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Abstract
Background: Asclepias curassavica Linn. is a traditional medicinal plant used by tribal people in the western ghats, 
India, to treat piles, gonorrhoea, roundworm infestation and abdominal tumours. We have determined the protective 
effect of β-sitosterol isolated from A. curassavica in colon cancer, using in vitro and in vivo models.

Methods: The active molecule was isolated, based upon bioassay guided fractionation, and identified as β-sitosterol 
on spectral evidence. The ability to induce apoptosis was determined by its in vitro antiradical activity, cytotoxic studies 
using human colon adenocarcinoma and normal monkey kidney cell lines, and the expression of β-catenin and 
proliferating cell nuclear antigen (PCNA) in human colon cancer cell lines (COLO 320 DM). The chemopreventive 
potential of β-sitosterol in colon carcinogenesis was assessed by injecting 1,2-dimethylhydrazine (DMH, 20 mg/kg b.w.) 
into male Wistar rats and supplementing this with β-sitosterol throughout the experimental period of 16 weeks at 5, 10, 
and 20 mg/kg b.w.

Results: β-sitosterol induced significant dose-dependent growth inhibition of COLO 320 DM cells (IC50 266.2 μM), 
induced apoptosis by scavenging reactive oxygen species, and suppressed the expression of β-catenin and PCNA 
antigens in human colon cancer cells. β-sitosterol supplementation reduced the number of aberrant crypt and crypt 
multiplicity in DMH-initiated rats in a dose-dependent manner with no toxic effects.

Conclusion: We found doses of 10-20 mg/kg b.w. β-sitosterol to be effective for future in vivo studies. β-sitosterol had 
chemopreventive potential by virtue of its radical quenching ability in vitro, with minimal toxicity to normal cells. It also 
attenuated β-catenin and PCNA expression, making it a potential anticancer drug for colon carcinogenesis.

Background
Lung, breast and colon cancer are the 3 most common
cancers worldwide, with an increasing annual incidence
[1]. Scavenging reactive oxygen species (ROS) by antioxi-
dant activity is important in preventing potential damage
to cellular components, including DNA, proteins, and
lipids. Oxidative damage can cause major events, some-
times leading to carcinogenesis. Antioxidants have been
used to inhibit apoptosis because apoptosis appeared ini-
tially to be mediated by oxidative stress [2]. Several in
vitro and in vivo studies suggest that plant sterols can
protect against colon, prostate, and breast cancers in
developed countries [3]. Colon cancer is frequently a

pathological consequence of persistent oxidative stress,
leading to DNA damage and mutations in cancer-related
genes, cell cycle death and regeneration, where cellular
overexpression of β-catenin and proliferating cell nuclear
antigen (PCNA) are implicated [4]. Increase in the cyto-
plasmic pool of β-catenin is associated with cell prolifera-
tion, and resistance to apoptosis and carcinogenesis [5].

1,2-Dimethylhydrazine (DMH) induced colon carcino-
genesis in the rat is a widely used experimental model
among cancer chemoprevention studies. Aberrant crypt
foci (ACF) are putative preneoplastic lesions of colonic
neoplasia in rodents and humans. During the process of
colon carcinogenesis, ACF appear in the early stages and
subsequently develop into polyps, adenomas and eventu-
ally carcinomas [6]. The goal of cancer chemoprevention
is to retard, block or reverse the process of carcinogenesis
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through the use of natural or synthetic agents, including
antioxidants. A. curassavica powder is used to treat
abdominal tumors in traditional Indian medicine. β-sitos-
terol and its glycosides, along with other compounds
such as oleanolic acid, uzarigenin, calactin, calotropin,
coroglaucigenin, calotropagenin and uzarin have been
isolated. The cytotoxic principle of A. curassavica proved
to be calotropin [7].

β-sitosterol isolated from various plants promotes
apoptosis by increasing FAS levels and caspase-8 activity
[8], phosphorylation of extracellular-signal regulating
kinase (ERK) and p38 mitogen-activated protein kinase
(MAPK) [9], inhibition of cancer cell proliferation - even
at low concentrations with no cytotoxic effect to noncan-
cerous cells [10], modulation of antioxidant enzyme levels
in pathogenesis [11], arrest of cells at G2/M phase in
prostate cancer cells [12], and decreasing free radical gen-
eration in vitro [13]. A large number of medicinal plants
and their purified constituents have beneficial therapeu-
tic potentials. In this context, our work aimed to broaden
the understanding of the anticancer potential of β-sitos-
terol in in vitro cancer model and DMH-induced experi-
mental colon carcinogenesis model, which could be
beneficial in anticancer therapy.

Methods
Chemicals
Dulbecco's modified Eagle's medium (DMEM), Rosewell
Park Memorial !nstitute 1640 medium (RPMI-1640), 2,2-
diphenyl-1-picrylhydrazyl (DPPH), 3-(4,5-dimethyl thi-
azol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT),
2',7'-dichlorofluorescein (DCF-DA), HOECHST 33258,
and 1,2-dimethylhydrazine (DMH) were purchased from
Sigma Chemical Company. Fetal bovine serum (FBS),
phosphate buffered saline, Trypsin-EDTA - 0.25%, Anti-
biotic-antimycotic solution from Invitrogen (USA).
AnnexinV-FITC antibody and propidium iodide kit were
purchased from Biosource, Camarillo, CA USA. The
commercial rat pellet diet used was purchased from Hin-
dustan Lever Ltd, Mumbai, India. All other chemicals,
including solvents, were of high purity analytical grade
marketed by HiMedia chemicals, Mumbai, India.

Isolation of β-sitosterol from A. curassavica
A. curassavica leaves were collected from Kodhaiyar,
Western Ghats, Tamil Nadu and carefully identified by
Dr. Ayyanar, a taxonomist at the Department of Botany,
Loyola College, Chennai, India. One kilogram of shade
dried leaves was placed in an aspirator; 3 L hexane were
added and the mixture shaken occasionally for 48 h.
Extracts were filtered through Whatman filter paper no. 2
on a Buchner funnel and the solvent removed under
reduced pressure in a rotary evaporator at 40°C. The
extracts were placed in preweighed flasks before drying.

The remaining plant residue was extracted sequentially
with ethyl acetate and methanol. The extracts obtained
were dissolved in dimethyl sulphoxide (DMSO) and used
as a stock solution. This stock solution was filter-steril-
ized (0.22 μm) prior to experimental use.

Active ethyl acetate extract (20 g) was subjected to col-
umn chromatography and eluted with hexane, followed
by combinations of hexane:ethyl acetate ranging from
95:5 to 0:100. The eluted fractions were combined to give
major fractions by comparing the Rf values of the col-
lected fractions when run on TLC F254 plates in similar
solvent systems. Based upon the TLC pattern, the frac-
tions were pooled to give 17 major fractions. The col-
lected fractions were screened for their anticancer
property, based on bioassay guided fractionation. F12 was
identified as active. White crystals deposited on the walls
after further purification of F12. These crystals produced
a single spot on TLC, confirmed to be a single compound,
which was subjected to IR, MASS, and NMR analysis for
structure elucidation. The physical and chemical data of
F12 corresponded to that of β-sitosterol. The crude, frac-
tions and the isolated compound were screened for cyto-
toxicity using human colon cancer cell line - COLO 320
DM, human gastric cancer - AGS, human breast cancer -
MCF-7 and human liver cancer - A549, and a normal
monkey kidney - VERO. The extracts, fractions and β-
sitosterol showed promising antiproliferative activity in
COLO 320 DM cells (preliminary data - not shown).

In vitro antioxidant activity
DPPH free radical scavenging assays were carried by the
method of Blois [14]. Antioxidants react with stable free
radical DPPH and are converted into 1,1-diphenyl-2-pic-
ryl-hydrazine. The ability to scavenge DPPH was mea-
sured by the decrease in absorbance at 517 nm, using
ascorbic acid as a standard antioxidant for comparison.
Nitric oxide (NO) was generated from sodium nitropru-
side and measured by Griess' reaction as described by
Garrat [15].

Cell lines
Human COLO 320 DM and monkey VERO cell lines pur-
chased from the National Center for Cell Science (NCCS,
Pune) were cultured in 75-cm2 flasks containing DMEM
for VERO and RPMI-1640 for the COLO 320 DM line.
Both media were supplemented with 10% FBS, 10,000 U/
ml penicillin, 10 mg/ml streptomycin, and 25 μg/ml
ampotericin B. Cells were cultured as monolayers in cul-
ture flasks at 37°C at 95% humidity in 5% CO2 in air. After
reaching 80-90% confluence, cells were trypsinized and
subcultured. During the experiments, serum-containing
medium was replaced by serum-free medium containing
15, 30, 60, 120 and 240 μM/ml β-sitosterol dissolved in
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DMSO and the stock maintained at -20°C. The final
working concentration of DMSO was <0.1%.

Antiproliferative activity
Survival of cells was assayed by the MTT method of Mos-
mann [16] after treatment with 15, 30, 60, 120 and 240
μM/ml of compound for 24 h. Optical density (OD) was
measured using a 96-well micro plate-reader (BIO-RAD,
model 680, USA) at 570 nm.

Flow cytometric analysis
Apoptosis was determined using FITC-labeled AnnexinV
antibody by flow cytometry [17]. The fraction of the cell
population in different quadrants was analyzed using
quadrant statistics. Cells in the lower right quadrant rep-
resented apoptosis, and those in the upper right quadrant
represented necrosis or post-apoptotic necrosis [18].

Assessment of ROS levels
COLO 320 DM cells were incubated with 5 μM DCF-DA
for 20 min and washed 3 times with PBS. Levels of intrac-
ellular ROS were subsequently determined by image
analysis of DCF-DA loaded cells with a confocal micro-
scope (excitation at 488 nm and emission at 525 nm).
DCF-DA is membrane permeable and interacts with
reactive oxygen species in living cells, emitting light in the
green wavelength.

DNA fragmentation
To confirm morphological changes in the nuclei, cells
were seeded in 16-mm cover slips placed in 6-well plates
at 2 × 106 cells. Cells were treated 1 day after seeding with
15, 60 and 120 μM β-sitosterol for 24 h. HOECHST
33258 solution was added (20 μg/mL), and the cells incu-
bated for 30 min before being examined by fluorescence
microscopy (Olympus, Tokyo, Japan).

Expression of PCNA and β catenin
Fifty μg protein of the total cell lysate was mixed with an
equal volume of 2× sample buffer (125 mM Tris-HCl (pH
6.8), 4% SDS, 20% glycerol, 10% β-mercaptoethanol and
0.004% bromophenol blue), boiled for 5 min at 95°C,
cooled, loaded on each lane of 8-15% polyacrylamide gels,
and separated by SDS-PAGE at room temperature. The
resolved proteins were electrophoretically transferred to
nitrocellulose membranes. The membranes were blocked
in 5% non-fat milk in Tris-buffered saline with 0.1%
Tween 20 for 1 h at room temperature, and probed with
β-catenin [mouse monoclonal antibody dilutioned
1:1000] (BD transduction laboratories, USA); PCNA
[mouse monoclonal antibody diluted 1:1000] (Santa Cruz
biotechnology, USA) primary antibodies overnight at
4°C. The blots were extensively washed with Tris-buff-
ered saline with 0.1% Tween 20 and incubated with

respective anti-mouse HRP labeled secondary antibody
at a dilution of 1:2000 for 1 h at room temperature. After
extensive washes in TBS-T, bands were visualized by
treating the membranes with 3,3'-diaminobenzidine tet-
rahydrochloride. The membranes were photographed
and the bands quantified with image analysis software
(Imagej, NIH, USA). Densitometry data presented in the
bar graphs are the "fold change" compared with control in
each case.

Animals
Male albino Wistar rats aged 5 weeks obtained from Cen-
tral Animal House, Kings Institute, Chennai, Tamil Nadu,
were used. The animals were cared for in compliance
with the principles and guidelines of Ethical Committee
for Animal Care and institutional animal ethical commit-
tee, in accordance with the Indian National Law on Ani-
mal Care and Use (Reg. No. 833/a/2 004/CPC SEA). The
animals were housed 4 per polypropylene cage with a
wire-mesh top and a hygenic bed of husk in a specific
pathogen-free animal room under controlled conditions
of a 12 h light/12 h dark cycle with temperature of 24 ±
2°C and relative humidity of 50 ± 10% until the end of the
experimental period. The rats were held in quarantine for
1 week and had access to food and tap water ad libitum.
Commercial pellet diet containing 4.2% fat was powdered
and mixed with 15.8% peanut oil, making a total of 20%
fat. This modified diet was fed to all rats throughout the
16 week experimental period.

Administration of carcinogen
The experimental animals were divided into 6 groups.
Initial body weights of all animals in the protocol were
between 80-120 g. Animal weights were recorded once a
week throughout the experimental period, and prior to
sacrifice.

The animals in groups 3 - 6 received subcutaneous
injections of DMH at 20 mg/kg b.w. once a week for the
first 4 consecutive weeks. Prior to subcutaneous injec-
tion, DMH was dissolved in 1 mM EDTA; the pH was
adjusted to 6.5 with 1 mM NaOH to ensure the pH and
stability of the chemical, and used immediately after
preparation.
β-sitosterol treatment of the animals
Group 1 - Rats received modified pellet diet along with
intragastric intubation of 0.1% carboxymethyl cellulose
(CMC) (1.0 mL), throughout the experimental period.

Group 2 - Rats received modified pellet diet + 20 mg/kg
b.w. β-sitosterol suspended in 0.1% CMC (1.0 mL), p.o.,
everyday throughout the experimental period.

Group 3 - Rats were administered with 20 mg/kg b.w.
DMH (carcinogen) s.c. once a week for 4 consecutive
weeks and no further treatment for the next 12 weeks.
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Group 4 - The animals were treated as in group 3 along
with β-sitosterol (5 mg/kg b.w., p.o.) supplemented
throughout the entire experimental period of 16 weeks.

Group 5 - The animals were treated as in group 3 along
with β-sitosterol (10 mg/kg b.w., p.o.) supplemented
throughout the entire experimental period of 16 weeks.

Group 6 - The animals were treated as in group 3 along
with β-sitosterol (20 mg/kg b.w., p.o.) supplemented
throughout the entire experimental period of 16 weeks.

At the end of the experiment, colons were processed to
assess ACF by the method of Bird [19]. The total number
of ACF/rat was calculated from the sum of all ACF. To
determine crypt multiplicity, the number of aberrant
crypts in each focus was recorded.

Statistical analysis
The results of the cytotoxicity tests (n = 6) were calcu-
lated as the percentage growth inhibition relative to the
control. IC50 values for growth inhibition were derived
from a non-linear regression model (curvefit), based on
sigmoidal dose-response curve (variable), computed
using GraphPadPrism (Graphpad). Data are given as
mean ± S.E.M. The statistical significance was set at P <
0.05. Statistical evaluation involved one-way analysis of
variance (ANOVA) followed by Duncan's multiple range
test (DMRT).

Results
The purified compound isolated from A. curassavica was
identified as β-sitosterol based on Physiochemical evi-
dence (Figure 1) as by extraction method listed in "Mate-
rials and Methods". The total collected ethyl acetate
extract was 2.2 kg, and the yield of β-sitosterol 1.85 gm.
β-sitosterol had anti-radical activity, with an IC50 of 389.5
μM and 448.2 μM for DPPH and NO scavenging assays,
respectively (Figure 2A &2B). β-sitosterol was noticeably
inhibitory within 24 h at 30 μM and significantly more so
at 240 μM (P < 0.05; Figure 3A), with minimal toxicity in
non-cancerous cells (VERO). IC50 values were 266.2 μM
for COLO 320 cells and >1 mM for VERO cells.

Induction of apoptosis, and PCNA and β-catenin expression 
by β-sitosterol
An increased number of COLO 320 DM cells treated
with 240 μM β-sitosterol stained with Annexin FITC+/
PI+, with a lower percentage of necrotic or propidium
iodide stained cells after 24 h incubation (Figure 3B). β-
sitosterol induced DNA fragmentation even at a 15 μM;
increased DNA fragmentation and DNA tailing also
ocurred in cancer cells treated with 120 μM β-sitosterol
(Figure 3C).

DCF fluorescence in COLO 320 DM cells indicates
enhanced free radical generation in living cells (Figure

4A). After treatment with β-sitosterol for 24 h, fluores-
cence clearly reduced (Figure 4D).

Colonic cell proliferation and β-catenin expression
were analyzed using human colon cancer (COLO 320
DM) cells treated with β-sitosterol for 24 h. β-sitosterol
administration significantly decreased β-catenin and
PCNA expression in COLO 320 DM cells in vitro (Figure
5).

Inhibition of ACF development by β-sitosterol
β-sitosterol supplementation per se did not induce aber-
rant crypt formation in colonic mucosa of non-DMH
treated rats. β-sitosterol treatment for 16 weeks signifi-
cantly also reduced the number of aberrant crypt and
crypt multiplicity in a dose-dependent manner in DMH-
treated rats (Table 1, Figure 6).

Discussion
Elevated oxidative stress can modify a number of cellular
targets and cause cell damage, and the subsequent lack of
repair has been considered responsible for carcinogenesis
[20]. Cancer cells can be subject to increased and persis-
tent oxidative stress due to elevated levels of intracellular
ROS generation. Reducing oxidative stress can therefore
suppress the proliferation of tumor cells and enhance
apoptosis [21]. Natural anti-oxidants have a wide range of

Figure 1 Structure of β-sitosterol isolated from A. curassavica. The 
compound was identified based on the following evidence: IR spec-
trum showed hydroxyl (3430 cm-1) and tris-substituted double-bond 
(1642 and 80.1 cm-1). The EI/MS mass spectrum showed m+ at m/z 
414, corresponding to the molecular formula (C29H50O) for β-sitosterol. 

The other characteristic peaks were at m/z 273 [m-sidechain]+ 255 [m-
side chain - H2O]+ 231 [m-side + +1chain-ring D], 213 [231-H2O] and 
300. The H-NMR spectrum showed 2 tertiary methyl groups at δ 0.68 
and 1.02, corresponding to H-18 and H-19. Three secondary methyls 
appeared at δ 0.92, 0.82 and 0.84, corresponding to H-21, H-26 and H-
27, respectively. (J = 6.5 Hz). H-29 appeared as triplet at δ 0.85 (J = 7.0 
Hz). The C-NMR spectrum indicated 29 carbon atoms, 10 primary, 10 
secondary and 3 tertiary carbon; 6 methyl groups being present. C-5 
and C-6 were olefinic carbon atoms appearing at δ 121.70 and 140.74.
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Figure 2 Anti-oxidant activity of β-sitosterol. The free radical scavenging ability of β-sitosterol was determined by DPPH and nitric oxide scaveng-
ing assays compared with ascorbic acid as a standard at various concentrations.

�
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Figure 3 Induction of apoptosis in COLO 320 DM. Human colon cancer cell lines (COLO 320 DM) cells were treated 120 or 240 μM β-sitosterol. The 
anti-proliferative effect is shown in (a), flow cytometric analysis for the determination of pro-apoptotic/apoptotic/necrotic cells is given in (b), and flu-
orescent staining of nuclei by Hoechst 33258 at 20× is seen in (c).
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biochemical activities, including inhibition of ROS gener-
ation, direct or indirect scavenging of free radicals, and
alteration of anti-oxidant potential [22]. Many anti-oxi-
dants have been used to inhibit apoptosis that is probably
mediated by oxidative stress. Many anti-oxidant sub-
stances have anti-cancer or anti-carcinogenic properties
[23]. A variety of cytotoxic/anti-cancer drugs induce
apoptosis in malignant cells in vitro [24]. Use of anti-neo-
plastic drugs needs to be based on their selective toxicity
to malignant cells, their advantage being this selectivity.
Ideally, this goal is to have with little or no effect on nor-
mal cells, the major problem faced in other cancer thera-
pies, many of which now combine a variety of modalities
to reduce this problem. Medicinal plants are mostly edi-
ble and do not exert toxic effects when taken regularly.
They exhibit anti-cancer potential by scavenging nitric
oxide radicals [25]. In vitro screening models provide
important preliminary data to select drugs with potential
anti-neoplastic properties for preclinical and clinical tri-
als.

β-sitosterol can scavenge the nitric oxide radicals gen-
erated in vitro by DPPH and NO scavenging assays by
donating their hydrogen atom to quench the free radicals,
indicating that β-sitosterol is a potential anti-oxidant.
Cytotoxicity screening models provide important prelim-
inary data to select compounds with potential antineo-
plastic properties for future work. A variety of cytotoxic
drugs can induce apoptosis of malignant cells in vitro
[24]. β-sitosterol showed cancer cell specific cytotoxic
effects by inhibiting proliferation of COLO 320 DM cells,
while showing little toxicity in VERO cells. β-sitosterol

has been reported to possess cytotoxic effects in breast
cancer and Bowes cell lines [8,26]. The present study
show β-sitosterol inhibits proliferation of colon cancer
cells with less toxicity towards normal cells in vitro.

β-catenin and PCNA are useful markers of proliferative
activity in colon carcinogenesis [27-29]. β-sitosterol
administration significantly decreased the expression of
β-catenin and PCNA (Figure 5). Oxidative stress aug-
ments Wnt-β catenin signalling machinery and PCNA
[30]. β-catenin plays a critical role as a component of the
cell adhesion complex and activated β-catenin signaling
favors cellular proliferation as well as exerting an anti-
apoptotic effect on a variety of cancers [31]. Positive cor-
relation between β-catenin accumulation and cell prolif-
eration in colon carcinoma has been reported [29].
Furthermore, excess β catenin promotes accumulation of
transcriptionally active p53 that may favor survival rather
than apoptosis [32]. While β-sitosterol posses anti-prolif-
erative and apoptotic potential in several cancer models
[33], the mechanism of action is not exactly known.
PCNA is a DNA polymerase δ auxiliary protein that
accumulates in the nuclei during late G1 and early S
phases. The fraction of PCNA-expressing cells is used as
an indicator of DNA synthesis and cellular proliferation

Figure 4 ROS Scavenging ability. β-sitosterol was treated with COLO 
320 DM cells for 24 h at 120 or 240 μM and the ROS scavenging ability 
determined using DCF staining and confocal microscopy. (A & B) COLO 
320 DM cells untreated, (C) COLO 320 DM cells treated with β-sitoster-
ol at 120 μM, (D) COLO 320 DM cells treated with β-sitosterol at 240 
μM.

 

Figure 5 Expression of β catenin (A) and PCNA (B) in COLO 320 
DM cells. Human colon cancer (COLO 320 DM) cells were treated with 
15, 30, 60, or 120 μM/ml β-sitosterol for 24 h and 50 μg of extracted 
protein were loaded.

A 

B 
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[34]. Oxidative stress in cancer cells is maintained at high
levels that promote cellular proliferation [35]. Treatment
with β-sitosterol markedly decreased the proliferative
index as revealed by the down regulation of β-catenin and
PCNA expression in COLO 320 DM cells. Antioxidants
have been reported to suppress the β-catenin mutation in
hepatocellular carcinomas in rats [36]. Hence this ability

of β-sitosterol to suppress the levels of β-catenin, PCNA
and its target genes might be attributed to its antioxidant
property. β-sitosterol suppresses the altered β-catenin
and PCNA mutation in COLO 320 DM cells and pushes
the cells towards apoptosis by their ability to scavenge the
radicals produced in COLO 320 DM cells.

ACF are putative preneoplastic lesions in colon car-
cinogenesis and considered as surrogate precursors
lesions of colorectal cancer. ACFs are readily discernible
morphological changes within the colonic mucosa of
rodents that may contribute to the stepwise progression
of colon cancer [37]. Natural compounds that inhibit
ACF induced by colon carcinogens are protective against
colon cancer in rodents [38]. β-sitosterol supplementa-
tion decreased the number of ACFs in DMH-induced
animals in a dose-dependent manner. PCNA and β-
catenin levels are increased in animals treated with DMH
and treatment with an anti-cancer compound reduces the
incidence of ACFs in DMH-induced animals [31]. The
levels of β-catenin and PCNA are directly proportionate
to ACF development in colon carcinogenesis. The anti-
carcinogenic property of β-sitosterol in DMH-induced
colon carcinogenesis is due to its anti-oxidant properties.
The ability to suppress the β-catenin mutation in DMH-
induced animals in short-term colon carcinogenesis sug-
gests that β-sitosterol may have a chemopreventive effect
on the development of tumors upon longer treatment
protocols. β-sitosterol supplementation at 20 mg/kg b.w.
significantly reduced the incidence of ACF in carcinogen
treated animals by 73.6%. Hence from both our in vitro
and in vivo results it is evident that β-sitosterol exhibits
chemopreventive potential in DMH induced experimen-
tal carcinogenesis by inhibiting levels of β-catenin and
PCNA accumulation in colon cancer. The present study
confirms the anti-carcinogenic potential of β-sitosterol
and the effective dose to be 20 mg/kg b.w. in 1, 2-dimeth-
ylhydrazine induced colon carcinogenesis

Figure 6 Topographical view of ACF. Topographical views of (A & B) 
normal crypt (40×), (C) ACF (arrows) with multiple crypts in the colon 
from a rat treated with DMH (40×), (D) ACF (arrow) with 2 and 3 crypts 
in the colon from a rat treated with DMH+ β-sitosterol (5 mg/kg), (E) 
ACF (arrow) with multiple 2 crypts in the colon from a rat treated with 
DMH+ β-sitosterol (10 mg/kg), and (F) ACF (arrow) with single 2 crypts 
in the colon from a rat treated with DMH+ β-sitosterol (20 mg/kg).

Table 1: Effect of β-sitosterol on development of ACF induced by DMH

ACF formation in rat colon

Groups Total no. of ACF No. of AC Crypt multiplicity 
(AC/ACF)

% of ACF inhibition

DMH 52 ± 5.23a 151 ± 12.31a 2.9 ± 0.31a -

DMH + β-sitosterol (5 
mg/Kg)

47 ± 4.68a 126 ± 10.36b 2.6 ± 0.25b 38.2

DMH + β-sitosterol (10 
mg/Kg)

38 ± 4.12b 92 ± 10.21c 2.4 ± 0.18c 52.8

DMH + β-sitosterol (20 
mg/Kg)

29 ± 3.14c 54 ± 8.94d 1.8 ± 0.16d 73.6

Each value is mean ± SD for 6 replicates in each group. Values carrying different letters in a row differ significantly at p < 0.05 by DMRT.
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Conclusions
The anticarcinogenic property of β-sitosterol in DMH-
induced colon carcinogenesis is due to its antioxidant
property and its ability to suppress the altered β-catenin
and PCNA expression in colonic mucosa of DMH-
treated rats in short-term colon carcinogenesis. Hence
the study suggests that β-sitosterol exerts a chemopre-
ventive effect in DMH-induced experimental carcinogen-
esis, indicating its potential as an anticancer drug. The
effective dose for long-term studies will be 10-20 mg/kg
b.w. in experimentally induced colon carcinogenesis.

Competing interests
The authors declare that they have no competing interests.

Authors' contributions
AB and SI designed the study and wrote the manuscript, GM and KN collated
all statistical information. AB and GM involved in data collection and interpreta-
tion. SI and KN coordinated and oversaw the study. All authors read and
approved the final manuscript.

Acknowledgements
This work was supported by Indian Council of Medical Research, New Delhi, 
India (Senior Research Fellowship - Albert Baskar A, Project No. 2005-00930). 
The authors would like to thank Dr. K. Balakrishna, Research Officer, CSMDRI, 
Chennai, India for his help in identification of the isolated compound based on 
NMR, IR and MASS data.

Author Details
1Division of Ethnopharmacology, Entomology Research Institute, Loyola 
College, Chennai - 600 034, Tamil Nadu, India and 2Department of Community 
Health Sciences, College of Applied Medical Sciences, King Saud University, P.O. 
Box 10219, Riyadh, 11433, Kingdom of Saudi Arabia

References
1. Bingham S, Riboli E: Diet and cancer--the European prospective 

investigation into cancer and nutrition.  Nat Rev Cancer 2004, 4:206-215.
2. Johnson IT, Williamson G, Musk SR: Anticarcinogenic factors in plant 

foods: a new class of nutrients.  Nutr Rev 1994, 7:175-204.
3. Awad AB, Downie AC, Fink CS: Inhibition of growth and stimulation of 

apoptosis by β-sitosterol treatment of MDA-MB-231 human breast 
cancer cells in culture.  Int J Mol Med 2000, 5:541-545.

4. Behrens J: The role of the Wnt signalling pathway in colorectal 
tumorigenesis.  J Biochem Soc Trans 2005, 33:672-675.

5. Takahashi M, Fukuda K, Sugimura T, Wakabayashi K: β-Catenin is 
frequently mutated and demonstrates altered cellular location in 
azoxymethane-induced rat colon tumors.  Cancer Res 1998, 56:42-46.

6. Sengottuvelan M, Senthilkumar R, Nalini N: Modulatory influence of 
dietary resveratrol during different phases of 1, 2-dimethylhydrazine 
induced mucosal lipid-peroxidation, antioxidant status and aberrant 
crypt foci development in rat colon carcinogenesis.  Biochim Biophys 
Acta 2006, 1760:1175-1183.

7. Kupchan SM, Knox JR, Kelsey JE: Calotopin, a cytotoxic principle isolated 
from Asclepias curassavica L.  Science 1964, 146:1685-1686.

8. Awad AB, Chinnam M, Fink CS, Bradford PG: β-sitosterol activates Fas 
signaling in human breast cancer cells.  Phytomedicine 2007, 14:747-754.

9. Moon DO, Kyeong-Jun L, Yung HC, Gi-Young K: β-Sitosterol-induced-
apoptosis is mediated by the activation of ERK and the 
downregulation of Akt in MCA-102 murine fibrosarcoma cells.  Int 
Immunopharmacol 2007, 7:1044-1053.

10. Jayaprakash GK, Mandadi KK, Poulose SM, Jadegoud Y, Nagana GGA, Patil 
BS: Inhibition of colon cancer cell growth and antioxidant activity of 
bioactive compounds from Poncirus trifoliata (L.) Raf.  Bioorg Med Chem 
2007, 14:4923-4932.

11. Vivancos M, Moreno JJ: Sitosterol modulates antioxidant enzyme 
response in RAW 264.7 macrophages.  Free Radic Biol Med 2005, 
39:91-97.

12. Awad AB, Andrew TB, Carol SF: Effect of resveratrol and β-sitosterol in 
combination on reactive oxygen species and prostaglandin release by 
PC-3 cells.  Prostaglandins Leukot Essent Fatty Acids 2005, 72:219-226.

13. Moreno JJ: Effect of olive oil minor components on oxidative stress and 
arachidonic acid mobilization and metabolism by macrophages RAW 
264.7.  Free Radic Biol Med 2003, 35:1073-1081.

14. Blois MS: Antioxidant determinations by the use of a stable free radical.  
Nature 1958, 181:1199-1200.

15. Garrat DC: The Quantitative Analysis of Drugs.  Volume 3. Chapman and 
Hall, Japan; 1964:456-458. 

16. Mosmann T: Rapid colorimetric assay for cellular growth and survival: 
application to proliferation and cytotoxicity assays.  J Immunol Methods 
1983, 65:55-63.

17. Vermes I, Haanen C, Steffens-Nakken H, Reutelingsperger C: A novel assay 
for apoptosis. Flow cytometric detection of phosphatidylserine 
expression on early apoptotic cells using fluorescein labelled Annexin 
V. J.  Immunol Methods 1995, 184:39-51.

18. Bhushan S, Singh J, Rao MJ, Saxena AK, Qazi GN: A novel lignan 
composition from Cedrus deodara induces apoptosis and early nitric 
oxide generation in human leukemia Molt -4 and HL-60 cells.  Nitric 
oxide 2006, 14:72-88.

19. Bird RP: Observation and quantification of aberrant crypts in the 
murine colon treated with a colon carcinogen: preliminary findings.  
Cancer Lett 1987, 37:147-151.

20. Emel Z, Pinar A, Emine K, Koray GM, Umit Z: Alterations in lipid 
peroxidation and antioxidant status in different types intracranial 
tumors within their relative peritumoral tissues.  Clin Neurol Neurosurg 
2009, 111:345-351.

21. Sun SY, Hail N Jr, Lotan R: Apoptosis as a novel target for cancer 
chemoprevention.  J Natl Cancer Inst 2004, 96:662-672.

22. Finkel T, Holbrook NJ: Oxidants, oxidative stress and the biology of 
ageing.  Nature 2000, 408:239-247.

23. Johnson IT, Williamson G, Musk SR: Anticarcinogenic factors in plant 
foods: a new class of nutrients.  Nutr Rev 1994, 7:175-204.

24. Muller I, Jenner A, Bruchelt G, Niethanmmer D, Halliwell B: Effect of 
concentration on the cytotoxic mechanism of doxorubicin-apoptosis 
and oxidative DNA damage.  Biochem Biophys Res Commun 1997, 
230:254-257.

25. Young SL, Jae HY, Man JB, Wang KY, Shen Y, Charlie CLX, Chun GL: Anti-
oxidant and Anti-hypercholesterolemic Activities of Wasabia japonica.  
Evid. Based Complement. Altern. Med., Advance Access published on June 12, 
2008 . doi: doi:10.1093/ecam/nen038

26. Nguyen AT, Jeanine F, Hugues M, Magda C, Michel L, Pierre D: A sugar 
ester and an iridoid glycoside from Scrophularia ningpoensis.  
Phytochemistry 2005, 66:1186-1191.

27. Perry A, Jenkins RB, O'Fallon JR, Schaefer PL, Kimmel DW, Mahoney MR, 
Scheithauer BW, Smith SM, Hill EM, Sebo TJ, Levitt R, Krook J, Tschetter LK, 
Morton RF, Buckner JC: Clinicopathologic study of 85 similarly treated 
patients with anaplastic astrocytic tumors: An analysis of DNA content 
(ploidy), cellular proliferation, and p53 expression.  Cancer 1999, 
86:672-683.

28. Ziliotto L, Barbisan L, Rodrigues M: Lack of chemoprevention of dietary 
Agaricus blazei against rat colonic aberrant crypt foci.  Hum Exp Toxicol 
2008, 6:505-511.

29. Inamine M, Suzui M, Morioka T, Kinjo T, Kaneshiro T, Sugishita T, Okada T, 
Yoshimi N: Inhibitory effect of dietary monoglucosylceramide1-O-beta-
glucosyl-N-2'-hydroxyarachidoyl-4,8-sphingadienine on two different 
categories of colon preneoplastic lesions induced by 1,2-
dimethylhydrazine in F344 rats.  Cancer Sci 2005, 12:876-881.

30. Funato Y, Tatsuo M, Makoto A, Hiroaki M: The thioredoxin-related redox-
regulating protein nucleoredoxin inhibits Wnt-β-catenin signalling 
through Dishevelled.  Nat cell biol 2006, 8:5.

31. Porter AC, Vaillancourt RR: Tyrosine kinase receptor-activated signal 
transduction pathway which lead to oncogenesis.  Oncogene 1998, 
17:1343-1352.

32. Damalas A, Ben-Ze'ev A, Simcha I, Shtutman M, Leal JF, Zhurinsky J, Geiger 
B, Oren M: Excess beta-catenin promotes accumulation of 
transcriptionally active p53.  EMBO J 1999, 18:3054-3063.

Received: 23 February 2010 Accepted: 4 June 2010 
Published: 4 June 2010
This article is available from: http://www.biomedcentral.com/1472-6882/10/24© 2010 Baskar et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.BMC Complementary and Alternative Medicine 2010, 10:24

http://www.biomedcentral.com/1472-6882/10/24
http://creativecommons.org/licenses/by/2.0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14993902
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10762659
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16733082
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14224519
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17350814
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17570321
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15925281
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15664307
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14572610
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6606682
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16288976
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3677050
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19117666
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15126603
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11089981
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9016760
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15924924
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10440696
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9779982
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10357817


Baskar et al. BMC Complementary and Alternative Medicine 2010, 10:24
http://www.biomedcentral.com/1472-6882/10/24

Page 10 of 10
33. Awad AB, Fink CS: Phytosterols as anticancer dietary components: 
evidence and mechanism of action.  J Nutr 2000, 130:2127-2130.

34. Bravo R, Frank R, Blundell PA, Macdonald-Bravo H: Cyclin/PCNA is the 
auxiliary protein of DNA polymerase-delta.  Nature 1987, 326:515-517.

35. Toyokuni S, Okamoto K, Yodoi J, Hiai H: Hypothesis: persistent oxidative 
stress in cancer.  FEBS Lett 1995, 358:1-3.

36. Hara A, Sakata K, Yamada Y, Kuno T, Kitaori N, Oyama T, Hirose Y, 
Murakami A, Tanaka T, Mori H: Suppression of β-catenin mutation by 
dietary exposure of auraptene, a citrus antioxidant, N,N-
diethylnitrosamine - induced hepatocellular carcinoma in rats.  Oncol 
Rep 2005, 14:345-351.

37. McLellan EA, Bird RP: Aberrant crypts: potential preneoplastic lesions in 
the murine colon.  Cancer Res 1988, 21:6187-6192.

38. Mori H, Tanaka T, Sugie S, Yoshimi N, Kawamori T, Hirose Y, Ohnishi M: 
Chemoprevention by naturally occurring and synthetic agents in oral, 
liver, and large bowel carcinogenesis.  J Cell Bioc 1997, 27:35-41.

Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1472-6882/10/24/prepub

doi: 10.1186/1472-6882-10-24
Cite this article as: Baskar et al., Chemopreventive potential of ?-Sitosterol in 
experimental colon cancer model - an In vitro and In vivo study BMC Comple-
mentary and Alternative Medicine 2010, 10:24

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10958802
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2882423
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7821417
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16012713
http://www.biomedcentral.com/1472-6882/10/24/prepub

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Chemicals
	Isolation of ß-sitosterol from A. curassavica
	In vitro antioxidant activity
	Cell lines
	Antiproliferative activity
	Flow cytometric analysis
	Assessment of ROS levels
	DNA fragmentation
	Expression of PCNA and ß catenin
	Animals
	Administration of carcinogen
	Statistical analysis

	Results
	Induction of apoptosis, and PCNA and ß-catenin expression by ß-sitosterol
	Inhibition of ACF development by ß-sitosterol

	Discussion
	Conclusions
	Competing interests
	Authors' contributions
	Acknowledgements
	Author Details
	References

