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Summary

Purpose: To investigate the antitumor effects of madecas-
sic acid and to investigate the mechanism by which made-
cassic acid treatment functions in malignancies.
Methods: Mouse colon CT26 cancer cells injected in mice
subcutaneously and intraperitoneally were used to eval-
uate the tumor growth inhibition by madecassic acid ad-
ministration. The immunomodulation, cell apoptosis and
mitochondrial membrane potential change were evaluated
by flow cytometry, cell immunostaining and JC-1 staining,
respectively.

Results: Madecassic acid inhibited tumor growth in tu-

Introduction

Malignant tumors represent one of the lead-
ing causes of death. With the advancement of
understanding of tumorigenesis in the past 5
decades, the conventional medical treatments of
cancers, including chemotherapy, radiotherapy,
and surgery significantly improved the survival
of cancer patients. Nevertheless, the overall ther-
apeutic outcomes are still far from being satis-
factory [1], since accumulating evidence showed
that the current approaches to cancer therapy are
accompanied with adverse effects, such as the
disruption of body’s natural defense mechanisms
[2,3]. Therefore, new strategies to cancer treat-
ment are being developed to combat the disease.
Among them, immunotherapeutics is viewed as
the most promising approach against cancer [4].

mor-bearing mice. CT26 cell apoptosis rate and of the cells
from ascites was increased after madecassic acid treatment.
Mitochondrial membrane potential in CT26 cells also de-
creased after madecassic acid treatment. CD4* and CD8*
T- lymphocytes subpopulations increased, while the ratio
of CD4"/ CD8" decreased in after madecassic acid admin-
istration.

Conclusions: Madecassic acid inhibits in vivo CT26
cell-induced tumor growth by facilitating cell apoptosis
and increasing immune defense mechanisms.

Key words: antitumor effects, cell apoptosis, immunomod-
ulation, madecassic acid, tumor growth

Recently, plant-derived polysaccharides have
been paid more and more attention due to their
anticancer properties and the capability to im-
prove the body’s immunomodulation. Oriental
medicine has a long history of using herbs to
prevent and treat diseases, including cancer, by
modulating the body’s natural immune defense
system. Madecassic acid is the active extract of
the commonly used centella asiatica [4]. A previous
study [5] showed that madecassic acid possesses
antiinflammatory properties. However, it is un-
known whether madecassic acid possesses anti-
tumor properties, and the underlying antitumor
mechanism is poorly understood.

In this study we investigated the role of
madecassic acid in a cancer CT26 cells-bearing
mouse model.
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Methods

Cells, cell culture and treatment

Mouse CT26 cells were purchased from the Insti-
tute of Biochemistry and Cell Biology, Chinese Acad-
emy of Sciences (Shanghai, China). Cells were main-
tained in RPMI 1640 medium (Invitrogen, Carlsbad,
CA, USA) supplemented with 10% (v/v) fetal bovine
serum (FBS) (Invitrogen, Carlsbad, CA, USA), 100 u/
ml penicillin, 100 pg/ml streptomycin in humidified
atmosphere with 5% CO, at 37 °C. Culture medium was
replaced daily with fresh medium until cell confluen-
cy reached 80-90%. To examine the apoptotic effects
induced by madecassic acid, CT26 cells were treated
with madecassic acid at concentrations of 2, 10, 50 or
250 pg/mL for 48 hrs; then JC-1 staining and Hoechst
staining were performed. For JC-1 staining, stock solu-
tion of JC-1 (Invitrogen, Carlsbad, CA, USA) in DMSO (5
mg/ml) was diluted in 2 pg/ml with RPMI 1640 medi-
um, and then cells were incubated in the JC-1 solution
for 30 min. Afterwards, cells were rinsed with PBS for
three times and then were inspected under microscope.
For Hoechst staining, cells were firstly fixed with meth-
anol/glacial acetic acid (3:1) for 15 min. After washing
twice with PBS, cells were incubated in Hoechst stain-
ing solution (Invitrogen, Carlsbad, CA, USA) for 5 min
at 37 °C. After two washings with PBS, cells were in-
spected under microscope.

Subcutaneous injection, measurement of tumor weight and
cell apoptosis analysis

CT26 cells were harvested and pre-washed three
times with sterilized PBS. One day after subcutaneous
injection of 100 pl PBS with final cell density of 1 x107/
ml to male mice 5 weeks of age, mice were adminis-
tered 0.5 ml of madecassic acid in bidistilled (bd) H.O
(the content of madecassic acid was 12.5, 25, 50 and
100 mg/kg, respectively). Ten days after administra-
tion, mice were sacrificed and the induced tumor was
weighted.

Intraperitoneal administration

CT26 cells were harvested and pre-washed three
times with sterilized PBS. One day after intraperito-
neal injection of 500 pl of PBS with final cell density
of 1 x107/ml to male mice 5 weeks of age, mice were
administered 0.5 ml of madecassic acid in bd H>0O
(the amount of madecassic acid in bd H,O was mouse
weight-dependent, according to the criteria of 50 mg/
kg) or only 0.5 ml of bd H»O (as control group). Seven
days after administration, ascites was drained and cells
were prepared from the ascitic fluid. After three wash-
ings with PBS, cell apoptosis was analyzed by Annexin
V-FITC/PI (Invitrogen, Carlsbad, CA, USA) double stain-
ing, followed by flow cytometry analysis.

Preparation of mice spleen lymphocytes

Mice with 50 mg/kg madecassic acid or bd H>0,
as described previously, were sacrificed and freshly
extracted mice spleens were incubated in RPMI 1640
medium supplemented with 10% FCS. Spleens were
milled on 200-nylon net with sterilized handle of sy-
ringe followed by centrifugation with 500 rpm for 15
min. Spleen lymphocytes were transferred to 5ml of
Tris-NH4Cl, pH 7.2. After two washings with RPMI
1640 medium, cells were maintained in complete
RPMI 1640 medium supplemented with 10% FCS with
final cell density of 1 x 107/ml.

Mice spleen lymphocytes staining and CD4*/CD8* analysis

Blood samples from mice eyeball and prepared
mice spleen lymphocytes in Eppendorf tube were cen-
trifuged at 500 rpm for 15 min. After removal of the
supernatant, 500 pl rpm) 4% paraformaldehyde (Sig-
ma, St. Louis, MO, USA) in PBS were added to each
tube to suspend cells for 5 min at room temperature.
Three ml of ice-cold staining buffer were then added
and incubated for 5 min at 4° followed by 200 rpm cen-
trifugation for 10 min to remove the supernatant. One
pl of fluorescent-labeled CD4* or CD8* antibodies (BD
Pharmingen; San Diego, CA, USA) diluted in 50 pl of
PBS was added in each tube and incubated for 30 min
in the dark. Afterwards, cells were washed three times
with PBS and suspended in 200 pl of PBS for flow cy-
tometry analysis.

Statistics

The Pearson x* test and the Independent-Sam-
ple-t-test were used for analyses. A p-value of <0.05
was considered as statistically significant. All statisti-
cal analyses were performed using the SPSS 13.0 pro-
gram (SPSS Inc, Chicago, IL, USA).

Results

Madecassic acid treatment inhibits tumor growth

To investigate the antitumor effects of ma-
decassic acid, mice were injected subcutaneously
with CT26 cells followed by administration of dif-
ferent doses of madecassic acid. Tumors induced
by CT26 cell injection were then extracted and
weighted. In control mice without madecassic
acid administration, the average weight of in-
duced tumor was 11.3 g. When administering the
final dose of 12.5 mg/kg madecassic acid, the av-
erage weight of induced tumors was significantly
reduced to 4.15 g (p<0.05); what’s more, the effects
of tumor growth inhibition was dose-dependent,
from 3.24 g in response to final dose of 25 mg/kg
madecassic acid, 2.12 g in response to final dose of
50 mg/kg madecassic acid and 2.10 g in response
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Figure 1. Madecassic acid treatment inhibits tumor
growth. Tumor-bearing mice were administered with
different doses of madecassic acid. Ten days after
administration, mice were sacrificed and the induced
tumors were excised and pictured. X axis=the number
of tumors formed in the mice with tumor cell injec-
tion. Y axis=the different doses of madecassic acid
administration to tumor-bearing mice.

to final dose of 50 mg/kg madecassic acid (Fig-
ure 1, Table 1). According to the effects of tumor
growth inhibition, we then used 50 mg/kg made-
cassic acid for the following experiments.

Madecassic acid treatment induces cancer cell apop-
tosis

To demonstrate whether the inhibited tu-
mor growth was due to cell apoptosis induced by
madecassic acid administration, CT26 cells were
injected intraperitoneally and then 0.5 ml of ma-
decassic acid solution (the amount of madecassic
acid in solution was mouse weight-dependent,
according to the criteria of 50 mg/kg) was ad-
ministered to the mice. The results showed that,
compared with the control group (Figure 2A), ma-
decassic acid administration markedly increased
the cell apoptosis rate (p<0.05; Figure 2B).

Madecassic acid treatment facilitates immunomodu-
lation in lymphocytes

To evaluate the immunomodulatory proper-
ties of madecassic acid, we firstly examined the
CD4* and CD8* T-lymphocyte subpopulations in

prepared tumor-bearing mice spleen lymphocytes
by flow cytometry. Compared with the control tu-
mor-bearing mice group without madecassic acid
administration (Figure 3A), the treatment with
madecassic acid to tumor-bearing mice caused
a significant increment in the number of CD4* T
lymphocytes and an increase in the number of
CD8" T lymphocytes (p<0.05; Figure 3B). By cal-
culating the ratio of CD4*/CD8" T lymphocytes,
we also found that this ratio in mice administered
madecassic acid was significantly higher than
that in the control mice (p<0.05; Figure 3, Table 2),
suggesting madecassic acid treatment effectively
facilitated the immunodulation in tumor-bearing
mice.

Discussion

In anticancer therapy, besides the convention-
al chemotherapy, radiotherapy and surgery, im-
munotherapy with active compounds in natural
products represents a promising strategy, since
this strategy is with much less negative effects
compared with conventional therapies, improv-
ing at the same time the body’s immune defense
system. Among these active compounds, multiple
plant-derived and microorganism-isolated poly-
saccharides have been reported to exert antican-
cer and immunostimulating activities [6-9,13].

In this study, using mouse colon cancer cells
and a cancer-bearing mice model, we comprehen-
sively investigated the impact of madecassic acid
on cell apoptosis and immunomodulation. We
found that treatment with madecassic acid sig-
nificantly induced cell apoptosis and changed the
mitochondrial membrane potential. Furthermore,
in cancer-bearing mice, madecassic acid adminis-
tration markedly reduced the size of solid tumor
and decreased the T- lymphocytes subpopulation
ratio of CD4*/CD8* however, IFN-y and IL-4 secre-
tion increased in spleen lymphocytes. Collective-
ly, these results clearly showed that madecassic
acid exerts anticancer activity by inducing cell ap-
optosis and stimulating immunomodulation.

At cellular level, tumorigenesis is a disorder
of cell proliferation and cell apoptosis, namely
unlimited cell proliferation and excessively low
rate of cell apoptosis. In anticancer therapy it is

Table 1. Average weight of induced tumor in response to madecassic acid administration

Madecassic acid (mg/kg) 0 125

25 50 100

Average tumor weight+SD (g) 11.3+1.23

4.15+0.75*

3.24+0.77* 2.12+0.34* 2.10+0.31*

*p<0.05 vs 0 mg/kg madecassic acid. SD: standard deviation
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Figure 2. Madecassic acid treatment induces cancer
cell apoptosis. Cells from the ascites of tumor-bearing
mice without (A) or with (B) madecassic acid admin-
istration were stained by Annexin V-FITC/PI followed
by flow cytometry to analyse cell apoptosis. Upper
left (UL): shows the percent of dead cells; Upper right
(UR): shows the percent of non-active cells; Lower left
(LL): shows the percent of apoptotic cells; Lower right
(LR): shows the percent of living cells. Mouse colon
CT26 cells cells were treated with (D, F) or without
(C, E) madecassic acid (50 pg/mL) for 48 hrs and then
Hoechst 33342 and JC-1 staining were performed to
examine the cell morphology. D, F show considerably
more apoptotic cells.

Table 2. Mean percentage (+SD) of CD4+ and CD8+ T
lymphocytes subpopulations

Without madecassic ~ With madecassic acid

acid administration administration
CD4+ 9.53+1.11 21.38+2.52*
CD8* 6.18+0.86 10.07+1.32

*p<0.05 vs without madecassic acid. SD: standard deviation

accepted that inhibition of cancer cell prolifera-
tion only delays the progression of tumorigene-
sis but cannot eliminate tumor, while induction
of cancer cell apoptosis is a strategy capable to
reduce the tumor size or even lead to tumor elim-
ination [11]. Therefore, screening of reagents that
can induce cancer cell apoptosis is of great clini-
cal significance. In this study, after administration
of madecassic acid, the induced tumor growth in
mice progressively decreased in a dose-dependent
manner of madecassic acid administration (Figure
1, Table 1). Cell apoptosis analysis showed that af-
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Figure 3. Madecassic acid facilitates immunomodu-
lation of lymphocytes. Spleen lymphocytes from the
tumor-bearing mice without (A) or with (B) made-
cassic acid administration were stained with fluores-
cent-labeled CD4+ or CD8+ antibody for 30 min, then
flow cytometry analysis was performed to measure the
percentage of CD4+ or CD8+ T-lymphocytes subpopu-
lations. Prepared mice spleen lymphocytes from nor-
mal mice (C), tumor-bearing mice without madecassic
acid (D) or tumor-bearing mice with madecassic acid
administration (E) were fixed, stained with labeled
antibodies against intracellular cytokines IL-4 and
IFN-y for 30 min followed by flow cytometry analysis
to measure the percentage of cells secreting IL-4 or
IFN-y.

ter madecassic acid administration, cell apoptosis
rate in ascites of tumor-bearing mice was mark-
edly elevated (Figure 2, B and D). Therefore, this
observation would imply that the shrinkange of
tumor size could be possibly due to the madecas-
sic acid-induced cancer cell apoptosis. Though
we did not comprehensively explore the mecha-
nism by which cancer cell apoptosis was induced
by madecassic acid, our immunostaining experi-
ments suggested that madecassic acid treatment
decreased the mitochondrial membrane potential
(Figure 2F), which at least partly contributed to
the cancer cell apoptosis.

Essentially, tumorigenesis is due to the at-
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tenuation of the body’s immune defense system,
which makes the cancer cells escape the attack
by the T cells. Therefore, stimulating the immu-
nomodulation by reagents will contribute to the
elimination of cancer cells in cancer immuno-
therapy [12]. With madecassic acid administration
to tumor-bearing mice we showed that not only
CD4* and CD8" T- lymphocytes subpopulations in-
creased (the ratio of CD4*/CD8" increased too), but
also the secretion of IFN-y and IL-4 increased as
well (Figure 3). The results suggested that treat-
ment with madecassic acid brought out two-step
effects to mice immunomodulation. Firstly, treat-
ment with madecassic acid to tumor-bearing mice
caused a significantly increase of CD4* and CD8*
T- lymphocytes subpopulation (Table 2). It was
documented that CD4" T cells themselves not only
attack cancer cells but they also can help CD8" T
cells to attack cancer cells [13,14]. Thus, the in-
creased CD4* and CD8* T-lymphocytes subpopula-
tions in response to madecassic acid administra-
tion directly enhanced the body’s immune defense
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