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Introduction

The immune system plays a vital role in the defense
against infections. Its integrity and efficiency is important
during chemotherapeutic intervention for the treatment of
many diseases (Ishizuka et al., 1995). Modulation of the
immune response to alleviate disease then has been of
interest for many researchers. In traditional medicine
different plant parts are believed to have specific medicinal
properties including the ability to stimulate the body’s
disease-fighting mechanisms (Craig, 1999; Jones, 1996). In
recent years, natural products from the plant kingdom have
been investigated for their immune modulating potential
against infections and neoplastic diseases such as Echinacea,
ginseng and astragalus (Block and Mead, 2003).

Centella asiatica (L.) Urban, belongs to the family
Umbelliferae, has been used for centuries as a medicinal
plant. In Thailand, it is commonly known as “Buabok” and
normally is drunk as a tea or juice. This plant has been used
in Thai alternative medicine in the treatment of conditions
as diverse as mental disorders, inflammation, rheumatism,
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Abstract

Centella asiatica (CA) and Rhinacanthus nasutus (RN )have been used for treatment of various illnesses, but the
mechanisms of action remain largely unknown. This study focused on the influence of CA and RN extracts on cell-
mediated and humoral immune responses. In human peripheral blood mononuclear cells (PBMCs), CA (water
extract) and RN (water and ethanol extracts) significantly increased proliferation and the production of IL-2 and
TNF-ααααα. In contrast, an ethanol extract of CA inhibited human PBMC mitogenesis and the production of IL-2 and
TNF-ααααα. BALB/c mice treated with CA extracts (100 mg/kg bw) showed  higher responses to both primary and
secondary antibodies against BSA when compared with non-treated group. Only the secondary antibody response
was increased in RN extract-treated mice. The present study revealed  immunomodulating activity of CA and RN
extracts with regard to both non-specific cellular and humoral immune responses. The data available to date suggest
that they may have chemopreventive or anticancer potential.
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circulatory problems, asthma and bronchitis, epilepsy and
immune system deficiencies (Farnsworth and
Bunyapraphatsara, 1992). C. asiatica has been subjected to
extensive experimental and clinical investigations
(Brinkhaus et al., 2000). The plant showed evidence of
wound healing (Suguna et al., 1996; Shukla et al., 1999;
Coldren et al., 2003), anti-tumor acivity (Babu et al., 1995),
anti-anxiety activity (Bradwejn et al., 2000), anti-viral
activity (Yoosook et al., 2000), anti-hepatoma activity (Lin
et al., 2002) and cognition-enhancement in rats (Veerendra
Kumar and Gupta, 2002; Gupta et al., 2003). Rhinacanthus
nasutus (L.) Kurz belongs to the family Acanthaceae. It is a
medicinal plant that is widely distributed in Southeast Asia,
however it is known as “Tongpunchang” in Thailand. This
plant is also commonly considered as a treatment for a
number of common disorders including cancer, fungal
infections, eczema, pulmonary tuberculosis and herpes virus
infections (Rojanapo et al, 1990; Sendl et al, 1996; Kernan
et al, 1997).

The medicinal effects of C. asiatica and R. nasutus for
health promotion may be due to immunomodulating activity
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of these plants. Therefore, in the present study, we evaluated
immunomodulating properties of C. asiatica and R. nasutus
extracts on both cell-mediated immune response and
humoral immune response.

Materials and Methods

Chemicals
Phytohemagglutinin (PHA), pokeweed mitogen (PWM),

Trypan Blue, Histopaque and RPMI 1640 medium were
obtained from Sigma Chemical Company, USA. Tritiated-
thymidine was obtained from Amersham Company,
Germany. Peroxidase conjugated rabbit anti-mouse IgG and
IgM were purchased from Zymed laboratory, USA.
Lipopolysaccharide (LPS) from E. coli 0111: B4, fetal bovine
serum (FBS), MTT [3-(4,5-di-methylthizol-2-yl)-2,5-
diphenyltetrazolium bromide], N-(1-naphthyl)-
ethylenediamine dihydrochloride, sulfanilamide and sodium
nitrite were purchased from Sigma-Aldrich Chemical
Company, Dorset, UK. Ninety six-well flat bottom tissue
culture plates were purchased from Nunc Inc, Hereford, UK.
IL-2 (human) and TNF-α (human and mouse) ELISA assay
kit were purchased from eBioscience Company, Wembley,
UK.

Plant Materials
Whole fresh plants of C. asiatica and R. nasutus were

obtained from local market in Chiang Mai, Thailand and
identified by Dr. Chusie Trisonthi at the Department of
Biology, Faculty of Sciences, Chiang Mai University. All
fresh plants were washed with tap water, sliced into small
pieces, dried and ground to a fine powder. One hundred
grams of powder were extracted with 500 ml of distilled
water or of 80% ethanol. The supernatants were filtered
through Whatman filter paper. The filtrates were evaporated
using a rotating evaporator (60oC) followed by lyophilized
to dryness. The residue was dissolved in distilled water,
adjusted to 50 mg/ml of final concentration and sterilized
by Millipore filter membrane (pore size: 0.22 µm).

Human Lymphocyte Proliferation Assay
The peripheral blood mononuclear cells (PBMCs) were

separated from whole blood of three healthy donors by
Ficoll-Hypaque gradient centrifugation. The PBMCs were
prepared under sterile conditions in RPMI-1640 medium
containing 10% fetal calf serum. The viability of PBMCs
that determined by the trypan blue exclusion test was more
than 98%. The concentration of PBMCs was final adjusted
to 1.0x106 cells/ml. One hundred micro liters of cell
suspension were cultured with different concentrations of
plant extracts and PHA or PWM in a 96-well flat-bottomed
microplate at 37oC in a 5% CO

2
 incubator. One triplicate

series of wells was used as negative control (without extracts
and mitogens) and positive control with mitogens. After 72-
h incubation, cell proliferation was estimated by adding 0.2
µCi of [3H]-thymidine per well during the final 18-h culture.
[3H]-thymidine incorporation into cells was measured as

count per minute (CPM) using a liquid scintillation counter
(β-counter). Stimulation index (SI) was determined by
dividing (the mean CPMs of treated cultures -  negative
controls) by (the mean CPMs of positive controls – negative
controls).

IL-2 and TNF-α determination
Human PBMCs (5x105 cells/ml) were cultured in RPMI-

1640 for 18 h in the presence or absence of plant extracts.
For stimulation of interleukin-2 (IL-2) and tumor necrosis
factor-α (TNF-α, PHA (5µg/ml) and LPS (10ng/ml) were
used, respectively. Culture supernatant were collected and
stored at –80˚C until tested.  For determination, the ELISA
kits were used to measured IL-2 and TNF-α secretion in
culture supernatant following the manufacturer ’s
instructions.

Animals
Male Balb/c mice (8-12 weeks of age, weighing 20-25g)

were obtained from the animal resource facilities of the
faculty of medicine, Chiang Mai university, Thailand and
the animals were kept in air controlled room with a 12-h
light/dark cycle and fed with normal mouse chow. Mice were
divided into treated and control groups, 6 mice each. In
treated groups, mice were fed with different concentrations
of C. asiatica or R. nasutus extract/kg bw and the control
mice were received distilled water throughout the whole
experiment.

Humoral Antibody Responses to BSA
One week after the administration of the crude water

extract, pre-immunized blood was collected, allowed to clot
for 30 min, and centrifuged at 1000xg for 15 min at 4oC.
Serum was stored at –20oC for use as a non-immunized
control. Two weeks after mice immunization with 1 mg of
bovine serum albumin (BSA) in PBS by intra-peritoneal
(i.p.) injection blood was similarly collected. On the next
day, mice were boosted with BSA and blood was again
collected two weeks later.

Measurement of Antibody Production in Serum
Anti-BSA IgG and IgM antibodies in serum were

measured by the ELISA method. The 96- well plates were
coated with 2 % BSA in PBS pH 7.4 and incubated overnight
at 4oC. Plates were blocked by 5 % skimmed milk for 2 hr at
37oC. Diluted serum samples or PBS control were added
directly into the wells and incubated for 1 h at 37oC. After
plates were washed six times with 0.05 % Tween 20 in PBS,
horseradish peroxidase (HRP)-conjugated anti-mouse IgG
or IgM were added and incubated for 1 hr at 37oC. This
reaction were developed by adding TMB substrate for 15
min at room temperature in dark and optical density was
measured at 450 nm using ELISA plate reader.

Statistical Analysis
Data presented are means ± SDs  with analysis by the

Mann-Whitney U test to determine significance (p value <
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0.05).

Results

Effects of C. asiatica and R. nasutus extracts on the mitogen-
induced human PBMCs proliferation

In vitro immunomodulating activity of C. asiatica and
R. nasutus extracts were assessed using lymphocyte
activation assay. Comparison of the cell proliferation in non-
treated and extracts-treated cultures showed no direct
mitogenic activity. Water extract of C. asiatica significantly
increased PWM-induced lymphocyte proliferation with dose
response manner and slightly increased PHA-induced
lymphocyte proliferation (Fig. 1a). However, ethanol
extracts of C. asiatica inhibited mitogens-induced
lymphocyte mitogenesis (at concentration >50 µg/ml)
(Fig.1a). The viability of lymphocytes was also determined
by trypan blue exclusion to confirm that this inhibition effect
was not caused by the cytotoxicity of ethanol extract itself.
This result indicated that C. asiatica has both
immunostimulant and immunosuppressive activities. Both
water and ethanol extracts of R. nasutus significantly
increased lymphocyte proliferation induced by either PHA
or PWM (Fig. 1b.). These results showed
immunomodulating activity of plant extracts on cell-
mediated immune response.

Effects of C. asiatica and R. nasutus extracts on IL-2 and
TNF-α  production

Human PBMCs were used for the production of IL-2
and TNF-α. Water extract of C. asiatica at concentration
500 µg/ml increased PHA-stimulated IL-2 as well as LPS-
stimulated TNF-α production. In contrast, ethanol extract
of C. asiatica inhibited IL-2 and TNF-α production (Fig.

2). Both water and ethanol extract of R. nasutus increased
PHA-stimulated IL-2 as well as LPS-stimulated TNF-α
production in human PBMCs culture when cells were
exposed to extract for 18 h (Fig. 3).

Effect of C. asiatica and R. nasutus extracts on humoral
immune response in vivo

Water extracts of C. asiatica and R. nasutus increased
lymphocyte proliferation induced by PWM (Fig. 1). PWM
is a mitogen that can induce the proliferation of specific
group of cells called B-lymphocytes. B-lymphocytes are

Figure 1. Effects of (a) C. asiatica (CA) and (b) R. nasutus
(RN) Extracts on Human PBMCs Proliferation Induced
by Mitogens. Human PBMCs were incubated for 72 h with either
PHA or PWM as mitogen in the presence of either water or ethanol
extracts  (treated) or with medium alone (control). Then, [3H]-
thymidine was added in the culture at 18 h before cell harvesting
and [3H]-thymidine incorporation was determined.  Stimulation
index (SI) was calculated and each value represents mean ± SD of
three donors. Statistical significance versus mitogen control: *
p<0.05.

Figure 2. Effects of C. asiatica, Water Extract (CAW)
and Ethanol Extract (CAE), on (a) IL-2 and (b) TNF-ααααα
Production in Human PBMCs. Human PBMCs was cultured
in the presence or absence of 500 µg/ml of C. asiatica extract.
PHA (5µg/ml) and LPS (10ng/ml) were used as positive control to
stimulate IL-2 and TNF-α, respectively. Statistical significance
versus mitogen control: * p<0.05.

Figure 3. Effects of R. nasutus, water extract (RNW) and
Ethanol Extract (RNE), on (a) IL-2 and (b) TNF-ααααα
Production in Human PBMCs. Human PBMCs was cultured
in the presence or absence of 500 µg/ml of R. nasutus extract.
PHA (5µg/ml) and LPS (10ng/ml) were used as positive control to
stimulate IL-2 and TNF-α, respectively.  Statistical significance
versus mitogen control: * p<0.05.

responsible for the specific antibody production in the
immune system. We then evaluated the effects of water
extract of C. asiatica and R. nasutus on in vivo antibody
production.  BALB/c mice treated with water extract of C.
asiatica (100 mg/kg bw) significantly increased both primary
(IgM) and secondary (IgG) antibody responses to BSA when
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compared with non-treated control group (Fig. 4). R. nasutus
extract-treated mice produced higher amount of secondary
antibody production against BSA than non-treated mice (Fig.
5). Interestingly, the observed effect was not dose-response
manner. Mice fed with higher concentration of extracts
showed no difference in the specific antibody production
when compared with non-treated control mice.

Discussion

Plants have played a significant role in maintaining
human health and improving the quality of human life for
thousands of years. Modulation of immune responses to
alleviate disease has been one mechanism of interest. A
number of medicinal plants have been shown to stimulate
or inhibit immune responses (Craig, 1999; Block and Mead,
2003); Agarwal and Singh, 1999).

C. asiatica has been used in the treatment of conditions
such as inflammation, rheumatism, asthma and immune

system deficiencies (Farnsworth and Bunyapraphatsara,
1992). Some studies have shown that it can affect the
immune reactions through their anti-inflammatory actions
(Chen et al, 1999). Recent studies showed the potential
cytotoxic and anti-tumor properties of C. asiatica (Babu et
al, 1995; Bunpo, 2004). Beside direct cytotoxic to tumor
cells, C. asiatica may prevent carcinogenesis by modulating
of immune response. Our data showed that water extract of
C. asiatica exerted immunostimulating activity on mitogen-
stimulated proliferation of human PBMCs. PHA was used
to stimulate T and B cell proliferation whereas PWM was
used for B cell proliferation. The stronger affect was
observed in PWM-induced PBMCs proliferation, indicating
the stimulation of B lymphocytes. Water extract of C.
asiatica also increased the production of IL-2 and TNF-α
in human PBMCs. IL-2 enhances the proliferation of
activated T lymphocytes and activates B lymphocytes
stimulating the proliferation and secretion of
immunoglobulin (Thorpe, 1998). These results support
effects of extracts on human PBMC proliferation. In vivo
study, BALB/c mice treated with water extract of C. asiatica
(100 mg/kg.bw.) showed the higher responses to both
primary and secondary antibodies against BSA when
compared with the non-treated group. Thus in vivo results
correlated with in vitro proliferative responses to B cells.
and indicate that active components could be directly
absorbed to produce effects.

In contrast to water extract, ethanol extract of C. asiatica
showed immunosuppressive activity. It decreased the
proliferation of mitogen-stimulated human PBMCs and the
production of IL-2 and TNF-α. The viability of cells was
also determined by trypan blue exclusion test and the cells
showed high viability (>95%). This confirmed that the
inhibitory effect observed in this condition could not be
consider as cytotoxic effect of ethanol extract of C. asiatica.
TNF-α is a cytokine produced by many types of cells in
response to inflammation, infection, and environmental
challenges (Rosenblum and Donato, 1989). Overproduction
is associated with various diseases including infectious
diseases, autoimmune disease and cancer. Thus, the
inhibition of TNF-α production by ethanol extract of C.
asiatica may be important. This result also correlated with
our recent study, which showed the inhibition of nitric oxide
and TNF-α production in J774.2 mouse macrophages by an
ethanol extract of C. asiatica (Punturee, 2004).

In conclusion, the present study revealed
immunostimulating activity of C. asiatica and R. nasutus
extracts regarding both non-specific cellular immune
responses and humoral immune responses. Although, the
exact mechanism of this effect is not clear, it may be
mediated by interactions between active components of
extracts and cell surface molecules or growth factors
involved in mitogen activation. Another possible action of
extracts may be interference with cell signaling. Although
further investigations are warranted, the data available to
date suggest that C. asiatica and R. nasutus may have
chemopreventive or anticancer actions through

Figure 5. Effects of Water Extract of R. nasutus on
Antibody Production Against BSA. BALB/c mice were
fed with extract and immunized twice with 1 mg BSA. Sera
were collected 2 weeks after each immunization. Primary antibody
(IgM) and secondary (IgG) antibody against BSA were determined
by ELISA method. Statistical significance versus mitogen control:
* p<0.05.

Figure 4. Effects of Water Extract of C. asiatica on
Aantibody Production against BSA. BALB/c mice were
fed with extract and immunized twice with 1 mg BSA. Sera
were collected 2 weeks after each immunization. Primary antibody
(IgM) and secondary (IgG) antibody against BSA were determined
by ELISA method. Statistical significance versus mitogen control:
* p<0.05.
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