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Abstract

Objective: This study investigated the immunologic effects of Ashwagandha (Withania somnifera) on four types
of immune cells in a human sample to determine the immunologic mechanism.
Design: Five (5) participants consumed 6 mL of an Ashwagandha root extract twice daily for 96 hours. Ash-
wagandha was administered with anupana (whole milk). Peripheral blood samples were collected at 0, 24, and 96
hours and compared for differences in cell surface expression of CD4, CD8, CD19, CD56, and CD69 receptors by
flow cytometry.
Results: Significant increases were observed in the expression of CD4 on CD3þ T cells after 96 hours. CD56þNK
cells were also activated after 96 hours as evidenced by expression of the CD69 receptor. At 96 hours of use,
mean values of receptor expression for all measured receptor types were increased over baseline, indicating that
a major change in immune cell activation occurred across the sample.
Conclusions: Effects on immune cell activation with use of Ashwagandha warrant further study.

Introduction

Ashwagandha (Withania somnifera Dunal), has been
used for centuries in Ayurvedic medicine to treat diverse

ranges of illness. Ashwagandha is a member of the Ayurvedic
class of herbs called rasyana, long prized for ‘‘rejuvenating’’
effects on health.1 Ashwagandha is known in the West as an
adaptogen, believed to assist the body in achieving appro-
priate responses to stressors, both acute and chronic.2,3 Ad-
verse effects associated with chronic stress include decreased
insulin sensitivity, irregularities in endogenous glucocorti-
coids, cognitive impairment, and immunosuppression.4 Over
recent decades, several adaptogens have been investigated for
effects on these states of physiologic impairment. Only a
handful of in vivo human investigations of Ashwagandha
have been conducted, and only one was concerned with the
effects of Ashwagandha on lymphocyte activity.

Eight (8) clinical studies have examined physiologic effects
of Ashwagandha alone or in combination with other inter-
ventions. One study using powdered Ashwagandha and
milk in children 8–12 years old demonstrated significant in-
creases in RBC hemoglobin and in hand grip strength in
children who received Ashwagandha and milk for 60 days as
compared to placebo control.5 Another study in adult men
(aged 50–59), displayed significant increases in red blood cell

count and hemoglobin count, as well as a significant de-
crease in erythrocyte sedimentation rate, significant im-
provements in seated stature, hair melanin, and self-reported
sexual function after taking Ashwagandha for 1 year.6

The efficacy of an herbomineral formulation containing
Ashwagandha was evaluated in participants with osteoar-
thritis in a double-blind, placebo controlled, crossover study.
At the end of the 3-month trial, results demonstrated that the
formulation produced significant improvement in both se-
verity of pain and disability scores.7 Another study using an
aqueous extract of Ashwagandha root powder demonstrated
a short-term chondroprotective effect on damaged osteoar-
thritic cartilage matrix in 50% of patients and an in vitro
protective effect due to inhibition of gelatinase activity of
collagenase type 2 enzyme.8

Two (2) studies of geriatric populations compared the
use of yoga, Ayurveda (including Ashwagandha), and pla-
cebo interventions for depression and insomnia. Each of
the two studies lasted 24 weeks; neither one demonstrated
significant results due to the use of Ayurveda and Ashwa-
gandha.9,10

In another small clinical investigation, 6 volunteers with
type 2 diabetes mellitus and 6 volunteers with hypercholes-
terolemia participated in a 30-day intervention using Ash-
wagandha powder. Significant decreases were demonstrated
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in urine volume, urine sodium, serum cholesterol, triglycer-
ides, low-density lipoprotein and very-low-density lipopro-
tein; a decrease in blood glucose comparable to that of oral
hypoglycemic agents was also observed.11

In the only study that reported immunologic outcomes, a
polyherbal formulation containing Ashwagandha was ad-
ministered to 36 HIVþ participants for 18 months. Over the
trial, participants displayed a significant increase in CD4þ
T-cell count and a significant decrease in mean viral load. 12

Several animal studies have demonstrated the effects of
Ashwagandha on the immune response in mice.13–22 It has
been observed to promote significant increase in the prolif-
eration of CD4þ and CD8þ T cells, as well as NK cells.14,18

Ashwagandha has been shown to induce production of cy-
tokines associated with a specific type of immune response
(Th1) known to be beneficial for fighting bacteria and
viruses.13,14,18,19

Extract of Ashwagandha has been demonstrated to protect
mice from lethal doses of Listeria monocytogenes and induce
lymphocyte proliferation and interferon (IFN)-g produc-
tion.21 Antibacterial activity of Ashwagandha extract against
Staphylococcus aureus and Pseudomonas aeruginosa has been
documented in vitro, as have antifungal properties. Also,
four studies demonstrating Ashwagandha’s effects against
Plasmodium spp in vitro and in animal models have been
documented. These observations add to the evidence re-
garding potential antimicrobial effects of Ashwagandha.23–29

While animal studies and in vitro studies suggest that
Ashwagandha has beneficial immune effects, translation to
humans is complicated because the number of in vivo clinical
studies is so small and because modern research has left
traditional modes of administration largely unexplored;
Ashwagandha is traditionally administered simultaneously
with anupana.

According to Ayurveda, anupana is an ‘‘after-drink’’ sub-
stance that invigorates, gives contentment, helps proper
movement within the body, and helps to promote proper
digestion of the substance with which it is given.30 Anupana
is believed to help direct the action of the herb to specific
body systems and possibly make the herb more bioavailable.
In traditional Ayurveda, Ashwagandha is administered with
anupana; thus, studies that examine the mechanistic effects of
Ashwagandha must include this step.

The importance of early phase research in complementary
and alternative medicine (CAM) cannot be overstated. Early
phase pilot studies and short-term investigations with small
sample sizes allow CAM researchers to ascertain the value of
pursuing particular investigations without committing un-
due resources to them.31 This study was implemented to
ascertain the value of a commitment to conducting ongoing
clinical research into the mechanisms of Ashwagandha ef-
fects on immune function.

The study presented herein examined the effects of Ash-
wagandha, taken with ultrapasteurized organic cow’s milk,
on activation and population changes of leukocytes in heal-
thy human participants over a 96-hour period. The purpose
of the study was to determine the mechanism of how Ash-
wagandha might elicit its immune effects. Activation was
determined by cell surface receptor expression of the acti-
vation marker CD69, concurrent with CD4 and CD3 on CD4
T-helper cells, CD8 and CD3 on cytotoxic T lymphocytes

(CTLs), CD19 on B cells, and CD56 on natural killer (NK)
cells. Activation of T- lymphocytes, NK cells, and B cells
induces CD69 expression on the cell surface.32–35 Under-
standing the affects of Ashwagandha on the immune system
will allow clinicians to determine the most appropriate times
for administration.

Methods

Study design

A nonexperimental design was employed to explore the
actions of Ashwagandha on immune function with a base-
line assessment, treatment, and follow-up assessments. As an
early phase pilot, the design of the study was focused on
assessing the feasibility and value of a sustained research
investment on this topic. Therefore, it was designed to be
conducted in a small sample, without controls or blinding
procedures, to test for differences over a short duration. A
summary of the study outline is presented in Figure 1.

Participants

The study protocol was approved by the Institutional
Review Board (IRB) of the National College of Natural
Medicine (NCNM), Portland, OR, IRB approval number:
02202007A. The study was conducted May 2007 through
August 2007 at the research laboratory of the Helfgott Re-
search Institute Portland, OR. Five (5) participants took
Ashwagandha liquid extract for a period of 96 hours. Re-
cruitment occurred by word of mouth and via paper and
electronic notices posted to community message boards ac-
cessible to the student body at NCNM. Eight (8) potential
participants were interviewed on a rolling basis and were
selected according to the inclusion and exclusion criteria
below (Table 1). Two (2) male and 3 female participants (age
range 23–29 years, mean age 26 years), provided written
consent, completed the study, and were compensated for
their time.

Botanical sources

Botanical material was procured from Pacific Botanical
Certified Organic Herb Farm, USA. The herb was collected
by Dori J. Maron, QC manager from Pacific Botanicals Fields,
Grants Pass, OR. The botanical specimen was identified as
Ashwagandha (Withania somnifera, Dunal), by AHP, Certifi-
cate Nr. 24. A voucher specimen of the botanical material
used to create the study extract is cataloged and preserved at
Gaia Herbs, Gaia #115121107.

Extract

Withania somnifera extract was obtained from Gaia Herbs,
Brevard, NC. The product liquid was a grain ethanol and
spring water extraction of dried, macerated W. somnifera,
Dunal roots at a ratio of 3:1. The extract was processed by
low heat evaporation to a final alcohol concentration of
53.13%. No marker compound was chosen for the extract
and no standardizations were made. Certificate of analysis
on the product was prepared by Gaia Herbs on October 13,
2006. Microbial testing reported that Escherichia coli and
Salmonella were absent in 10 g; fewer than 10 yeast and fewer
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than 10 mold spores were present in total. The bacterial
endotoxin=lipopolysaccharide (LPS) concentration of the
product was assessed on September 8, 2008 by Limulus
amoebocyte lysate test and was found to be 21.0 EU=mL, or
approximately 2.1 ng=mL. Participants were supplied with
70 mL of the extract and were instructed to self-administer
6 mL orally twice daily (am=pm) for 5 days.

Milk

Cow’s milk was chosen as the anupana in this study be-
cause it is readily available and is generally considered, in
Ayurveda, the most suitable anupana for medicinal sub-
stances such as Ashwagandha. Participants were excluded if
they self-reported sensitivity to dairy foods during screening.
One (1) gallon of ultrapasteurized organic whole milk was
provided to each participant on Day 1 of the study. The
participants were instructed to drink 8 fluid ounces with
each administration of Ashwagandha extract.

Sample collection

Participants provided blood samples at times, t¼ 0, 24,
and 96 hours. At each of the three measurements, certified
phlebotomists collected blood samples into cell separation
tubes containing sodium heparin and a polyester gel plug.
Samples were separated by centrifugation at 258C, 1800
relative centrifugal force (RCF) for 15 minutes. The Buffy
coat layer was transferred to a 15-mL conical tube and

centrifuged at 48C, 1500 RPM for 20 minutes, then prepared
for analysis by FACScan flow cytometry.

Cell preparation

Leukocytes separated from the centrifuged blood sample
were fluorescently labeled using monoclonal immunoglo-
bulin G mouse anti-human antibody specific for each re-
ceptor type or isotype control. Samples were analyzed using
FACScan flow cytometry to identify and determine the

FIG. 1. Study design. POMS, Profile of Mood States; STAI, State-Trait Anxiety Inventory; NCNM, National College of
Natural Medicine.

Table 1. Inclusion=Exclusion Criteria

Inclusion criteria:

� 18–65 years old
� A student at the National College of Natural Medicine

Exclusion criteria:

� Fear or aversion to needles or blood draws
� Recent infection or immunocompromised
� Allergy to cow’s milk
� Pregnancy
� Known herb allergies
� Allergies or medical contraindications to alcohol
� Medication contraindications, such as: benzodiazepines,

CNS depressants, immunosuppressants, and thyroid hor-
mone and supplements

CNS, central nervous system.
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FIG. 2. Count and surface receptor expression at 0, 24, and 96 hours in 5 participants taking Ashwagandha extract and milk.
CD4 expression is shown in (A), CD8 expression in (B), CD19 expression in (C), and CD56 in (D). Cells were stained with
fluorescent antibody as described in the Methods section. Dashed line represents t¼ 0 hours, thin line represents t¼ 24 hours,
and bold line represents t¼ 96 hours. FITC, fluorescein isothiocyanate conjugated.
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number of various immune cells present per 20,000 cell
sample, as well as their relative expression of certain surface
receptors including CD69. This procedure was repeated at 0,
24, and 96 hours immediately following the blood sample
collections from each participant.

Primary analysis

To control for alphawise error, a multivariate analysis of
variance (MANOVA) was performed on the mean fluores-
cent intensity (MFI) data from the four antibody-labeled cell
types. Initially, a MANOVA was used to compare receptor
expression at baseline to receptor expression at 24 hours. If
that result was statistically significant, then a comparison of
receptor expression at 24 hours to 96 hours was planned. If
the initial comparison was not significant, then a comparison
of receptor expression at baseline to receptor expression at
96 hours was planned. Paired t-tests were used to determine
p-values for CD69 expression and individual receptor ex-
pression on individual cell types.

Results

Surface receptor protein expression and the change in that
expression from the baseline level over time can be used to
measure cell activation and changes in their count. Each of
the four types of immune cells measured in this study is

identified by a unique combination of receptors. For exam-
ple, CD4þ and CD8þ T cells were identified by the expres-
sion of the CD3 receptor (T-cell receptor signaling complex)
as well as either CD4 or CD8. Fluorescent antibody bound to
each of the receptors is detectable by flow cytometry. An
increase in MFI between two time points demonstrates ac-
tivation. This increase in receptor expression is shown
graphically by a shift to the right on the x-axis on a histogram
(Fig. 2), or in the area of density on a dot plot (Fig. 3).
Increases in cell population are measured by an increase in
the size of the peak on a histogram or an increase in the
number of cells in the gate on a dot plot (Fig. 3). Activation of
CD4þ T cells, CD8þ T cells, B cells, and NK cells is further
determined by co-expression of CD69 with the cellular
markers.

Log transformations were performed on the raw data to
reduce variance. The MANOVA comparing receptor ex-
pression of CD69 of all four cell types at baseline to receptor
expression at 24 hours was not significant, F(1,4)< 1,
p> 0.75, observed power was 0.06. Accordingly, the second
contrast was performed comparing baseline to 96 hours. That
MANOVA was significant, F(1,4)¼ 15.1, p< 0.02, with a
moderate to large effect size, Z2¼ 0.79. Observed power was
0.82. Representative data for CD69 expression on CD4 T cells
is shown in Figure 3. Means for CD69 expression on CD4 T
cells, CD8 T cells, NK cells, and B cells at baseline, 24 hours,
and 96 hours are displayed in Table 2.

FIG. 3. Dot plot representation of CD4 expression versus CD69 expression data (above) and CD4 isotype control versus
CD69 isotype control data (below), in participant 5 taking Ashwagandha over 96 hours. Each dot represents an individual
cell stained for CD4 and CD69 (above) or an isotype control cell which received no staining (below).
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As can be seen from Table 2, all cells had higher receptor
expression over time. This indicates activation of the differ-
ent cell types. The CD56þNK cell line displayed a significant
increase in CD69 expression at 96 hours relative to baseline
( p< 0.01). Significant increases in CD69 expression were also
observed in the CD4þ cells between the 24-hour and 96-hour
measurements ( p< 0.02).

The MANOVA comparing the expression of the individ-
ual cell types at baseline to expression at 24 hours was also
not significant, F(1,4)< 1, p> 0.50, observed power¼ 0.09.
The second contrast comparing baseline to 96 hours trended
toward significance, F(1,4)¼ 5.6, p< 0.08, partial Z2 ¼ 0.58,
observed power¼ 0.44. Means for CD4 T cells, CD8 T cells,
NK cells, and B cells at baseline, 24 hours, and 96 hours are
also displayed in Table 2.

As can be seen in Table 2, a significant increase in the MFI
of CD4þ T cells was observed at the 96-hour measurement as
compared to baseline ( p< 0.05). The Ashwagandha-induced
activation also varied between individuals. For example, in
participant 1, Ashwagandha induced an increase in CD8
expression (Fig. 2B), and much smaller changes in CD4 T cells,
B cells, and NK cells. In contrast, CD4 expression increased in
participants 2–5 (Fig. 2A). In participants 2, 3, and 4, CD4 levels
were highest at 96 hours. In participant 5, CD4 levels were
highest at 24 hours. Changes in B cells and NKs were much less
pronounced (Fig. 2C, 2D). These cells exhibited more similar
profiles of activation among participants 2–5.

Discussion

The data in this study demonstrate a significant increase in
the number and activation of CD4þ T cells with adminis-
tration of Ashwagandha and anupana over 96 hours. This
immunologic mechanism supports work published previ-
ously that demonstrated an increase in CD4þ T cells with the
administration of Ashwagandha in animal models.15,18 The
observation of CD4þ T-cell population increase in our study
corroborates the finding by Usha et al., who observed in-
creased numbers of CD4þ T cells during an in vivo clinical
trial of a polyherbal drug containing Ashwagandha in HIVþ
participants.14 Our data suggest that the increase in CD4þ T

cells in the Usha study may have been due to Ashwagandha
in the polyherbal formulation.

Several studies in animal models have displayed a selec-
tive promotion of the Th1-dominant immune response with
administration of Ashwagandha.14,18,19,36 This response,
characterized by an increase in the number of CD8þ cyto-
toxic T lymphocytes (CTLs) and a specific cytokine profile
(IFN-g, interleukin-12 [IL-12], and IL-2), is important for
defense against microbes. Bani et al. demonstrated that the
immune response elicited by use of Ashwagandha in im-
munosuppressed and nonimmunosuppressed mice dis-
played significant increases in the typical Th-1 cytokines
IFN-g and IL-2 accompanied by significant increases CD4þ
and CD8þ T-cell counts.13 Consistent with those findings in
animal models, our study displays a marked increase in the
number and state of activation of CD4þ T cells and CD8þ
CTLs. Although the present investigation lacks the sup-
porting evidence of a typical Th-1 cytokine profile that
would more fully support it, the observations herein are
consistent with the hypothesis that Ashwagandha may be a
selective promoter of Th1 immune response.

The action of Ashwagandha on CD56þ NK cells has not
been well investigated. Davis et al. demonstrated that NK cell
activity was significantly enhanced in both tumor-bearing
mice and those without tumors. Antibody-dependent cellular
cytotoxicity activity was also enhanced, suggesting an
increased NK response.14 Nemmani et al. published results
that demonstrate an increased NK cell response in mice during
intervention with a polyherbal formula containing Ashwa-
gandha.37 However, no human studies have been performed.
The activation of NK cells by Ashwagandha suggests that it
would be effective in patients with cancer. The cancer-fighting
effects of Ashwagandha constitute an area of prolific research
regarding the herb to date.38–42 The possible implications to-
ward cancer fighting properties of Ashwagandha inherent in
its ability to promote the activation and increased population
of NK cells has remained unexplored. Our data show an
increase in activation state of CD56þ NK cells. The CD69
receptor increased 320% from the baseline level at the 96-hour
measurement on NK cells, demonstrating a significant
increase in CD56þ cell activation.

Table 2. Average Mean Fluorescent Intensity

CD4 CD4–69 CD8 CD8–69

M SD M SD M SD M SD

0 hr 786 (846) 52 (22) 1238 (1192) 51 (34)
24 hr 2089 (3162) 32 (10) 1142 (1013) 63 (48)
96 hr 3326 (1858) 267 (271) 4333 (3631) 412 (615)
% 423 513 350 808

CD19 CD19–69 CD56 CD56–69

M SD M SD M SD M SD

0 hr 490 (434) 55 (32) 431 (638) 53 (31)
24 hr 761 (953) 33 (14) 497 (520) 162 (130)
96 hr 702 (380) 287 (292) 701 (717) 169 (32)
% 143 522 163 319

The final line represents the percent increase from 0 hr to 96 hr.
M, mean; SD, standard deviation.
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To determine whether the quantity of bacterial endotoxin
(LPS) present in the investigational product in this study
may have had an adjuvant effect on cell activation, the au-
thors completed an in vitro titration and analysis of the ac-
tivation of lymphocytes incubated with LPS. Significant
activation of CD4þ and CD8þ T cells occurred at an LPS
concentration of 1.0 mg=mL and activation of CD56þ NK
cells did not occur. The level of endotoxin present in the
investigational product in this study was found to be only
0.002% of that which stimulated activation in vitro and was
consumed orally, a finding suggesting that it is improbable
that endotoxin affected the results.

While Ashwagandha has had many traditional and his-
torical uses, there has been a lack of clear evidence regarding
the mechanisms of action in humans. This study suggests
that Ashwagandha stimulates a clinically relevant augmen-
tation of the immune response by increasing the activa-
tion state and population of certain immune effector cells.
The mechanisms reported herein suggest clinical benefits
including prophylaxis and treatment of infectious disease,
especially against viruses and other intracellular parasites.
By selective promotion of a Th1 immune response, Ashwa-
gandha may demonstrate clinical effects on atopy, hypersen-
sitivity responses, autoimmune disease, immune deficiency,
and other conditions of inappropriate immune balance. Ef-
fects of Ashwagandha against cancer may occur by several
mechanisms; activation and increased population of NK cells
may be an important component of those antitumor ef-
fects. More studies elucidating the mechanisms of action of
Ashwagandha in humans and the effects of its use on body
systems are indicated. While actions on several systems are
being investigated, this study makes it clear that effects
on immune function are occurring. Subsequent investiga-
tions will need to focus on examination of these effects in
larger and more diverse samples in randomized controlled
trials.
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