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Abstract - Eclipta prostrata grows abundantly in the tropical and the sub-tropical parts of the world including
most part of the Korean Peninsula. The plant has been traditionally used for the treatment of a number of
inflammatory diseases including hepatitis and enteritis but the nature of its immuno-modulating activity needs
more studies. In this study, water-soluble sugar-containing fractions were purified from the herb and their effects
on the culture of mouse splenocytes were examined. One of the fractions significantly suppressed apoptosis of
the splenocytes in culture, which involves the gene expression regulation of a number of cytokines and cytok-
ine receptors including MIP1-β. This study could explain an immunological activity of Eclipta prostrata and
would lead to identify an immuno-active compound from the plant. 
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INTRODUCTION

Eclipta prostrata is an annual tropical and subtropical
plant and also grows abundantly throughout the Korean
Peninsula. It is regarded as an edible plant in Korea and
also a traditional medicinal herb used for the treatment of
a number of inflammatory diseases including hepatitis
and enteritis (Han et al., 1998). It has also been reported
that the herb could be applied for the allergic conditions
like cough and asthma (Kobari et al., 2004). An alcoholic
extract of the plant showed protective activity against the
myotoxic and hemorrhagic effects of a snake venom
(Mores et al., 1998) and also revealed lipid-lowering
activity (Kumari et al., 2006). In Thailand, Eclipta pros-
trata has been prescribed for AIDS patients and a num-
ber of compounds with anti-HIV activity were purified
from the plant (Tewtrakul et al., 2007). Though many of
these findings indicate that the plant may present
immuno-modulating activity, its nature requires more
studies in cellular and molecular levels. 

Programmed cell death or apoptosis is an important

process in the homeostatic regulation of many cell types
of the immune system and also plays a role in the regula-
tion of immune responses as well as in the pathogenesis
of a variety of immune disorders (Lindsten et al., 2000).
Apoptosis is a tightly regulated process and can be
induced by a diverse range of stimuli from either inside or
outside of a cell (Ishizaki et al., 1995; Luo et al., 1998).
Extracellular apoptotic signals can be originated from
death receptor bindings, which may induce or suppress
apoptosis of the cell depending on the nature of the sig-
nals (Wajant, 2002). Since immune cells possess vari-
ous kinds of carbohydrate-binding receptors such as the
lectin-like receptors (Kusumi et al., 2006; van Vliet et al.,
2007) and the signals from the receptor bindings could
modulate apoptosis of the cells (Sullivan et al., 2007;
Fedele et al., 2007), some of the carbohydrate-contain-
ing molecules from plants would control survival of the
cells (Srivastava and Kulshreshtha, 1989). A glycoside
extract from oleander inhibited proliferation and induced
apoptosis of prostate cancer cells (Winnicka et al., 2006)
and an extract from Artemisia asiatica induced apoptotic
death of the pancreatic inflammatory cells (Hahrm et al.,
1998). A polysaccharide fraction from Artemisia iway-
omogi suppressed apoptotic death of immune cells
(Hwang et al., 2003) while a hot water polysaccharide
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extract from Anacyclus pyrethrum stimulated the prolifer-
ation of peritoneal cells (Bendjeddou et al., 2003). 

Given that the binding of plant carbohydrates to the
carbohydrate-binding receptors on immune cells could
modulate function of the cells, effect of a carbohydrate
fraction from Eclipta prostrata on the apoptosis of spleno-
cytes has been studied. A mouse gene array has also
been employed to determine the gene expression
changes by the treatment of the fraction in order to have
an idea on the nature of its anti-apoptotic activity. 

MATERIALS AND METHODS

Mice and Chemicals
BALB/c mice were purchased from the Korea Experi-

mental Animal Center (Seoul, Korea). Most of the cell cul-
ture reagents were obtained from the Sigma (St. Louis,
MO, USA). Atlas Mouse cDNA Expression Array and
Atlas Pure Total RNA Labeling System were purchased
from Clonetech Lab (Palo Alto, CA, USA) and RNAgents
Total RNA Isolation System was from Promega (Madi-
son, WI, USA). TACS MTT Assay was purchased from
R&D systems (Minneapolis, MN, USA) and BD ApoAlert
Annexin V-FITC kit and propidium iodide (PI) were from
the BD Biosciences (Palo Alto, CA, USA). First-Strand
cDNA Synthesis Kit was obtained from the Amersham
Biosciences (Piscataway, NJ, USA) and Limulus Ameb-
ocyte Lysate was from the Cape Cod Inc. (East Fal-
mouth, MA, USA).

Purification of carbohydrate fractions from Eclipta
prostrata

An oriental herbal product of Eclipta prostrata was pur-
chased from the Youngnam Oriental Drug Store (Gim-
hae, Korea) and a voucher specimen of the herb used in
this study has been deposited at the Herbarium of the
Bio-health Products Research Center, Inje University. A
water-soluble crude extract was prepared by percolating
the herb in high-pressure steam water for 3 hours and
was then size-fractionated with distilled water using
Sephadex G-50 column chromatography. The fractions
containing carbohydrates were determined by the modi-
fied phenol sulfuric-acid method of total sugar determina-
tion (Taylor, 1995), producing three peaks around 32K,
6K and 1K dalton areas (Fig. 1). The fractions corre-
sponding to each peak were pooled and named as the
EPF0, EPF1 and EPF2 fractions, respectively. The frac-
tions as well as the vehicle (distilled water) used in the
following studies were all pre-tested for bacterial endot-
oxin by the gel clot assay using Limulus Amebocyte

Lysate as described by the manufacturer (Cape Cod Inc.)
in order to confirm their endotoxin-free states. 

Effects of the carbohydrate fractions on the survival
of the mouse splenocytes in culture.

Mouse splenocytes were collected from the corre-
sponding tissue of 6 week-old female BALB/c mouse as
described by Mishell and Shiigi (1980). Following the
removal of red blood cells, the splenocytes were cultured
in the DMEM/10% FCS medium supplemented with the
fractions at the final concentration of 1mg/ml. At the day
3, 6 and 12 of the cultures, the numbers of live cells in
the cultures were determined using Trypan Blue dye
exclusion method. In order to examine the effect of the
fractions on the apoptosis of the cells, a DNA fragmenta-
tion assay was also performed as described previously
(Kroemer et al., 1997). Briefly, DNA samples containing
small DNA fragments were prepared from each cell
lysate following the treatment of the splenocytes for 4
hours with 1mg/ml of each fraction, which were then sub-
jected to a 1% agarose gel electrophoresis. 

Effect of the EPF2 fraction on the apoptosis of the
mouse splenocytes in culture

For the characterization of the anti-apoptotic activity of
the EPF2 fraction, an MTT assay was employed to deter-
mine the viability of the cells as described by the manu-
facturer (TACS MTT reagent, R&D systems). Following
the incubation of mouse splenocytes in DMEM/10% FCS
medium supplemented with 0.5mg/ml, 1.0mg/ml or
2.0mg/ml of the EPF2 fraction for 4 hours, the cells were
treated with the MTT Reagent until purple precipitates
became evident. Each precipitate was dissolved in the
Detergent Reagent and the absorbance at 595nm was

Fig. 1. Preparation of the carbohydrate fractions using Sepha-
dex G50 column chromatography. A water-soluble crude
extract from Eclipta prostrata was size fractionated using dis-
tilled water and the amounts of reducing sugar in the fractions
were determined by the phenol sulfuric-acid method. 
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measured. The degree of the splenocyte apoptosis in the
culture was also examined using a FACS analysis with
annexin V and propodium iodide (PI) as described by the
manufacturer (BD Biosciences). Following the treatment
of the cells with 1mg/ml EPF2 fraction for 4 hours, the
cells were stained with both annexin V and PI and exam-
ined by a Becton-Dickinson FACSCalibur single laser
cytometer. 

Gene expression change in the EPF2-treated sple-
nocytes

Following the treatment of splenocytes with either the
EPF-2 fraction or the vehicle, total RNAs were purified
using the RNAgents Total RNA Isolation System as
described by the manufacturer (Promega). The radioac-
tive cDNA probes were then prepared from the RNAs
using the Total RNA Labeling System as instructed by the
manufacturer (Clonetech). The labeled cDNA probes
were then hybridized with the Atlas Mouse cDNA Expres-
sion Arrays where the cDNA fragments from 588 differ-
ent genes had been attached in duplicate on a positively
charged nylon membrane. Following the hybridization,
the membranes were exposed on x-ray films and ana-
lyzed using the Alpha Imager 1220 image analysis sys-
tem (Alpha Innotech Cooperation, San Leandro, CA,
USA) to determine the density of each hybridized spot.
The expression level of each gene was compared follow-
ing the normalization of each spot density using the sig-
nals from the positive and the negative control spots to
minimize variations from blot to blot. 

RT-PCR analysis of MIP1-β gene expression
cDNAs were prepared using the First-Strand cDNA

Synthesis Kit as the manufacturer's instruction (Amer-
sham Biosciences) with the total RNA preparations from
the EPF2- and the vehicle-treated cells. The cDNAs were
then subjected to a PCR amplification reaction using the
specific primer sets for β-actin and MIP1-β genes. The
amplification of β-actin gene was performed using a
primer set of gcaccacaccttctacaatgag and aaatagcacagc-
ctggatagcaac and that of MIP1-β gene was done with a
primer set of atgaagctctgcgtgtctgc and tcagttcaactccaagt-
cactcat. PCR reactions were performed under the follow-
ing amplification conditions: a cycle of denaturing at 95oC
for 5 min, annealing at 55oC for 1 min and extending at
72oC for 1 min, followed by 35 cycles of denaturing at
95oC for 1 min, annealing at 53oC for 1 min and extend-
ing at 72oC for 1 min. Following an additional extension at
72oC for 10min, the amplified DNA fragments were exam-
ined on a 1% agarose gel.

Statistical analysis
All experiments were performed in duplicate and

repeated at least twice, and the results were statistically
evaluated using Student’s t-test. The P values less than
0.05 were regarded as significant.

RESULTS AND DISCUSSION

Effect of the EPF2 fraction on splenocyte viability
In order to examine the effect of the EPF0, EPF1 and

EPF2 fractions on the survival of the mouse splenocytes
in culture, the numbers of live cells in the cultures were
counted following the Trypan Blue staining. While more
than a half of the cells in the EFP2-treated culture were
still alive, approximately 80% of cells in the EPF0- and
the EFF1-treated cultures died out on the day 12 of the
culture. At the time point, the vehicle-treated culture
showed almost complete death of the cells (Fig. 2a),
which is expected in a primary splenocyte culture. The
survival rate of the cells in the EPF2-treated culture was
more dramatic during the early phase of the culture
period as the cells in the EPF2-treated culture did not
show any sign of cell death until the day 6 of the culture
while more than 40% of the cells were dead in the other
cultures. Although the EPF2 treatment showed better sur-
vival of the splenocytes in the primary culture, it did not
increase the number of live cells significantly during the
culture period (Fig. 2a), suggesting that the EPF2 frac-
tion might modulate the death of the cells. When the
degrees of the apoptotic death of the cells were exam-
ined using a DNA fragmentation assay (Fig. 2b), its pat-

Fig. 2. Effects of the carbohydrarte fractions on the mouse
splencytes in culture. The cells in the EPF2-treated cultures
showed better survival as determined by the number of live
cells in the cultures (a) and the degree of the DNA fragmenta-
tion of the cells (b). The lanes from 1 to 4 in the panel b) repre-
sent the cells treated with the EPF0, EPF1, EPF2 and vehicle,
respectively. MW represents the DNA fragments from HindIII-
digested λ DNA. 
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tern appeared very similar to that of the live cell counting
study (Fig. 2a). While the cells in the vehicle-, the EPF0-
and the EPF1-treated cultures produced significant
amount of the small DNA fragments, the EPF2-treated
cells showed very low level of DNA fragmentation (Fig.
2b), which indicated that the EPF2 fraction suppressed
apoptosis of splenocytes and thus extended survival of
the cells. In order to have an idea on the sugar-contain-
ing molecules involved in the anti-apoptotic activity, the
carbohydrate compounds in the EPF2 fraction were
examined using the Agilent ZORBAX High Performance
Size Exclusion Chromatography (Agilent Technologies,
Santa Clara, CA, USA) with PSM 60S column. As seen
in Fig. 3, most of the carbohydrate-containing com-
pounds in the fraction appeared to be around the size of
sucrose molecule, suggesting that one or more hydro-
philic sugar-containing compounds such as oligosaccha-
rides or glycoside compounds could present the anti-
apoptotic activity of the fraction. 

The degrees of the cellular death in the EPF2-treated
culture were determined quantitatively using an MTT
reduction assay and a FACS analysis. The EPF2 supple-
mentation showed significant increase in the MTT reduc-
tion in a dose-dependent fashion (Fig. 4a), indicating that
the fraction could be responsible for the survival of the
splenocytes. The FACS analysis using annexin V and PI
also supports anti-apoptotic activity of the fraction.
Although there was not much difference in the mean
annexin V fluorescence intensity in the annexin V-posi-
tive cells between the EPF2- and the vehicle-treated cul-
tures (Fig. 4b, left), the average number of cells

expressing annexin V was much lower in the EPF2-
treated culture than in the vehicle-treated culture (Fig. 4b,
right). Since annexin V specifically binds to phosphati-
dylserine exposed on the cells under apoptosis (Win-
nicka et al., 2007), this result indicated that the EPF2
fraction suppressed the apopototic death of the spleno-
cytes. The two-color FACS study using annexin V and PI
showed that the EPF2 fraction significantly reduced the
cell population stained by both annexin V and PI (upper
right corner, Fig. 4c), indicating that the fraction mainly
reduced the number of splenocytes in the late apoptotic
stage probably by delaying apoptosis progression in the
cells. Considering that the major populations in spleen
are lymphocytes and antigen-presenting cells important in
the immune response, the EPF2 fraction might exert its
anti-apoptotic activity on those cells and thus modulate
immune response in spleen. Provided that the anti-apop-
totic effect on splenocytes by the EPF2 fraction could be
presented in vivo, the fraction would affect the mainte-
nance or activation of the immune cells including T cells
and thus could be applied to the control of the diseases

Fig. 3. Characterization of the carbohydrate compounds in the
EPF2 fraction using PSM Size exclusion chromatography. The
EPF2 fraction was size fractionated using distilled water and
the carbohydrates were examined by an RI detector. The
arrows marked by “S” and “G” represent the peak areas for
sucrose and glucose, respectively, used as the molecular
weight standards. 

Fig. 4. Effect of the EPF2 fraction on the apoptotic death of the
splenocytes in culture. The panel a) represents the MTT
reduction assay and the panel b) shows a FACS result of
annexin V staining (left) with the average number of annexin
V-positive cells (right). The panel c) is a two color FACS analy-
sis with annexin V and PI.
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resulted from the immune cell apoptosis such as AIDS
where the death of both HIV-infected and -uninfected
CD4 T cells is important in the development of the symp-
tom (Alimonti et al., 2003). In this regard, it is interesting
that Eclipta prostrata has already been prescribed for
AIDS patients in Thailand (Tewtrakul et al., 2007). 

Gene expression change by the EPF2 treatment
To obtain preliminary information on the mechanism of

the anti-apoptotic activity of the EPF2 fraction, a gene
array technology was employed to screen the genes
whose expressions were changed by the EPF2 treat-
ment (Fig. 5a). A mouse gene array containing a panel of
588 cDNAs involved in the signal transduction and apop-
tosis was probed with the cDNAs either from the EPF2-
or the vehicle-treated splenocytes. Among the numerous
genes whose expressions were changed by the EPF2
treatment, at least 2-fold up-regulation was observed in 3
genes while more than 2-fold down-regulation in 12
genes (Table 1), which includes a number of cytokine and
cytokine receptor genes. The up-regulations of the cytok-
ine receptor common gamma subunit (γ-C) and the mac-
rophage inflammatory protein 1 beta (MIP1-β) could
explain the anti-apoptotic activity of the EPF2 fraction
since MIP1-β is shown to be up-regulated upon stimula-
tion in monocytes and lymphocytes (Modi et al., 2001)
and γ-C is known to be important for T and B cell activa-
tion (Akbar et al., 1996). Among the genes whose
expressions were reduced by the EPF-2 treatment, the
down-regulations of TANK, STAT1, TGF-β1 and CDKN1B
could explain the anti-apoptotic activity of the fraction.
Both TANK and STAT1 genes are important in the apop-
tosis progression in the TNF receptor pathway. TANK
gene is known to induce apoptosis by an adaptor protein

Fig. 5. Result of the gene arrays hybridized with the cDNAs
from the EPF2- and the vehicle-treated cells (a) and the RT-
PCR analysis for the MIP1-β gene expression (b). Spots repre-
senting the MIP1-β gene were indicated by the arrows in the
panel a). 

Table I. Genes down- or up-regulated by the EPF2 treatment. 

Genes Fold of expression

macrophage inflammatory protein 1 beta (MIP1-β; MIP1B) +3

cytokine receptor common gamma  subunit (γ-C) +2

glucose-6-phosphate isomerase (GPI) +2

signal transducer & activator of transcription 1 (STAT1) -4

vimentin (VIM) -4 

transforming growth factor beta 1 (TGF-β1; TGFB1) -4

split hand/foot deleted gene 1  (SHFDG1) -3

integrin beta 2 (ITGB2) -3

TRAF family  member-associated NF-kappaB activator(TANK) -3

special AT-rich sequence-binding protein 1  (SATB1) -3

proviral integration site 1 proto-oncogene (PIM1) -3

dipeptidyl peptidase IV (DPPIVB; DPP4) -2

nucleoside diphosphate kinase B (NDP kinase B; NDKB) -2

glutathione reductase  1 (GR1) -2

cyclin-dependent kinase inhibitor 1B (CDKN1B) -2
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related with TNF receptor (Annumziata et al. 2000) and
STAT1 is also required for the expression of the apopto-
sis enzymes including caspases (Kumar et al., 1997).
The down-regulation of TGF-β1 and CDKN1B could
result in the suppression of the splenocyte apoptosis
since TGF-β could lead cell death through the activation
of Cdc2 and Cdk2 (Choi et al., 1999) and CDKN1B might
mediate TGF-β-induced G1 arrest (Katayose et al.,
1997). Although more studies are required for the mecha-
nism of the anti-apoptotic activity of the EPF2 fraction,
these results suggest that the fraction may modulate
splenocyte apoptosis through the regulation of the cytok-
ine/cytokine receptor pathway of the cells.

The up-regulation of the MIP1-β gene expression by
the EPF2 treatment needs mentioned further with regard
to HIV infection and AIDS development. MIP1-β belongs
to the CC chemokine subfamily directing the migration of
specific subsets of leukocytes (Modi et al., 2001) and was
also identified as a potent HIV-blocking factor produced
by CD8 T cells (Kamin-Lewis et al., 2001). Since HIV
infection to CD4 T cells requires CC chemokine receptor
as a co-receptor and the occupation of the receptor by
the CC chemokines such as MIP-1β profoundly inhibits
HIV infection (Amara et al., 1997), the up-regulation of
MIP1-β by the EPF2 fraction might prevent or inhibit a
new HIV infection of CD4 T cells. As seen in Fig. 5a, the
MIP1-β spots of the EPF2-treated array appeared as the
faint dots while those of the control array were too light to
be located, indicating that the MIP1-β expression could
be increased by the EPF2 treatment. Through the nor-
malization using the spot densities of the positive control
genes in the bottom row of the vehicle- or the EPF2-
treated array, the MIP1-β expression level of the EPF2-
treated cells was measured to be 3 times higher than that
of the vehicle-treated cells (Table 1). RT-PCR analysis
also showed the MIP1-β expression was markedly
increased by the EPF2 treatment (Fig. 5b), indicating that
the expression of the CC chemokine can be up-regu-
lated by the fraction. In addition to the possible contribu-
tion of the anti-apoptotic activity of the EPF2 fraction to
the survival of CD4 T cells, this prospective blocking-
activity of HIV entry by the increased MIP1-β makes
Eclipta prostrata a strong candidate for the development
of an anti-AIDS drug from a natural source. Interestingly,
Eclipta prostrata already has been prescribed for the
treatment of HIV infection among Thai doctors and a cou-
marin derivative from the plant showed inhibitory activity
against HIV-1 protease and integrase (Tewtrakul et al.,
2007).

In this study, we have shown that the suppression of

the apoptotic death of splenocytes in culture by the treat-
ment of a water-soluble carbohydrate fraction purified
from Eclipta prostrata. We have also presented changes
of gene expression pattern by the treatment of the frac-
tion, which includes the increased transcription of MIP1-β
gene. This study would help to identify a prospective nat-
ural compound from Eclipta prostrata for treatment or pre-
vention of the diseases where cytokine regulation and
apoptosis play important roles. 
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