Khanittha Punturee et al

RESEARCH COMMUNICATION

Immunomodulatory Activities of Centella asiaticaand
Rhinacanthus nasutugxtracts

Khanittha Punturee!, Christopher P Wild?, Watchara Kasinrerk3, Usanee
Vinitketkumnuen **

Abstract

Centella asiaticg CA) and Rhinacanthus nasutu¢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-a. In contrast, an ethanol extract of CA inhibited human PBMC mitogenesis and the production of IL-2 and
TNF-a. 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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Introduction circulatory problems, asthma and bronchitis, epilepsy and
immune system deficiencies (Farnsworth and
The immune system plays a vital role in the defensBunyapraphatsara, 199%). asiaticahas been subjected to
against infections. Its integrity and efficiency is importantextensive experimental and clinical investigations
during chemotherapeutic intervention for the treatment ofBrinkhaus et al., 2000). The plant showed evidence of
many diseases (Ishizuka et al., 1995). Modulation of thevound healing (Suguna et al., 1996; Shukla et al., 1999;
immune response to alleviate disease then has been @dldren et al., 2003), anti-tumor acivity (Babu et al., 1995),
interest for many researchers. In traditional medicin@anti-anxiety activity (Bradwejn et al., 2000), anti-viral
different plant parts are believed to have specific medicinalctivity (Yoosook et al., 2000), anti-hepatoma activity (Lin
properties including the ability to stimulate the body’set al., 2002) and cognition-enhancement in rats (Veerendra
disease-fighting mechanisms (Craig, 1999; Jones, 1996). Kumar and Gupta, 2002; Gupta et al., 2083jinacanthus
recent years, natural products from the plant kingdom haveasutugL.) Kurz belongs to the family Acanthaceae. Itis a
been investigated for their immune modulating potentiaedicinal plant that is widely distributed in Southeast Asia,
against infections and neoplastic diseases such as Echinadeawever it is known as “Tongpunchang” in Thailand. This
ginseng and astragalus (Block and Mead, 2003). plant is also commonly considered as a treatment for a
Centella asiatica(L.) Urban, belongs to the family number of common disorders including cancer, fungal
Umbelliferae, has been used for centuries as a medicinafections, eczema, pulmonary tuberculosis and herpes virus
plant. In Thailand, it is commonly known as “Buabok” andinfections (Rojanapo et al, 1990; Send| et al, 1996; Kernan
normally is drunk as a tea or juice. This plant has been usedal, 1997).
in Thai alternative medicine in the treatment of conditions The medicinal effects df. asiaticaandR. nasutugor
as diverse as mental disorders, inflammation, rheumatisrhealth promotion may be due to immunomodulating activity
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of these plants. Therefore, in the present study, we evaluatedunt per minute (CPM) using a liquid scintillation counter
immunomodulating properties 6f asiaticaandR. nasutus  (B-counter). Stimulation index (Sl) was determined by
extracts on both cell-mediated immune response andividing (the mean CPMs of treated cultures - negative
humoral immune response. controls) by (the mean CPMs of positive controls — negative
controls).
Materials and Methods
IL-2 and TNFe determination

Chemicals Human PBMCs (5xI@ells/ml) were cultured in RPMI-

Phytohemagglutinin (PHA), pokeweed mitogen (PWM),1640 for 18 h in the presence or absence of plant extracts.
Trypan Blue, Histopaque and RPMI 1640 medium werd=or stimulation of interleukin-2 (IL-2) and tumor necrosis
obtained from Sigma Chemical Company, USA. Tritiatedfactora (TNF-a, PHA (5ug/ml) and LPS (10ng/ml) were
thymidine was obtained from Amersham Companyused, respectively. Culture supernatant were collected and
Germany. Peroxidase conjugated rabbit anti-mouse IgG arsdored at —80°C until tested. For determination, the ELISA
IgM were purchased from Zymed laboratory, USA .kits were used to measured IL-2 and T&lRecretion in
Lipopolysaccharide (LPS) frof. coli0111: B4, fetal bovine culture supernatant following the manufacturer’s
serum (FBS), MTT [3-(4,5-di-methylthizol-2-yl)-2,5- instructions.
diphenyltetrazolium bromide], N-(1-naphthyl)-
ethylenediamine dihydrochloride, sulfanilamide and sodiunAnimals
nitrite were purchased from Sigma-Aldrich Chemical Male Balb/c mice (8-12 weeks of age, weighing 20-25g)
Company, Dorset, UK. Ninety six-well flat bottom tissuewere obtained from the animal resource facilities of the
culture plates were purchased from Nunc Inc, Hereford, UKiaculty of medicine, Chiang Mai university, Thailand and
IL-2 (human) and TNFx (human and mouse) ELISA assay the animals were kept in air controlled room with a 12-h
kit were purchased from eBioscience Company, Wembleyight/dark cycle and fed with normal mouse chow. Mice were

UK. divided into treated and control groups, 6 mice each. In
treated groups, mice were fed with different concentrations
Plant Materials of C. asiaticaor R. nasutusxtract/kg bw and the control

Whole fresh plants of. asiaticaandR. nasutusvere  mice were received distilled water throughout the whole
obtained from local market in Chiang Mai, Thailand andexperiment.
identified by Dr. Chusie Trisonthi at the Department of
Biology, Faculty of Sciences, Chiang Mai University. All Humoral Antibody Responses to BSA
fresh plants were washed with tap water, sliced into small One week after the administration of the crude water
pieces, dried and ground to a fine powder. One hundresktract, pre-immunized blood was collected, allowed to clot
grams of powder were extracted with 500 ml of distilledfor 30 min, and centrifuged at 1000xg for 15 min 4.4
water or of 80% ethanol. The supernatants were filtereBerum was stored at “ZDfor use as a non-immunized
through Whatman filter paper. The filtrates were evaporatedontrol. Two weeks after mice immunization with 1 mg of
using a rotating evaporator (€) followed by lyophilized bovine serum albumin (BSA) in PBS by intra-peritoneal
to dryness. The residue was dissolved in distilled wate(j.p.) injection blood was similarly collected. On the next
adjusted to 50 mg/ml of final concentration and sterilizediay, mice were boosted with BSA and blood was again
by Millipore filter membrane (pore size: 0.R). collected two weeks later.

Human Lymphocyte Proliferation Assay Measurement of Antibody Production in Serum

The peripheral blood mononuclear cells (PBMCs) were  Anti-BSA IgG and IgM antibodies in serum were
separated from whole blood of three healthy donors byneasured by the ELISA method. The 96- well plates were
Ficoll-Hypaque gradient centrifugation. The PBMCs werecoated with 2 % BSA in PBS pH 7.4 and incubated overnight
prepared under sterile conditions in RPMI-1640 mediunat #C. Plates were blocked by 5 % skimmed milk for 2 hr at
containing 10% fetal calf serum. The viability of PBMCs 37°C. Diluted serum samples or PBS control were added
that determined by the trypan blue exclusion test was mourectly into the wells and incubated for 1 h at@7After
than 98%. The concentration of PBMCs was final adjusteglates were washed six times with 0.05 % Tween 20 in PBS,
to 1.0x10 cells/ml. One hundred micro liters of cell horseradish peroxidase (HRP)-conjugated anti-mouse IgG
suspension were cultured with different concentrations aér IgM were added and incubated for 1 hr &C37This
plant extracts and PHA or PWM in a 96-well flat-bottomedreaction were developed by adding TMB substrate for 15
microplate at 37T in a 5% CQ incubator. One triplicate min at room temperature in dark and optical density was
series of wells was used as negative control (without extractseasured at 450 nm using ELISA plate reader.
and mitogens) and positive control with mitogens. After 72-
h incubation, cell proliferation was estimated by adding 0.%tatistical Analysis
HCi of [*H]-thymidine per well during the final 18-h culture. Data presented are meah$SDs with analysis by the
[®H]-thymidine incorporation into cells was measured asMann-Whitney U test to determine significance (p value <
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0.05). 2). Both water and ethanol extractRf nasutusncreased
PHA-stimulated IL-2 as well as LPS-stimulated TNF-
Results production in human PBMCs culture when cells were

exposed to extract for 18 h (Fig. 3).

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

In vitro immunomodulating activity o€. asiaticaand  immune response in vivo
R. nasutusextracts were assessed using lymphocyte Water extracts o€. asiaticaandR. nasutusncreased
activation assay. Comparison of the cell proliferation in nonlymphocyte proliferation induced by PWM (Fig. 1). PWM
treated and extracts-treated cultures showed no direista mitogen that can induce the proliferation of specific
mitogenic activity. Water extract @. asiaticasignificantly — group of cells called B-lymphocytes. B-lymphocytes are

600

increased PWM-induced lymphocyte proliferation with dose @ e -

response manner and slightly increased PHA-induced “o0
lymphocyte proliferation (Fig. 1a). However, ethanol S 200
extractsof C. asiaticainhibited mitogens-induced ol

lymphocyte mitogenesis (at concentration 3&/ml) £ £ 3 3

(Fig.1a). The viability of lymphocytes was also determined WO
by trypan blue exclusion to confirm that this inhibition effect 2500
was not caused by the cytotoxicity of ethanol extract itself. 100
This result indicated thatC. asiatica has both so0
immunostimulant and immunosuppressive activities. Both £ g 1 g
water and ethanol extracts Bf. nasutussignificantly
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. dl hocvt liferation induced by either PH AFigure 2. Effects of C. asiatica Water Extract (CAW)
ncreassd lymphocyte proliieration induced by efter and Ethanol Extract (CAE), on (a) IL-2 and (b) TNF-a

PWM Fig. 1b.). Th It h d S
or (Fig ) ese resufts showe Production in Human PBMCs.Human PBMCs was cultured

immunomodulating activity of plant extracts on cell-. "
9 Y P in the presence or absence of 3@ml of C. asiaticaextract.

mediated immune response. PHA (5ug/ml) and LPS (10ng/ml) were used as positive control to
o stimulate IL-2 and TNFx, respectively. Statistical significance
Effects of C. asiatica and R. nasutus extracts on IL-2 angbrsus mitogen control: ji<0.05.

TNF-a production @
Human PBMCs were used for the production of IL-2 ° 1
and TNFea. Water extract oCC. asiaticaat concentration 4001
500pg/ml increased PHA-stimulated IL-2 as well as LPS- E 3001
stimulated TNFa production. In contrast, ethanol extract 3 200
of C. asiaticainhibited IL-2 and TNFa production (Fig. 100 |
(a) ' o
Control PHA RNW RNE RNW+PHA RNE+PHA
% O Mitogen control ® 3500
!: I Mitogen+CA 10 ug/mi 3000
Eg‘ B Mitogen+CA 100 ug/m! %\ 2500
% M Mitogen+CA 200 ug/mi EZ 2000
& 1500
® E 1000
500
2 O Mitogen control 0 -
g EMnoganoRN 10 ug/m! Control LPS RNW RNE RNW+LPS RNE+LPS
g;; EJ Mitogen+RN 100 ug/mi .
£ M togens RN 200 ugi Figure 3. Effects ofR. nasutuswater extract (RNW) and

Ethanol Extract (RNE), on (a) IL-2 and (b) TNF-a
Bt watr Weer  Eba Evano Production in Human PBMCs.Human PBMCs was cultured
tosen A o e o in the presence or absence of 3@fml of R. nasutusextract.

Figure 1. Effects of (a)C. asiatica(CA) and (b)R. nasutus A (34g/ml) and LPS (10ng/ml) were used as positive control to
. . stimulate IL-2 and TNF, respectively. Statistical significance

(RN) Extracts on Human PBMCs Proliferation Induced versus mitogen control: §<0.05

by Mitogens.Human PBMCs were incubated for 72 h with either R

PHA or PWM as mitoger_1 in the presence of either water or ethanpbsponsible for the specific antibody production in the

thymidine was added in the culture at 18 h before cell harveStir@xtract ofC. asiaticaand R. nasutusn in vivo antibody

and PH]-thymidine incorporation was determined. Stimulation roduction ' BALB/C mice t.reated with water extractof

index (Sl) was calculated and each value representstrgrof P . ) L . .
asiatica(100 mg/kg bw) significantly increased both primary

three donors. Statistical significance versus mitogen control: !
p<0.05. (IgM) and secondary (IgG) antibody responses to BSA when
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16 system deficiencies (Farnsworth and Bunyapraphatsara,

1.4 4 DlPrimary response 1992). Some studies have shown that it can affect the
12  MSecondary response immune reactions through their anti-inflammatory actions

1 (Chen et al, 1999). Recent studies showed the potential
0 | * cytotoxic and anti-tumor properties Gf asiatica(Babu et
o | al, 1995; Bunpo, 2004). Beside direct cytotoxic to tumor
0a cells,C. asiaticamay prevent carcinogenesis by modulating
o | of immune response. Our data showed that water extract of
| C. asiaticaexerted immunostimulating activity on mitogen-

0 10 100 300

stimulated proliferation of human PBMCs. PHA was used
to stimulate T and B cell proliferation whereas PWM was
C. asiatica extract (mg/kg.bw.) used for B cell proliferation. The stronger affect was
Figure 4. Effects of Water Extract of C. asiaticaon  observed in PWM-induced PBMCs proliferation, indicating
Aantibody Production against BSA.BALB/c mice were the stimulation of B lymphocytes. Water extract@f
fed with extract and immunized twice with 1 mg B&&ra  asiaticaalso increased the production of IL-2 and T&F-
were collected 2 weeks after each immunization. Primary antibodyn human PBMCs. IL-2 enhances the proliferation of

(IgM) and secondary (IgG) antibody against BSA were determineglctivated T lymphocytes and activates B lymphocytes
by ELISA method. Statistical significance versus mitogen controlstimulating the proliferation and secretion of

OD 450 nm

* p<0.05. immunoglobulin (Thorpe, 1998). These results support
2.000 - effects of extracts on human PBMC proliferatitm vivo
: i i study, BALB/c mice treated with water extractbfasiatica
_ 1.500 - M Secondary response (100 mg/kg.bw.) showed the higher responses to both
< primary and secondary antibodies against BSA when
2 1.000 1 compared with the non-treated group. Thusivo results
o correlated within vitro proliferative responses to B cells.
0,500 and indicate that active components could be directly

absorbed to produce effects.

In contrast to water extract, ethanol extradct odisiatica
0 10 100 showed immunosuppressive activity. It decreased the
proliferation of mitogen-stimulated human PBMCs and the
) production of IL-2 and TNFx. The viability of cells was
Figure 5. Effects of Water Extract of R. nasutuson 54 determined by trypan blue exclusion test and the cells
Antibody Production Against BSA. BALB/c mice were  ¢pq\aq high viability (>95%). This confirmed that the

fed with extract and immunized twice with 1 mg BS&ra  hhipjtory effect observed in this condition could not be
were collected 2 weeks after each immunization. Primary ant|bod$

0.000 T T

R. nasutus extract (mg/kg.bw.)

(IgM) and secondary (IgG) antibody against BSA were determine onsider as cytotoxic effect of ethanol extradt oésiatica

by ELISA method. Statistical significance versus mitogen control: NF-a is a Cytoklne prgducgd by. many types _Of cells in
* p<0.05. response to inflammation, infection, and environmental

challenges (Rosenblum and Donato, 1989). Overproduction
compared with non-treated control group (FigRinasutus  is associated with various diseases including infectious
extract-treated mice produced higher amount of secondagiyseases, autoimmune disease and cancer. Thus, the
antibody production against BSA than non-treated mice (Fignhibition of TNF-a production by ethanol extract @f.
5). Interestingly, the observed effect was not dose-responasiaticamay be important. This result also correlated with
manner. Mice fed with higher concentration of extract®ur recent study, which showed the inhibition of nitric oxide
showed no difference in the specific antibody productiomnd TNFe production in J774.2 mouse macrophages by an

when compared with non-treated control mice. ethanol extract of. asiatica(Punturee, 2004).
In conclusion, the present study revealed
Discussion immunostimulating activity oC. asiaticaandR. nasutus

extracts regarding both non-specific cellular immune
Plants have played a significant role in maintainingesponses and humoral immune responses. Although, the
human health and improving the quality of human life forexact mechanism of this effect is not clear, it may be
thousands of years. Modulation of immune responses taediated by interactions between active components of
alleviate disease has been one mechanism of interest.eitracts and cell surface molecules or growth factors
number of medicinal plants have been shown to stimulaiavolved in mitogen activation. Another possible action of
or inhibitimmune responses (Craig, 1999; Block and Meadxtracts may be interference with cell signaling. Although
2003); Agarwal and Singh, 1999). further investigations are warranted, the data available to
C. asiaticahas been used in the treatment of conditiongate suggest that. asiaticaand R. nasutusmay have
such as inflammation, rheumatism, asthma and immurgshemopreventive or anticancer actions through
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immunostimulating activity. 59, 808-11.
Shukla A, Rasik AM, Jain GK, et al (1999). In vitro and in vivo

wound healing activity of asiaticoside isolated fr@entella
asiatica J Ethnopharmacok5, 1-11.

. . . . I Suguna L, Sivakumar P, Chandrakasan G (1996). Effects of Centella
The investigators wish to extend their appreciation to o e _
asiatica extract on dermal wound healing in fatian J Exp

the Royal Golden Jubilee Scholarship Thailand, 1999 for gio 34 1208-11.
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