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ABSTRACT
Objective: To determine if adjunctive treatment with a standardized
extract of Withania somnifera (WSE), with known anti-inflammatory and
immunomodulating properties, improves psychopathology and stress in
patients with schizophrenia or schizoaffective disorder (DSM-IV-TR).
Methods: Patients experiencing an exacerbation of symptoms were
assigned to WSE (1,000 mg/d) or placebo for 12 weeks, added to their
antipsychotic medication, in a random-assignment, double-blind,
placebo-controlled study conducted from April 2013 to July 2016.
Primary outcomes were change from baseline to end of treatment
on the Positive and Negative Syndrome Scale (PANSS total, positive,
negative, and general symptoms) between treatment groups. Secondary
outcomes evaluated stress and inflammatory indices using the Perceived
Stress Scale (PSS), S100 calcium-binding protein B (S100B), and
C-reactive protein (CRP).
Results: Sixty-six randomized patients (n = 33 per group) provided
efficacy data. Beginning at 4 weeks and continuing to the end of
treatment, WSE produced significantly greater reductions in PANSS
negative, general, and total symptoms (Cohen d: 0.83, 0.76, 0.83),
but not positive symptoms, when compared to placebo. PSS scores
improved significantly with WSE treatment compared to placebo (Cohen
d: 0.58). CRP and S100B declined more in the WSE group but were
not significantly different from placebo. Adverse events were mild to
moderate and transient; somnolence, epigastric discomfort, and loose
stools were more common with WSE. No significant between-treatment
differences were noted in body weight, vital signs, or laboratory
measures, which remained stable.
Conclusions: This early study suggests that adjunctive treatment with a
standardized extract of Withania somnifera provides significant benefits,
with minimal side effects, for negative, general, and total symptoms and
stress in patients with recent exacerbation of schizophrenia.
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T

he immune-inflammatory dysregulation theory
in schizophrenia1,2 posits an imbalance of
pro- and anti-inflammatory cytokines and elevated
levels of inflammatory proteins (eg, C-reactive
protein, S100 calcium-binding protein B [S100B],
and prostaglandin E2) in subgroups of patients
with schizophrenia experiencing an exacerbation of
symptoms.3–8 These immune-inflammatory alterations
impact dopaminergic, glutamatergic, and cholinergic
neurotransmission, which in turn are linked to the
positive, negative, and cognitive symptoms noted
in schizophrenia.1,9,10 Furthermore, antipsychotic
medications do not mitigate immune-inflammatory
disturbances.11,12 A case has been made for adjunctive
treatment of symptoms of schizophrenia using antiinflammatory drugs, such as cyclooxygenase (COX)
inhibitors, since these medications shift the immune
responsivity from predominantly type-2 to type-1
and inhibit prostaglandin E2 synthesis.13 A review14
of 8 randomized controlled trials involving patients
experiencing symptom exacerbations indicated that
adjunctive COX inhibitors (celecoxib and high-dose
aspirin) demonstrated a small treatment effect for
positive symptoms of schizophrenia, and trend-level
significance for total psychopathology, but no effects
on negative symptoms. Concerns about cardiac safety
and bleeding risks associated with nonsteroidal antiinflammatory agents (NSAIDs) call for alternative
anti-inflammatory agents to be tested.
Extracts of Withania somnifera (WSE, a medicinal
herb) have demonstrated immunomodulatory
and anti-inflammatory actions in animal studies,
enhancing type-1 immune response and cytokine
production and modulating production of acute
phase reactants, COX-2 inhibition, and inhibition
of NF-κB inflammatory signaling pathways.15–19
WSE has also shown anxiolytic, procognitive, and
antiarthritic benefits and appears to have good safety
in early human studies.20–23 On the basis of animal and
human immune-inflammatory data, we posited that
standardized extracts of Withania somnifera would
prove beneficial for recently exacerbated symptoms in
patients with schizophrenia.
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■■ Antipsychotic drugs are effective for psychotic symptoms

Clinical Points

but of limited utility for negative symptoms and general
psychopathology (eg, depression, anxiety, stress).

■■ For patients with schizophrenia or schizoaffective

disorder who continue to experience mild to moderate
positive symptoms but also negative, general, and stress
symptoms despite ongoing antipsychotic treatment,
adding a standardized extract of Withania somnifera may
help reduce these symptoms.

METHODS
Study Design and Overview
This study, a double-blind, randomized, placebocontrolled trial of a standardized extract of Withania
somnifera (Sensoril; Natreon, Inc., New Jersey) added to
ongoing antipsychotic treatment, was conducted from April
2013 to July 2016 at the ambulatory clinics associated with
Comprehensive Recovery Services of Western Psychiatric
Institute and Clinic, University of Pittsburgh Medical
Center, Pittsburgh, Pennsylvania. The trial was approved
by the Institutional Review Board of the University of
Pittsburgh; it was registered at ClinicalTrials.gov (identifier:
NCT01793935) and conducted under an investigational new
drug application to the US Food and Drug Administration.
Subjects were recruited from June 2013 to July 2016. The
study comprised a 1- to 2-week screening period and a
12-week treatment period for each patient.
Subjects
Male or female outpatients aged 18 to 75 years, of any race,
with DSM-IV-TR schizophrenia or schizoaffective disorder
were recruited, and the diagnosis was affirmed by the MiniInternational Neuropsychiatric Interview24 supplemented by
medical records and clinicians. All subjects provided written
informed consent. At study entry, the Positive and Negative
Syndrome Scale (PANSS)25 total score had to be ≥ 60, with a
score of ≥ 5 on any 1 item or a score of ≥ 4 on any 2 items of
the positive symptom cluster or unusual thought content.
Moreover, symptom exacerbation had to extend ≥ 2 weeks
but ≤ 1 year, and patients had to be receiving antipsychotic
agents for ≥ 4 weeks. Symptom exacerbation was defined
(in weeks) using a combination of patient self-report and
clinician or referring psychiatrist confirmation. Study staff
confirmed this information using important chronological
events or holidays to approximately date the exacerbation
and/or reviewed the medical record notes. The rationale for
using this type of target patient population was that, during
the writing of the original grant application, the extant data
indicated that patients with persistent symptoms (over the
course of years) without recent exacerbations were less
likely to benefit from the NSAIDs (eg, celecoxib or highdose aspirin) that had been assessed as adjunct treatments
in schizophrenia. Exclusion criteria included a positive
pregnancy test or positive tests for illicit drugs (marijuana

medical disorders, pregnancy or breastfeeding, known
allergy to WSE, or situations requiring imminent psychiatric
hospitalization. Subjects receiving antibiotics, antiviral or
antiparasitic medications, or immunosuppressive therapy
and patients taking daily NSAIDs or doses of aspirin > 81
mg/d were excluded. As patients were experiencing a recent
exacerbation of symptoms, referring psychiatrists were
permitted to increase the dosage of an antipsychotic drug
or add a second antipsychotic drug. However, switching to
another antipsychotic drug resulted in participants leaving
the study. Psychiatrists were also permitted dosage changes
of mood stabilizers and antidepressants, and they could add
sedative-hypnotic agents as clinically appropriate.
Study Procedures and Study Medications
Subjects meeting all eligibility criteria progressed to a
1:1 randomization to WSE or placebo. A computerized
randomization schedule was generated by the Investigational
Drug Pharmacy Service (IDS) of the University of Pittsburgh
Medical Center, and IDS secured the study medications and
blinded codes. All assessments were conducted doubleblind. The WSE and placebo were constituted as identical
capsules. The WSE capsules contained 250 mg of the
standardized extract along with inactive ingredients. The
placebo capsules contained the same inactive ingredients
and fill weight as the WSE. To mask the smell of the WSE
capsules, the placebo capsules were exposed to fully closed
cloth pouches that contained WSE powder. After a couple
of days, the odor permeated the placebo capsules, making
them smell like the WSE capsules. The active group received
250 mg of WSE twice a day for a total daily dose of 500 mg/d
for the first week, which was titrated to 500 mg twice daily
(1,000 mg/d) at week 2, and this dosage was maintained for
11 weeks, unless tolerability dictated a lower dosage. Pill
counts and reconciliation at each visit served as a measure
of adherence. Including the screening visit, there were a total
of 6 visits over 12 weeks.
Standardization of the WSE Extract
The WSE extract utilized for this study (Sensoril)
ensures a minimum concentration of the critical bioactive
withanolide glycosides and carrier oligosaccharides, but only
traces of withaferin A (US Patent 7318938).26 Manufacturerpatented processes for WSE extraction ensure batch-to-batch
reliability of critical bioactive constituents and ratios of
withanolides to aglycones, as well as a lack of contaminants,
toxins, microbes, and toxic heavy metals, factors that are
crucial for replicating clinical results with herbal-botanical
products.
Assessments
The primary outcomes were assessed using the PANSS
(total and positive, negative, and general symptoms).25
Secondary outcomes included the Perceived Stress Scale27
and the Clinical Global Impressions scale (CGI).28 These
assessments were conducted at every visit during the study.
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Statistical Methods and Outcome Measures
The primary efficacy measure was change from
baseline to end of treatment in PANSS total and PANSS
positive, negative, and general symptoms scores between
the 2 treatment arms. Secondary efficacy measures
included proportions of patients in each treatment group
meeting ≥ 20% improvement in PANSS total, positive,
negative, and general symptom scores. Baseline to end of
treatment PSS total scores and proportions in each treatment
group achieving ≥ 20% improvement in PSS scores were also
secondary efficacy outcomes. Furthermore, time to onset of
any improvements in PANSS or PSS scores (ie, change from
baseline to each visit) between treatments was assessed as a
secondary outcome as were proportions of patients showing
improvement on the CGI-Improvement subscale at the end
of treatment.
Additional secondary outcomes assessed psychotropic
medication changes between treatments. Between treatments
changes in levels of hsCRP, S100B, and cytokines from
baseline to end of treatment were also determined.
Clinical laboratory data, review of medical history,
vital signs, electrocardiograms (ECGs), body weight, and
reporting of adverse events served to assess safety, and the
study was conducted under the auspices of an independent
Data and Safety Monitoring Board (DSMB).
In the absence of prior data for WSE in treating symptoms
of schizophrenia, a guidance that a sample size of 40 to 100
subjects in adjunctive treatment trials in schizophrenia
could provide reasonable power was adopted.29 Moreover,
initial positive studies with celecoxib or aspirin had sample
sizes ranging from 50 to 70 subjects.30,31 An intent-to-treat
analysis was planned of all subjects who were randomly
assigned to either WSE or placebo and who had at least 1 preand post-randomization primary efficacy outcome measure
(PANSS total and subscale scores). For the primary efficacy

between treatment groups in changes from baseline to
end of treatment in PANSS (total and subscale scores) and
PSS scores. This was the a priori statistical analyses plan
described in the protocol. A mixed-model repeated-measures
(MMRM) analysis using an autoregressive covariance matrix
examined the robustness of the primary analyses and the
time to improvement in PANSS and PSS scores from baseline
to end of treatment. This model used treatment, visit, and
treatment-by-visit interaction as fixed effects and subjects
as random effects.
Proportions of subjects in each treatment group who
achieved ≥ 20% improvements were compared using a χ2
test. Cohen d (effect size) was determined using the group
mean change between treatment and placebo from baseline
to study endpoint, divided by the pooled standard deviation.
The number needed to treat (NNT) for ≥ 20% response rates
was calculated as 100/absolute risk reduction. Proportions
of subjects in each treatment group who experienced
antipsychotic or other psychotropic medication changes
were compared using Fisher exact test. Two-tailed hypothesis
testing was conducted, and a P value of ≤ .05 was considered
statistically significant. Statistical analyses were undertaken
blind to treatment assignment.
As distributions of cytokine, hs-CRP, or S100B levels are
affected by the lower limits of the detection sensitivity of
the assays or skewed, it was planned to transform the data
to normalize the distribution and/or use nonparametric
statistics to test statistical significance between treatment
groups. Immune/inflammatory measures were compared
with changes in PANSS (subscales and total) and PSS scores
using Pearson or Spearman correlations. Safety analyses
of vital signs, ECG, laboratory measures, and body weight
were evaluated as either continuous or categorical variables
(normal vs abnormal, etc). Reported treatment-emergent
adverse events were grouped by organ-system and tabulated
by treatment assignment, and rates between treatments were
compared using χ2 or Fisher exact test.
RESULTS

Patient Recruitment and Disposition
As noted in the CONSORT flowchart (Supplementary
Figure 1), 82 subjects were screened for consent and
eligibility, and 68 subjects were randomly assigned to WSE
(n = 34) or placebo (n = 34). One subject in each treatment
group did not take the allocated treatment and provided no
further data. Therefore, 66 patients (n = 33 subjects in each
treatment arm) formed the efficacy-defined intent-to-treat
population. Fifty-nine subjects (89.4%) completed the study,
28 (84.9%) in the WSE group and 31 (93.9%) in the placebo
arm, with no statistically significant differences between
treatments.
Participant Characteristics
None of the demographic, illness, or medication
characteristics (Table 1) differed significantly between the
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The cytokines interleukin (IL)-2, IL-4, interferon (IFN)γ, and IL-6, as well as high sensitivity C-reactive protein
(hsCRP) and S100B, were measured in serum at screening
and at the end of treatment. The cytokines were assayed
at the University of Pittsburgh Medical Center (UPMC)
Immunologic Monitoring Laboratory using a multiplex
Luminex bead technology assay (Invitrogen, Camarillo,
California). The lower limit of detection sensitivity of the
assay was < 6 pg/mL for human IL-2, < 5 pg/mL for IL-4,
< 3 pg/mL for IL-6, and < 5 pg/mL for IFN-γ. Hs-CRP was
measured in mg/L units using a nephelometric method
that employed latex particles coated with CRP monoclonal
antibodies. The lower limit of detection sensitivity of this
commercially available assay (Quest Diagnostic Laboratories)
is 0.2 mg/L. S100B was measured in serum in pg/mL
using a commercially available sandwich enzyme-linked
immunosorbent assay (EMD Millipore, Massachusetts) at
the Immunopathology Laboratories of UPMC. The lower
limit of detection sensitivity of the S100B assay was 2.7 pg/
mL, with the intra- and interassay coefficients of variation
being < 4.8% and 4.4%, respectively.
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Characteristic
Age, mean (SD), y
Gender, male/female, n
Race, white/African American, n
Diagnosis, schizophrenia/schizoaffective, n
Age at onset of first episode, mean (SD), y
No. of lifetime psychiatric hospitalizations, mean (SD)
Duration of illness, mean (SD), y
Duration of current symptoms, mean (SD), wka
Current smokers, n (%)a
Body mass index, kg/m2, mean (SD)a
Psychotropic medicationsa
Atypical antipsychotics, n
Olanzapine equivalent, mean (SD), mg/d
Typical antipsychotics, n
Antidepressants, n
Mood stabilizers, n
Antianxiety, n
Hypnotic/sedative, n
Anticholinergic, n

WSE
(n = 34)
45.18 (12.90)
21/13
12/22
21/13
24.32 (10.89)
7.71 (6.45)
20.85 (12.26)
16.91 (11.02)
22 (67)
30 (7.56)

Placebo
(n = 34)
47.38 (11.37)
14/20
20/14
18/16
24.00 (7.67)
7.76 (6.90)
23.38 (11.61)
14.84 (11.12)
19 (58)
30.33 (8.04)

Statistics
t Test
or χ2 df
P
0.75
66 NS
2.89
1 NS
3.78
1 NS
0.54
1 NS
0.14
66 NS
0.04
66 NS
0.83
66 NS
0.75
64 NS
0.63
2 NS
0.17
64 NS

28
16.39 (8.21)
7
14
9
10
7
8

31
17.37 (13.64)
8
17
13
11
5
11

0.33
0.09
0.06
1.09
0.07
0.41
0.66

57
1
1
1
1
1
1

NSb
NS
NS
NS
NS
NS
NS
NS

an = 33 in each group except duration of illness—2 subjects missing data.

bFisher exact test.
Abbreviations: NS = nonsignificant, WSE = Withania somnifera extract.

Table 2. Baseline, End of Treatment, and Change Scores on PANSS Total and Subscales and PSS and Effect Sizea
Variable
Placebo baseline group, mean ± SD
WSE baseline group, mean ± SD
Placebo end of treatment group, mean ± SD
WSE end of treatment group, mean ± SD
Group mean difference (95% CI)b
Effect size (Cohen d)h

Total PANSS
69.48 ± 8.45
69.88 ± 8
61.48 ± 14.89
53.91 ± 11.40
7.97 (3.25 to 12.69)c
0.83

Positive PANSS
18.97 ± 2.57
19.58 ± 3.34
15.33 ± 4.75
14.39 ± 3.94
1.55 (−0.03 to 3.13)d
0.48

Negative PANSS
17.27 ± 5.25
16.52 ± 4.52
15.88 ± 5.75
12.97 ± 4.46
2.15 (0.88 to 3.42)e
0.83

General PANSS
33.24 ± 5.27
33.79 ± 5.04
30.27 ± 7.45
26.55 ± 4.99
4.27 (1.50 to 7.04)f
0.76

Total PSS Scores
20.55 ± 6.68
20.48 ± 7.27
18.09 ± 6.64
14.67 ± 5.87
3.36 (0.51 to 6.21)g
0.58

aLast observation carried forward—n = 33 in each treatment group.
bBased on unpaired t tests.
ct

P = .001.
P = .055.
64 = 3.38, P = .001.
ft = 3.08, P = .003.
64
gt = 2.36, P = .022.
64
h0.83 (large effect), 0.58, 0.76 (medium effect).
Abbreviations: PANSS = Positive and Negative Syndrome Scale, PSS = Perceived Stress Scale, WSE = Withania somnifera extract.
64 = 3.37,

dt
et

64 = 1.95,

treatment groups. Patients comprised a cohort in their mid
to late 40s, with a DSM-IV-TR diagnosis of schizophrenia
(61%) and with ≥ 20 years of illness and more than 7 lifetime
hospitalizations. The mean duration of the current symptom
exacerbation was nearly 16 weeks. Most patients in either
treatment group (87.9% in WSE and 90.9% placebo) received
atypical antipsychotic agents in similar daily olanzapine
equivalents,32 and 4 subjects each in the WSE and placebo
groups received more than 1 antipsychotic agent. Five WSEassigned and 3 placebo-assigned subjects received clozapine.
Antidepressants, mood stabilizers, anxiolytics, hypnoticsedatives, and anticholinergic agents were evenly distributed
between treatment groups. Adherence ranged from 82%
to 100% among most patients (63/66), with no significant
differences between the 2 treatment groups.
Primary Outcomes
As noted in Table 2, the WSE-treated group achieved
significantly better outcomes on the PANSS negative,

general, and total symptom scores compared to those
assigned to placebo. Treatment effect sizes favoring WSE
ranged from large (negative and total symptoms, Cohen
d = 0.83) to medium (general symptoms, Cohen d = 0.76).
PANSS positive symptom scores improved more in the WSE
group compared to placebo but did not achieve statistical
significance (Cohen d = 0.48). MMRM analyses confirmed
the primary statistical analyses. Based on referee suggestions,
we undertook a post hoc analysis of subjects entering the
study with moderate severity PANSS negative symptom
scores (defined as a score of ≥ 4, moderate or greater severity,
on 2 or more items). Even though only a small number of
subjects met this restrictive criterion (n = 9 WSE, n = 12
placebo), a highly significant reduction in PANSS negative
symptom subscores was observed in the WSE-treated group
(mean ± SD change score: 4.22 ± 2.86) vs placebo (0.25 ± 2.14)
(t19 = 3.65, P = .002) with nearly double the effect size (Cohen
d = 1.61, 95% CI = 0.61 to 2.6) that we had observed for the
entire sample.
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Figure 1. Change in PANSS Negative, General, Total, and Positive Scores Relative to Baseline Values by Treatmenta Group
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aVisit 1 = baseline, Visit 2 = randomization, Visit 3 = 2 weeks, Visit 4 = 1 month, Visit 5 = 2 months, Visit 6 = 3 months. Values are expressed as means; bars indicate

standard error.
Abbreviations: PANSS = Positive and Negative Syndrome Scale, WSE = Withania somnifera extract.

Secondary Outcomes
WSE-treated subjects experienced significant reductions
in PSS stress scores compared to placebo (Cohen d = 0.58)
(Table 2). MMRM analyses provided the results for time to
onset of improvements in the PANSS and PSS scale scores
between treatment groups (Supplementary Table 1). The
time to significant separation in PANSS negative, general,
and total symptoms and PSS scores favoring WSE over
placebo began at Visit 4 (ie, at 4 weeks of treatment) and
was sustained throughout the remainder of the 12-week
study (Figure 1A, 1B, and 1C and Supplementary Figure 2).
WSE-treated patients were significantly more likely to
achieve ≥ 20% improvements in PANSS negative, general,
and total symptom scores, but not positive symptom scores,
compared to those assigned to placebo (Table 3). The NNT
to achieve 1 additional such outcome with WSE ranged
from 3 for negative symptoms to 4 for general and total
symptoms (Table 3). Twenty percent or greater improvement
in PSS stress scores also favored the WSE group compared
to placebo (Table 3). The proportion of patients rated as
improved on the CGI-Improvement subscale by the end of
treatment did not differ significantly between treatments
(WSE: 12/33 [36.4%] vs placebo: 8/33 [24.2%]).
Use of Antipsychotic
and Other Psychotropic Medications
Nine (27.3%) of the placebo-assigned subjects either had
their antipsychotic drug dosage increased (n = 8) or had a
second antipsychotic drug added (n = 1); by comparison, 2
(6.1%) WSE-treated subjects had their antipsychotic drug
dosage increased (Fisher exact P = .044). The antipsychotic

drug dosage increases in both groups were with newer
generation antipsychotic agents, and PANSS negative
symptom change scores for the 2 WSE-assigned subjects
and the 9 placebo-treated subjects were similar to the results
for the entire sample presented earlier (data not shown).
Other psychotropic medication changes were few and not
significantly different between treatments.
Inflammation Markers
Although hsCRP and S100B levels declined in the
WSE-treated group (Supplementary Figure 3A and 3B)
and increased among those assigned to placebo, these data
were skewed, and the Mann-Whitney U test showed no
statistically significant differences between treatments. A
decline in mean (SD) hsCRP levels (before treatment to end
of treatment) of 1.08 (6.98) mg/L was observed in the WSE
group versus an increase in the placebo group of 1.55 (5.58)
mg/L (Mann-Whitney U = 372.5, P = .25). A decline in S100b
levels in the WSE-treated group was seen, of 12.98 (112.89)
pg/mL, versus an increase in the placebo group, of 27.54
(145.41) pg/mL (Mann-Whitney U = 469.5, P = .72). We
further examined correlations between changes in hsCRP
levels (from baseline to end of treatment) and corresponding
changes in PANSS scores (total, positive, negative, and
general psychopathology subscores) in the 2 treatment
arms separately. No correlations were observed between
inflammatory and clinical parameters. The nonsignificant
results were confirmed using simple linear regression with
change in hsCRP level as the dependent variable and change
in PANSS scores as the independent variables. A similar
pattern of results was obtained for S100b.
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Table 3. PANSS and PSS Scores—Proportions of Subjects With ≥ 20% Improvement vs Not and
NNT

Variable
Placebo, n (%), n = 33
WSE, n (%), n = 33
NNT (95% CI)

Total PANSS
10 (30)
20 (61)a
4 (1.9 to 13.5)

Positive PANSS
19 (58)
25 (76)
6 (−4.14 to 40.5)

Negative PANSS
6 (18)
18 (55)b
3 (1.7 to 6.7)

General PANSS
9 (27)
19 (58)c
4 (1.9 to 13.2)

Total PSS Scores
15 (45)
25 (76)d
4 (1.9 to 12.7)

bχ2 = 9.43, P = .002.
cχ2 = 6.20, P = .013.

dχ2 = 6.35, P = .012.

Abbreviations: NNT = number needed to treat, PANSS = Positive and Negative Syndrome Scale, PSS = Perceived Stress
Scale, WSE = Withania somnifera extract.

Table 4. Adverse Events Reported at ≥ 5% in Either Treatment
Group
Adverse Event
Gastrointestinal disorders
Loose stool/diarrhea
Dry mouth
Nausea
Dyspepsia (heartburn)
Epigastric discomfort/stomach pain
Psychiatric disorders
Anxiety
Hyperactive
Confusion
Worsening of psychiatric symptoms
Neurologic/nervous system disorders
Somnolence
Headache
General disorders
Fatigue/lethargy
Skin manifestations
Rash
Metabolism and nutrition
Weight gain

WSE
(n = 33)

Placebo
(n = 33)

n (%)

n (%)

6 (18.1)
2 (6.1)
2 (6.1)
3 (9.1)
3 (9.1)

5 (15.5)

2 (6.1)

3 (9.1)
2 (6.1)
2 (6.1)

2 (6.1)

2 (6.1)
1 (3.0)

7 (21.1)
2 (6.1)

3 (9.1)
4 (12.1)

2 (6.1)

2 (6.1)

2 (6.1)
2 (6.1)

1 (3.0)

Abbreviation: WSE = Withania somnifera extract.

Cytokines
Over 90% (n = 60) of the subjects had detectable
IL-6 levels, whereas only 12.1%, 13.6%, and 19.7% of
the subjects had detectable IFN-γ, IL-4, and IL-2 levels,
respectively. Therefore, we decided to analyze only IL-6.
The distribution of the IL-6 levels was right skewed, and
there were no statistically significant differences between
the WSE and placebo groups (Mann-Whitney U test). IL-6
levels in the WSE-treated group changed from 3.37 (2.53)
before treatment to 3.40 (2.51) pg/mL at the end of treatment
and in the placebo group declined from 4.29 (3.34) pg/mL
before treatment to 3.87 (3.5) pg/mL at the end of treatment
(Mann-Whitney U = 458, P = .92).
Weight, Body Mass Index, and Vital Signs
These measures are shown in Supplementary Table 2.
At the end of the treatment period, WSE-treated subjects
gained a mean of 2.4 lb compared to 1.72 lb in the placebo
group. Systolic and diastolic blood pressure readings, pulse,
and temperature differences in the 2 treatment arms were

not significantly different from baseline to end of the
treatment period.
Adverse Events
There were no statistically significant differences between
treatments for adverse events that were reported at ≥ 5% in
either group. The DSMB classified these adverse events as
mild to moderate, and they were all reported as transient
(Table 4). Somnolence (21.1%), loose stool/diarrhea
(18.1%), epigastric discomfort/stomach pain (9.1%), dry
mouth (6.1%), hyperactivity (6.1%), rash (6.1%), and weight
gain (6.1%) were more common in the WSE group, whereas
headache (12.1%), anxiety (6.1%), and confusion (6.1%)
were more common in the placebo group.
DISCUSSION
Pending future replication, this early study suggests
that a standardized extract of Withania somnifera, when
added adjunctively to antipsychotic medications, provides
significant benefits for negative, general, total, and stress
symptoms in patients with schizophrenia experiencing
an exacerbation of symptoms. Improvements with WSE
treatment in PANSS negative, general, total, and stress
symptoms were first noted at 4 weeks and continued
through the 12-week study period. WSE has shown
benefits for anxiety, stress, and depression in separate
clinical trials,20,21,33 and the improvements in stress and
PANSS general symptoms in the current study suggest
similar benefits for patients with schizophrenia. The
PANSS general psychopathology scale includes 16 items
related to depression, anxiety, and motor activity and to
phenomena such as preoccupation, social avoidance, poor
impulse control or volitional disturbance, attention and
concentration, judgment, and insight, among others.25 Even
though positive symptom scores under WSE treatment were
not significantly better than in the placebo group, there were
significantly more antipsychotic medication adjustments in
the placebo group.
The large treatment effects of WSE for negative, general,
and total symptoms of schizophrenia are especially
encouraging given that a meta-analysis14 of adjunctive antiinflammatory agents (celecoxib and aspirin) determined a
significant but small treatment effect for positive symptoms
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GABA) and excitatory pyramidal cells.46–48 Downstream
effects of these neurotransmitter dysfunctions are thought
to result in the emergence of positive and negative symptoms
and cognitive impairments in schizophrenia.47,49,50 WSE
is known to attenuate glutamate excitotoxicity51; protect
against deleterious propoxur-induced anticholinergic
brain and cognitive dysfunction52; and recover dopamine
levels and attenuate glial fibrillary acidic protein, a
proinflammatory marker of astrocyte activation, in a mouse
model of parkinsonism.53 Furthermore, WSE was shown
to have GABAergic activity on hippocampal pyramidal
neurons,54 and this same group of investigators used a
patch-clamp technique to show that WSE potentiated
NMDA receptors on pyramidal neurons,55 an effect blocked
by strychnine, indicating glycinergic activity. It is notable
that agents acting on the glycine receptor (eg, glycine,
d-cycloserine, sarcosine, and N-acetyl cysteine) have been
assessed for improving NMDA receptor functioning,56 with
the hypothesis being that such agents can improve negative
symptoms and/or cognitive impairments in schizophrenia,
although not all studies have been positive.57 In summary,
WSE has potent anti-inflammatory, immunomodulating,
and antioxidant properties and importantly, NMDA
potentiating and GABAergic activity. These properties
make WSE a particularly attractive candidate to test as an
adjunctive treatment for persons with schizophrenia whose
symptoms, particularly negative, general, and stress-related
symptoms and cognitive impairments, are suboptimally
responsive to standard antipsychotic drugs.

Limitations
Future work with WSE could recruit patients based on
Th1/Th2 criteria or other inflammatory indices (eg, hsCRP
or S100b). Subsequent studies could evaluate cognitive
benefits of WSE in a more stable patient group. However,
aspirin did not show cognitive benefits in symptomatic
patients with schizophrenia.31 Studies of longer duration
with WSE could include functional assessments. The
rationale for the higher daily dosage (1,000 mg/d, as opposed
to 500 mg/d in our earlier study22) was driven by acuity
(ie, patients experiencing an exacerbation of symptoms)
and another study that used the same WSE extract and
higher dosage for cognitive benefits with no increase in
side effects.58 Changes in vital signs, body weight, clinical
laboratory, and ECG measures were generally unremarkable
in the 12-week study, suggesting good tolerability of WSE.
Nevertheless, the upper and lower bounds of the daily
dosage of WSE need to be determined.
CONCLUSION
A standardized extract of Withania somnifera, when
added adjunctively to antipsychotic medications in
patients with schizophrenia experiencing an exacerbation
of symptoms, provides benefits for negative, general, and
total symptoms and stress.
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parvalbumin-containing
interneurons
(inhibitory via

(Hedges g = −0.189), and trend-level treatment effect for
total symptoms (Hedges g = −0.236), but no benefit for
negative symptoms of schizophrenia. Furthermore, a recent
systematic review of 42 cotreatment strategies (added to
antipsychotic drugs) concluded that only the NSAID metaanalyses14 met the content-quality criteria, and that too at
a modest score.34
In the present study, even though the WSE-treated group
experienced greater declines in both S100B and hsCRP
relative to the placebo group, the differences between
treatments were not statistically significant. S100B is secreted
by astrocytes and oligodendrocytes and is considered a
marker of central nervous system (CNS) inflammation.
WSE has known anti-inflammatory properties, including
COX-2 inhibition, suppression of NF-κB activation, and
attenuation of pro-oxidant and inflammatory responses in
microglial and astrocytic cells and enhancement of Nrf2/
ARE reporter activity in astrocytes.15,16,19,35,36 Importantly,
in stressed animals, WSE enhances type-1 immunity, that
is, promotes normalization of IL-2 and IFN-γ levels and
significantly improves antioxidant and lipid peroxidation
indices.17,18 Furthermore, human studies have shown
that WSE induces the proliferation of CD4+ and CD8+
T cells.37 These separate lines of inquiry appear to point
to WSE’s favorable induction of type-1 cytokines and
anti-inflammatory and antioxidant actions in the CNS.
Müller and Schwarz1 have argued that an imbalanced
immune-inflammatory system in the CNS in persons with
schizophrenia can disrupt dopaminergic-glutamatergiccholinergic neurotransmission; this is likely mediated via
increased production of kynurenic acid, an N-methyld-aspartate (NMDA) receptor antagonist. Over- or
underactivity of dopamine, glutamate, and acetylcholine
neurotransmitters has been implicated in various symptom
clusters (positive, negative, cognitive, motor, sleep, etc)
in schizophrenia.9,10,38 We measured cytokines in serum
rather than by stimulation of blood,13,31 and 3 cytokines
(IL-2, IL-4, and IFN-γ) were detected in only a minority of
subjects. Therefore, we were unable to test the hypothesis
that rebalancing the Th1/Th2 ratio with WSE treatment
would mediate a greater reduction in psychopathology.
In Ayurvedic medical practice, ashwagandha has been
used as an “adaptogen,” ie, an agent used to increase
the bodily resistance to stress and disease. Modern
laboratory data indicate that bioactive constituents of
WSE (eg, withanolide glycosides) have potent brain
antioxidant, anti-inflammatory, and memory-enhancing
activity.15–19,35–37,39–42 There is long-standing support
for the notion that persons with schizophrenia show
poor antioxidant defenses.43 Recent reviews that have
synthesized animal and clinical data posit a multidirectional
pathophysiologic central hub in schizophrenia involving
a triad of poor redox capacity, neuroinflammation, and
NMDA receptor hypofunction.44,45 It is argued that
this pathophysiologic triad mediates dysfunction of
dopaminergic, cholinergic, and glutamatergic (NMDA)
neurotransmission in neural circuits involving cortical
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Supplementary
Figure 1

Patient Disposition in Study
Enrollment
Assessed for eligibility/consent
(n=82)

Excluded (n=14)
♦ No longer interested (n = 6)
♦ Ineligible (n=5)
♦ No show (n=1)
♦ Other (n=2)
Randomized (n=68)

Allocation
Allocated to Sensoril WSE (n=34)
♦ Received allocated intervention (n=33)
♦ Did not receive allocated intervention (n = 1)

Allocated to Placebo (n=34)
♦ Received allocated intervention (n= 33)
♦ Did not receive allocated intervention (n=1)

Double Blind Phase
Completed Study (n=28)
Discontinued Interventions (n= 5)
Reasons:
Hospitalization due to stopping all
meds/substance abuse (n = 2)
C/o side effects (n = 2)
Pregnancy (n = 1)

Completed Study (n=31)
Discontinued Interventions (n=2)
Reasons:
Hospitalization due to stopping all
meds/substance abuse (n=1)
Non-adherent (n=1)

Analysis
Efficacy and Safety Analysis (n=33)

Efficacy and Safety Analysis (n=33)
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Supplementary Figure 2. Change in Perceived Stress Scale Scores
WSE

Placebo

0

Improvement from baseline

1
2
3
4
5
6

**

7

*

8

Visit 1

Visit 2

Visit 3

Visit 4

***
Visit 5

Visit 6

PSS scores: *Visit 4: p = 0.025, ** Visit 5: p=0.051, *** Visit 6: p = 0.004, see Supplementary e table 1 for mixed model repeat
measures analyses
Visit 1 = baseline, Visit 2 = randomization, Visit 3 = 2 weeks, Visit 4 = 1 month, Visit 5 = 2 months, Visit 6 = 3 months
WSE = Withania somnifera extract
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hsCRP Levels in Patients Receiving Withania somnifera
Extract or Placebo Before and End of Rx

Supplementary Figure 3a
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Placebo Group
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End of Rx

hsCRP declined more in the WSE group , but was not significantly different from placebo
SE = standard error
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S100b Levels in Patients Receiving Withania somnifera Extract
or Placebo Before and End of Rx

Supplementary Figure 3b
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S100b declined more in the WSE group , but was not significantly different from placebo
SE = standard error
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Supplementary Table 1.
MMRM Analyses Showing Parameter Estimates of Fixed Effects for Treatment*Visit Interaction, i.e.
Time Points at which the Group Receiving WSE Separates from Placebo, when compared to the
baseline for PANSS total, positive, negative, general scores and for PSS scores
PANSS Total: Estimate of Fixed Effects
PARAMETER
ESTIMATE
Treatment * Visit 2
-.515152
Treatment * Visit 3
-.787879
Treatment * Visit 4
-4.072527
Treatment * Visit 5
-6.864101
Treatment * Visit 6
-9.473726

STD. ERROR
1.968737
1.959733
1.949700
1.899797
1.667723

df
141.010
155.444
194.688
279.499
276.864

t
-.262
-.402
-2.089
-3.613
-5.681

SIGNIFICANCE
.794
.688
.038
.000
.000

PANSS Positive Symptoms: Estimate of Fixed Effects
PARAMETER
ESTIMATE
STD. ERROR
Treatment * Visit 2
.060606
.617366
Treatment * Visit 3
-.666667
.616855
Treatment * Visit 4
-.902528
.620219
Treatment * Visit 5
-1.351543
.618590
Treatment * Visit 6
-1.775091
.569877

df
195.375
200.967
223.652
285.002
260.751

t
.098
-1.081
-1.455
-2.185
-3.115

SIGNIFICANCE
.922
.281
.147
.030
.002

PANSS Negative Symptoms: Estimate of Fixed Effects
PARAMETER
ESTIMATE
STD. ERROR
Treatment * Visit 2
-.303030
.597105
Treatment * Visit 3
-1.000000
.591561
Treatment * Visit 4
-1.312029
.582846
Treatment * Visit 5
-1.802597
.558483
Treatment * Visit 6
-2.493988
.477042

df
132.779
153.844
202.762
290.218
277.190

t
-.507
-1.690
-2.251
-3.228
-5.228

SIGNIFICANCE
.613
.093
.025
.001
.000

PANSS General Psychopathology: Estimate of Fixed Effects
PARAMETER
ESTIMATE
STD. ERROR
Treatment * Visit 2
-.272727
1.031668
Treatment * Visit 3
.060606
1.029368
Treatment * Visit 4
-2.783958
1.030242
Treatment * Visit 5
-3.669332
1.016119
Treatment * Visit 6
-5.133275
.912648

df
173.633
183.881
215.906
288.116
266.489

t
-.264
.059
-2.702
-3.611
-5.625

SIGNIFICANCE
.792
.953
.007
.000
.000

PSS Score: Estimate of Fixed Effects
PARAMETER
ESTIMATE
Treatment * Visit 2
-.119485
Treatment * Visit 3
-1.783088
Treatment * Visit 4
-2.924631
Treatment * Visit 5
-2.582204
Treatment * Visit 6
-3.911671

df
288.114
288.114
289.636
289.466
235.515

t
-.093
-1.389
-2.253
-1.958
-2.935

SIGNIFICANCE
.926
.166
.025
.051
.004

STD. ERROR
1.283891
1.283891
1.297917
1.318522
1.332804
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Visit 2 = randomization, Visit 3 = 2 weeks of Rx, Visit 4 = one month of Rx, Visit 5 = two months of Rx and
Visit 6 = three months of Rx
Abbreviations: MMRM = mixed model repeat measures analyses, PANSS = Positive and Negative
Syndrome Scale, PSS = Perceived Stress Scale
It is important for the reader to note that even though the PANSS positive symptom scores for WSE at
Visits 5 and 6 are statistically significant versus placebo, that the overall Main Effect for PANSS positive
symptoms was not significant.
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Between Groups
Statistics

Supplementary Table 2 - Changes in Weight, Body Mass Index and Vital Signs
WSE

Placebo

Baseline
Mean (SD)
N = 33

End of Rx
Mean (SD)
N = 33

Delta
Mean (SD)
N = 33

Baseline
Mean (SD)
N = 33

End of Rx
Mean (SD)
N = 33

Delta
Mean (SD)
N = 33

t-test, df, p,

Body Weight (lbs)

194.61 (49.57)

197.00 (51.94)

2.40 (7.04)

191.33 (41.29)

193.06 (41.33)

1.73 (5.66)

0.42, 64, p = 0.67

Body Mass Index

30.00 (7.56)

30.33 (8.04)

0.33 (1.08)

30.36 (6.35)

30.56 (6.24)

0.20 (0.91)

0.53, 64, p = 0.60

Systolic (mm/Hg)

124.67 (10.53)

123.36 (9.30)

-1.31 (8.36)

123.42 (15.32)

118.39 (23.19)

-5.03 (25.24)

0.81, 64, p = 0.42

Diastolic (mm/Hg)

79.15 (7.95)

79.06 (7.31)

-0.09 (6.27)

76.52 (11.52)

75.55 (13.21)

-0.97 (13.60)

0.34, 64, p = 0.74

76.18 (13.38)

75.42 (14.64)

-0.76 (10.59)

74.91 (11.75)

76.42 (9.56)

1.51 (8.53)

0.96, 64, p = 0.34

Blood Pressure

Pulse (beats/min)

Temperature (◦F)
97.38 (0.57)
97.37 (0.73)
-0.01 (0.62)
97.36 (0.72)
97.31 (0.46)
0.05 (0.51)
Abbreviations: SD= standard deviation, Rx= treatment, df= degrees of freedom, WSE = standardized extract of Withania somnifera

0.53, 63, p = 0.60
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