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The increasing use of medicinal herbs among the general public has piqued the need for scientific-based
research to determine the mechanism of action of herbs administered orally in human subjects. The ability of
three herbs, Echinacea purpurea, Astragalus membranaceus and Glycyrrhiza glabra, to activate immune cells
in human subjects was assessed in this pilot study. The effect of these herbs when ingested for 7 days was
measured both when administered singly, and in combination, using flow cytometry. The primary cell activa-
tion marker measured was CD69. The results demonstrate that Echinacea, Astragalus and Glycyrrhiza herbal
tinctures stimulated immune cells as quantified by CD69 expression on CD4 and CD8 T cells. This activation
took place within 24 h of ingestion, and continued for at least 7 days. In addition, these three herbs had an
additive effect on CD69 expression when used in combination. Copyright © 2006 John Wiley & Sons, Ltd.

Keywords: CD69; CD8 T cells; CD4 T cells; herbs; botanicals; clinical trial.

Received 11 March 2006
Accepted 4 May 2006

* Correspondence to: Dr Heather Zwickey, Helfgott Research Institute,
National College of Naturopathic Medicine, Portland, OR, USA.
E-mail: hzwickey@ncnm.edu
Contract/grant sponsor: American Medical Association Seed Grant.
Contract/grant sponsor: Helfgott Research Institute Seed Fund; Contract/
grant sponsor: Oregon’s Wild Harvest.

used in traditional Chinese medicine as a tonic, espe-
cially for the spleen and lungs, and to prevent colds
(McKenna et al., 2002). Glycyrrhiza has been used
medicinally since the beginning of recorded history and
is used widely in Chinese medicine. Glycyrrhiza has
been used historically for respiratory, gastrointestinal,
cardiovascular, genitourinary, eye and skin conditions,
and for antiviral effects (Fiore et al., 2005).

Most of the research regarding the mechanism of
how these herbs affect the immune system has been
performed in animal models. In normal, healthy mice
treated with Echinacea, natural killer (NK) cells and
monocytes significantly increased in both bone marrow
and spleen compared with controls (Sun et al., 1999).
Echinacea treated mice with leukemia had a 2.5-fold
increase in the absolute numbers of NK cells in their
spleens and had a significantly increased survival rate
compared with untreated mice (Currier and Miller,
2001). In addition to its immune stimulating role,
Echinacea spp. alkamides inhibited LPS-mediated
activation of a murine macrophage line, suggesting
antiinflammatory effects (Chen et al., 2005).

Much Astragalus research has been focused on its
antitumor effects with its mechanism of action largely
unknown (Nagasawa et al., 2001). Astragalus was able
fully to correct in vitro the deficient T cell function
found in cells derived from cancer patients (Chu et al.,
1988). Triterpene saponins isolated from Astragalus
induced interleukin-2, a cytokine produced by activated
T cells, suggesting immunostimulatory and antineo-
plastic properties (Yesilada et al., 2005). In contrast,
Astragalus polysaccharides activated mouse B cells
and macrophages, but not T cells in another study
(Shao et al., 2004). Astragalus root extract significantly

INTRODUCTION

Medicinal herbs are being used more frequently with
the increasing use of complementary medicine among
the general public in the United States. This has
piqued the need for scientific-based research to deter-
mine the specific effects of different herbs within the
body. While herbal medicine has many years of clinical
and anecdotal evidence to support it, the mechanisms
of how different herbs elicit clinical effects are not well
described. For example, many herbs are thought to
‘boost immunity’. However, the concept of immune
boosting is vague. Immune boosting may involve an
activation of different cell types of the immune system,
an increase in cell number, or it may involve another
process such as a shift from one cytokine pattern to
another.

Three herbs that have known historical and current
uses for boosting the immune system are Echinacea
spp. (including E. purpurea Moensch., E. pallida (Nutt.)
Britt. and E. angustifolia (DC) Heller), Astragalus mem-
branaceus (Fisch.) Bunge and Glycyrrhiza glabra (L.).
Echinacea has been used on this continent for centur-
ies by Native Americans. It is one of the most common
herbs used to treat the symptoms of upper respiratory
tract infections (Bielory, 2004). Astragalus is primarily
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increased NK cell activity in patients suffering from
Coxsackie B viral myocarditis with depressed NK cell
activity (Yang et al., 1990).

The immune effects of Glycyrrhiza are not as well
studied. Glycyrrhiza activated peritoneal macrophages
in a mouse model (Nose et al., 1998). Recent in vitro
studies showed its antiviral effects for viruses causing
severe acute respiratory syndrome (SARS) (Cinatl et
al., 2003), human immunodeficiency virus (HIV) (Sasaki
et al., 2002) and Kaposi sarcoma-associated herpes
virus (KSHV) (Cohen, 2005) through the inhibition of
viral replication by an unclear mechanism. In addition,
topical Glycyrrhiza gel is effective in treating atopic
dermatitis in human subjects, suggesting a potential
antiinflammatory role in allergic/inflammatory diseases
of the skin (Saeedi et al., 2003).

Several immunological in vitro and in vivo studies
revealed that the total effect of a combination of herbs
with immunostimulating potential can be greater than
expected from the sum of effects of the single herbs
(Wagner and Jurcic, 1991). Synergistic interactions have
been documented between different herbs in a formu-
lation (Williamson, 2001). For example, Revitonil (a
combination of extracts of Echinacea and Glycyrrhiza
extracts) increased CD69 expression on 30%–50% of
T-cells in mice, and stimulated phagocytosis by human
granulocytes in vitro (Wagner and Jurcic, 2002). Much
knowledge has been gathered from in vitro studies and
animal models, however, the true scientific impact of in
vitro results depends on their relevance and efficacy in
humans.

One way to measure the immune effects of herbs
is to look at cellular activation markers. Activation
markers on immune cells include growth factor receptors
such as CD69. CD69 is one of the earliest cell surface
antigens expressed by T cells following activation. Once
expressed, CD69 acts as a co-stimulatory molecule for
T cell activation and proliferation. In addition to ma-
ture T cells, CD69 is inducibly expressed by immature
thymocytes, B cells, NK cells, monocytes, neutrophils
and eosinophils, and is constitutively expressed by
mature thymocytes and platelets (Ziegler et al., 1994).

The presence of CD69 enables us to identify whether
CD4, CD8, NK cells and B-cells have been activated.
While the functional significance of CD69 is largely
unknown, its mere presence on the surface of a cell
suggests activation. Typically, CD69 is expressed as early
as 1 h after stimulation of resting T cells and persists
for at least 18 h (Dayer, 2002; Jung et al., 1990).

This study examines the singular and combined
effects of three potentially immunostimulatory herbs:
Astragalus membranaceus, Echinacea purpurea and
Glycyrrhiza glabra, via the use of immune cell activa-
tion markers. The main objective of this study was to
determine if each herb increased CD69 expression on
immune cells when administered orally for 7 days. The
secondary objective was to determine if the combina-
tion of herbs produced a synergistic or additive effect
on CD69 expression.

MATERIALS AND METHODS

Study design. This study was a placebo-controlled,
double-blind investigation. The study outline is sum-
marized in Fig. 1.

Subjects. The protocol was approved by the Institu-
tional Review Board at the National College of
Naturopathic Medicine. Subjects were recruited from
the Portland, Oregon, area according to the inclusion
and exclusion criteria listed in Table 1. Of 16 subjects
completing the study, 3 were male and 13 were female.
One additional male subject began the study and was
discontinued at 24 h due to stage 1 hypertension meas-
ured at both 0 and 24 h. Formal informed consent was
obtained from each participant before beginning the
study. Subject compliance was determined to be high
by measuring the remaining tinctures in bottles that
were returned on day 7. In addition, the subjects were
interviewed at each timepoint to ensure compliance with
instructions. The final number of subjects in each study
group were as follows: Echinacea n = 4, Astragalus
n = 4, Glycyrrhiza n = 3, combination n = 3 and placebo
n = 2. Initially, it was intended to include three subjects
in each study group. While the original pilot study
design included three subjects in each group, the final
numbers were complicated by a variety of factors. One
member of the placebo group dropped their bottle.
The replacement bottle did not contain placebo. The
additional subject was consented and enrolled with
the expectation of a higher drop-out rate.

Botanical sources. Voucher specimens (numbers indi-
cated in parentheses) of the original plant material,
extracts and formulae have been stored at Oregon’s
Wild Harvest, in Sandy, Oregon (OWH). Echinacea

Table 1. Exclusionary and inclusionary criteria

Exclusionary criteria:

• Current acute illness
• Known chronic illness or history of chronic illness
• Known allergies to Astragalus, Glycyrrhiza, Echinacea, or alcohol
• Current pregnancy
• History of alcoholism
• Current use of vitamins, supplements, or herbs, or subject is unwilling

to discontinue any from this list for 7 days prior to and throughout the
week of the study

• Current use of tobacco in any form
• Current use of marijuana or recreational drugs or alcohol, or subject is

unwilling to discontinue any from this list for 7 days prior to and
throughout the week of the study

Inclusionary criteria

• Between ages 18–70 years
• In good health (self-declared)
• Willing to follow instructions for the study
• Willing to have blood drawn before administration

of herbs, 24 h after, and again at 7 days
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Figure 1. Study design.

The three herbal extracts and mixtures were ana-
lysed by thin layer chromatography on silica gel using
two mobile phases: (1) toluene:ethylacetate: formic acid
50:40:10, and (2) ethylacetate:methanol:water 100:17:10.
Each plate was viewed under short wave (254 nm) UV
light, then sprayed with anisaldehyde sulfuric acid
reagent (anisaldehyde 0.5 mL in glacial acetic acid 10%,
methanol 85% and sulfuric acid 5%) and heated at
100 °C for 10 min. Digital photographs of the plates
under both detecting agents were been recorded.

Sample collection. Peripheral blood was drawn before
the administration of the herbal tinctures to obtain a
baseline activation level for each subject. The subjects
were directed to take, by mouth, 7.5 mL tincture twice
daily for 7 days as described in Fig. 1. The subjects
were administered a placebo tincture, one of the single
herb tinctures, or the combination tincture. All sub-
jects and study administrators were blinded to the con-
tents of the tincture bottles. Peripheral blood was
drawn from each study subject 24 h after the initial
dose and 7 days after the initial dose.

Immune cell analysis. An aliquot (8 mL) of blood was
drawn into sodium heparinized tubes. Cells and plasma
were washed with 1% FCS in PBS. The cells were
resuspended in 600 µL 5% FCS in 1X PBS with anti-
bodies as shown in Table 2. After staining, the samples
were kept at 4 °C and run on a flow cytometer within
24 h of processing. Isotype control samples were run
for every stain.

purpurea (EPR-1218c-OOR) and Astragalus mem-
branaceus (AST-06233f-OOR) were harvested from
Oregon’s Wild Harvest’s farms and extracted in fresh
(undried) form. Specimens were dried for storage as
vouchers. Dried Glycyrrhiza glabra root (LIC-01233c-
OSW) was purchased from Star West Botanicals,
Rancho Cordova, California. Plant materials were au-
thenticated by visual inspection and comparison with
botanical voucher specimens held at the company.

Extract preparation and analysis. Extractions were con-
ducted at OWH using proprietary methods on fresh
Echinacea and Astragalus roots and dried Glycyrrhiza
roots. The moisture content of the fresh herbs was de-
termined using a commercial moisture analyser (A&D,
Model MF-50) to enable an equivalent dry weight to
be calculated. Each of the three herbs was extracted
separately using a non-toxic solvent. For products con-
taining a single herb, the herbal extract was mixed with
a volume of pure extraction solvent equivalent to the
other two herbal extracts. The combination product was
made by mixing equal volumes of the three plant
extracts. The placebo product was made by mixing a
volume of the pure extraction solvent equivalent to
three herbal extracts. Identical flavors and colors were
added to all extracts providing final products with a
similar color and taste and were indistinguishable to
a blinded investigator. The total daily dose of test pro-
ducts (15 mL) was equivalent to Echinacea purpurea
0.93 g, Astragalus membranaceus 1.23 g and Glycyrrhiza
glabra 0.87 g all expressed as dry herb.
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but not Glycyrrhiza. There was a slight increase in
activation in the placebo MFI on day 7 likely due to
individual variability.

CD4 and CD8 T cells activated

In order to determine which type of immune cells were
activated by the herbs, the cells were stained for iden-
tifying markers CD4, CD8, CD19 and CD56 along with
CD69. Cells that stained both for CD69 and a cell
marker appeared in the upper right quadrant of a dot
plot. Dot plots for representative subjects are shown
in Fig. 3A, B. Echinacea and Astragalus primarily stimu-
lated CD8 T cells with some stimulation of CD4 T cells.
In contrast, Glycyrrhiza stimulated both CD4 and CD8
T cells equally (Fig. 3C). Glycyrrhiza also had a lesser
but noticeable effect on NK cells. Subjects taking
placebo had little cell activation as seen in Fig. 3D.
This suggests that the single herbal tinctures promoted
immune cell activation as measured by CD69 in human
subjects within 24 h of ingestion.

Immune cell activation seen in combination tincture
subjects at 24 h

When complementary medicine practitioners prescribe
herbs, they often prescribe a combination of herbs, as
opposed to single herbs. Therefore this study looked at
these herbs in combination. The activation marker CD69
was increased in the blood samples from all three
subjects receiving the combination tincture at 24 h
compared with the initial time point (0 h) as seen in
Fig. 4A. Placebo subjects showed little CD69 activation
at 24 h or 7 days (Fig. 4B). In combination subjects,
CD69 is expressed primarily on CD8 T-cells, with
some additional CD69 on CD4 T cells and NK cells
(Fig. 4C). These data suggest that the combination
herbal tincture stimulated CD8 T cell activation in
distinct patterns within 24 h of ingestion.

Increased immune cell activation with combination
tincture use over individual tinctures

CD69 immune cell activation (Fig. 2B) measured by
the MFI (Fig. 2B), demonstrates that the subjects in-
gesting the combination tincture had increased immune
cell activation over those taking individual tinctures both
at 24 h and at 7 days. Therefore it seems that these
three herbs, when given in combination, had an additive
effect. The CD69 immune cell activation levels exceeded
those seen in individuals taking single herb tinctures.

Total numbers of immune cells increase with single
herb and with combination tinctures

An increase in immune cell numbers suggests that one
effect of these herbal tinctures was to stimulate im-
mune cell proliferation within 24 h of use. Using the
flow cytometry data, the number of each immune cell
type was examined at each time point. These numbers
can be obtained by adding the total number of cells in
the upper right and upper left quadrants of the dot

Table 2. Cell staining. Flow cytometry uses fluorescence to meas-
ure the expression of cell surface markers. Fluorescently labeled
antibodies, labeled with the fluoroflors FITC (fluorescein-green),
PE (phycoerythrin-red), and PerCP/Cy (peridinin chlorophyll
protein/cychrome-purple) are used to identify specifically cell
surface proteins. Antibody to CD4 is used to detect CD4 T cells,
antibody to CD8 is used to detect CD8 T cells, antibody to CD19
is used to detect B cells, and antibody to CD56 is used to detect
natural killer (NK) cells

Flow marker

Cell type FITC PE PerCP/Cy

CD4 T cell CD4 CD69 CD3
CD8 T cell CD8 CD69 CD3
B cell CD19 CD69 –
NK cell CD56 CD69 CD3

Flow cytometry uses fluorescence to measure the
expression of cell surface markers. Fluorescently
labeled antibodies, labeled with the fluoroflors FITC
(fluorescein-green), PE (phycoerythrin-red), and PerCP/
Cy (peridinin chlorophyll protein/cychrome-purple)
are used to identify specifically cell surface proteins.
For example, when immune cells are activated, they
express CD69. After the blood is drawn, researchers
can add PE-labeled antibody specific for CD69 to the
isolated immune cells. This antibody will bind to the
activated cells but not to resting cells. These cells are
then read by a flow cytometer which uses several lasers
to detect fluorescence. The flow cytometer reads how
many cells express CD69 and how much CD69 is
expressed by each individual cell to determine the
extent of immune activation. Other antibodies are used
to detect proteins that indicate the type of immune cell
activated. For example, antibody to CD4 is used to
detect CD4 T helper cells, whereas antibody to CD56
is used to detect natural killer (NK) cells.

RESULTS

Immune cell activation seen in individual herb
tincture subjects at 24 h and 7 days

First the effects of each individual tincture on immune
activation were measured. As indicated by a shift to
the right in Fig. 2A, CD69-expressing cells were in-
creased at 24 h in samples from representative subjects
using all three individual tinctures. As the cells are
activated, the amount of fluorescently labeled antibody
that binds to them increases. Thus, an increase in mean
frequency intensities (MFI) reflects an increase in cell
activation. As seen by comparing the 24 h MFI (Fig.
2B), of the single herbs, Astragalus had the strongest
effect, followed by Echinacea and then Glycyrrhiza.
At 7 days the level of immune activation decreased
from the 24 h level, but remained higher than the ini-
tial levels in Echinacea and Astragalus (Fig. 2A, 2B).
Subjects taking placebo had little to no increase in CD69
at 24 h. Thus the individual herbs each activated
immune cells within 24 h of ingestion. This activation
was maintained with twice daily ingestion of tincture
over the next 7 days in both Echinacea and Astragalus,
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Figure 2. Graphs of representative subjects taking single herb tinctures of Echinacea, Astragalus or Glycyrrhiza show immune cell
activation at both 24 h and 7 days. Peripheral blood was drawn from subjects at 0 h and 24 h after initial tincture dose and 7 days
after initial tincture dose. White blood cells were isolated and analysed for CD69 expression. (A) Subjects taking single herb extracts
show increased CD69 expression at 24 h compared with 0 h. Subjects taking all three individual tinctures show continued CD69
expression at 7 days compared with 0 h, but expression was less than was found at 24 h. (B) The mean frequency intensity (MFI)
table places a numerical value upon the CD69 expression illustrated in the graphs, as a calculated average of all subjects in each
study group. The MFI increased for all subjects except placebo at 24 h. Of the individual herbs, Astragalus had the strongest effect,
followed by Echinacea and Glycyrrhiza. At 7 days the level of immune activation decreased from the 24 h level, but remained higher
than the initial levels in Echinacea and Astragalus. Subjects taking placebo had little to no increase in CD69 at 24 h. There was a
slight increase in activation in the placebo MFI on day 7 likely due to individual variability.

plots like those shown in Figs 3A–D and 4C. A com-
parison of immune cell counts at 24 h shows a trend
towards an increase (see Table 3). With the use of
Glycyrrhiza tincture, the total numbers of immune cells
increased for all those measured: CD4 T cells, CD8 T
cells, B cells and NK cells. With Echinacea tincture
use, the total numbers of immune cells increased for
CD4 T cells, CD8 T cells and NK cells. The subjects
taking a combination herbal tincture had increased
numbers of CD4, CD8 and NK cells. Astragalus tinc-
ture had the smallest effect on the numbers of immune
cells, with slight increases seen in CD4 and B cells num-
bers, and slight decreases seen in CD8 and NK num-
bers. Thus, even though Astragalus activated the cells,
it did not cause their proliferation.

DISCUSSION

This pilot study demonstrates the activation of several
cell types with the use of herbal tinctures of Echinacea

purpurea, Astragalus membranaceus, Glycyrrhiza glabra
and a combination of these three herbs in human sub-
jects. While the herbs all have historical uses, there
has been a lack of evidence to explain the mechanism
of action. This study suggests that one mechanism for
the immune-stimulating properties of these herbs in
human subjects is immune cell activation of CD4 and
CD8 T cells. This explains why these herbs might be
effective for mounting an effective immune response at
the onset of viral and bacterial infections, and may be
an effective aid for immunosenescence.

Recently, there has been controversy regarding the
use of Echinacea for upper respiratory infections. Clin-
ical studies on Echinacea spp. have produced varying
results. Children who are given Echinacea purpurea at
the onset of upper respiratory tract (URI) infections
had no difference in the overall estimate of severity of
URI symptoms compared with placebo (Taylor et al.,
2003), however, recurrence of URI was significantly
decreased with Echinacea use (Weber et al., 2005).
Echinacea pallida extract reduced the length of URI
infections from 13 to 9.8 days for bacterial infections
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Figure 3. Subjects taking single herb tinctures of Echinacea, Astragalus or Glycyrrhiza show immune cell activation at 24 h as seen
on dot plots. In order to determine which cells were activated by the herbs, cells were stained for identifying markers CD4, CD8, CD19
(B cells), and CD56 (NK cells) along with CD69. Cells that stain both for CD69 and a cell marker appear in the upper right quadrant
of a dot plot. Numbers in each quadrant are the percent of cells found in each quadrant. Peripheral blood was drawn from subjects
at 0 h, 24 h after initial tincture dose and 7 days after initial tincture dose. White blood cells were isolated and analysed for immune
cell activation. (A) Subjects taking Echinacea tincture show increased CD69 expression primarily on CD8 T cells, but also on CD4 T
cells at 24 h compared with placebo (D). (B) Subjects taking Astragalus tincture show CD69 increased expression primarily on CD8
T cells, but also on CD4 T cells at 24 h compared with placebo (D). (C) Subjects taking Glycyrrhiza tincture show increased CD69
expression on CD8, CD4 and NK cells at 24 h compared with placebo (D).

healthy subjects, which is consistent with an antiinflam-
matory, antiviral response (Randolph et al., 2003).

These data suggest that immune cell activation of
CD8 and CD4 T cells occurred within 24 h of ingesting
the combination tincture, continuing for at least 7 days
with twice daily use of herbal tincture. This would likely
help the body to mount an effective immune response
in a URI. The amount of tincture given may be a factor
in its effectiveness, as may the quality of herb given,

and from 13 to 9.1 days for viral infections, as well as
reducing clinical symptoms (Dorn et al., 1997). Recently,
Echinacea augustifolia root extract had no clinically sig-
nificant effects on infection with a rhinovirus or on the
clinical illness that resulted from it (Turner et al., 2005).
In vivo data in a human study suggest that transient
consumption of Echinacea exhibited a modest trend in
reducing the expression of selected inflammation-
related genes and increased the expression of IFN-α in
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Figure 4. Subjects taking a combination herbal tincture containing Echinacea, Astragalus, and Glycyrrhiza in equal parts show
marked activation. Peripheral blood was drawn from subjects at 0 h, 24 h after initial tincture dose and 7 days after initial tincture
dose. White blood cells were isolated and analysed for immune cell activation. (A) Combination subjects show increased CD69
expression at 24 h compared with 0 h. (B) Graph illustrates representative placebo subject which does not show increased CD69
expression at 24 h or at 7 days compared with 0 h. (C) Combination subject representative dot plots indicate that the CD69 expression
is seen primarily on CD8 T cells, with some additional activation on CD4 T cells and NK cells.

Table 3. Change in percentage of each cell type averaged over all subjects. The numbers are calculated by adding the percent of cells
activated using the numbers in the upper right and upper left quadrants of the dot plots. This number is an average which includes all
subjects in each study group. This provides a measure of the change in percentage of the total numbers of each cell type, and to
differentiate between immune cell proliferation and immune cell activation

Echinacea Astragalus Glycyrrhiza Combination Placebo
Cell type Timepoint n = 4 n = 4 n = 3 n = 3 n = 2

CD4 T cells 0 h 19.85 23.10 21.82 21.11 14.26
(% of total cells) 24 h 24.40 23.98 30.08 25.03 2.82

Change +4.45 +0.88 +8.26 +3.92 −11.44

CD8 T cells 0 h 9.37 13.83 12.45 11.66 2.80
(% of total cells) 24 h 12.89 13.29 15.34 14.14 2.68

Change +3.52 −0.54 +2.89 +2.48 −0.12

B cells (CD19) 0 h 4.71 5.49 4.02 4.62 2.83
(% of total cells) 24 h 4.81 5.92 5.87 3.83 3.45

Change −0.10 +0.43 +1.85 −0.79 +0.62

NK cells (CD56) 0 h 5.40 6.68 8.72 7.44 4.03
(% of total cells) 24 h 8.53 5.69 10.14 9.24 3.79

Change +3.13 −0.99 +1.42 +1.80 −0.24
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and the form of herb given (tincture vs freeze-dried
juice, dried herb, or isolated components). This study
used 7.5 mL of herbal tincture given twice daily for
7 days, which proved effective for immune cell
activation.

In the field of naturopathic medicine, herbs are rarely
administered singly, but are often given in combina-
tion with other herbs. This study employed a factorial
design, examining each herb individually and then
measuring the additive effect.

Clinically, these herbs may be used to increase CD69
in conditions where activation has been shown to be
reduced such as immunosenescence, the deterioration
of the immune response associated with aging.
Immunosenescence is characterized mainly by a defec-
tive T cell response, including a decrease in prolifera-
tion, expression of CD69, and killing of NK-resistant
cell lines (Solana and Mariani, 2000). The herbal tinc-
tures may be useful in the management of patients with
common variable immunodeficiency (CVID), an immu-
nological disorder characterized by defective antibody
production, recurrent infections, autoimmune phenom-
ena and cancer. Studies have found that CVID patients
have a decrease in the expression of activation mole-
cules including CD25 and CD69 (Kokron et al., 2004).
In addition, tumor-infiltrating activated CD4+CD69+ T
cells are associated with a good prognosis in head and
neck squamous carcinoma (Badoual et al., 2006). As
these herbs are employed clinically it needs to be kept
in mind that we are just beginning to unravel the mechan-
ism of action of the herbs in question. This pilot study
establishes that there is indeed immune cell activation
with the use of the single herbs, Echinacea, Astragalus
and Glycyrrhiza, and that there appears to be a greater
effect when all three herbs are used in combination

than when using the herbs individually. In addition, the
data show that immune cell activation occurred within
24 h of ingesting the herbs and was maintained, with
twice daily dosage of the herbs, for at least 7 days. All
three herbs have relatively well-established safety pro-
files due to their wide use historically. Therefore, the
data would suggest that a patient could use the com-
bination herbal tincture at the onset of a viral or bac-
terial infection for up to 7 days to help the body mount
an immune response by activating CD8 and CD4 T
cells as part of a safe and effective treatment. Future
studies will be conducted to further explore these re-
sults with larger sample sizes and will examine the use
of these herbs over longer periods of time.

CONCLUSIONS

This double-blind, placebo-controlled pilot study demon-
strates that Echinacea, Astragalus and Glycyrrhiza
herbal tinctures ingested by human subjects stimulate
activation and proliferation of various immune cells. A
tincture that combines these three herbs demonstrates
an additive effect on activation, but no additional in-
crease of proliferation.

Acknowledgements

The authors wish to thank Oregon’s Wild Harvest for its support
through the design, preparation and analysis of the herbal tinctures,
and Oregon Health Sciences University for the use of the flow
cytometry equipment. This study was funded through grants from
the American Medical Association Seed Grant Research Program,
Oregon’s Wild Harvest and Helfgott Research Institute.

REFERENCES

Badoual C, Hans S, Rodriguez J et al. 2006. Prognostic value of
tumor-infiltrating CD4+ T-cell subpopulations in head and
neck cancers. Clin Cancer Res 12: 465–472.

Bielory L. 2004. Complementary and alternative interventions
in asthma, allergy, and immunology. Ann Allergy Asthma
Immunol 93: S45–S54.

Chen Y, Fu T, Tao T et al. 2005. Macrophage activating effects
of new alkamides from the roots of Echinacea species. J
Nat Prod 68: 773–776.

Chu D, Wong W, Mavligit G. 1988. Immunotherapy with Chi-
nese herbs. Immune restoration of local xenogenic graft-
versus-host reaction in cancer patients by fractionated
Astragalus membranaceus in vitro. J Clin Lab Immunol 25:
119–123.

Cinatl J, Morgenstern B, Bauer G, Chandra P, Rabenau H, Doerr
HW. 2003. Glycyrrhizin, an active component of liquorice
roots, and replication of SARS-associated coronovirus.
Lancet 361: 2045–2046.

Cohen JI. 2005. Licking latency with licorice. J Clin Invest 115:
591–593.

Currier NL, Miller SC. 2001. Echinacea purpurea and melatonin
augment natural-killer cells in leukemic mice and prolong
life span. J Altern Complement Med 7: 241–251.

Dayer JM. 2002. Evidence for the biological modulation of IL-1
activity: the role of IL-1Ra. Clin Exp Rheumatol 20: S14–
S20.

Dorn M, Knick E, Lewith G. 1997. Placebo-controlled, double-
blind study of Echinacea pallida radix in upper respiratory
tract infections. Complement Ther Med 5: 40–42.

Fiore C, Eisenhut M, Ragazzi E, Zanchin G, Armanini D. 2005. A
history of the therapeutic use of liquorice in Europe. J
Ethnopharmacol 99: 317–324.

Jung LK, Haynes BF, Nakamura S, Pahwa S, Fu SM. 1990. Ex-
pression of early activation antigen (CD69) during human
thymic development. Clin Exp Immunol 81: 466 –474.

Kokron CM, Errante PR, Barros MT et al. 2004. Clinical and
laboratory aspects of common variable immunodeficiency.
An Acad Bras Cienc 76: 707–726.

McKenna DJ, Hughes K, Jones K. 2002. Astragalus. Altern Ther
Health Med 8: 34–40.

Nagasawa H, Wantanabe K, Yoshida M, Inatomi H. 2001.
Effects of gold-banded lily (Lilium auratum Lindl) or
Chinese milk vetch (Astragalus sinicus L) on spontaneous
mammary tumourigenesis in SHN mice. Anticancer Res
21: 2323–2328.

Nose M, Terawaki K, Oguri K, Ogihara Y, Yoshimatsu K,
Shimomura K. 1998. Activation of macrophages by crude
polysaccharide fractions obtained from shoots of Glycyrrhiza
glabra and hairy roots of Glycyrrhiza uralensis in vitro. Biol
Pharm Bull 21: 1110–1112.

Randolph RK, Gellenbeck K, Stonebrook K et al. 2003. Regula-
tion of human immune gene expression as influenced by
a commercial blended Echinacea product: preliminary
studies. Exp Biol Med 228: 1051–1056.

Saeedi M, Morteza-Semnani K, Ghoreishi MR. 2003. The treat-
ment of atopic dermatitis with licorice gel. J Dermatolog
Treat 14: 153–157.

Sasaki H, Takei M, Kobayashi M, Pollard RB, Suzuki F. 2002.
Effect of glycyrrhizin, an active component of licorice roots,
on HIV replication in cultures of peripheral blood mono-
nuclear cells from HIV-seropositive patients. Pathobiology
70: 229–236.

Shao BM, Xu W, Dai H, Tu P, Li Z, Gao XM. 2004. A study on
the immune receptors for polysaccharides from the roots



IMMUNE CELL ACTIVATION BY HERBAL EXTRACTS 695

Copyright © 2006 John Wiley & Sons, Ltd. Phytother. Res. 20, 687–695 (2006)
DOI: 10.1002/ptr

of Astragalus membranaceus, a Chinese medicinal herb.
Biochem Biophys Res Commun 320: 1103–1111.

Solana R, Mariani E. 2000. NK and NK/T cells in human senes-
cence. Vaccine 18: 1613–1620.

Sun LZ, Currier NL, Miller SC. 1999. The American coneflower:
a prophylactic role involving nonspecific immunity. J Altern
Complement Med 5: 437–446.

Taylor JA, Weber W, Standish L et al. 2003. Efficacy and safety
of Echinacea in treating upper respiratory tract infections in
children: a randomized controlled trial. JAMA 290: 2824–
2830.

Turner RB, Bauer R, Woelkart K, Hulsey TC, Gangemi JD. 2005.
An evaluation of Echinacea angustifolia in experimental
rhinovirus infections. N Engl J Med 353: 341–348.

Wagner H, Jurcic K. 1991. Immunologic studies of plant
combination preparations. In-vitro and in-vivo studies on
the stimulation of phagocytosis. Arzneimittelforschung 41:
1072–1076.

Wagner H, Jurcic K. 2002. Immunological studies of Revitonil®,
a phytopharmaceutical containing Echinacea purpurea and
Glycyrrhiza glabra root extract. Phytomedicine 9: 390–397.

Weber W, Taylor JA, Stoep AV, Weiss NS, Standish LJ,
Calabrese C. 2005. Echinacea purpurea for prevention of
upper respiratory tract infections in children. J Altern Com-
plement Med 11: 1021–1026.

Williamson EM. 2001. Synergy and other interactions in
phytomedicines. Phytomedicine 8: 401–409.

Yang YZ, Jin PY, Guo Q et al. 1990. Effect of Astragalus
membranaceus on natural killer cell activity and induction
of α- and γ-interferon in patients with Coxsackie B viral
myocarditis. Chin Med J 103: 304–307.

Yesilada E, Bedir E, Calis I, Takaishi Y, Ohmoto Y. 2005. Effects
of triterpene saponins from Astragalus species on in vitro
cytokine release. J Ethnopharmacol 96: 71–77.

Ziegler SF, Ramsdell F, Alderson MR. 1994. The activation
antigen CD69. Stem Cells 12: 456 –465.


