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Abstract

The pharmacologic treatment of schizophrenia and bipolar disorder leaves much to be desired. Repurposed drugs,
which are approved for other medical conditions, represent an underutilized therapeutic resource for patients who
have not responded to other drugs. Using experience gained from a decade of repurposed drug studies by the Stanley
Medical Research Institute and search of the literature, we have identified nine such drugs for which there is some
evidence of efficacy for schizophrenia and/or bipolar disorder. These include: aspirin; celecoxib; estrogen/raloxifene;
folate; minocycline; mirtazapine; omega-3 fatty acids; pramipexole; and, pregnenolone. The evidence of efficacy is
reviewed for each drug. Because there is little or no financial incentive for pharmaceutical companies to promote such
drugs, there is a paucity of definitive trials, and these drugs are less widely known than they deserve to be. Biomarker
studies should also be carried out to identify subgroups of patients who do respond to these drugs.
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Introduction

The pharmacological treatment of serious psychiat-
ric disorders is unsatisfactory for many patients. Psychotic
symptoms are often only partially resolved (1, 2), and the
cognitive and negative symptoms of schizophrenia (3) and
the depressive symptoms of bipolar disorder (4) have prov-
en to be especially refractory to present treatments. When
confronted with poor therapeutic results, the most common
response by clinicians is to try clozapine or to add another
antipsychotic or mood stabilizer. All too often that still does
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not produce a satisfactory result, and the clinician is left
wondering what to try next.

For the past decade, the Stanley Medical Research In-
stitute (SMRI) has supported treatment trials using repur-
posed drugs for the treatment of schizophrenia and bipolar
disorder. Repurposing assumes that drugs that are already
available to treat other medical conditions may be useful
for these psychiatric disorders. However, because the psy-
chiatric use is off-label, or the drugs are generic or available
over-the-counter, pharmaceutical companies have little or
no financial incentive to support such treatment trials. It
should be recalled that chlorpromazine was discovered as a
repurposed drug, having originally been used as a sedative
for anesthesia.

SMRI has supported approximately 200 such trials, a
list of which is available at www.stanleyresearch.org, List of
Awarded Treatment Trials. From these trials and reviews of
the literature, nine medications have been identified, all of
which have shown some promise for use as adjunct medi-
cation for schizophrenia and/or bipolar disorder in SMRI-
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Table 1 Repurposed Drugs for Schizophrenia and/or Bipolar Disorder

Aspirin

Celecoxib

Estrogen and Raloxifene

Folate
Minocycline

Mirtazapine

May be useful in patients with elevated CRP or other inflammatory markers

May be useful for schizophrenia in patients with relatively recent onset, but
benefits must be weighed against risks of serious side effects

Studies of women with schizophrenia suggest possible benefit for positive
symptoms, but risks of side effects should be considered

Studies of patients with schizophrenia with low folate levels suggest that it
is useful, especially for depressive symptoms

May be useful in relatively recent-onset schizophrenia, especially for
negative symptoms; should not be given to pregnant women or children

May be useful for the negative symptoms of schizophrenia and for akathisia

Some evidence of efficacy in schizophrenia and bipolar disorder, especially

Omega-3 Fatty Acids (fish oil)

Pramipexole

Pregnenolone

depression

if using omega-3 fatty acid with at least 50% EPA; promising results in
premorbid individuals considered to be at high risk

Appears to be useful for bipolar depression; use for schizophrenia unclear
because of possible exacerbation of symptoms

May have a role in a subset of patients with schizophrenia and for bipolar

funded trials. These nine medications are summarized in
Table 1. It is recognized that many other medications have
been proposed as adjunct medications for these disorders,
including various antidepressants, benzodiazepines, amino
acids, and indigenous and herbal remedies. It is not the pur-
pose of this paper to include these other medications, but
merely to focus on selected compounds with which we have
had some direct experience. A summary of these nine drugs
follows, listed alphabetically. SMRI has supported many of
the previous trials for these drugs and, in each case, is cur-
rently supporting additional trials.

None of these medications have yet been conclusively
established as proven adjunct medications, but for each
there are suggestions that they might be useful and should,
thus, be considered in treatment-resistant cases when the
clinician is out of other treatment options. The use of drug
combinations has been very useful for diseases such as hy-
pertension and AIDS, especially when the drugs act through
different mechanisms. Many of these repurposed drugs are
thought to act through mechanisms different from mecha-
nisms used by standard antipsychotics and mood stabilizers
and, thus, could ultimately lead to new classes of drugs for
these conditions.

Aspirin (Acetylsalicylic Acid)
Background

Folk remedies containing salicylic acid have been used
for centuries to treat pain and fever. Acetylsalicylic acid was
first synthesized in Europe in the mid-19th century. The pat-
ent for aspirin, owned by Bayer, expired in 1917 in the Unit-
ed States, and it has been widely available over-the-counter
since that time.

Mechanism of Action

Aspirin is a non-steroidal anti-inflammatory drug
(NSAID) thought to work by blocking cyclooxygenase
(COX), an enzyme needed for the synthesis of prostaglan-
dins and thromboxanes. It is thought to block COX-1 and
COX-2 equally. This interferes with pain transmission and
the aggregation of platelets, thereby decreasing clots and be-
ing useful as a prophylactic against heart attacks. Prostaglan-
dins also play an important role with N-methyl-D-aspartate
acid (NMDA) receptors, important in glutamate transmis-
sion. Other possible mechanisms of action include neuro-
protection, effects on membrane phospholipids, and effects
on pro-inflammatory cytokines such as interleukins and tu-
mor necrosis factor-alpha.

Use in Schizophrenia

C-reactive protein (CRP) is an enzyme that is a marker
of chronic inflammation. At least three studies have reported
that CRP is elevated in individuals with schizophrenia, sug-
gesting that inflammation is an important part of the disease
process (5-7). In addition, genes associated with inflamma-
tion are upregulated in brain tissue in schizophrenia (8),
and some antipsychotics have been shown to affect CRP (9).
In the only published study to date, 70 patients with schizo-
phrenia spectrum diagnoses were randomized to aspirin
1,000 mg/d or placebo, in addition to their regular medica-
tion, for 3 months. All the patients had been sick for less
than 10 years. Those on aspirin had a significant decrease in
positive PANSS scores and a nonsignificant decrease in neg-
ative symptoms. Cognitive symptoms were not improved.
The patients who showed the best response were those with
the highest levels of some markers of inflammation (10). To
minimize effects of the aspirin on the stomach, patients were
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also given a proton pump inhibitor. SMRI is supporting a
large, ongoing, double-blind, follow-up study using aspirin
as an adjunct medication for schizophrenia.

Use in Bipolar Disorder

CRP was reported to be elevated in a study of 122 out-
patients with bipolar disorder (11). Other studies have as-
sociated bipolar disorder with inflammation through gene
expression or altered cytokine levels (12). A study of rats
suggested that lithium’s effectiveness may be attributable in
part to its anti-inflammatory action (13). To date, no study
has been published on the use of aspirin in bipolar disorder,
but SMRI is supporting a double-blind study in progress.

Assessment

Aspirin is a relatively safe drug except for individuals
who have ulcers or other bleeding problems. It should not
be used without medical authorization for patients taking
inhibitors of blood clotting, such as warfarin (Coumadin)
or clopidogel (Plavix). Its possible role in the treatment of
schizophrenia and bipolar disorder is still to be determined,
but may be most useful in patients with elevated CRP or
other inflammatory markers.

Celecoxib (Celebrex)

Background

Celecoxib was introduced in the U.S. in 1999 as a drug
for pain and inflammation and has become one of the most
widely prescribed drugs. It is available by prescription in
capsules of 50 mg, 100 mg, 200 mg, and 400 mg.

Mechanism of Action

Celecoxib is a non-steroidal anti-inflammatory drug
(NSAID) that selectively targets the cyclooxygenase-2
(COX-2) enzyme; thus, in theory, maintaining its anti-
inflammatory and analgesic properties but reducing side
effects on the GI tract. It is not as selective a COX-2 inhibi-
tor as rofecoxib (Vioxx), which was taken off the market in
2004 because of cardiovascular complications, including
myocardial infarctions. Nevertheless, celecoxib has a black
box warning because of possible cardiovascular and GI side
effects.

Use in Schizophrenia

Five double-blind, placebo studies have been carried
out with mixed results. A study of 50 patients undergoing an
acute exacerbation of their symptoms reported a significant
improvement in their PANSS total score using 400 mg/d for
5 weeks; a reanalysis showed that it had the most effect in
patients with an illness of less than 2 years’ duration (14). A
follow-up study of 40 patients using 400 mg/d for 8 weeks

reported no overall effect; however, a reanalysis showed that
patients with an illness of less than 2 years showed the most
improvement (15). One study of 35 patients with chronic
schizophrenia, average duration of illness 20 years and using
400 mg/d for 8 weeks, reported negative results (16), but an-
other trial of 60 patients with chronic schizophrenia, average
duration of illness 8 years and “in an active phase of illness,”
also using 400 mg/d for 8 weeks, reported a significant im-
provement in positive and total symptoms on PANSS (17).
Most recently, a study of 49 individuals with first-episode
schizophrenia (symptoms of less than 2 years’ duration), us-
ing 400 mg/d for 6 weeks, reported significant improvement
in negative and total symptoms on PANSS (18).

Use in Bipolar Disorder

We are aware of only one study. Twenty-eight patients
with bipolar disorder, in a depressed or mixed phase, were
treated with 400 mg/d for 6 weeks. Compared to the placebo
controls, those on celecoxib had a trend toward decreased
depression at the end of the first week, but the difference
between the groups was not maintained for the remaining
weeks of the trial (19). SMRI is supporting a trial in prog-
ress for 80 patients with bipolar depression. Another COX-2
inhibitor, cimicoxib, was used in a large European study of
unipolar depression.

Assessment

Celecoxib may turn out to be a useful ancillary drug for
schizophrenia for patients with recent-onset disease, but it
is probably not useful for patients who have been sick for
more than two years. However, given the unknowns regard-
ing its cardiovascular and GI risks, it should be used with
much caution. As in all treatment-related decisions, the pos-
sible therapeutic benefit should clearly outweigh the risks. It
is also possible that other NSAIDs that have some selectiv-
ity for COX-2 will prove useful, but they have not yet been
tested.

Estrogen and Raloxifene (Evista)

Background

Estrogen is a naturally occurring hormone that has
been widely used in women to ameliorate postmenopausal
symptoms. Raloxifene (Evista) is a selective estrogen recep-
tor modulator (SERM) that has estrogen-like effects and is
marketed to decrease postmenopausal osteoporosis. Both
estrogen and raloxifene have been used in trials for wom-
en with schizophrenia, based on the theory that estrogens
are protective and are the reason women generally develop
schizophrenia later and less severely than men. One study
using estrogen in men has also been published.
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Mechanism of Action

Estrogen is thought to modulate dopamine receptors and
to also affect the serotonin and GABAergic systems. There
is some evidence that estrogen is also neuroprotective (20).

Use in Schizophrenia

A variety of trials have been carried out, with conflict-
ing findings. All trials were as adjunct medication except for
a single case study in which estrogen alone was successfully
used to treat a 51-year-old woman who refused antipsychot-
ics for her late-onset schizophrenia (21). One open and six
double-blind, placebo-controlled trials have been published
using estrogen to treat women of childbearing age with
schizophrenia. The open trial treated 11 women with oral
0.02 mg ethinylestradiol for 8 weeks; it reported that “the
patients who received adjunctive estradiol made a much
quicker recovery” (22). The first double-blind trial treated 36
women: 12 received 50 mcg of transdermal estradiol given
by patch for 4 weeks, 12 received 100 mcg, and 12 received
a placebo patch. Those receiving 100 mcg compared to the
placebo group had a significant improvement in PANSS pos-
itive (p=0.002), negative (p=0.039), and general (p=0.002)
symptoms, with the 50 mcg group having intermediate val-
ues (23). The same research group replicated their findings
with a trial of 102 women randomized to 100 mcg trans-
dermal estradiol or placebo for 4 weeks; those on estradiol
had a significant reduction in positive (p<0.04) and general
(p<0.05), but not negative symptoms (24).

Two other research groups reported positive results of
double-blind studies using oral ethinylestradiol 0.05 mg/d
for 8 weeks. In one (n=32), the women on estradiol had a
significant improvement in PANSS positive and total and
general psychopathological symptoms (25). In the other
(n=64), a significant improvement was reported for these
same symptoms and negative symptoms as well (26). In con-
trast to these positive results, a double-blind study with 17-
beta estradiol given to 46 women over 8 months, using the
women as their own controls in a crossover design, reported
no improvement (27). In addition, a study of 52 postmeno-
pausal women with schizophrenia showed no clinical differ-
ence between those who did, and did not, receive hormone
replacement therapy (28). Another study randomized 44
women to conjugated estrogens 0.625 mg/d or placebo for 4
weeks; the women on estrogen had a trend (p<0.10) toward
improvement, but it was not statistically significant (29). Fi-
nally, one study using estrogen in men with schizophrenia
was published; 53 men were randomized to 2 mg/d estradiol
valerate or placebo for 2 weeks without any significant im-
provement in symptoms (30). SMRI is supporting an ongo-
ing 8-week, placebo-controlled study in which 100 mcg and
200 mcg transdermal estradiol patches are being compared
to placebo in 180 women; an interim analysis presented at

a research meeting reported that both doses produced sig-
nificant improvement in PANSS positive, but not negative
symptoms.

Raloxifene has been used in two small trials for post-
menopausal women with schizophrenia. In one study, 35
women were randomized to raloxifene 120 mg/d (n=13),
raloxifene 60 mg/d (n=9), or placebo (n=13) for 12 weeks.
Those on 120 mg, but not 60 mg, had a significant improve-
ment in the PANSS total score (31). In the other study, 33
women were randomized to raloxifene 60 mg/d or placebo
for 12 weeks; those on raloxifene showed significant reduc-
tion in PANSS positive, negative, and general symptoms
(32). SMRI is supporting two large (n=80 and 200) raloxi-
fene trials in progress.

Use in Bipolar Disorder

There are case reports of two women with bipolar dis-
order who were resistant to lithium, but who responded to a
combination of estrogen and progesterone (33).

Assessment

Given the known side effects of long-term estrogen on
breast and uterine cancer as well as thromboembolism, these
drugs should be used very cautiously, with a careful risk-
benefit calculation. Raloxifene is thought to not have the
same effects on breast and uterine tissue and so may be
the drug of choice. If these drugs are effective, it appears
more likely that it will be for positive, rather than negative,
symptoms.

Folate

Background

Folate is a naturally occurring B vitamin (B9); its syn-
thetic form is folic acid. When it is low during pregnancy;, it
can cause congenital neural tube defects in the developing
fetus. Supplemental folic acid has been widely studied as a
possible treatment for depression and cardiovascular dis-
ease. It is widely available in pharmacies, health food stores,
and on the Internet; as in all such cases, the purity and po-
tency of the compound may vary.

Mechanism of Action

Folate reduces the level of homocysteine, an amino acid
thought to exacerbate some psychiatric symptoms. Folate is
also involved in the synthesis of neurotransmitters and in
many other metabolic pathways.

Use in Schizophrenia

In 1994, Goff et al. reported a correlation between
low folate levels and negative symptoms in schizophrenia,
thereby increasing interest in folate as a possible treatment
(34). Five double-blind studies have been completed, three
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of which have been published. A study of 17 patients on
methylfolate 15 mg/d for 6 months reported “significantly
improved clinical and social recovery” (35). A study of 42
patients given folic acid 2 mg/d for 3 months reported sig-
nificant improvement on PANSS positive and total, but not
negative symptoms (36). Both of these studies used only
patients with low serum folate levels. However, a study of
32 patients with normal serum folate levels, using folate 2
mg/d for 3 months, reported no effect on negative symptoms
(37). A study being submitted for publication of 100 patients
treated with folic acid 5 mg/d for 3 months found significant
improvement in depression and in some cognitive function,
but another unpublished study of 42 patients given folic acid
4 mg/d for 3 months found no differences between patients
taking folic acid and placebo. SMRI is supporting three oth-
er large, ongoing, double-blind trials.

Use in Bipolar Disorder

Although folate has been studied extensively for pa-
tients with depression, limited studies have been carried out
for bipolar disorder. One study in bipolar patients demon-
strated that elevated homocysteine levels were associated
with impaired cognition (verbal learning, delayed memory,
and executive function) (38). SMRI is supporting two small
studies: one using folate to improve cognition, and the other
to retard the development of clinical disease in young adults
with multiple risk factors for bipolar disorder.

Assessment

If folate proves to be useful for serious psychiatric dis-
orders, it is most likely to do so for depressive symptoms.
Although widely used and relatively free of side effects, it is
not entirely innocuous and at high doses has been suspected
of possibly enhancing growth in developing cancers.

Minocycline

Background

Minocycline is a broad-spectrum tetracycline anti-
biotic that has been available since the 1970s. It has better
penetration into the central nervous system and a longer
half-life than other tetracyclines. It has been widely used as
an antibacterial for acne and a variety of other infections.
It has excellent penetration of the blood-brain barrier. In
recent years, it has generated interest among neurologists
for its neuroprotective effects in animal models of multiple
sclerosis; Parkinson’s disease; amyotrophic lateral sclerosis;
Huntington’s disease; methamphetamine-induced neuro-
toxicity; and, focal cerebral ischemia. It has also been used
in clinical trials of patients with multiple sclerosis, Hunting-
ton’s disease, and autoimmune encephalitis (39). It is generic
and available in tablets of 50 mg and 100 mg, as well as in
extended-release tablets under the trade name Solodyn.

Mechanism of Action

Minocycline appears to have a wide variety of actions
in addition to being antibacterial. Its anti-inflammatory
and neuroprotective effects are thought to be related to
some combination of its inhibition of inducible nitric oxide
synthase (iNOS); capsase 1 and 3; p-38 mitogen-activated
protein kinase (MAPK); cytochrome C release; cyclooxy-
genase-2 expression; prostaglandin E2 formation; and,
microglial activation. It has also been reported to have an-
tiviral effects against HIV and antiprotozoal effects against
Toxoplasma gondii. Its use in individuals with schizophrenia
has been encouraged by its effects in rodent models of this
disease. In one study, minocycline attenuated the behavioral
changes following the administration of an NMDA antago-
nist in mice (40). In another study, minocycline reversed the
effects of an NMDA antagonist in rats (41).

Use in Schizophrenia

Two case report series have been published: one in-
cluding two patients with schizophrenia (42), and the other
including three patients with recent-onset acute paranoid
schizophrenia (43). An open-label study of 22 patients with
treatment-resistant schizophrenia, using 150 mg/d for 4
weeks, reported an improvement in both PANSS positive
and negative symptoms (44, 45). Two placebo-controlled,
double-blind trials have been carried out. In one study, 73
patients with schizophrenia of less than 5 years duration
were randomized to minocycline 200 mg/d or placebo for
12 months; “all symptoms measures improved significantly;’
especially the negative symptoms (46). In the other study,
54 “early phase” (symptoms of less than 5 years) patients
were randomized to minocycline 200 mg/d or placebo for
6 months; the authors reported a significant improvement
on negative symptoms on SANS and CGI, and a significant
improvement in some tests of executive function (47). SMRI
is supporting two large studies of minocycline as an adjunct
medication for schizophrenia.

Use in Bipolar Disorder

There is a single case report of significant improve-
ment of depression in a woman with bipolar disorder being
treated with minocycline 150 mg/d for sinusitis (48). SMRI
is supporting a large study in progress.

Assessment

Minocycline may be useful as an adjunct medication
for the negative symptoms of schizophrenia, especially in
patients with a relatively recent onset. It is generally well
tolerated, with dizziness and ataxia occurring occasion-
ally. Minocycline should not be used in pregnant women
or young children, as it can permanently stain the children’s
teeth. It should also not be used past the medication’s expira-
tion date, as it can be toxic.
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Mirtazapine (Remeron)

Background

Mirtazapine came onto the market in 1994 as a tetra-
cyclic antidepressant, thus being structurally different from
the selective serotonin reuptake inhibitors (SSRIs). It has
been used to treat depression, posttraumatic stress disorder,
obsessive-compulsive disorder, and social anxiety. It is now
generic and available in 15 mg, 30 mg, and 45 mg tablets.

Mechanism of Action

Mirtazapine affects a variety of neurotransmitters, in-
cluding serotonergic, adrenergic, histamine, and muscarinic
receptors. In affecting the 5SHT-2 serotonergic, but not dopa-
mine, receptors, it bears some resemblance to clozapine.

Use in Schizophrenia

Five small (n=24 to 40), double-blind trials have used
mirtazapine 30 mg/d as an adjunct to treat schizophrenia.
All the trials lasted between 6 and 8 weeks. Four of the five
trials reported statistically significant improvement of the
symptoms of schizophrenia, especially the negative symp-
toms (49-52). Two of the four positive studies also reported
a statistically significant improvement in positive symptoms.
The fifth study (n=40) reported no improvement in either
positive or negative symptoms (53), but had a nonsignificant
trend favoring mirtazapine. Mirtazapine was also shown
in three studies to be effective in decreasing antipsychotic-
induced akathisia (54-56). SMRI is supporting two large,
multi-site studies in progress using mirtazapine as an ad-
junct to treat schizophrenia.

Use in Bipolar Disorder

Mirtazapine has been widely used to treat unipolar
depression, and there are reports of its inducing manic epi-
sodes in selected patients (57).

Assessment

Given the paucity of effective drugs for treating the
negative symptoms of schizophrenia, mirtazapine appears
to be promising. For treating depression, mirtazapine has
been used in doses up to 120 mg/d. The main side effects of
mirtazapine are drowsiness, increased appetite, and weight
gain. When starting and stopping the drug, the dose should
be increased and decreased slowly.

Omega-3 Fatty Acids (Fish Oil)

Background

Polyunsaturated fatty acids (PUFA) include omega-3
and omega-6. Omega-3 fatty acids include eicosapentaenoic
acid (EPA) and docosahexaenoic (DHA), which together are

important ingredients in fish oil. EPA and DHA are essential
for normal brain development and are the most widely sold
dietary supplements in the U.S., surpassing even multivita-
mins. Possible links between PUFA and serious psychiatric
disorders have been investigated for more than two decades
(58). Some studies have suggested that the geographical
prevalence of schizophrenia or affective disorders corre-
lates with fish consumption; a lower fish consumption was
associated with a higher prevalence of bipolar disorder, but
the results for schizophrenia were less clear (59, 60). Some
studies have reported that PUFA levels are reduced in indi-
viduals with bipolar disorder, but a study of DHA levels in
women who gave birth to children who developed psychotic
disorders found DHA levels to be elevated (61). Confound-
ing factors such as smoking make the interpretation of these
studies difficult (59, 60).

Mechanism of Action

PUFA are essential ingredients in cell membranes and
are thought to affect signal transduction pathways. They are
known to inhibit phospholipase A-2 and cyclo-oxygenase
and thought to modulate oxidative stress (62, 63), but their
precise mechanism of action in psychiatric disorders is not
known.

Use in Schizophrenia

At least seven double-blind adjunct treatment trials
have been carried out, four with positive findings and three
negative. All used between 1 and 4 gms of EPA and lasted 12
to 16 weeks. The three negative studies involved 69, 87, and
115 patients, both first-episode and chronic; one of the stud-
ies reported positive symptom improvement only for the
patients on clozapine (64-66). The first three positive stud-
ies were smaller (n=30, 40, and 45). They were noteworthy
because one showed EPA as superior to DHA (67); another
reported 6 out of 14 patients maintained on EPA without
antipsychotics (67); and, the third claimed “remarkable”
symptom improvement in chronic patients (68). However,
a meta-analysis of all six studies concluded that “omega-3
EPA did not alleviate the symptoms of schizophrenia” (59).
In perhaps the most interesting of the positive studies, young
people thought to be at ultra-high risk for developing psy-
choses were randomized to 1.2 gms/d of omega-3 fatty ac-
ids or placebo for 12 weeks. Nine months after completion
of the trial, 2/41 individuals (5%) in the omega-3 group but
11/40 individuals (28%) in the placebo group had transi-
tioned to a psychotic disorder (69). SMRI is supporting a
five-year follow-up of the individuals in this trial as well
as a large (n=320) replication of this study and a study us-
ing omega-3 fatty acids to try to prevent the recurrence of
schizophrenia in individuals who have recovered from their
initial episodes.
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Use in Bipolar Disorder

Atleast three double-blind, placebo-controlled adjuvant
trials have utilized omega-3 to treat adult bipolar disorder. A
study of 30 bipolar patients, both types I and II, used 9.6
mg/d of EPA and DHA and reported a “striking difference
in relapse rates and response” for patients on omega-3 com-
pared to placebo (70). A study of 75 patients with bipolar
depression, using EPA 1 gm or 2 gms for 12 weeks, reported
a significant improvement in depression for patients on ei-
ther dose compared to placebo (71). However, a study of 121
bipolar patients (59 depressed, 62 rapid cyclers) reported no
marked effect of EPA 6 gm/d for 4 months (72). In addition,
an open-label study of 12 bipolar depressed patients, using
EPA 1.5-2.0 gm/d for up to 6 months, reported an improve-
ment in depressive symptoms (73). Finally, an open-label
study of 18 children with juvenile bipolar disorder reported
improvement in manic and depressive symptoms using a
combination of EPA and DHA for 6 weeks (74).

Assessment

The possible role of omega-3 in treating schizophrenia is
unclear. As a recent Cochrane Review summarized it: “There
is currently still no reason for clinicians to either encourage
or discourage the use of polyunsaturated fatty acids. If a per-
son with schizophrenia wishes to use one then, perhaps, an
omega-3 preparation should be the preferred option” (75).
For bipolar disorder, especially the depressed symptoms,
omega-3 appears to be more promising. One meta-analysis
of ten studies of omega-3 for treating depression also sug-
gests the same conclusion (76). We have performed, but not
yet published, a meta-analysis of omega-3 in depression and
found DHA-predominant preparations to be without clini-
cal efficacy; however, preparations that contain at least 50%
or more EPA are consistently superior to placebo in treating
depression. Since omega-3 supplements are widely available
and apparently without serious side effects, they are prob-
ably worth trying.

Pramipexole (Mirapex)

Background

Pramipexole has been available since 1997 and is used
to treat Parkinson’s disease and restless legs syndrome. It is
available as a generic in tablets of 0.125 mg, 0.25 mg, 0.5 mg,
and 1.5 mg.

Mechanism of Action

Pramipexole is a dopamine agonist, especially targeting
the D-3 receptor. Thus, it increases the level of dopamine,
which is why it is useful for treating Parkinson’s disease. It is
also thought to have neuroprotective properties.

Use in Schizophrenia

Two open-label and two placebo-controlled, double-
blind studies have been carried out. The former included a
study of 37 patients, of which only 8 completed 3 weeks on
the drug; 4 were said to be responders (77). The other open-
label study included 15 patients and used up to 10.25 mg
for 6 days; 4 patients dropped out (2 due to worsening of
symptoms), and 5 others were said to be “much improved”
(78). In a double-blind trial, 41 patients with residual schizo-
phrenia were randomized to pramipexole up to 5 mg/d or
placebo for 10 weeks; 7 pramipexole patients dropped out,
and 9 were said to improve on the PANSS total score (77).
In the other trial, 24 patients were treated with pramipexole
0.375-4.5 mg/d or placebo for 12 weeks; 2 out of 11 prami-
pexole patients dropped out, but the others showed a sig-
nificant decrease in PANSS positive (p=0.006) and PANSS
total scores (79). SMRI is supporting a large (n=200) double-
blind study in progress.

Use in Bipolar Disorder

Two small double-blind trials have been published in-
volving 22 bipolar I and II depressed patients and 21 bipolar
IT depressed patients, respectively. In the first, 8 of 12 pa-
tients on pramipexole had “an improvement of at least 50%
in their Hamilton depression scale scores” (80). In the sec-
ond study, 6 of 10 patients on pramipexole had “a significant
treatment effect” (81). A third study, publicly reported but
not yet published, randomized 35 patients with bipolar I to
pramipexole 1.5 mg/d or placebo; those on pramipexole had
significant cognitive improvement on processing speed and
working memory (82). An open-label study of 21 bipolar de-
pressed patients also reported that two-thirds improved on
pramipexole (83). In addition, two retrospective chart stud-
ies both reported evidence of pramipexole€’s efficacy for bipo-
lar depression (84, 85), and a large (n=174) study of unipo-
lar depression reported pramipexole to be efficacious (86).
Many of these studies are summarized in a review by Aiken
(87). Pramipexole is listed as an alternate treatment for bi-
polar depression by the Texas Implementation of Medica-
tion Algorithms for Bipolar Disorder and by the Canadian
Network for Mood and Anxiety Treatments.

Assessment

Pramipexole may have a therapeutic role in schizophre-
nia for a subset of patients if they can be identified. How-
ever, the risk of exacerbation of symptoms appears to be sub-
stantial. By contrast, pramipexole appears to be potentially
useful as an adjunct drug for bipolar depression. The main
problem is side effects, the most common of which are head-
ache, nausea, and somnolence. Of greater concern are rare
but serious side effects: compulsive behaviors such as patho-
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logical gambling; sleep attacks; and, psychotic symptoms.
Side effects appear to be dose-related, and all patients being
put on pramipexole should be very slowly titrated upward
(e.g., 0.125 mg per week).

Pregnenolone

Background

Pregnenolone is a neurosteroid made naturally in the
brain. It is widely sold in health food stores (10 mg, 25 mg,
50 mg, and 100 mg) for improvement of sleep and memory.
It was used in the 1940s and 1950s for inflammatory condi-
tions, especially rheumatoid arthritis, at doses of up to 500
mg/d before better drugs became available.

Mechanism of Action

Pregnenolone is synthesized from cholesterol and is a
precursor of other hormones, including those made in the
testes and ovaries; thus, it has been called the mother of all
steroid hormones. Its possible effect on psychiatric symp-
toms is thought to be associated with its effect on NMDA
receptors in the glutamate system, although it is also thought
to affect GABA, sigma, acetylcholine, and dopamine recep-
tors. Some researchers have noted in animal models that
pregnenolone may increase brain myelination and synap-
togenesis and, thus, be neuroprotective. Studies in rodents
have also shown that pregnenolone improves memory and
learning. When given orally, pregnenolone easily passes the
blood-brain barrier and enters the brain. Also of interest are
studies in rodents showing that olanzapine and clozapine in-
crease the levels of pregnenolone in rat brains.

Use in Schizophrenia

There have been three published studies. Thirty-two pa-
tients with schizophrenia were given adjunct pregnenolone
100 mg/d, 500 mg/d, or placebo for 8 weeks (88). Those on
500 mg had an improvement in negative symptoms, verbal
memory, and attention. Patients liked taking the drug, and
five patients continued taking it for 3 years. A study of 21
patients on escalating doses of adjunct pregnenolone up to
500 mg/d or placebo for 8 weeks reported significant im-
provement in negative symptoms and nonsignificant im-
provement in cognitive symptoms (p=0.048) (89). A study
of 58 patients with schizophrenia or schizoaffective disorder
who took pregnenolone 30 mg/d, 200 mg/d, or placebo for 8
weeks reported significant improvement in positive (but not
negative) symptoms (p=0.010), and nonsignificant improve-
ment in attention and working memory on the 30 mg dose
but not the 200 mg dose (90). Pregnenolone was well toler-
ated in all three studies and side effects (e.g., headache and
restlessness) were minimal. One of the men who took preg-
nenolone for 3 years developed an enlarged prostate (88),

although another study reported that pregnenolone had no
effect on testosterone levels (90).

There are three large, ongoing, follow-up studies of
pregnenolone, one SMRI-supported and two others, all us-
ing 500 mg/d. There is also a completed study, not yet pub-
lished, that used 50 mg/d.

Use in Bipolar Disorder

A single study has been published using pregnenolone
100 mg/d or placebo for 8 weeks as adjunctive medication in
a heterogeneous sample of 70 patients with bipolar disorder
or recurrent major depression; all subjects also had a history
of substance abuse (91). Those on pregnenolone had a sig-
nificant improvement in depression (Hamilton Rating Scale
for Depression; p=0.03) compared to the placebo group
and a trend toward improvement in manic symptoms. No
improvement in memory or other cognitive symptoms was
observed. SMRI is supporting an ongoing study using preg-
nenolone 500 mg/d or placebo for 12 weeks in 80 patients
with bipolar depression.

Assessment

Pregnenolone may turn out to be useful, but its effec-
tiveness has not been established. Ongoing studies for both
schizophrenia and bipolar disorder will hopefully clarify this

issue.

Discussion

Given the need for better treatments for schizophrenia
and bipolar disorder, it is important to explore all available
resources. The repurposing of drugs being used to treat other
diseases, over-the-counter drugs, and neutraceuticals repre-
sent a neglected resource. NIMH’s recent publication From
Discovery to Cure also noted that “repurposing medications
used for other indications remains a very real opportunity”
(92). Repurposing trials are especially timely, since major
pharmaceutical companies are currently reducing efforts to
find novel treatment for these diseases.

One major problem with repurposed drug trials is
making the information available to clinicians. Since there
is little or no financial incentive for pharmaceutical compa-
nies to promote repurposed drugs, there are no three-page,
glossy ads or drug representatives to purchase pizza for the
clinician’s office staff. In the U.S., pharmaceutical companies
employ 90,000 drug representatives, one for every 4.7 office-
based clinicians, and support more than 60% of the cost of
continuing medical education (93-95). Drugs for schizo-
phrenia and bipolar disorder are major sources of revenue
for pharmaceutical companies, and it is unrealistic to expect
the companies to promote less expensive alternatives. One
can argue that the results of repurposed drug trials are avail-
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able in psychiatric journals, but studies of physicians have
shown that such articles, by themselves, play a very small
role in clinician decisions to try new drugs (96).

NIMH's recent publication From Discovery
to Cure also noted that “repurposing
medications used for other indications
remains a very real opportunity.”

Another consideration in doing studies of repurposed
drugs is cost. Many of these drugs are very inexpensive com-
pared to drugs still under patent. If some of these prove use-
tul, they could help reduce the costs of psychiatric care, both
in the U.S. and especially in less developed countries, where
medication costs are critical.

For many of these drugs, there are suggestions that some
patients respond and others do not. One of the major chal-
lenges is to identify biomarkers that will allow us to predict
who will respond. For example, do markers of inflammation
predict responders to aspirin or celecoxib, or do serum fo-
late levels predict response to folate? Given the heterogeneity
of both schizophrenia and bipolar disorder, we should not
expect everyone to respond. Also missing, to date, are head-
to-head trials of repurposed drugs against each other and
against traditional treatments.

Another problem with evaluating the results of repur-
posed drug trials is that some studies are initiated by en-
thusiasts who zealously seek confirmatory data and positive
results. It is, thus, important to verify the findings from one
or more initial positive studies by doing larger, confirmatory
studies using different investigators. In many cases, the con-
firmatory study will be negative, as has been the case with
some of our own studies.

It is premature to outline an algorithm for the use of
these repurposed drugs since sufficient data are not yet
available regarding their effectiveness and target population.
Among them, omega-3 fatty acids with EPA have promise
for unipolar and some bipolar patients, and other benefits
of taking omega-3 are well established. Folate may also have
other benefits. Mirtazapine and estrogen also have shown
promise in schizophrenia, but the definitive trials are not yet
complete.

As with all treatment decisions, repurposed drugs
should not be utilized without a careful assessment of pos-
sible risks and benefits. Even drugs such as aspirin, folic acid,
and omega-3 fish oil can have side effects in some individu-
als, and drugs like celecoxib and estrogen should be used
very cautiously. The risks of aspirin, celecoxib, estrogen and
raloxifene, folate, minocycline, mirtazapine, and the ome-
ga-3 fatty acids are well known, since they have been well

studied for many indications in general medicine. There is
an unknown risk of pramipexole in patients with schizo-
phrenia and bipolar disorder because of the possibility that
it could exacerbate these disorders, a risk that may not oc-
cur in patients with Parkinson’s disease or restless legs syn-
drome. Pregnenolone, although used for many years and
sold in health food stores, has not been well studied in con-
temporary studies.

As with all treatment decisions,
repurposed drugs should not be utilized
without a careful assessment of possible

risks and benefits.

In summary, a number of repurposed drugs are avail-
able as adjunct treatment of treatment-resistant patients
with schizophrenia and bipolar disorder. If used with atten-
tion to their possible side effects, they may be reasonable
therapeutic alternatives when you are out of ideas.
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