafinil [9], and two cases of modafinil-
induced irritability and aggression in two BPD patients have also been
described [10].

The dopaminergic system and Bcl-2
Pramipexole

Pramipexole, a synthetic aminothiazole derivative, is a dopamine D2/D3
receptor agonist that is currently approved by the FDA for the treatment of
Parkinson’s disease. An abundance of data indicate that it has D3 preferring
effects (see [11]). Two small, randomized, placebo-controlled trials have
examined the effectiveness of pramipexole in the treatment of bipolar depres-
sion. Goldberg and colleagues randomized 22 patients with bipolar depression
to receive either pramipexole (1.0 to 2.5 mg/day) plus a mood stabilizer, or
placebo plus a mood stabilizer [12]. Pramipexole was well-tolerated, and more
patients in the pramipexole group achieved a >250% reduction from their base-
line Hamilton Depression Rating Scale (HAM-D) scores as well as a greater
mean change in their HAM-D scores over the 6-week study duration.
Additionally, the switch rates into mania and hypomania were not higher than
in the placebo group. Side effects were mild.

Zarate and colleagues randomized 21 BPD II patients to receive either
pramipexole (1.0-3.0 mg/day) plus a mood stabilizer, or placebo plus a mood
stabilizer [11]. They found that 60% of the participants in the pramipexole
group had a therapeutic response (as defined by a 50% reduction in
Montgomery-Asberg Depression Rating Scale (MADRS) scores) compared to
9% in the placebo group. Pramipexole appeared to be well-tolerated. These
encouraging results need confirmation by a Category A study.

Notably, pramipexole upregulates the anti-apototic protein Bcl-2 in several
brain areas [13, 14]; it is quite possible that lithium’s antidepressant potentiat-
ing effects may be due to its ability to similarly and robustly upregulate Bcl-2
[14], which has traditionally been viewed as a ‘long-term neuroprotective pro-
tein’. Future studies would have to investigate whether selective Bcl-2
enhancers without dopaminergic effects also have antidepressant effects in
bipolar depression.

Oxidative stress

N-acetyl cysteine (NAC)

There is increasing evidence that mood disorders are associated with oxidative
stress. Glutathione is the main antioxidant substrate in all tissue, and its pro-
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duction is rate-limited by its precursor, cysteine; notably, glutathione alter-
ations have been reported in BPD [15, 16]. NAC would thus increase glu-
tathione levels, leading to postulated benefits in BPD because of its antioxidant
properties. A recent study by Berk and colleagues reported that NAC was
indeed effective in the treatment of BPD [17], and the authors hypothesized
that NAC’s efficacy might be due to its effects on oxidative stress. In this ran-
domized, double-blind, multicenter, placebo-controlled study, 75 patients with
BPD were treated with NAC (1 g twice daily) during the maintenance phase;
NAC was added on to treatment as usual over 24 months followed by a 4-week
washout phase. The investigators found that NAC significantly improved
MADRS and most secondary scale scores by endpoint. Improvement was seen
in the Global Assessment of Functioning (GAF) Scale and the Social and
Occupational Functioning Assessment Scale (SOFAS) at 8 weeks, and the
MADRS at 20 weeks. The benefits obtained were lost shortly after discontin-
uing the study medication. There were no significant differences in side effects
compared to placebo; side effects numerically greater than placebo were
headaches (18% NAC, 8% placebo), heartburn (16% NAC, 8% placebo), and
increased joint pain (16% NAC, 8% placebo).

The cholinergic system
Scopolamine

Over three decades ago, Janowsky introduced the ‘cholinergic-adrenergic
imbalance hypothesis’ of BPD [18]. He postulated that an imbalance of the
regulatory processes of the cholinergic-adrenergic interface might be linked to
the pathophysiology of mood disorders, and indeed there is a lengthy history
of anticholinergic drug studies in mood disorders research. On a genetic level,
there is still little evidence that a dysregulation of the cholinergic system is
involved in BPD. One study found an association between 19 cholinergic
genes and BPD [19]. In animal models, it has been reported that rats bred for
an increased sensitivity of muscarinic receptors showed a behavioral pheno-
type similar to patients with depression; these animals presented with lethar-
gy, lack of pleasure, and behavioral despair [20]. In humans, cholinergic
hyperactivity results in a worsening of depressive symptoms in patients with
major depressive disorder (MDD) [18]. Experiments add further support to
this theory, as neuroendocrine and pupillary responses to cholinergic activity
were found to be supersensitive in depressed subjects [21] and attenuated in
manic subjects [22]; improvement of manic symptoms with lithium and val-
proate leads to normalization of pupillary responses [22].

Cannon and colleagues performed a positron emission tomography (PET)
imaging study in patients with BPD and found reduced muscarinic type 2
receptor binding in the anterior cingulate cortex [23]. Additional evidence for
an imbalance of the cholinergic system in BPD comes from small controlled
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trials with physostigmine (a short-acting cholinesterase inhibitor), which
found a rapid but only transitory reduction in manic symptoms following sin-
gle or multiple intravenous injections [24, 25]. Additional studies with the
cholinesterase inhibitor donepezil obtained mixed results in mania [26, 27].

As mentioned above, there is a lengthy history of anticholinergic drug
studies in mood disorder research. Initially, the tricyclic antidepressants were
believed to be largely effective due to their anticholinergic properties. Early
studies found that the anticholinergic drug biperiden had antidepressant prop-
erties in 10 severely depressed inpatients [28]. However, this neurotransmit-
ter system remained largely untapped for several decades, perhaps because
anticholinergic side effects were a fairly common complaint and reason for
discontinuing tricyclic antidepressants in depressed patients. More recently,
Furey and Drevets (2006) found that the antimuscarinic drug scopolamine
had significant antidepressant effects in subjects with either unipolar or bipo-
lar depression; these effects were reportedly of rapid onset (usually within 1
week) [29]. In the first of two studies, four testing sessions were performed
in random order under double-blind conditions, during which subjects
received a 15-min intravenous infusion of a saline placebo followed by three
doses of scopolamine hydrobromide (2.0, 3.0, and 4.0 pug/kg). In the second
study, subjects received a 15-min intravenous infusion of a placebo saline
solution or a single dose of scopolamine hydrobromide, 4.0 ug/kg. Patients
receiving scopolamine had no significant increase in manic symptoms, and
only one patient developed euphoria suggesting that the benefits of scopo-
lamine were not simply due to euphoria. Despite these promising results, the
potential side effect of inducing cognitive deficits will need to be addressed
when developing scopolamine or similar agents for use in the treatment of
BPD.

The melatonin and serotonergic (5-HT2C) systems
Agomelatine

The pineal hormone melatonin produces most of its biological effects via G
protein-coupled melatonin receptors (MT1 and MT2) that are mostly
expressed in brain. Some studies have reported that patients with BPD, the
non-affected offspring of probands with BPD, and monozygotic twins discor-
dant for BPD have an enhanced sensitivity of the melatonin suppressing effects
of light [30-32]. However, other investigators did not finding melatonin sup-
pression by light in euthymic BPD patients [33]. Initial reports of a significant
association between the A502-505 polymorphism in GPR50 (also known as
H9, melatonin-related receptor or ML1X, located on Xq28) and susceptibility
to BPD [34] have not been replicated [35]. The mood stabilizers lithium and
valproate were found to reduce melatonin light sensitivity in healthy volun-
teers [36, 37]. However, case reports and series indicate mixed results with
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melatonin in patients with BPD [38, 39]. No controlled studies of melatonin
have been published in BPD.

Agomelatine is a potent agonist of melatonin MT1 and MT?2 receptors, and
5-HT2C antagonists have been reported to have antidepressant properties. In
vivo studies indicate that agomelatine increases both norepinephrine and
dopamine in frontal cortex. Chronic agomelatine treatment also increases cell
proliferation and neurogenesis in the ventral dentate gyrus, as well as
increased survival of these newly formed cells [40]. Agomelatine has antide-
pressant-like properties in animal models [41, 42] and in anxiety (as assessed
by the social interaction test and the Vogel conflict test) [43]; notably, anxiety
symptoms commonly co-occur in patients with mood disorders and have sig-
nificant negative prognostic implications.

Several large, multicenter, multinational, placebo-controlled, short-term
studies in MDD have found that agomelatine is a clinically effective and well-
tolerated antidepressant [44]. With regards to bipolar depression, 21 patients
with BPD I who were experiencing a major depressive episode and had a
HAM-D score of >18 were treated openly with agomelatine. All patients
received 25 mg/day of agomelatine for 6 weeks with a possible extension of
up to 46 weeks in combination with either lithium (n = 14) or valpromide
(n=7). Using intent-to-treat data, 81% of patients met criteria for marked
improvement at study endpoint, and 47% responded as early as the first week
of treatment. Afterwards, 19 patients entered the 1-year extension phase of the
study, and, 11 completed it. There were no dropouts due to adverse events dur-
ing the acute phase of treatment (6 weeks), although six patients experienced
serious adverse events during the 1-year period. Three lithium-treated patients
experienced manic or hypomanic episodes during the optional extension peri-
od, one of which was treatment-related [45].

The glutamatergic system

Contemporary theories of the etiopathogenesis of BPD and recurrent MDD
posit that they result from alterations in cellular resilience and neuroplasticity,
and the glutamatergic system is being recognized as a likely contributor to the
impairments in brain neuroplasticity and cellular resilience observed in
patients with BPD. The preclinical evidence supporting the role of the gluta-
mate in the pathophysiology of depression or mechanism of action has been
summarized elsewhere [46]. Glutamate is the major excitatory synaptic neuro-
transmitter in the brain. Its crucial functions include mediating neurotransmis-
sion across excitatory synapses, and modulating various physiological func-
tions in the mammalian central nervous system (CNS) such as synaptic plas-
ticity, learning, and memory [47-50]. Excessive concentrations of glutamate
are hypothesized to be involved in the etiopathophysiology of several neu-
rodegenerative illnesses. Consequently, several drugs have been created in an
attempt to modulate these abnormal concentrations. Evidence that these com-
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pounds are neuroprotective in humans with ischemic/traumatic or neurode-
generative disease is still pending.

Several of the glutamatergic compounds being studied as neuroprotective
agents have either been or are now undergoing testing in ‘proof-of-concept’
studies in patients with severe mood disorders [14]. The glutamatergic modu-
lators that are being developed target either the glutamate receptors
(N-methyl-D-aspartate (NMDA), AMPA, metabotropic) directly or glutamate
before it is released into the extracellular space.

Emerging data indicate that glutamate has an important role in both acute
and long-term processes involved in the mode of action of antidepressants
and/or mood stabilizers. Synaptic potentiation (i.e., AMPA trafficking) by
enhancing AMPA throughput is thought to be involved in acute antidepressant
response, while the positive neurotrophic changes resulting from glutamater-
gic modulators are perhaps more relevant to reducing the recurrence of mood
episodes and minimizing the deleterious effects of chronic aberrant neuro-
biology.

Riluzole

Riluzole is a blood-brain-penetrant glutamatergic modulator with neuropro-
tective and anticonvulsant properties, and the only drug approved by the FDA
for the treatment of the degenerative motor-neuron disease amyotrophic later-
al sclerosis (ALS). It acts on the glutamatergic system in diverse ways, includ-
ing inhibiting glutamate release, enhancing AMPA trafficking by increasing
membrane insertion of AMPA subunits GluR1 and GluR2 [51], and enhancing
the activity of glutamate reuptake transporters (GLAST, GLT1, and EAAC1)
[52]. Riluzole is also known to stimulate the synthesis of growth factors,
including brain derived neurotrophic factor (BDNF) in cultured mouse astro-
cytes [53]; BDNF is implicated in the mechanism of antidepressant action and
was recently shown to have antidepressant-like properties in animal models
(Gerard Sanacora, personal communication).

Several clinical studies have found that riluzole has antidepressant effects in
patients with unipolar depression [54, 55]. Overall, riluzole was well-tolerated
in these trials. In bipolar depression, riluzole was studied in combination with
lithium [56]. In this study, significant reductions in MADRS scores comparing
endpoint with baseline were found for 14 bipolar depressed patients who
received riluzole (100-200 mg per day for 6 weeks). These preliminary results
need to be confirmed in controlled studies. In mice, pretreatment with riluzole
10 mg/kg, but not 3 mg/kg, moderately decreased amphetamine-induced, but
not MK-801-induced, hyperlocomotion [57]. This characteristic suggests that
riluzole might have ‘antimanic-like’ properties, although additional studies are
needed to confirm this.
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Memantine

Memantine is approved for the treatment of Alzheimer’s disease. Its principal
mechanism of action lies in the fact that it is a noncompetitive NMDA antag-
onist in a ‘use dependent’ manner (it enters and blocks the channel only when
there is an excess of extracellular glutamate concentrations). At doses of
5-20 mg/day, it is a fairly selective NMDA receptor antagonist with negligi-
ble affinity for other receptors that have been implicated in antidepressant
action.

Memantine has antidepressant-like effects [58, 59] in animal studies; in
human studies however, a double-blind, placebo-controlled trial of individuals
with MDD found that memantine had no antidepressant effects [60]. There is
only one report of memantine use in bipolar depression. In this case series
involving two patients, memantine at doses of 10-20 mg/day improved
depressive symptoms and cognitive performance in patients with BPD when
added to ongoing mood stabilizer therapy [61]. Further studies are necessary
to address its potential role in bipolar depression.

Ketamine

Contrary to the evidence presented above suggesting that memantine does not
possess antidepressant effects in patients with MDD, there is increasing proof
that the higher affinity NMDA receptor antagonist, ketamine, has antidepres-
sant effects. Two controlled studies found that ketamine resulted in rapid anti-
depressant effects in patients with treatment-resistant MDD [62, 63]. The
effects noted in the study by Zarate and colleagues were rapid (within 2 h),
robust, and relatively sustained (lasting approximately 1 week). Because of the
inherent propensity of the compound to produce cognitive deficits and psy-
chotomimetic effects, its use at this time remains limited to the research set-
ting. Studies with more selective subtype NMDA antagonists are underway, in
order to determine whether these have antidepressant effects that can occur
safely without causing ketamine’s undesirable side effects. Emerging data sug-
gest that ketamine’s antidepressant properties occur in part by enhancing
AMPA throughput [64]. Although no studies of ketamine’s effects in bipolar
depression have been conducted, the results obtained in patients with treat-
ment-resistant MDD are worth mentioning here. A trial evaluating the use of
ketamine in bipolar depression is currently underway at the NIMH.

AMPA potentiators
AMPA receptors are ionotropic receptors that play a major role in learning and

memory. These types of glutamatergic receptors mediate the fast component of
excitatory neurotransmission. Numerous classes of compounds modulate
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AMPA receptors by binding to their allosteric sites and are termed AMPA
receptor positive modulators or AMPA Receptor Potentiators (ARPs). ARPs
regulate AMPA receptors indirectly by slowing the receptor desensitization
rate and/or deactivation in the presence of an agonist (e.g., AMPA and gluta-
mate (see [65] for a review)). These compounds are under active investigation
as treatments for cognition, depression, anxiety, stroke, and Parkinson’s dis-
ease [66]. Chronic treatment with traditional antidepressants increases the
expression of AMPA receptors in hippocampal membranes and the phospho-
rylation of AMPA receptor subunits [46].

The effects of standard treatments for BPD (i.e., lithium, valproate, and
lamotrigine) on AMPA receptors suggest that those agents with a predomi-
nantly antidepressant profile — namely lamotrigine and riluzole — significantly
enhance the surface expression of GluR1 and GIuR2 in a time- and dose-
dependent manner in cultured hippocampal neurons [51]. In contrast, the pre-
dominantly antimanic agents lithium and valproate significantly reduce sur-
face expression of GluR1 and GluR2 [67]. These findings imply that regula-
tion of GluR1/2 surface levels and function may be involved in the different
clinical profile of anticonvulsants, and suggests that drugs that mimic these
biochemical effects might have a similar therapeutic role.

The glucocorticoid system

Dysfunction of the hypothalamic-pituitary adrenal (HPA) axis has been well-
described in bipolar depression. For instance, hypercortisolemia may be cen-
tral to the etiopathogenesis of both depressive symptoms and the neurocogni-
tive deficits observed in BPD. Attempts to better normalize the effects of cor-
tisol, which may potentially restore HPA axis integrity, have been the focus of
recent research. The antiglucocorticoid agents studied in the treatment of
mood disorders include cortisol synthesis inhibitors (aminoglutethimide, keto-
conazole, and metyrapone) and corticosteroid receptor antagonists (mifepris-
tone and ketoconazole), as well as hydrocortisone, dexamethasone, and dehy-
droepiandrosterone (DHEA) (reviewed in [68]). Only a few of these com-
pounds have been tested in bipolar depression [69—-72]. With regards to the
glucocorticoid synthesis inhibitors, fewer than 20 patients with bipolar depres-
sion have received this class of drugs; the largest study was an open-label add-
on, 4-week study of ketoconazole (up to 800 mg/day) in six patients [69].
Three patients who received a dose of at least 400 mg/day had substantial
reductions in depressive symptoms and no development of manic symptoms;
cortisol levels were not lowered in any of the subjects. The significant toxici-
ty risk and drug interactions associated with ketoconazole preclude its use on
a chronic basis for mood disorders.

Only one placebo-controlled study of an antiglucocorticoid for bipolar
depression has been performed [72]. Mifepristone (RU-486) is a non-selective
antagonist of the glucocorticoid receptor that has been reported to have anti-
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depressant and antipsychotic properties in patients with psychotic depression
(reviewed in [68]). Although a recent letter to the editor indicates that two
large Phase III studies failed to find significant antipsychotic or antidepressant
effects for mifepristone [73], a controlled study suggests that it may possess
antidepressant and cognitive enhancing properties in bipolar depression. In
this double-blind, placebo-controlled, crossover study, Young and colleagues
(2004) compared mifepristone (600 mg) to placebo in 20 subjects with bipo-
lar depression and found that, over the course of the 6-week study, neurocog-
nitive and mood symptoms improved [72]. If mifepristone is found to have
beneficial effects in bipolar depression, its use will most likely be limited to
acute depressive episodes; longer treatment could result in significant compli-
cations including adrenal insufficiency and hepatic injury [74]. A large con-
trolled study with mifepristone in bipolar depression is currently underway
(NCTO0035912 by Alan Young at the University of British Columbia).

Glycogen synthase kinase-3 (GSK-3)

Glycogen synthase kinase-3 (GSK-3) is a serine/threonine kinase constitutive-
ly active in cells, and is deactivated by signals originating from numerous sig-
naling pathways (e.g., the Wnt pathway, the PI-3'kinase (PI3K) pathway, pro-
tein kinase A (PKA), and protein kinase C (PKC)) [75]. Preclinical evidence
implicates GSK-3 in either the direct or downstream mechanism of action of
many other mood stabilizers and antidepressants currently in use (see [76]). In
addition, GSK-3 modulates apoptosis and synaptic plasticity and may also
modulate the circadian cycle by modulating gene expression of proteins
involved in these processes. Recent animal behavioral data (from pharmaco-
logic and genetic models) have shown that manipulation of the GSK-3 signal-
ing cascade produces both antimanic and antidepressant effects in animal
models of depression and mania [76—78]. In attempting to achieve selectivity
for GSK-3 inhibition, it is critical to avoid the side effects that may occur with
GSK inhibitors, which have been putatively linked with cardiac hypertrophy
and cancer (due to upregulation of the Wnt pathway, which is common in
human cancers) [76].

No GSK inhibitors are included in Table 1 because none are currently avail-
able for clinical use.

Arachidonic acid metabolism
Celecoxib
There is increasing evidence for the involvement of the arachidonic signaling

pathway in BPD. Administration of the nonselective COX inhibitors
indomethacin and piroxicam in rats prevented amphetamine-stimulated loco-
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motor activity, and blocked cocaine sensitization (both are rodent models of
mania). Moreover, inhibition of COX-2 with NS-398 attenuated restraint
stress-induced oxidative changes (a model of depression). In olfactory bulbec-
tomized rats, the COX-2 inhibitor celecoxib showed antidepressant-like prop-
erties [79]. In a 6-week, double-blind, placebo-controlled trial in humans, cele-
coxib showed some antidepressant properties. Muller and colleagues (2006)
found that celecoxib (400 mg/day), when added to reboxetine in patients with
MDD, produced significant antidepressant effects compared to placebo [80].
Recently, a 6-week, double-blind, placebo-controlled trial found that celecox-
ib (400 mg/day) was effective in patients with Bipolar I or II depression when
added to ongoing mood stabilizer treatment; however, add-on celecoxib was
more effective than placebo only at week 1, not at study endpoint [81].

Notably, the extent of celecoxib’s ability to penetrate the blood brain barri-
er remains unclear. In addition, it is also presently unclear whether directly tar-
geting COX-2 is worthwhile, because selective COX-2 inhibitors may be asso-
ciated with an increased risk of adverse cardiovascular outcomes [82].

Bioenergetics
Creatine

Creatine plays an important role in brain energy homeostasis and altered brain
energy metabolism, and has been implicated in BPD. An open-label study con-
sisting of 10 treatment-resistant depressed patients (two of whom had BPD)
found that 3—5 mg/day of creatine monohydrate added to ongoing treatment
led to a significant improvement in depressive symptoms in patients with
MDD [83]. However, the two patients with BPD developed transient hypo-
manic/manic symptoms. Further studies are warranted to clarify the role of
creatine in BPD.

Uridine RG2417

Uridine RG2417 (Repligen corporation) — a biological compound essential for
the synthesis of DNA and RNA - is currently in development for the treatment
of neuropsychiatric disorders and neurodegenerative diseases. An earlier study
suggested that RG2133, the prodrug of RG2417, had antidepressant-like
effects in an animal model. RG2417 was recently found to be effective in a
Phase Ila multi-site study of bipolar depression. In this multicenter study, 84
patients received either RG2417 or a placebo twice a day (unpublished find-
ings). Over the 6-week treatment period, patients receiving RG2417 experi-
enced a statistically significant improvement in depressive symptoms com-
pared to those patients receiving placebo as assessed by the MADRS
(p=0.03), and a strong trend towards improvement on the CGI-BP-C
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(p = 0.06). This study was conducted under a development agreement with the
Stanley Medical Research Institute (study ID # NCT00322764; study details
are available at: http://www.medicalnewstoday.com/articles/88213.php).

Conclusion

As this chapter has described, a number of targets/compounds could result in
putative treatments for bipolar depression. These include the melatonin and
serotonergic (5-HT2C receptor) systems, the dopaminergic system, the gluta-
matergic system, and the HPA axis. In addition, the GSK intracellular signal-
ing cascade, the arachidonic acid cascade, and the oxidative stress system all
merit further study. As detailed above, a number of drugs not in routine clini-
cal use are being used and studied in the treatment of bipolar depression. These
treatments are currently available (with the exception of uridine RG2417) but
are not anticonvulsants, antipsychotics, or conventional antidepressants. The
drugs reviewed here include modafinil, pramipexole, N-acetyl cysteine, scopo-
lamine, agomelatine, riluzole, memantine, ketamine, AMPA potentiators,
ketoconazole, mifepristone, celecoxib, creatine, and uridine RG2417. It is
important to emphasize that none of these drugs are FDA-approved for the
treatment of MDD or bipolar depression. In addition, most of the evidence pre-
sented here comes from case reports, case series, or proof-of-concept studies,
some with very small sample sizes. Thus, generalizability of such preliminary
findings to current clinical practice patterns would be premature. We believe,
however, that it is of considerable interest to understand where drug develop-
ment for BPD may be heading. Some other examples of candidate drugs for
BPD in early development are reviewed elsewhere [84].

A better understanding of the neurobiological underpinnings of BPD,
informed by preclinical and clinical research, will be essential for the future
development of targeted therapies that are more effective, act more rapidly, and
are better tolerated than currently available treatments. Of the pharmacologi-
cal agents reviewed here, modafinil, pramipexole, NAC, scopolamine, and
mifepristone have been tested and found to have antidepressant properties in
controlled studies. Larger controlled studies should be considered for these
compounds. This chapter does not review some important drug targets for
BPD - for instance, PKC — because this target has been implicated more in the
treatment of bipolar mania than bipolar depression. The reader is referred else-
where for more information on PKC [85].

Finally, future drug development will also need to focus on identifying
molecular targets. Following this path for drug development will result in a
better understanding of the cellular and molecular underpinnings of severe
mood disorders, and the manner in which they are associated with regional
impairments of structural plasticity and cellular resiliency [14]. Ultimately,
such ‘plasticity enhancing’ strategies may prove to be very useful in the treat-
ment of mood disorders.
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