Original Research

This work may not be copied, distributed, displayed, published, reproduced,
transmitted, modified, posted, sold, licensed, or used for commercial purposes.
By downloading this file, you are agreeing to the publisher’s Terms & Conditions.

Randomized Placebo-Controlled Adjunctive Study of an Extract of
Withania somnifera for Cognitive Dysfunction in Bipolar Disorder
K. N. Roy Chengappa, MD, FRCP(C); Christopher R. Bowie, PhD; Patricia J. Schlicht, BSN, MA;
David Fleet, BSc, MSc, MSc; Jaspreet S. Brar, MBBS, PhD; and Ripu Jindal, MD

ABSTRACT
Objective: Cognitive impairments contribute
significantly to inadequate functional recovery following
illness episodes in bipolar disorder, yet data on treatment
interventions are sparse. We assessed the cognitive
effects of a standardized extract of the medicinal herb
Withania somnifera (WSE) in bipolar disorder.
Method: Sixty euthymic subjects with DSM-IV bipolar
disorder were enrolled in an 8-week, double-blind,
placebo-controlled, randomized study of WSE (500
mg/d) as a procognitive agent added adjunctively to
the medications being used as maintenance treatment
for bipolar disorder. Study enrollment and data
analyses were completed between December 2008
and September 2012. Cognitive testing at baseline
and 8 weeks assessed primary efficacy outcomes.
Psychopathology and adverse events were
monitored at scheduled visits.
Results: Fifty-three patients completed the study
(WSE, n = 24; placebo, n = 29), and the 2 groups were
matched in terms of demographic, illness, and treatment
characteristics. Compared to placebo, WSE provided
significant benefits for 3 cognitive tasks: digit span
backward (P = .035), Flanker neutral response time
(P = .033), and the social cognition response rating of
the Penn Emotional Acuity Test (P = .045). The size of the
WSE treatment effect for digit span backward was in the
medium range (Cohen d = 0.51; 95% CI, 0.25–0.77). None
of the other cognitive tasks showed significant betweengroup differences. Mood and anxiety scale scores
remained stable, and adverse events were minor.
Conclusions: Although results are preliminary, WSE
appears to improve auditory-verbal working memory
(digit span backward), a measure of reaction time, and
a measure of social cognition in bipolar disorder. Given
the paucity of data for improving cognitive capacity in
bipolar disorder, WSE offers promise, appears to have a
benign side-effects profile, and merits further study.
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M

eta-analyses from independent research groups have
confirmed that individuals with bipolar disorder show
cognitive impairments that persist during euthymic intervals.1–8
Medium to large effect size impairments have been reported in
executive functioning, working memory, processing speed, episodic
memory, fluency, and problem-solving and perceptual cognitive
domains; in other words, a broad cognitive deficit although less
severe than those reported in persons with schizophrenia.9
In schizophrenia, cognitive impairments are consistently
associated with poor functional outcomes.10 Likewise, in 6 of 8
studies, cognitive impairments were linked to worse functioning in
persons with bipolar disorder even after controlling for demographic,
illness, and mood variables.11 Importantly, in previously employed
individuals with bipolar disorder who had experienced a manic
episode, changes in specific cognitive test scores robustly predicted
occupational recovery 3 months after symptomatic recovery.12 So, it
would stand to reason that improving cognitive capacity in bipolar
disorder should be accorded research priority. However, controlled
data on such treatment efforts are surprisingly sparse. Burdick and
colleagues13 evaluated a dopamine D2/D3 agonist, pramipexole,
in an 8-week placebo-controlled trial to improve cognition in
subjects with bipolar disorder. The primary analyses did not show
cognitive improvements in the expected direction; yet, when the
sample was restricted to a strictly euthymic bipolar disorder group, 2
tasks—digits backward and Stroop color—showed clinically relevant
treatment effects with pramipexole.13
The mechanisms that underlie cognitive impairment in bipolar
disorder remain elusive. Pharmacologic strategies (among others) to
improve cognition in bipolar disorder14 have included enhancement
of dopaminergic function,13,15,16 increased cholinergic function,17,18
or decreasing hypercortisolemia using a glucocorticoid receptor
antagonist.19 Cognitive rehabilitation has also been assessed in an
open study.20
We assessed a standardized extract of the medicinal plant
Withania somnifera (WSE, Sensoril) as a procognitive agent
in bipolar disorder. W somnifera has been used for centuries in
Ayurvedic medicine in India as “Rasayana” or an “adaptogen”
(increasing bodily resistance to stress and disease). Modern
chemistry data indicate several important bioactive constituents
in WSE, including steroidal lactones termed glycowithanolides and
sitoindosides, as well as Withaferin A.21 Glycowithanolides have
shown brain antioxidant, neuroprotective, and memory-enhancing
activity.22–25 Withanolide A from WSE reversed memory deficits
and induced regeneration of dendritic spines and axons in mice.26
Furthermore, in a rat model of stress, WSEs attenuated damage to
hippocampal neurons in the CA2 and CA3 region by 80%.24 In stress
models, rodents pretreated with WSE showed significant diminution
in hypercortisolemia and other indices of stress.23,27–29 WSEs have
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METHOD
An 8-week clinical trial was conducted using a randomassignment, parallel-group, double-blind, placebo-controlled
design and was registered at clinicaltrials.gov (identifier:
NCT00761761). WSE or placebo was added adjunctively to the
medications being used as maintenance treatment for bipolar
disorder. The study was conducted at Western Psychiatric
Institute and Clinic–University of Pittsburgh Medical Center.
An investigational new drug application (IND) was submitted
to the US Food and Drug Administration, and approval was
obtained to use a standardized preparation of WSE (Sensoril)
as described in this report. Sensoril and placebo were kindly
provided by Natreon, Inc (New Brunswick, New Jersey).
Coded, identical-looking hard gelatin capsules containing
WSE (250 mg) or placebo (containing inert substances or
excipients) of identical fill weights were utilized. Sensoril
is concentrated to a minimum of 8% withanolides, 32%
oligosaccharides (carrier molecules), and a maximum of
2% Withaferin A (high concentrations can be toxic) and
is based on a standardized aqueous extraction process.
Placebo capsules were exposed to cloth-covered sachets
containing WSE. After a few days, the smell permeated the
placebo gelatin capsules, which then smelled similar to the
WSE capsules. The study was approved by the University of
Pittsburgh Institutional Review Board. The study enrolled
subjects starting December 2008, and final data analyses
were completed in September 2012.
Subjects
Adult men or women aged between 18 and 65 years of
any ethnicity with a Mini-International Neuropsychiatric
Interview34 (MINI)–affirmed DSM-IV diagnosis of bipolar
I, II, or NOS disorder (supplemented by discussions with
referring clinicians, medical chart review, and a consensus
reached among the investigators) who were outpatients
and who provided written informed consent were enrolled.
Patients with diagnosed neurologic disorders, unstable
medical conditions, or known allergy or side-effects to
WSE; receiving cholinesterase inhibitors; or taking over-thecounter agents—St John’s wort, Ginkgo biloba, or omega-3
fish oil—were excluded. Pregnant or breast-feeding women
were excluded. Recent instability in mental status, especially
suicidal and homicidal behavior or ECT treatment in the
past 6 months, was also grounds for exclusion. At screening,
potential subjects had to have Young Mania Rating Scale
(YMRS)35 and Montgomery-Asberg Depression Rating
Scale (MADRS)36 scores < 10 for at least 4 weeks, and their
main mood-stabilizing medication had to have been used in
stable doses for ≥ 4 weeks.

■■ Cognitive impairments are major contributors to inadequate
functional recovery in people with bipolar disorder;
pharmacologic interventions are virtually nonexistent.
■■ A standardized extract of the medicinal plant Withania
somnifera improved working memory performance in
euthymic bipolar patients, although replicative studies are
needed.
■■ Innovative pharmacologic and nonpharmacologic strategies
to improve cognitive performance in bipolar disorder should
be accorded research and clinical priority.

Procedures
At screening, an electrocardiogram (ECG), psycho
pathology ratings, and medical history were obtained
from subjects. Laboratory tests among others included a
screen for drugs of abuse, pregnancy, thyroid indices, and
mood-stabilizer levels. A baseline cognition assessment
was completed. Subjects meeting all eligibility criteria
proceeded to a computer-generated 1:1 randomization
allocation schedule to either WSE or placebo. Titration of
WSE (or placebo) 250 mg/d orally began on day 1 for the
first week, increasing to 250 mg twice daily in the second
week; the 500-mg/d dosage continued throughout the
study period. A minimum dosage of WSE of 250 mg/d
was permissible for lack of tolerability. The daily dosage
was based on a study that used the same WSE (Sensoril)
for ameliorating stress in subjects attending an Ayurvedic
clinic.37 Mood-stabilizer or other concomitant medications
used for bipolar disorder treatment continued unchanged
throughout the study. Among others, exit criteria utilized
by the investigative team with oversight of a Data and Safety
Monitoring Board included decompensation of mental
status (clinical determination and rating scales), serious
adverse events, hospitalization, requirement of alternative
mood-stabilizing medications, and nonadherence to study
procedures or visits.
Measures
Cognition was assessed using tests developed by The
Cognition Group (TCG; London, United Kingdom, and
Newark, Delaware). Testing procedures and consistency were
assured by the same staff-patient dyad for each assessment,
and a TCG staff person had previously trained the research
staff.38 Executive functions, processing speed, attention/
working memory, memory, and psychomotor speed were
assessed using the Set Shifting Test (SST), Strategic Target
Detection Test (STDT), Flanker Test, Auditory Digit Span,
Word List Memory, and the Finger Tapping Tests, respectively.
Social cognition was assessed using the Penn Emotional
Acuity Test. The subjects rate the emotional valence of
happy, neutral, and sad faces on a 7-point Likert scale, with
4 being neutral; scores above 4 reflect slightly, moderately,
and very happy; and scores below 4 are sad ratings.
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shown procholinergic but not glutamatergic or gabaergic
effects in rat brain30; furthermore, WSEs show cholinesterase
inhibiting activity.31–33 Given these diverse pharmacologic
actions, we postulated that adjunctive WSE treatment would
improve cognitive functions broadly in subjects with bipolar
disorder, eg, executive functions, working memory, attention,
processing speed, and memory.
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Figure 1. Patient Disposition
Enrollment

Screened for eligibility (n = 79)
Excluded (n = 19)
• Not meeting inclusion or exclusion
criteria (n = 11)
• Declined to participate (n = 6)
• Not recommended by treating
psychiatrist (n = 1)
• Participating in another study (n = 1)

Randomized (N = 60)

Allocated to WSE (n = 30)
• Received WSE (n = 29)
• Did not pick up study medication and
stopped study (n = 1)

Allocation

Allocated to placebo (n = 30)
• Received placebo (n = 30)

Follow-Up

Lost to follow -up (n = 3 )

Lost to follow -up (n = 1)

Stopped study medication (n = 2)

Stopped study medication (n = 0)
Analysis

Safety analyses (n = 30)
Efficacy analyses (n = 24)

Safety analyses (n = 30)
Efficacy analyses (n = 29)

Abbreviation: WSE = standardized extract of Withania somnifera.

Details of these cognitive tests are available at http://www.
cogtest.com, and are also described in other studies.38–40
Patients took approximately 60 minutes to complete the
testing. The 2 main cognition testing time-points were the
pre-randomization baseline and 8 weeks. One time-point at 4
weeks was added to assess a secondary outcome, ie, to evaluate
if there was a difference in time to onset of improvements
(if any) in cognitive test scores between the 2 treatments.
Several tests in the cognition battery have alternate forms to
reduce the potential for practice effects.
Psychopathology was assessed utilizing the YMRS, the
MADRS, and the Hamilton Anxiety Rating Scale (HARS).41
Ratings were done by a trained rater blind to treatment
assignment at 6 scheduled visits during which vital signs
and any treatment-emergent adverse events were also
recorded. Adherence to study medication was determined by
reconciling pill counts. The Functioning Assessment Short
Test (FAST) was administered at baseline and 8 weeks.42 The
final visit also included a medical review of body systems,
laboratory, and ECG results.
Statistical Analyses
Demographic, clinical, and treatment characteristics were
examined using independent group Student t tests or the
χ2 test. The change scores for the psychopathology rating

scales between WSE and placebo were evaluated using an
analysis of covariance (ANCOVA) with the baseline total
score of each scale as the covariate. Similar analyses were
applied to the FAST total and individual domain scores. All
randomized subjects with a baseline rating were included
in the safety analyses, and those with at least 1 postrandomization assessment were included in the primary
and secondary outcomes analysis. Treatment-emergent
adverse events were grouped by body system and assessed
for between–treatment group differences using the Fisher
exact test. Statistical analyses were done blind to treatment
assignment.
The primary outcomes were the evaluation of changes
in the scores of cognitive tests from baseline to 8 weeks
following WSE treatment (relative to placebo). Based on
past studies,38 the cognition variables were assessed for
normal distribution. The primary outcomes, ie, cognition
variables, were analyzed using ANCOVA with treatment
and visit as fixed effects and baseline cognitive score as the
covariate. Statistically significant differences between the 2
treatment groups for changes from baseline to end of study
were evaluated using 2-sided P values and least-squares
(LS) means as point estimates. Two-sided 95% confidence
intervals (CIs) were also calculated for the estimated
differences between treatments. Effect size (Cohen d) was
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Table 1. Demographics, Illness, and Treatment Characteristics
WSE (n = 30)
46.90 (10.38)
13/17
21/9/0
7/22/1
13/6/10
20/7/3
26.47 (9.28)
5.62 (6.03)
15/14
19/11
20/0
0/17

Placebo
(n = 30)
45.93 (10.40)
10/20
18/11/1
8/20/2
13/7/10
17/8/5
29.23 (12.11)
4.00 (4.28)
11/18
20/10
14/3
1/18

Age, mean (SD), y
Gender: male/female, n
Race: white/African American/other, n
Education: high school or less/university/other, n
Marital status: single/married/divorced-separated, n
Diagnosis: bipolar I/II/NOS, n
Age at first bipolar episode, mean (SD), y
Lifetime psychiatric hospitalizations,a mean (SD), no.
Psychotic symptoms in past episodes,a yes/no, n
Current smoking history: yes/no, n
Mood stabilizers: monotherapy/≥ 2, n
Antipsychotic agents: first generation/
second generation, n
Antidepressants, n
19
18
Hypnotic-anxiolytic drugs, n
10
8
Stimulants, n
1
1
Anticholinergic agents, n
5
5
aData not available for some patients.
Abbreviations: NOS = not otherwise specified, WSE = standardized extract of Withania
somnifera.

Table 2. Psychopathology and FAST Rating Scale Scores
WSE
Baseline,
8 Weeks,
Mean (SD) Mean (SD)
(n = 29)
(n = 24)
6.2 (3.6)
4.8 (4.3)
3.9 (2.3)
2.8 (2.4)
3.8 (4.5)
3.2 (5.6)

Placebo
Baseline,
8 Weeks,
Mean (SD) Mean (SD)
(n = 30)
(n = 29)
4.8 (3.6)
4.1 (4.7)
3.7 (2.2)
3.2 (2.7)
5.3 (5.6)
4.1 (5.8)

Scale
MADRS
YMRS
HARS
FAST domains
Autonomy
2.7 (2.6)
2.3 (2.6)
2.5 (2.7)
2.3 (3.2)
Occupational functioning
12.4 (4.4)
11.9 (4.8)
13.1 (4.4)
13.6 (4.3)
Cognitive functioning
6.2 (3.8)
5.0 (3.7)
6.5 (3.4)
6.1 (3.7)
Financial issues
2.0 (2.1)
1.7 (1.9)
2.1 (2.0)
2.0 (2.1)
Interpersonal relationships
6.1 (3.6)
5.7 (4.3)
7.3 (3.8)
6.9 (4.5)
Leisure time
2.9 (1.9)
3.2 (2.0)
3.7 (2.0)
3.5 (2.2)
Total score
32.3 (10.6)
29.7 (9.5)
35.3 (12.5)
34.4 (13.7)
Abbreviations: FAST = Functioning Assessment Short Test—higher scores on FAST
total and subscales indicate worse functioning, HARS = Hamilton Anxiety Rating
Scale, MADRS = Montgomery-Asberg Depression Rating Scale, WSE = standardized
extract of Withania somnifera, YMRS = Young Mania Rating Scale.

computed for the significant cognitive results as the mean differences
in the change in cognitive scores between treatments divided by the
pooled standard deviation. Model assumptions of parallelism and
normality were assessed by including treatment by visit interactions in
the model and assessment of model residuals. Interaction terms were
removed from the final model in the event of constancy over time,
and log transformations were applied in the event of demonstration of
non-normality. An adjustment for multiple comparisons was not
applied as this study was a preliminary investigation with a modest
sample size. Furthermore, overcorrection of type 1 error would very
likely increase the type 2 error and thereby mask real differences in
these cognitive tasks.
RESULTS
Seventy-nine subjects with DSM-IV bipolar disorder provided
informed consent and 19 subjects did not meet eligibility criteria (see
Figure 1). Sixty patients were randomly assigned to WSE (n = 30) or
placebo (n = 30). The demographic, illness, and treatment characteristics
of the randomized participants are described in Table 1, and there were

no statistically significant differences between
the treatment groups, even though the WSE-treated
group was slightly older and reported more life-time
hospitalizations. Lithium and valproate levels were
in the range of 0.55 to 1.11 mEq/L and 54 to 106
mg/dL, respectively, with no significant differences
between treatments (data not shown).
The YMRS, MADRS, and HARS scores are
shown in Table 2 and reflect a patient population
whose symptoms were well controlled (ie,
euthymic) and remained stable through the study
period. There were no statistically significant
differences between treatment groups in any of
the psychopathology scale scores from baseline to
study endpoint. Similarly, there were no statistically
significant between-group differences in either
the total or individual domain scores of the FAST
from baseline to endpoint (higher scores indicate
worse functioning) (Table 2). Only the cognitive
domain score of the FAST indicated a withingroup improvement for the WSE-treated group
(t107 = 2.07, P < .041), but not the placebo group
(t107 = 1.12, P < .266).
All except 3 subjects who were titrated back
down to 250 mg/d (WSE: n = 2, complaints of “vivid
dreams” and “sleepiness”; placebo: n = 1, complaint
of “vivid dreams”) tolerated the 500 mg/d of
study medicine. Based on reconciled pill counts,
adherence ranged from 82.9% to 100%, with no
significant differences between those assigned to
WSE versus placebo.
Primary Outcomes
WSE-treated patients achieved significantly
greater improvement compared to those receiving
placebo on the following cognitive tasks: mean
digit span backward (Auditory Digit Span), neutral
mean response time (Flanker Test), and the mean
social cognition response rating (Penn Emotional
Acuity Test) (Table 3). The size of the treatment
effect (Cohen d) was 0.51 (95% CI, 0.246 to 0.774)
for mean digit span backward, 0.62 (95% CI,
−16.35 to 15.15) for Flanker neutral mean response
time, and 0.26 (95% CI, 0.202 to 0.308) for mean
response task of the Penn Emotional Acuity Test.
Significant between–treatment group differences
for these cognitive variables were noted at the end
of the study (8 weeks), not at 4 weeks.
The forward digit span change scores of the
Auditory Digit Span were not significantly different
between the 2 treatments. Even though the WSEtreated group achieved faster congruent and
incongruent mean response processing times on
the 2 other Flanker Test variables, these differences
were not statistically significantly different from
placebo (Table 3). On the social cognition test of
the Penn Emotional Acuity Test, the proportions
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Table 3. Differences Between WSE and Placebo From Baseline to End of Study: ANCOVA
Change From Baseline
Difference From Placebo
Test
N
LS Mean (SE)
95% CI
LS Mean (SE)
95% CI
P Value
Auditory Digit Span
Span backward
WSE
24
0.73 (0.19)
0.34 to 1.11
0.56 (0.26)
0.04 to 1.08
.035
Placebo
29
0.17 (0.18)
−0.19 to 0.516
NA
NA
NA
Span forward
WSE
24
0.13 (0.18)
−0.23 to 0.48
−0.26 (0.24)
−0.74 to 0.22
.281
Placebo
29
0.39 (0.16)
0.07 to 0.71
NA
NA
NA
Flanker Test
Neutral RT
WSE
24 −34.51 (11.32) −56.96 to −12.05 −33.18 (15.41) −63.75 to −2.60
.033
Placebo
29
−1.33 (10.45) −22.07 to 19.40
NA
NA
NA
Congruent RT
WSE
24 −34.67 (10.82) −56.14 to 13.20
−21.97 (14.73) −51.21 to 7.26
.139
Placebo
29 −12.70 (9.99)
−32.52 to 7.13
NA
NA
NA
Incongruent RT
WSE
24 −14.64 (14.53) −43.48 to 14.20
−6.65 (19.78) −45.90 to 32.60
.737
Placebo
29
−7.99 (13.41) −34.61 to 18.63
NA
NA
NA
Penn Emotional Acuity Test
Response rating
WSE
24
0.08 (0.04)
0.01 to 0.15
0.096 (0.05)
0.002 to 0.191
.045
Placebo
29
−0.02 (0.03)
−0.08 to 0.43
NA
NA
NA
Total correct
WSE
24
0.52 (0.60)
−0.66 to 1.70
0.02 (0.81)
−1.58 to 1.62
.977
Placebo
29
0.50 (0.54)
−0.58 to 1.57
NA
NA
NA
Abbreviations: ANCOVA = analysis of covariance, CI = confidence interval, LS = least squares, NA = not applicable,
RT = response time in milliseconds, SE = standard error, WSE = standardized extract of Withania somnifera.

of total mean correct responses for neutral, sad, and happy
faces were not significantly different between treatments.
None of the other cognitive task variables showed significant
differences between treatment groups (Table 4).
Safety
There were 26 treatment-emergent adverse events
reported by 19 placebo-assigned subjects compared with 19
events reported by 13 subjects in the WSE-treated group; this
difference was not statistically significant (Table 5). Some
individuals in each treatment group reported more than
1 event, but 28 subjects (47%) reported no adverse events.
Adverse events were mild and transient; no one discontinued
the study due to adverse events, and there were no serious
adverse events. Respiratory rate, pulse, and blood pressure
remained stable in both groups throughout the study period;
laboratory parameters and ECG readouts did not raise
clinical concerns. The WSE-treated group gained 2.2 (± 4.7)
lb body weight compared to 0.6 (± 9.7) lb for the placebo
group, a difference that was not statistically significant.
DISCUSSION
These early data indicate that verbal working memory
is significantly impacted by WSE in euthymic bipolar
disorder patients. The size of the WSE treatment effect for
digit span backward (0.51, medium effect) is comparable
to that reported by Burdick and colleagues13 in a subset of
their euthymic bipolar subjects treated with a dopamine
agonist, pramipexole. A recent meta-analysis9 of cognitive
impairments in euthymic bipolar disorder individuals
indicated that working memory deficits were in the large
(0.8) effect size range. Furthermore, in recently manic

patients who were previously employed, Bearden and
colleagues12 showed that gains in working memory, episodic
memory, and executive functioning robustly predicted
(odds ratio > 10) occupational recovery by 3 months. So,
it is possible that WSE alone or in combination with other
treatments (eg, cognitive rehabilitation or remediation,
pharmacotherapy) may offer an approach to enhance
cognitive capacity and improve functional outcomes in
persons with bipolar disorder. However, these preliminary
results with WSE in persons with bipolar disorder require
independent replication.
A significant improvement favoring WSE on the Flanker
arrow task was obtained only for the neutral reaction time.
The implications of this are unclear, since this test condition
is the easiest, and significant results were not noted on
the more difficult test conditions that involve executive
processing. Whether this finding reflects a simple reaction
time improvement or processing speed improvement must
await replication and possibly the use of other cognitive tests.
WSE-treated subjects rated facial expressions as “happier”
(Penn Emotional Acuity Test mean response) compared to
placebo-assigned subjects, but the implications of this result
are unclear as this measure was computed as a group average
and does not necessarily reflect more accurate ratings.
We had expected a broader profile of cognitive benefits
with WSE due to its diverse pharmacologic actions22–26,30–33;
however, narrower results were obtained in this study.
Recent work has indicated that WSE reversed deficits
in spatial learning and working memory tasks in mouse
models of Alzheimer’s disease43 probably by promoting
hepatic clearance of β-amyloid. Scopolamine-induced
anticholinergic actions and down-regulation of BDNF
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Table 4. Differences Between WSE and Placebo From Baseline to End of Study: ANCOVA
Change From Baseline
Difference From Placebo
Test
N
LS Mean (SE)
95% CI
LS Mean (SE)
95% CI
P Value
Set Shifting Testa
Start imitation reaction time
WSE
24
−28.74 (15.38)
−59.25 to 1.76
−15.09 (20.60)
−55.95 to 25.78
.466
Placebo
29
−13.66 (13.70)
−40.83 to 13.52
NA
NA
NA
End imitation reaction time
WSE
24
−5.36 (16.19)
−37.48 to 26.76
16.66 (21.84)
−26.67 to 59.99
.447
Placebo
29
−22.02 (14.43)
−50.6 to 6.60
NA
NA
NA
Start reversal reaction time
WSE
23
−3.06 (20.18)
−43.10 to 36.98
22.64 (26.84)
−30.89 to 76.16
.403
Placebo
28
−25.70 (17.90)
−61.21 to 9.82
NA
NA
NA
End reversal reaction time
WSE
23
−12.64 (23.10)
−58.48 to 33.20
26.50 (31.0)
−35.02 to 88.02
.395
Placebo
28
−37.14 (20.41)
−79.63 to 1.36
NA
NA
NA
Imitation errors
WSE
24
−1.38 (1.46)
−4.27 to 1.51
0.678 (1.96)
−4.56 to 3.20
.730
Placebo
29
−0.70 (1.30)
−3.27 to 1.87
NA
NA
NA
Reversal errors
WSE
23
−0.66 (1.28)
−3.21 to 1.88
3.33 (1.71)
−0.07 to 6.73
.055
Placebo
28
−4.0 (1.14)
−6.25 to −1.75
NA
NA
NA
Strategic Target Detectiona
Strategic efficiency
WSE
24
344.63 (460.21) −580.20 to 1269.46 610.74 (616.86) −628.89 to 1850.37
.327
Placebo
29 −266.11 (409.73) −1089.52 to 557.30
NA
NA
NA
Perseverative errors
WSE
24
−5.76 (2.66)
−11.11 to −0.407
0.740 (3.61)
−7.99 to 6.52
.840
Placebo
28
−5.02 (2.41)
−9.86 to −0.180
NA
NA
NA
Word-List Memory/Delayed
Percentage trial to trial transfer
WSE
24
4.14 (3.73)
−3.26 to 11.53
8.05 (5.10)
−2.06 to 18.16
.118
Placebo
29
−3.91 (3.47)
−10.79 to 2.97
NA
NA
NA
Total learning over all trials
WSE
24
1.68 (2.28)
−2.84 to 6.20
−0.24 (3.08)
−6.35 to 5.86
.937
Placebo
29
1.92 (2.07)
−2.19 to 6.03
NA
NA
NA
Delayed recall correct
WSE
24
−0.51 (0.49)
−1.49 to 0.47
−0.18 (0.67)
−1.50 to 1.15
.792
Placebo
29
−0.34 (0.45)
−1.23 to 0.55
NA
NA
NA
Tapping speed
Total left
WSE
24
−0.67 (4.91)
−10.40 to 9.06
−2.23 (6.63)
−15.39 to 10.92
.737
Placebo
29
1.56 (4.46)
−7.29 to 10.42
NA
NA
NA
Total right
WSE
24
11.55 (5.09)
1.46 to 21.65
9.87 (6.88)
−3.78 to 23.52
.155
Placebo
29
1.69 (4.62)
−7.47 to 10.84
NA
NA
NA
aSet Shifting and Strategic Target Detection variables were not normally distributed; these were logarithmically transformed and
there were no statistically significant differences between treatments. However, the numbers for the cognition variables in this table
represent the actual data, not the log-transformed data.
Abbreviations: ANCOVA = analysis of covariance, CI = confidence interval, LS = least squares, NA = not applicable, SE = standard error,
WSE = standardized extract of Withania somnifera.

(brain-derived neurotrophic factor) or GFAP (glial fibrillary
acidic protein) were reversed by WSE.44 Mechanisms that
explain improvements by WSE in working memory and
processing speed in bipolar disorder are worth exploring
further. Moreover, questions regarding the upper and lower
limits of the dosage of WSE, the ideal duration of a clinical
trial to assess improvements in functioning, the use of WSE in
symptomatic patients with bipolar disorder, or identifying a
subgroup that may especially benefit remain unanswered and
require further study. Furthermore, we used a standardized
aqueous extract of Withania somnifera (Sensoril), so it is not
known if extracts containing different concentrations of the
various bioactive constituents or extracted utilizing other
processes will provide similar benefits and/or risks.
Limitations of the present study include the relatively
small number of patients, the lack of more WSE dosage

treatment arms, the short duration of the clinical trial, and
the fact that the results would not survive corrections for
multiple comparisons, which were not applied due to the
preliminary nature of the study and modest sample size.
Further, even though the illness and treatment variables
were not significantly different between the 2 groups, the
numbers of subjects were inadequate to test whether patients
with specific characteristics would benefit more or less with
WSE (eg, those receiving lithium vs anticonvulsants, bipolar
I vs II). This study was implemented prior to the guidance
issued on the use of a cognition battery for bipolar disorder,45
an assessment that is worth considering in future studies with
WSE.
Mood symptoms remained stable; no worsening was
noted with WSE treatment. The low rating scale scores most
likely did not allow room for improvement. Recent studies
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Table 5. Adverse Events by Organ/Body System
WSE
Placebo
Side Effecta
(n = 30), n
(n = 30), n
Sleepiness
3
3
Headache
0
2
Vivid dreams/nightmares
2
2
Dizziness
1
0
Tiredness/fatigue
1
2
Light-headedness
0
1
Nausea/upset stomach
1
2
Constipation
0
2
Diarrhea
5
1
Decrease in appetite
0
1
Flatulence
1
0
Fine rash on forearm
1
0
Itching
0
1
Palpitations
0
1
Swelling in feet
1
0
Heaviness in legs
0
1
Tingling in fingers
0
1
Increase in depression
1
1
Frequent urination
1
0
Nasal congestion
1
0
an = 17 WSE-treated and n = 11 placebo-treated subjects reported no
adverse events.
Abbreviation: WSE = standardized extract of Withania somnifera.

have indicated that WSE has benefits for anxiety and stress
reduction.37,46,47 WSE was generally well tolerated, with low
frequency and low intensity treatment-emergent adverse
events; no concern with significant body weight gain was
evident. No significant improvements in functioning were
noted between treatments on the FAST total or subscale
scores; the 8-week trial duration may have been a limiting
factor, and changes in functioning would very likely take
longer. Finally, the use of performance-based measures might
be more optimal.48 The within-group comparison indicated
that the WSE-treated group did improve significantly
on the cognitive subscale of the FAST42; however, this is
not a performance-based measure. In conclusion, given
the lack of positive studies13,49,50 and paucity of data to
improve cognition in bipolar disorder, and the importance
of cognition to functioning, this standardized medicinal
extract of Withania somnifera with a procognitive profile
merits further investigation.
Drug names: ashwagandha extract (Sensoril and others), lithium
(Lithobid and others), pramipexole (Mirapex and others).
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