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Calenduloside E 6'-methyl ester induces apoptosis in CT-26
mouse colon carcinoma cells and inhibits tumor growth in a
CT-26 xenograft animal model
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Abstract. The aim of the present study was to investigate the
cytotoxic effect of calenduloside E 6'-methyl ester (oleanolic
acid 3-0-p-D-glucuronopyranoside-6'-methyl ester) isolated
from Acanthopanax sessiliflorus fruits was investigated
in CT-26 mouse colon carcinoma cells. Calenduloside E
6'-methyl ester dose-dependently inhibited the viability of
CT-26 cells. Apoptosis was characterized by the detection of
annexin-V and sub-Gl apoptotic cell populations, terminal
deoxynucleotidyl transferase dUTP nick end labeling (TUNEL)
and DNA fragmentation experiments. Results showed that the
number of immunostained annexin-V-FITC and sub-GlI cells
increased after treatment with calenduloside E 6'-methyl ester.
Calenduloside E 6'-methyl ester also increased terminal deoxy-
nucleotidyl transferase dUTP nick end labeled-CT-26 cells. It
induced DNA fragmentation. and the cleavage of caspase-8, -9,
-3 and poly ADP-ribose polymerases. In addition, calenduloside
E 6'-methyl ester suppressed the volume and weight of tumors
in BALB/c mice subcutaneously implanted with CT-26 cells.
These results indicate that calenduloside E 6'-methyl ester
induces apoptosis in CT-26 mouse colon carcinoma cells and
inhibits tumor growth in a CT-26 carcinoma animal model.

Introduction

Several cancer treatment strategies, including surgery, chemo-
therapy and radiation therapy, have been developed to treat
cancer and cancer-related diseases. Among these treatments,
chemoprevention and chemotherapy using natural compounds
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have been found to effectively prevent the progression of
cancer. Although various types of cancer initially respond to
chemotherapy, the development of chemotherapy resistance
continues to be the main problem in the treatment of cancer.
Therefore, new agents demonstrating chemotherapeutic and
chemopreventive activities should be identified.

Triterpenoids are a large family of natural compounds
commonly found in a diversity of plants (1-3). Certain
natural triterpenoids, including oleanolic acid (33-hydroxy-
olean-12-en-28-o0ic acid) and its isomer ursolic acid
(3p-hydroxy-urs-12-en-28-oic acid), possess anti-cancer
and anti-inflammatory activities (4-7). Moreover, results of
previous studies showed that several synthetic triterpenoid
compounds derived from oleanolic acid including 2-cyano-
3,12-dioxooleana-1,9(11)-dien-28-oic acid (CDDO) and its
methyl ester (CDDO-Me) derivative possess significant
anti-tumorigenic and anti-inflammatory activity (8-11).
Triterpenoids have also been known to prevent oxidative
stress, inflammation and hypertension (12).

Calenduloside E 6'-methyl ester (oleanolic acid 3-O-3-D-
glucuronopyranoside-6'-methyl ester) is a naturally occurring
oleanane-type triterpenoid. Calenduloside E 6'-methyl ester was
isolated from the Brazilian ginseng, Pfaffia paniculata (13),
but can also be obtained from Acanthopanax sessiliflorus (A.
sessiliflorus). A. sessiliflorus, an Acanthopanax species that
occurs in abundance in Korea, belongs to the herbaceous
type of Araliaceae. The shoots and roots of diverse species
of Acanthopanax have traditionally been used as medicines
for a number of diseases, including diabetes, neuralgia, palsy,
gastric ulcer, learning-behavior difficulties and cancer (14-16).

To the best of our knowledge, neither the biological activi-
ties of calenduloside E 6'-methyl ester nor its effect on cancer
cells have been reported. Thus, we isolated calenduloside E
6'-methyl ester from A. sessiliflorus fruits and examined the
anti-cancer activity in mouse colon carcinoma CT-26 cells. In
addition, the anti-tumor activity of calenduloside E 6'-methyl
ester was evaluated in a CT-26 colon carcinoma animal model.

Materials and methods

Extraction and isolation of calenduloside E 6'-methyl ester.
The air-dried fruit of A.sessiliflorus (10 kg) was powdered and
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extracted with 36 litres of aqueous 70% EtOH at room tempera-
ture for 3x24 h. After concentration, the EtOH extract (2,012 g)
was suspended in H,O and then partitioned successively
with EtOAc, n-BuOH and H,O to produce EtOAc (E, 118 g),
n-BuOH (B, 284 g) and water fractions, respectively. Fraction B
was chromatographed on a column of highly porous polymer
(Diaion HP-20) and eluted with H,O and MeOH, respectively,
to yield two fractions (Bl and B2). Fraction B2 (73.40 g) was
subjected to silica gel column (12x13 cm) chromatography
(c.c.) using a gradient of CH;Cl;:MeOH:H,O (7:3:1-65:35:10,
4 litres of each) to yield 11 major fractions (B2-1 to B2-11).
Fraction B2-4 [3.50 g, Ve/Vt (elution volume/total volume),
0.41-0.57] was subjected to RP-18 c.c. [(12x13 cm)(MeOH:H,0,
1.5:1-2:1-4:1)] to produce six subfractions (B2-4-1 to B2-4-6).
Subfraction B2-4-6 (1.44 g, Ve/Vt 0.76-0.99) was purified over
SiO, c.c. (4.5x15 cm) and eluted with CH,;CIl;-MeOH-H,0O
(13:3:1) to yield calenduloside E 6'-methyl ester [88 mg, TLC
(510, F254) Rf 0.60 in CH;Cl;:MeOH:H,0 (65:35:10)].

Cell line and culture condition. Mouse colon carcinoma CT-26
cells were obtained from the Korean Cell Line Bank (KCLB;
Seoul, Korea) and grown at 37°C with 5% CO, in Dulbecco's
modified Eagle's medium (DMEM) with 10% fetal bovine
serum (FBS) and 1% penicillin/streptomycin. Cell culture
medium and reagents were purchased from Thermo Scientific
Hyclone (Waltham, MA, USA).

Cytotoxicity assay. The cytotoxicity of calenduloside E
6'-methyl ester was measured using the MTT [3-(4,5-dimeth-
ylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] (Sigma,
St. Louis, MO, USA) colorimetric assay. CT-26 cells were
seeded onto 96-well plates at a density of 1x10* cells/well in
100 pl of DMEM supplemented with 10% FBS. After 24 h
of incubation at 37°C, cells were treated with serum-free
DMEM containing various concentrations of calenduloside E
6'-methyl ester. After 24 h of incubation, 50 pl of MTT (5 mg/
ml in PBS) was added to each well. Cells were incubated at
37°C for 2 h. After removal of the medium, cells were treated
with 100 ul of dimethyl sulfoxide (DMSO) for 5 min, and then
the optical density was measured using a microplate reader
(Bio-Tek, Winooski, VT, USA) at 550 nm. Cell viability was
calculated as the percentage of viable cells in the calenduloside
E 6'-methyl ester-treated group (2.5, 5, 10, 15, 20 and 25 uM)
versus the control group using the equation: Cell viability (%)
= [(ODcompound = ODgtantd) / (ODconior - ODgjani)] X 100.

Cell cycle analysis. CT-26 cells were seeded onto 6-well plates
at a density of 3x10° cells/well in 2 ml of DMEM supplemented
with 10% FBS. After 24 h of incubation at 37°C, cells were
treated with serum-free DMEM containing different concen-
trations of calenduloside E 6'-methyl ester. After 12 h of
incubation, cells were collected and washed twice with ice-cold
PBS. Cell pellets were fixed in 70% cold ethanol overnight at
-20°C. Fixed cells were centrifuged, washed and resuspended
in 100 pl of PBS, then mixed with 100 ul of RNase A (1 mg/ml;
Sigma) and incubated for 30 min at 37°C. The cells were stained
by adding 400 ul of propidium iodide (PI, 50 ug/ml; Sigma).
After filtering through a nylon mesh (40 xm), the DNA content
of the stained cells was analyzed using the FACSVantage SE
and CellQuest program (BD Biosciences, San Jose, CA, USA).

Annexin V staining assay. Modulation of phosphatidylserine
externalization during apoptosis was assessed using annexin V
conjugated with the fluorescent dye fluorescein isothiocyanate
(FITC). CT-26 cells were seeded onto 6-well plates at a density
of 3x10° cells/well and incubated for 24 h. After treatment with
serum-free DMEM containing 10 M calenduloside E 6'-methyl
ester for 6 h, cells were stained with the annexin V-FITC conju-
gate, and images were captured at an objective magnification
of x40 using a confocal laser scanning microscope (LSM 510
Meta, Carl Zeiss, Oberkochen, Germany).

Terminal deoxynucleotidyl transferase mediated dUTP nick
end labeling (TUNEL) assay. TUNEL staining was performed
on calenduloside E 6'-methyl ester-treated CT-26 cells using
an in situ cell death detection kit (Roche, Basel, Switzerland).
Briefly, cells were fixed with 4% paraformaldehyde and
permeabilized with 0.1% Triton X-100 in 0.1% sodium
citrate buffer. Fixed and permeabilized cells were stained
with enzyme buffer containing terminal deoxynucleotidyl
transferase (TdT) and fluorescein-dUTP. Following washes,
the nuclei were stained with a PI (2 xg/ml) solution for 1 min.
Cells were imaged under x40 objective magnification using a
confocal laser scanning microscope.

DNA fragmentation assay. Genomic DNA was isolated from
calenduloside E 6'-methyl ester-treated CT-26 cells using
a DNA Mini kit (Qiagen, Hilden, Germany) according to
the manufacturer's instructions. The isolated genomic DNA
samples were electrophoresed on a 1.5% agarose gel at 50 V
for 1 h. The gel was stained with ethidium bromide (EtBr;
Sigma) and visualized using a UV transilluminator (Wealtech,
Reno, NV, USA).

Western blot analysis. After seeding onto 6-well plates at a
density of 3x10° cells/well and incubating for 24 h, cells were
treated with 10 M calenduloside E 6'-methyl ester for various
times up to 12 h. The cells were then lysed with RIPA buffer
(Thermo Fisher Scientific Inc., Rockford, IL, USA) supple-
mented with a protease inhibitor cocktail (Roche, Mannheim,
Germany). Protein concentrations were determined using an
RC/DC Bio-Rad assay kit (Bio-Rad, Hercules, CA, USA)
following the manufacturer's instructions. Protein samples
were separated by electrophoresis on 10-15% sodium dodecyl
sulfate (SDS)-polyacrylamide gels. The proteins on the gel
were transferred onto a polyvinylidene fluoride (PDVF)
membrane (PALL Life Science, Port Washington, NY, USA),
blocked with 5% skimmed milk (BD Biosciences), incubated
with an anti-mouse caspase-3, -8, -9 and poly ADP-ribose
polymerase (PARP) (Cell Signaling Technology Inc., Danvers,
MA, USA), and anti-mouse actin (Sigma). The membrane was
then probed with the horseradish peroxidase-conjugated anti-
rabbit IgG (GE Healthcare Life Sciences, Stockholm, Sweden).
Protein bands were detected using an enhanced chemilumi-
nescent western blotting detection system (GE Healthcare
Life Sciences).

Tumor growth in CT-26 allograft bearing mice. Five-week-old
female BALB/c mice were purchased from Orient Bio Inc.
(Seongnam, Korea). The mice were provided with water and
food ad libitum, and were quarantined in a specific pathogen-
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Figure 1. Structure of calenduloside E 6'-methyl ester and cytotoxicity analysis of calenduloside E 6'-methyl ester-treated CT-26 cells. (A) Structure of
calenduloside E 6'-methyl ester isolated from Acanthopanax sessiliflorus fruits. (B) Effect of calenduloside E 6'-methyl ester on the cell viability of CT-26
cells. The cells were treated with various concentrations of calenduloside E 6'-methyl ester and its variants OA and CE for 24 h and cell viabilities were
determined using the MTT assay. OA, oleanolic acid; CE, calenduloside E; CEME, calenduloside E 6'-methyl ester. Data are shown as the mean + SD of
triplicate experiments. Statistically significant differences between treated and control cells were determined using the Student's t-test ('p<0.05, “p<0.01,

“*p<0.001). SD, standard deviation.

free environment with a 12 h light/dark photoperiod in an
animal care facility accredited by the Kyung Hee University
Institutional Animal Care and Use Committee. Animal care and
experimental procedures followed the Kyung Hee University
guidelines for the care and use of laboratory animals.

To establish an allograft colon carcinoma animal model,
5x10° CT-26 cells in 200 pul PBS were injected into the right
flank of BALB/c mice. The tumors were allowed to grow into
visible masses for 7 days, after which animals were divided
into groups of 5 mice each. Each group was treated daily
with a peritumor injection of either calenduloside E 6'-methyl
ester [0.6, 6 mg/kg/day in PBS with 0.2% DMSO (v/v)] or
control (PBS with 0.2% DMSO) for 8 days. Tumor volumes
were measured every other day with a caliper and calculated
according to the formula: Length x width?x 0.5, where length
is the largest tumor diameter and width the smallest tumor
diameter (17). The mice were sacrificed 15 days after tumor
inoculation, and the tumors were excised and weighted.

Statistical analysis. Data are shown as the mean + standard
deviation (SD) or standard error (SE). The Student's t-test
was used to compare different data groups (p<0.05, p<0.01,
p<0.001).

Results

Calenduloside E 6'-methyl ester demonstrated dose-depen-
dent cytotoxic effects. We isolated calenduloside E 6'-methyl
ester from A. sessiliflorus fruits (Fig. 1A). Identification of the
structure was confirmed on the basis of several spectroscopic
analyses, including IR, 'H- and “C-NMR and 2D-NMR
(COSY, HSQC, and HMBC) (data not shown). To determine
the cytotoxic effect of calenduloside E 6'-methyl ester on
CT-26 cells, cells were treated with different concentrations
(2.5,5, 10, 15, 20 and 25 M) of calenduloside E 6'-methyl
ester for 24 h and cell viabilities were measured using an MTT
assay. For comparison to its aglycone structure, oleanolic
acid, and its parental structure, calenduloside E, CT-26 cells
were also treated with oleanolic acid and calenduloside E at

different concentrations (2.5, 5, 10, 15, 20 and 25 M) for 24 h.
Calenduloside E 6'-methyl ester dose-dependently inhibited
the viability of CT-26 cells (Fig. 1B). The ICy, (50% growth
inhibitory concentration) value of calenduloside E 6'-methyl
ester was approximately 10 M. The ICs, value of calendulo-
side E was between 20 and 25 uM. However, oleanolic acid
was demonstrated to have a low cytotoxicity.

Calenduloside E 6'-methyl ester induced apoptosis in CT-26
cells. To analyze whether the cytotoxic effect of calendulo-
side E 6'-methyl ester was caused by apoptosis, calenduloside E
6'-methyl ester-treated CT-26 cells were stained with the
annexin V-FITC conjugate, and monitored under confocal
microscopy (Fig. 2A and B). Cells treated with calendu-
loside E 6'-methyl ester were readily stained with annexin
V-FITC; however, this was not observed for the untreated
control group. The cell cycle was also analyzed to examine
the effect of treatment on the sub-G1 apoptotic population of
CT-26 cells. Cells were treated with diverse concentrations
(2.5, 5, 10 and 25 uM) of calenduloside E 6'-methyl ester for
12 h and their DNA contents were analyzed by flow cytometry
after PI staining. The number of cells in the sub-G1 population
increased in a dose-dependent manner (Fig. 2C and D). After
12 h of incubation with concentrations of 2.5, 5, 10 and 25 uM,
the number of cells in the sub-G1 populations increased to 5.1,
6.4,53.1 and 99.1%, respectively.

Apoptosis was characterized by TUNEL and a DNA frag-
mentation assay. Calenduloside E 6'-methyl ester-treated CT-26
cells were labeled with fluorescein-dUTP, and monitored under
confocal microscopy (Fig. 3A and B). Fluorescein-labeled
cells were observed after 12 h of incubation with calendulo-
side E 6'-methyl ester, but not with the control cells. The DNA
fragmentation assay was also performed to evaluate genomic
DNA fragmentations in calenduloside E 6'-methyl ester-
treated CT-26 cells. Genomic DNA was purified from cells
treated with 10 uM calenduloside E 6'-methyl ester for the
indicated times (3, 6, 9 and 12 h) and subjected to agarose gel
electrophoresis to assess DNA fragmentation (Fig. 3C). DNA
fragmentations were observed in calenduloside E 6'-methyl
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Figure 2. Annexin V and flow cytometric analysis of calenduloside E 6'-methyl ester-treated CT-26 cells. (A) Calenduloside E 6'-methyl ester increased the
number of apoptotic cells stained with annexin-V-FITC. Cells were treated with 10 M calenduloside E 6'-methyl ester for 6 h and stained with annexin-V-FITC,
then imaged under x40 objective magnification using a confocal microscope (bar, 20 ym). DIC, differential interference contrast. (B) Image of the annexin-
V-FITC-stained cells of (A) is enlarged to better demonstrate the FITC signal (bar, 20 #m). (C) Calenduloside E 6'-methyl ester increased sub-GI cell
populations of CT-26 cells. The cells were treated with different concentrations (2.5, 5, 10 and 25 yM) of calenduloside E 6'-methyl ester for 12 h, and the DNA
content was measured using a flow cytometer after staining with PI. (D) Three independent experiments of (C) were performed and data are shown as a bar
diagram. CEME, calenduloside E 6'-methyl ester; FITC, fluorescent dye fluorescein isothiocyanate; PI, propidium iodide.

ester-treated cells and increased in a time-dependent manner.
These results indicate that calenduloside E 6'-methyl ester
induces apoptosis in CT-26 cells.

Calenduloside E 6'-methyl ester induced the activation of the
caspase cascade. The activation of the caspase cascade was
determined in CT-26 cells treated with 10 uM calenduloside E
6'-methyl ester for the indicated times (3, 6, 9 and 12 h). The
amount of cleaved caspase-8 (~43 kDa) and caspase-3 (~19
and ~17 kDa) was increased by treatment with calenduloside E
6'-methyl ester (Fig. 3D). Calenduloside E 6'-methyl ester
treatment caused a reduction in procaspase-9 (~49 kDa) and
induced cleavage of PARP. These results indicate that calen-
duloside E 6'-methyl ester induces apoptosis in CT-26 cells via
the activation of the caspase cascade.

Calenduloside E 6'-methyl ester inhibited tumor growth
in the CT-26 allograft colon carcinoma animal model. The

anti-tumor activity of calenduloside E 6'-methyl ester was
examined in a CT-26 colon carcinoma animal model using
BALB/c mice. After 7 days subcutaneous implantation of
CT-26 allograft, the average volumes of tumors were approxi-
mately 50 mm?®. BALB/c mice were divided into groups and
treated daily with a peritumor injection of calenduloside E
6'-methyl ester for 8 days. No acute side effects, including body
weight loss, hair loss, lethargy and mortality, were detected
(data not shown). In the control group, tumors grew rapidly
and reached an average volume of 694.4+99.3 mm? (mean +
SE) on day 15 after inoculation with CT-26 cells (Fig. 4A).
The size of the primary tumor (313.74+33, 214.3+42.5 mm?)
in 0.6 and 6 mg/kg/day calenduloside E 6'-methyl ester-treated
animals was reduced to 45.2 and 30.9% of the control group
size at 15 days, respectively. Similarly, the tumor weight for the
0.6 and 6 mg/kg/day calenduloside E 6'-methyl ester-treated
group was reduced to 50 and 46% of the control group weight,
respectively (Fig. 4B). Taken together, these results indicate
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Figure 3. TUNEL, DNA fragmentation and caspase cascade analysis of calenduloside E 6'-methyl ester-treated CT-26 cells. (A) The intensity of fluores-
cein-dUTP labeling of DNA strand break was increased in calenduloside E 6'-methyl ester-treated CT-26 cells. Cells were treated with 10 #M calenduloside E
6'-methyl ester for 12 h. The cells were fixed, permeabilized and stained with enzyme buffer containing terminal deoxynucleotidyl transferase and fluo-
rescein-dUTP. After nuclei staining with PI, cells were imaged at x20 objective magnification using a confocal laser scanning microscope (bar, 50 ym).
(B) Image of the TUNEL-stained cells of (A) is enlarged to better demonstrate the fluorescein signal (bar, 10 ym). (C) Calenduloside E 6'-methyl ester
induced the DNA fragmentation of CT-26 cells. Cells were treated with 10 M calenduloside E 6'-methyl ester for the indicated times. DNA fragmentation
was analyzed by agarose gel electrophoresis. M, 100 bp DNA ladder size markers. (D) Calenduloside E 6'-methyl ester induced the activation of caspase-8,
-3, -9 and PARP. Protein extracts were prepared from CT-26 cells treated with 10 xM calenduloside E 6'-methyl ester for the indicated times. The cleavage
of caspase-3, -8, -9 and PARP were determined using western blot analysis. Actin was used as a control. CEME, calenduloside E 6’-methyl ester; TUNEL,
terminal deoxynucleotidyl transferase mediated dUTP nick end labeling; PI, propidium iodine; PARP, poly ADP-ribose polymerase.
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Figure 4. Effect of calenduloside E 6'-methyl ester on tumor growth in a CT-26 allograft colon carcinoma animal model. CT-26 cells (5x10° cells in 200 1 PBS)
were injected into the right flank of BALB/c mice. After the tumor was established (7 days; ~50 mm?), the mice were treated daily with a peritumor injection
of either calenduloside E 6'-methyl ester [0.6, 6 mg/kg/day in PBS with 0.2% DMSO (v/v)] or control (PBS with 0.2% DMSO) for 8 days. (A) Tumor volumes
measured with a caliper are shown as a diagram. (B) Tumor weights after necropsy are shown as a bar diagram. Data are shown as the mean + SE. Statistically
significant differences when compared with the control group were determined using the Student's t-test (‘p<0.05, “p<0.01, ““p<0.001). SE, standard error.
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that calenduloside E 6'-methyl ester inhibited tumor growth in
the CT-26 allograft colon carcinoma animal model.

Discussion

Calenduloside E 6'-methyl ester, which is an oleanane-type
triterpenoid, has been isolated from Brazilian ginseng, Pfaffia
paniculata (13); however, its effects on colon cancer cells have
not yet been reported. In this study, the cytotoxic effect of
calenduloside E 6'-methyl ester isolated from Acanthopanax
sessiliflorus fruits, was investigated in mouse colon carcinoma
CT-26 cells. Calenduloside E 6'-methyl ester significantly
decreased the cell viability of CT-26 cells when compared with
its aglycone and parental structures, oleanolic acid and calen-
duloside E. When cells were treated with 10 M calenduloside
E 6'-methyl ester for 24 h, the viability of CT-26 cells decreased
to approximately 50% relative to the untreated control cells.
Oleanolic acid exhibits cytotoxic effects in a variety of cell
lines, including A549 (non-small cell lung), SK-OV-3 (ovary),
SK-MEL-3 (melanoma), XF498 (central nerve system), HCT15
(colon) and HONE-1 (nasopharyngeal carcinoma) (18-19).
However, the oleanolic acid slightly decreased the viability of
CT-26 cells at concentrations of 20 and 25 uM. The cytotoxic
effect was not observed in 10 uM oleanolic acid-treated CT-26
cells. Calenduloside E also inhibited the viability of CT-26
cells. However, the IDs, of calenduloside E was higher than
that of calenduloside E 6'-methyl ester. Therefore, these results
suggest that the presence of glucoronopyranoside or glucoro-
nopyranoside-6"-methyl ester in C-3 position contributes to
the cytotoxic activity of oleanolic acid derivatives. Notably,
our findings on a high cytotoxic activity of calenduloside E
6'-methyl ester compared to calenduloside E are in accordance
with a previous study which demonstrated that CDDO-Me
exhibits more activity than CDDO against cancer cells due to
the presence of the methyl ester group (20).

To confirm that the cytotoxic effect of calenduloside E
6'-methyl ester was induced by apoptosis, calenduloside E
6'-methyl ester-treated CT-26 cells were characterized by
detections of cell surface annexin-V and sub-Gl1 apoptotic cell
populations, TUNEL and DNA fragmentation experiments.
Calenduloside E 6'-methyl ester increased the cells immu-
nostained with annexin-V-FITC and sub-Gl1 apoptotic cell
populations (Fig. 2). It also increased terminal deoxynucleotidyl
transferase dUTP nick end-labeled CT-26 cells (Fig. 3A and B)
and induced DNA fragmentation (Fig. 3C). Taken together,
these indicate that calenduloside E 6'-methyl ester induced
apoptosis in CT-26 cells and treatment with Calenduloside E
6'-methyl ester resulted in the reduction of procaspase-9 and the
increase of cleaved caspase-8 (Fig. 3D). Thus, calenduloside E
6'-methyl ester-induced apoptosis is mediated by the activation
of the caspase cascade which is involved in apoptotic mecha-
nisms (21,22). Calenduloside E 6'-methyl ester activates two
major apoptotic signaling pathways, intrinsic and extrinsic, as
is the case for other reported triterpenoids to induce apoptosis
through mitochondria-mediated intrinsic and death receptor-
induced extrinsic pathways (23).

Furthermore, we investigated the anti-tumor activity of
calenduloside E 6'-methyl ester in a CT-26 colon carcinoma
animal model using BALB/c mice. Calenduloside E 6'-methyl
ester markedly reduced the tumor size and weight without acute

side effects, including body weight loss, hair loss, lethargy and
mortality. This is, to the best of our knowledge, the first study
demonstrating that calenduloside E 6'-methyl ester inhibits
tumor growth in a CT-26 colon carcinoma animal model.

In conclusion, our results demonstrated for the first time
that calenduloside E 6'-methyl ester induces apoptosis and
inhibits tumor growth in mouse colon carcinoma CT-26 in
vitro and in vivo. Moreover, it induced apoptosis in CT-26
cells, which is mediated by extrinsic and intrinsic apoptotic
signaling pathways, and inhibited tumor growth in a CT-26
colon carcinoma animal model. These findings suggest that
calenduloside E 6'-methyl ester of Acanthopanax sessiliflorus
fruits is a good source of chemotherapeutic agents involved in
the inhibition of tumor growth.
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