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ABSTRACT
Modulating an immune response towards the benefit of the patients is often considered as a
tool to combat many diseases. In this context cytokine therapy appears to be a promising
strategy to alleviate many cytokine related disorders. Cytokine stimulation potentials of various
medicinal plants has been documented of which Andrographis paniculata has been studied by
a few investigators. There are no reports in the literature which compared both Th1 and Th2
cytokine stimulation potential at A. paniculata extracts derived from various solvents. After
stimulation of PBMCs with extracts, culture supernatants were collected and tested for both
Th1and Th2 cytokine by ELISA. From the data it is evident that A. paniculata extracts
induced strongly the Th2 cytokines namely IL-4 and IL-10. Though there was a detectable
level of IFN-γ and IL-2 (Th1 cytokines) the values were relatively low. From this study it
could be reasonably concluded that A. paniculata can be used as a drug or food supplement
to enhance the humoral immunity.
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Introduction

Immune system recognizes and mounts an
immune response against invading pathogens and
this eliminates the pathogens completely. Similarly
immune cells also recognise and respond against the
neoplastic cells and thus a healthy status is provided
to the host. However microorganisms have co-evolved
with the evolution of other species including humans
and to over come the barriers set forth by the host
they exhibit several immune evasive properties.
While they deceive the immune system and stealth
the immune surveillance they express several
immune molecules that directly interfere with
immune cells and thus persist and perpetuate in the
community. Other than this mode of persistence they
also try to push the immune cells to produce immune
molecules such as cytokines towards their benefit,
which often detrimental to the host. Thus presence
of a non protective cytokine phenotype or an
imbalance in the vital cytokine concentration can lead
to cytokine mediated disorders. Cytokine therapy is
a newly emerging therapeutic tool by which

administration of a protective cytokine or suppression
of a detrimental cytokine has been attempted.
Previous reports indicated that administration of
recombinant cytokines or antibodies against a non
protective cytokine was not completely successful.
Synthetic immune modulating agents has been tried
in several models but they seldom found to be
beneficial to the host. In this context it is important
to find out novel immune modulating substances that
are of high stability, long lasting action, economically
cheaper and without side effects. Scientists are in a
lookout for such novel agents from various resources
including from the natural resources. Traditional
Indian medicinal system namely Siddha, Unani,
Ayurveda have described the medicinal values of
several medicinal plants7,10. Of which, Andrographis
paniculata (A.paniculata) has been studied for their
immune modulating properties and anti inflammatory
potentials2,15,17,19. 

Andrographis paniculata is traditionally known
as kalmegh or nila vembu (Tamil). The plant belongs
to family Acanthaceae and is widely used in
Ayurvedic and Homeopathic systems of medicines.
A.paniculata are found throughout South India and
Sri Lanka, mostly the leaves and roots are used for
medicinal preparations. Although the genus
Andrographis consists of 28 species of small annual
shrubs, only a few species are medicinally important
of which A.paniculata is the most widely tested for
its bioactivities. A. paniculata extracts have been
tested for their cytokine stimulation potential by a
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few investigators4,12,16,18,20. However such studies
were involving only one or two cytokines by each
investigator and have not attempted to study a whole
a panel of cytokines. Thus we have conducted a series
of experiments to find out the cytokine stimulation
potential especially for the Th1 and Th2 cytokines of
A.paniculata . For this study we have collected
PBMCs from healthy volunteer, and stimulated with
A. paniculata extracts and tested for IFN-γ, IL-2 (Th1
cytokines) and IL-4, IL-10 (Th2 cytokines) in the
culture supernatants by ELISA. 

Materials And Methods

Commercially available whole plant powder of
A. paniculata was purchased traditional medicines
pharmacy. Aqueous extracts was prepared by soaking
10 g of whole plant powder in sterile distilled water.
Alcoholic extract made with 70% ethanol and acetone
extract was also prepared according to the protocols
described by Archana et al 3. 

Isolation of Human PBMCs

Blood obtained from healthy donors (Blood
Bank, Voluntary Health Services, Chennai) was used
for this study. PBMCs was isolated using Histopaque,
(Sigma) as per the manufacture’s procedure. After
isolation, PBMCs were washed three times in Hank’s
Balanced Salt Solution (HBSS, Himedia) and
resuspended in RPMI 1640 supplemented with 10%
FBS (Pan Biotech, Germany), 1% of 200 mM
L-glutamine (Himedia) and antibiotics, penicillin with
streptomycin (Himedia). 

Stimulation of PBMCs 

Isolated PBMCs were plated at a concentration
of 2 × 106 cells /ml/well in 24 well tissue culture
plates. Different concentrations of A. paniculata
extracts were used for stimulation (test group) and
PHA (phytohaemagglutinin) treated cultures served
as positive control while cells treated with distilled
water as negative control. Cultures supernatants
were collected 24, 48 and 72 hrs post stimulation and
screened for Th1 cytokines namely IFN-γ and IL-2
and Th2 cytokines (IL-4 and IL-10) by ELISA
(BD-Pharmingen, USA). ELISA was performed as per
the directions of the manufacturer and concentrations
of the cytokines were calculated using the standard
curve and by linear regression analysis. 

Result

As discussed in the methodology Andrographis
paniculata extracts were made using different
solvents and two different concentrations were

studied for their cytokine stimulation potentials. To
evaluate the optimum time required for the
maximum cytokine induction, culture supernatants
were collected at different time points namely 24, 48
and 72 hours post stimulation. Of the cytokines
produced by CD4+ T helper cells, important members
of Th1 cytokines such as IFN-ã and IL-2 and Th2
cytokines namely IL-4 and IL-10 were tested by
ELISA. 

Of all the cytokines tested with various
extracts derived from different solvents, ethanol and
acetone extracts showed a strikingly higher level of
IL-4 induction as shown in the Fig-1. However,
maximum stimulation was noticed at 24 hrs post
stimulation and reduced to basal levels at later time
points tested. No significant difference in IL-4
induction was noticed between acetone versus ethanol
stimulated cultures and there was no observable dose
response between different concentrations of the
extracts. Cultures stimulated with PHA (Positive
control) showed higher levels of IL-4 throughout the
study period and negative control cultures showed no
or least IL-4 activity. Interestingly, none of the
cultures stimulated with aqueous extracts exhibited
IL-4 stimulation as shown in the fig-1. IL-4 is a Th2
cytokine which supports humoral immunity and the
data clearly showed that Andrographis paniculata
strongly promoted a Th2 cytokine production.

Next, we subjected all the supernatants for the
presence of IL-10 which is also a strong and high
impact Th2 cytokine. Similar to IL-4 data, PBMCs
stimulated with ethanol and acetone derived extracts
secreted detectable levels of IL-10 and interestingly,
aqueous extract also exhibited IL-10 activity (Fig-2).
Optimum levels were noticed at 24 hours post
stimulation however there was a weaker trend with
time. As noted with IL-4 studies, there was no
positive correlation with dose of the extract in terms
of levels of IL-10 production. Thus the data clearly
suggested that A. paniculata clearly induced
detectable levels of both Th2 cytokines.

When the same culture supernatants were
screened for Th1 cytokines, a distinctly different
cytokine spectrum was observed. While all the
extracts stimulated the secretion of IL-2, only
aqueous and acetone extracts stimulated IFN-γ.
However, overall levels of Th1 cytokines were much
lower than Th2 cytokines (fig 3 and 4). Based on the
above results, it could be reasonablely assumed that
A. paniculata is strong promoter of Th2 response.
Such agents are certainly important and a
requirement of the hour for a successful
immunotherapy against Th1 cytokine mediated
diseases such as chronic inflammatory autoimmune
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Fig.1 Induction of IL-4 on human PBMCs by Andrographis paniculata extract of different time points
Aqu-aqueous; Ace-acetone; Eth-ethanol; PHA-positive control; UT-untreated (negative control) 
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Fig.3 Induction of IFN-ã on human PBMCs by Andrographis paniculata extract of different time points
Aqu-aqueous; Ace-acetone; Eth-ethanol; PHA-positive control; UT-untreated (negative control) 
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Fig.4 Induction of IFN-ã on human PBMCs by Andrographis paniculata extract of different time points
Aqu-aqueous; Ace-acetone; Eth-ethanol; PHA-positive control; UT-untreated (negative control)
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diseases. In addition, such agents can be used as
natural therapy to enhance humoral immunity which
predominantly governs the immunity against
microbial diseases and malignancies. 

Discussion 

Cytokine therapy is a recently emerging area
to control cytokine mediated disorders. In the current
study we have evaluated the cytokine stimulation
potential (especially the Th1 and Th2 cytokines) of
A. paniculata extracts and found that those extracts
strongly induced Th2 cytokines namely IL-4 and
IL-10. Though there was a detectable levels of IFN-γ,
IL-2 (Th1 cytokines) the levels were much lower.
There was no direct correlation with various doses or
varying time points tested. Though there were
previous reports addressing the cytokine stimulation
potential of A. paniculata none of them have
compared all the four important T-helper cytokines
altogether. To our knowledge this may be the first
report which compared all the T-helper cytokines at

the same time. A. paniculata has been reported to
possess anti microbial9,11,13, anti cancer1, anti
diabetic21,22, anti allergic9, and anti HIV5,6. Studies
have also reported that A. paniculata extracts can
stimulate macrophages and enhance phagocytosis20

and can inhibit platelet aggregation14. In addition its
hepato protective activities has also been
documented8. Studies have also reported that A.
paniculata extracts for relatively low or non toxic.
Pannison et al. have reported the cytokine
stimulation property of A.paniculata on
phytohemagglutinin (PHA) stimulated PBMCs and
reported that A.paniculata induced IFN -γ, and
TNF-α. However their study did not evaluate any
other Th2 cytokines. Hence it could be difficult to
conclude whether their extracts only induced IFN -γ
or Th2 cytokine as well. In addition in our system
we have used unstimulated PBMCs where as in
their’s, it was PHA stimulated PBMCs. Though their
is not a directly comparable experiments with ours
detection of IFN-γ, but it is a common finding
between both studies. 
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A. paniculata extracts has been reported to
inhibit IFN -γ, IL-2 and thus protected cells from
apoptosis14. Again the previous study also has not
tested the Th2 cytokines. Ours is a complete study
of comparing both Th1 and Th2 cytokines stimulation
by A.paniculata side by side. As in their report we
have also noted the presence of IFN-γ and IL-2 (Th1
cytokines). However we have noticed that there are
no published reports are available for us to compare
our results directly with some other reports. 

A. paniculata extracts appears to be a
promising drug to stimulate Th2 cytokine production
which inturn augment the humoral immunity. In our
study we have compared the cytokine stimulation
property of A. paniculata using only three solvents

namely aqueous, acetone, ethanol. Experiments are
underway to obtain extracts from various other
solvents namely, methanol, proponal, chloroform, etc.
In our study we have used the commercially available
A. paniculata whole plant powder for the extraction.
Attempts are being made to fractionate these extracts
to further characterize the cytokine stimulation
properties. From the results obtained so a it could be
concluded that A. paniculata extracts are strong
enhancer of humoral immunity which is an important
effector molecule against pathogenic microorganisms.
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