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Plant sterols have shown potent anti-proliferative effects and 
apoptosis induction against breast and prostate cancers. 
However, the effect of sterols against hepatic cancer has not 
been investigated. In the present study, we assessed whether 
the stigmasterol isolated from Navicula incerta possesses 
apoptosis inductive effect in hepatocarcimona (HepG2) cells. 
According to the results, Stigmasterol has up-regulated the 
expression of pro-apoptotic gene expressions (Bax, p53) while 
down-regulating the anti-apoptotic genes (Bcl-2). Probably via 
mitochondrial apoptosis signaling pathway. With the induc-
tion of apoptosis caspase-8, 9 were activated. The DNA 
damage and increase in apoptotic cell numbers were observed 
through Hoechst staining, annexin V staining and cell cycle 
analysis. According to these results, we can suggest that the 
stigmasterol shows potent apoptosis inductive effects and has 
the potential to be tested as an anti-cancer therapeutic against 
liver cancer. [BMB Reports 2014; 47(8): 433-438]

INTRODUCTION

As photoautotrophs, the simple growth requirements of micro-
algae make them attractive source for bioprocessing, especially 
aimed at sustainable production of high value-added com-
pounds which could attract large demand by the pharmaceutical 
industry (1, 2). Moreover, due to their culturability, continuous 
supply of these compounds could be ensured. Benthic diatom 
Navicula incerta is a phytoplankton mainly used in aquaculture. 
In a previous study conducted in our laboratory, we have char-
acterized its protein fraction for the anti-oxidant activity and al-
cohol-induced liver protection on the HepG2 cells (3). The cur-

rent study was aimed to isolate bioactive metabolites from 
Navicula incerta organic extracts.
　The plant-derived phytosterols are structurally similar to cho-
lesterol with a double bond at the C5-6 position (4). Several pre-
vious studies reported that phytosterol has apoptosis inductive 
effects in some kinds of carcinoma cell lines such as human co-
lon cancer cell (HT-29), human prostate cancer cell (LNCaP), hu-
man breast cancer cell (MDA-MB-231) (5-8). Stigmasterol is also 
belongs to the group of phytosterol. In this experiment, we in-
vestigated the ability of stigmasterol to induce apoptosis in hu-
man hepatocarcinoma cell model.
　The incidents of liver cancer are increasing due to food habits, 
stress and insufficient exercise. Liver cancer is very difficult to 
cure as currently existing treatment methods include surgery, 
chemotherapy, radiation, immunotherapy and monoclonal anti-
body therapy. Except surgery, most of the cancer therapy meth-
ods involves in inhibition of cancer cells growing. Induction of 
apoptosis in cancer cells would play an active role in elimination 
of cancer cells (9). Apoptosis is a normal physiological process of 
cell death which maintains the homeostasis of healthy tissue by 
removing unwanted cells. However cancer cells escape the proc-
ess of apoptosis and here by increase the cell proliferation rate ul-
timately leading to tumor formation. However, the main aim of 
cancer therapy is to control the cancer cell growth without caus-
ing damage to normal cells (9, 10). Therefore, induction of apop-
tosis selectively in cancer cells is considered as one of the strong 
cancer preventive strategy.
　The mechanisms of apoptosis are highly complex and sophis-
ticated, involving an energy-dependent cascade of molecular 
events. There are two main apoptotic pathways: the extrinsic 
and intrinsic pathway (11-13). In the intrinsic pathway, is regu-
lated by activation or deactivation of Bcl-2 family proteins. In re-
sponse to signals generated by variety of genotoxic stress such as 
DNA damage, p53, a tumor suppressor gene is activated. This 
activation induces the expression of Bax and sub sequent pro-
teins which leads to activation of caspase cascade. Bcl-2 of Bcl-2 
family is an anti-apoptotic gene which functions to inhibit apop-
totic process and hence highly expressed in cancer cells. 
Apoptotic inducing therapeutics mainly targets to suppress the 
Bcl-2 levels and induce Bax expression levels. 
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Fig. 1. (A) Isolation profiles of stigmastsrol 
from Navicula incerta extract, (B) Structure of 
stigmasterol isolated from Navicula incerta. (C) 
Cell viability of HepG2 cells treated with stig-
masterol for 24 h. Cells were cultured in se-
rum-free media. After that HepG2 cells were 
treated with different concentrations (5, 10, 20 
uM) of stigmasterol for 24 h and cell viability 
was assessed by the MTT assay. a-cDifferent let-
ters on each bar indicates significant difference 
(P ＜ 0.05) according to Duncan’s multiple 
range test.

Fig. 2. (A) Morphological changes of stigmaster-
ol treated HepG2 cells. For observation of mor-
phological changes, cultured HepG2 cells were 
treated with stigmasterol for 24 h and morpho-
logical changes were detected under a light mi-
croscope (viewed at magnification of 100×). (B) 
Fluorescence micrographs showing the stigmas-
terol induced DNA damage. Stigmasterol treated 
cells were stained with Hoechst 33342 dye and 
detected under fluorescence microscope (viewed 
at magnification of 400×). The blue fluo-
rescence in the nucleus indicates DNA 
fragmentation. (C) Cell numbers were counted 
using FACS after Hoechst 33342 staining. (Red; 
blank, Blue; 5 μM, Yellow; 10 μM, Green; 20 
μM) (D) Flow cytometric analysis of the effect 
of stigmasterol in HepG2 cells experimented us-
ing Annexin V-PI staining assay.

　In this study efforts have been taken to characterize stigmaster-
ol isolated from Navicula incerta organic extract for its apoptotic 
inducing effects in hepatocarcinoma cell model. Moreover, ex-
periments have been conducted to elucidate the underlying 
mechanism of stigmasterol induced apoptosis. 

RESULTS AND DISCUSSION

Purification and structure elucidation of stigmasterol 
Several peptides isolate from N. incerta has shown potent an-
ti-oxidant and alcohol-induced liver protection in HepG2 cell 
line (3). However, the presence of biologically active com-
pounds in N. incerta has not been analyzed before. Therefore in 
this study, focus was given to isolated and characterizes bio-
active compounds from N. incerta. As depicted in Fig. 1A, frac-
tion 2 (20.313 g), extracted from N. incerta (50 g) by MeOH : 
CH2CH2 1:1 solvent was gain fractionated by silica gel open col-
umn chromatography (into 11 fractions (Fr.2-1 – Fr.2.11)). 
Among them, Fr. 2.3 and 2.4 were mixed and further purified to 
isolate stigmastrol. 
　Pooled Fr. 2.3 and 2.4 (256.9 mg) were separated on silica gel, 
eluting with hexane : ethyl acetate (10 : 1) to obtain 5 fractions; 
Fr. 2.3/4.1 (81.1 mg), Fr. 2.3/4.2 (64.2 mg), Fr. 2.3/4.3 (19.8 mg), 

Fr. 2.3/4.4 (10.3 mg), Fr. 2.3/4.5 (15.7 mg). From these fractions, 
Fraction 2.3/4.1 was further purified with preparative thin layer 
chromatography (PTLC) eluted with chloroform. Recrystalliza-
tion of Fr. 2.3/4.1 from chloroform gave white solid (17.2 mg) of 
stigmasterol (Stigmasta-5,22- dien-3-ol): white solid; 1H NMR 
(CDCl3, 400 MHz) δ 0.67-2.32 [44H, m, containing 1.01 (3H, s, 
CH3), 0.81 (3H, s, CH3)], 5.36 (1H, d, J = 5.2 Hz, H-6), 5.15 (1H, 
m, one of 22-H or 23-H), 5.02 (1H, m, one of 22-H or 23-H), 
3.53 (1H, m, 3-H); 13C NMR (CDCl3, 100 MHz) δ 140.7 (C-5), 
138.3 (C-23), 129.3 (C-22), 121.7 (C-6), 71.8 (C-3), 56.8 (C-14), 
55.9 (C-17), 51.2 (C-24), 50.1 (C-9), 42.3 (C-13), 42.2 (C-20), 
40.5 (C-4), 39.7 (C-12), 37.2 (C-10), 36.5 (C-2), 31.9 (C-8), 31.9 
(C-25), 31.9 (C-1), 31.6 (C-7), 28.9 (C-15), 25.4 (C-16), 24.4 
(C-28), 21.2 (C-11), 21.2 (C-18), 21.1 (C-27), 19.4 (C-19), 19.0 
(C-21), 12.2 (C-26), 12.0 (C-29); LREIMS m/z 412 [M]+ (2). 
C29H48O (M.W: 412.00). 
　Stigmasterol isolated from marine microalgae, Navicula in-
certa belongs to the family of phytosterols. It has a double bond 
on the side chain and consists of three cyclohexane rings and 
one cyclopentane ring (Fig. 1B). According to the chemical for-
mula, the C29H48O is evolved from the family of cholesterol. 
These kinds of phtytosterols are known to have an inductive ef-
fect of apoptosis in breast cancer, prostate cancer and human co-
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Fig. 3. Effect of stigmasterol on the mitochondrial membrane po-
tential of HepG2 cells. (A) Fluorescence microscopic image of 
treated HepG2 cells stained with the MitoCaptureTM mitochondrial 
dye (Biovision). (B) Flow cytometric analysis of mitochondrial 
membrane potential. 

Fig. 4. Apoptotic inducing effect of stigmasterol in HepG2cells. 
Cells were treated with different concentrations of stigmasterol for 
24 h. (A) Cell cycle progression patterns of HepG2 cells treated 
with stigmasterol. Stigmasterol treated cells were stained with PI 
and detected using FACS (FACS Calibur, BD Sciences, Heidelberg, 
Germany). (B) The expression levels of Bcl-2, Bax and p53, were 
detected using RT-PCR and western blot analysis, respectively. β-ac-
tin and β-tubulin were used as an internal standard. (C) The ex-
pression levels of caspase-8, -9 and XIAP were detected using 
RT-PCR and western blot analysis. β-actin and β-tubulin were used 
as an internal standard.

lon cancer cells (5, 6, 8, 9).

Effect of stigmasterol on HepG2 cell viability
In order to evaluate the effect of stigamsterol isolated from N. in-
certa on HepG2 cells, the HepG2 cells were treated with differ-
ent concentrations of stigmasterol. Stigmasterol has shown a sig-
nificant toxicity on HepG2 cells in a dose-dependent manner, ap-
proximately 40%, 43% and 54% toxicity at concentrations of 5, 
10 and 20 μM, respectively (Fig. 2). According to the results of 
cell viability test, the isolated compound, stigmasterol has shown 
potent cytotoxicity against in HepG2 cells. Previous studies have 
also shown anti-proliferative effect of β-sitosterols belonging to 
the group of phytosterol in several human cancer cells at similar 
concentrations (16 μM) (6, 7, 17, 18).
　It has been reported that the double bonds in phytosterols are 
responsible for apoptosis induction effect (16). Moreover, it is 
considered that the interaction occurs with mRNA and protein of 
the cells with double bonds of phytosterols in C-5, C-22 
positions. We can suggest that stigmasterol may also show apop-
totic induction effect due to the presence of these structural 
features.

Stigmasterol induces morphological changes and DNA 
damage in HepG2 cells
In the process of apoptosis, cells undergo morphological trans-
formations including condensation of cytoplasm and nucleus, 
blebbing of cell membrane and DNA fragmentation. These fun-
damental changes in apoptotic cells can be observed through 
microscopic techniques. 
　As depicted in Fig. 3A, stigmasterol induced morphological 
changes after 24 h exposure to various concentrations (5, 10, 20 
μM). According to the light microscopic results, the number of 
attached cells was remarkably reduced with increasing doses of 
stigmasterol and also changes in the cell membrane were 

observed. These results indicated that stigmasterol has toxic ef-
fects on HepG2 cells compared to non-treated blank group.
　In order to determine the effect of stigmasterol on the DNA 
damage, HepG2 cells were stained with Hoechst 33342 dye af-
ter 24 h of sample treatment and the DNA damages were ob-
served under fluorescence microscope (Fig. 3B). The nuclear 
degradation of HepG2 cells was clearly observed under fluo-
rescence light. The nuclei with chromatin concentration and 
apoptotic bodies were observed in the cells exposed to stigmas-
terol at higher concentrations. These observations suggest that 
stigmasterol may induce cell death in HepG2 cells through typi-
cal apoptotic pathway. 
　To evaluate Hoechst 33342 staining quantitatively, FACS 
analysis was performed. HepG2 cells were treated with stigmas-
terol for 24 h. then the cells were stained with Hoechst 33342 
dye and were detected by fluorescence. As shown in graph (Fig. 
2C), cell early apoptotic number is increasing in stigmasterol 
treated cell groups dose dependently. Upon these data, it is clear 
that stigmasterol may has induction activity of apoptosis on 
HepG2 cells.

Induction of apoptosis by stigmasterol in HepG2 cells 
analyzed by Annexin V-PI staining
To investigate the apoptotic effects of stigmasterol. HepG2 cells 
were treated with different concentrations of stigmasterol for 24 h 
and staining with Annexin V-PI dye. Phosphatidylserine-specific 
fluoprescene isothiocyanate (FITC)-Annexin V staining assay of-
fers the possible of detecting early stage apoptosis before the loss 
of apoptosis cell death (19). Propidium iodide (PI) staining can be 
visible in late stage of apoptosis because the damaged or dead 
cells are permeable to PI. Early apoptotic cells are Annexin V pos-
itive and PI negative. Fig. 4A shows the contour diagrams of 
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Annexin V and PI stained HepG2 cells by FACS after 24 h of in-
cubation with different concentrations of stigmasterol. As you 
can see FACS analysis data, in lower right quadrants the cell pop-
ulation increases dose dependent manner. These results evaluate 
that the stigmasterol induce to apoptosis in HepG2 cells after 24 
h treatment.

Induce apoptotic effect of stigmasterol through 
mitochondrial membrane potential in HepG2 cells 
Mitochondrial membrane potential (MMP) has an important role 
in apoptosis process. MMP is a component of inducing force of 
mitochondrial electron transporter chain. Reducing of MMP is 
occurring by oxidative stress and secretion of cytochrome c 
which activates mitochondrial pathway of apoptosis. To inves-
tigate the inducing effect of stigmasterol, HepG2 cells were treat-
ed with stigmasterol in difference concentration (5, 10, 20 μM) 
for 24 h. As shown in Fig. 3, FACS anaylsis suggested that stig-
masterol treatment increased the lower right quadratic cell pop-
ulation in FITC channel (FL1-H), compared to the blank group. 
This high green fluorescence is detected due to cytosolic mono-
mers of the mitochondrial dye. Stigmasterol blocked the mi-
tochondrial electron transtporter chain and reduces MMP. Due 
to altered MMP the dye could not penetrate into the mitochon-
dria and remained in the cytosol as monomers. The monomers of 
MitoCaptureTM dye give high green fluorescence which is de-
tected in the lower right quadrant of the FACS dot plot. The mi-
tochondria-sensitive dye penetrates, aggregates in mitochondria 
and gives bright red fluorescence when mitochondria are 
healthy. Commonly the red fluorescence is detected in the PI 
(FL2-H) channel of FACS. The FACS analysis and the fluo-
rescence figures clearly explain that with the stigmasterol treat-
ment the number of green fluorescent cells were increased in-
dicating the breakdown of MMP.

Effect of stigmasterol on the expression of apoptosis signaling 
molecules
To confirm expression levels of genes and proteins which are re-
lated with apoptosis pathway such as Bcl-2, Bax, caspase-8, 9, 
XIAP and p53 were examined. Activation of caspase is affected 
by Bcl-2 family proteins, which play an important role in in-
trinsic pathway (20, 21). The caspase-8, 9 members of caspase 
family is activated in apoptotic conditions and carries out the ex-
ecution of the cell. The Bcl-2 family consists of both anti-apop-
totic molecules, such as Bcl-2 and pro-apoptotic molecules, 
such as Bax, which are the most important effectors for charac-
terization of apoptosis (22, 23). Tumor suppressor factor p53 
regulate the Bcl-2 family proteins and leads to the progression of 
apoptosis. X-linked inhibitor of apoptosis protein (XIAP) stops 
apoptotic cell death that is induced either by viral infection or by 
overproduction of caspases. Negative regulation of XIAP is also 
one of the most effective ways to induce apoptosis for anticancer 
therapy. Therefore, we investigated the changing levels of these 
factors as an important regulators involved in apoptosis to exam-
ine the apoptotic effects of stigmasterol using RT-PCR and 

Western blot analysis. 
　According to the results of RT-PCR, stigmasterol induced the 
up-regulation of caspase-8, 9, Bax, and p53 expression levels in 
a dose-dependent manner. These results comply with the results 
of Western blotting. In Western blot results, caspase-8, 9, Bax 
and p53 levels are increasing in a dose-dependent manner. 
Bcl-2 and XIAP genes which are anti-apoptotic molecules are 
down-regulated in a dose-dependent manner by stigmasterol 
(Fig. 4A, B). According to the results, stigmasterol significantly 
activates the caspase cascade via intrinsic apoptotic pathway 
and thereby leading to cell death.
　This study was involved in purification and characterization of 
stigmasterol from marine microalgae, Navicula incerta. The 
apoptotic inductive effect of stigmasterol was explored detail us-
ing hepatocarcinoma cell line HepG2. The cell death was re-
sulted due to stigmasterol induced expression of pro-apoptotic 
gene expression while inhibiting the anti-apoptotic factors. The 
stigmasterol induced apoptosis was mediated through intrinsic 
mitochondrial pathway which leads to the activation of caspase 
cascade and subsequent cell death. Thus, it could be concluded 
that stigmasterol possess potential apoptosis inductive effects 
and with further studies it could be developed as a potential can-
didate for hepatic cancer treatment. 

Flow cytometric measurement of stigmasterol induced cell 
cycle arrest 
Cell cycle check points are one of the main parameters to de-
termine apoptosis process in cancer cell lines. In the cell cycle, 
there are 4 main phases; S, G2/M, sub G1, G0/G1 phase. Among 
them, G0/G1 and G2/M phases are important check point in 
apoptotic cell. If there is any DNA damage the cell are not pro-
ceeding to the next generation and thus the life cycle of the cell 
is terminated (24, 25). 
　In order to check the effect of stigmasterol on cell cycle pro-
gression, HepG2 cells were cultured in 6 cm2 dishes treated with 
different concentrations (5, 10, 20 μM) of stigmasterol and cell 
cycle was analyzed using FACS. As shown in the results HepG2 
cells were arrested at G2/M phase of the cell cycle due to stig-
masterol treatment. We observed that the number of cells in 
G2/M phase was (26.87%) highest at the higher concentration 
(20 μM) of stigmasterol and also G0/G1 phase was (37.02%) 
highest at the same concentration (Fig. 3C). At key transitions 
during eukaryotic cell cycle progression, signaling pathways 
monitor the successful completion of upstream events prior to 
proceeding to the next phase. Defects in the cell components 
have resulted in the arrest of cell cycle at G0/G1 and G2/M check 
point which may allow the damaged cell to undergo apoptosis. 
These results confirm that the compound arrests the cell cycle 
and thereby leading to cell death. 

MATERIALS AND METHODS

Materials and chemicals
For NMR spectroscopy (1H 400MHz, 13C 100MHz, JEOL JNM- 
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ECP 400 NMR spectrometer), chloroform-D (Cambridge Isotope 
Laboratories, Inc., USA) was used as the solvent. Human liver 
hepatocellular carcinoma cell line (HepG2) was obtained from 
American Type Culture Collection (ATCC, Manassas, VA, USA). 
Cell culture media Dulbecco’s Modified Eagle Medium (DMEM), 
penicillin/streptomycin, fetal bovine serum (FBS) were purchased 
from Gibco BRL, Life Technology (NY, USA). 3-(4,5-dimethyl- 
2-yl)-2,5-diphenyltetrazolium bromide (MTT) reagent was pur-
chased from Sigma Chemical Co. (St. Louis, MO, USA). All anti-
bodies used for Western blot analysis were purchased from Santa 
Cruz Biotechnology Inc. (Santa Cruz, CA, USA). Other chemicals 
and reagents used of analytical grade commercially available.

Preparation and isolation of stigmasterol from Navicula incerta
The bentic diatom, Navicula incerta (strain KMMCC B-001) 
used in this experiment was generously provided by Korea 
Marine Microalgae Culture Center. The sample was cultured us-
ing standard F/2 (Guillard’s) medium until the required biomass 
in obtained (2).
　First, 50 g of N. incerta was extracted for 24 h in the room tem-
perature with 3 L of methanol. After that, methanol extract was 
filtered and evaporated. (Fr. 1, 20 g). Then the microalgae was 
extracted again with 3 L of methanol : dichloromethane (1:1) (Fr. 
2, 20 g). Final extraction was done with 3 L of dichloromethane 
(Fr. 3, 3 g). Methanol : dichloromethane (1:1) extract of (Fr. 2) N. 
incerta (20.313 g) was separated by silica gel column and eluted 
with Dichloromethane : acetone gradient (30:1 to 1:2) to obtain 
11 fractions (Fig. 1A). Fr. 2.3/4 were selected for further 
purification. For this purification hexane : ethyl acetate solvent 
gradient was used. 

Cell culture and cell viability assay
HepG2 cells were grown in DMEM media containing 10% FBS 
and 100 μg/mL streptomycin/penicillin, 5% CO2 at 37oC. To de-
termine cell viability after exposure to different concentrations 
(5, 10 and 20 μM) of stigmasterol, MTT cell viability assay was 
performed. After 24 h of incubation with compound, 100 μL of 
MTT (1 mg/mL) was added and incubated again for 4 h. Then the 
formed formazan salt was dissoleved in 100 μL of DMSO and 
the absorbance was measured at 550 nm (GENiosⓇ microplate 
reader, Tecan Austria GmbH, Austria). 

Morphological changes, Hoechst 33342 staining and cell 
counting by flow cytometry
HepG2 cells treated with stigmasterol were fixed in 4% paraf-
ormaldehyde (Sigma) in phosphate buffered saline (PBS) for 10 
min at room temperature. The fixed cells were detected for mor-
phological changes using a light microscope (CTR 6000; Leica, 
Wetzlar, Germany). After observation, the cells, they were 
stained with 1 μg/ml of the fluorescent DNA-binding dye, 
Bisbenzimide Hoechst 33342 (Sigma) and incubated for 1 h to 
reveal nuclear condensation/aggregation. The Hoechst- stained 
cells were visualized and photographed under fluorescence mi-
croscope (CTR 6000; Leica, Wetzlar, Germany).

　For check cell numbers of Hoechst staining, HepG2 cells treat-
ed with stigmasterol were incubated 24 h in 6 cm2 dish at cell 
density of 1 × 106 cells/ml. After 24 h, cells were wash 2 times 
and were detached. Then cells were stained by Hoechst 33342 
dye for 20 min. After that, cells were washed with PBS 2 times. 
The samples were then analyzed by a flow cytometry (FACS 
Calibur, BD Sciences, Heidelberg, Germany) within 1 h.

Annexin V-FITC and propidium iodide staining apoptosis tests
The HepG2 cells were cultured in 6 cm2 dish at a density of 5 × 
105 and stigmasterol was treated at different concentrations. The 
cells were then incubated for 24 h. The subsequent procedures 
were carried out according to the manufacturer's manual pro-
vided with the Annexin V-FITC kit (BD Sciences). Briefly, the cells 
were washed 3 times with PBS and suspended in binding buffer at 
a concentration of 1 × 105 cells/mL followed by additions of FITC 
Annexin V and propidium iodide (PI) and left for 15 min in the 
dark. The samples were then analyzed by a flow cytometer (FACS 
Calibur, BD Sciences, Heidelberg, Germany) within 1 h.

Determination of mitochondrial membrane potential (MMP)
The MitoCaptureTM mitochondrial apoptosis kit (Biovision) was 
used to detect changes in mitochondrial membrane potential. 
Briefly, HepG2 cells were grown at a density of 1 × 106 cells/ml 
and apoptosis was induced by stigmasterol various concen-
trations with 24 h. A blank was incubated with the vehicle with-
out induction, concurrently. The assay was conducted accord-
ing to manufacturer’s guidelines. 

RNA extraction and reverse-transcriptase polymerase chain 
reaction (RT-PCR)
Total RNA was extracted from HepG2 cells treated with and 
without stigmaterol for 24 h  using TRIzolⓇ reagent (Invitrogen 
Co., CA, USA) as reported in manufacturer’s manual (14). The 
assay used for RT-PCR described by Lee et al. (26) was modi-
fied by increasing cycles and annealing time. The target cDNA 
was amplified using the following primers (refer to supple-
mentary Table 1). The amplification was carried out at 95oC 
for 45 s, 60oC for 1 min and 72oC for 45 s. after 30 cycles, the 
PCR products were electrophoresed on 1.5% agarose gel 
stained with ethidium bromide and visualized under UV light, 
using AlphaEaseⓇ gel image analysis software (Alpha innotech, 
CA, USA). 

Western blot analysis
Western blotting was performed according to standard proce-
dures (16). Cells with stigmasterol were lysed in RIPA buffer 
(Sigma-aldrich Corp., St. Louis, MO, USA). Proteins lysed from 
cells were separated using a 10% SDS-polyacrylamide gel and 
transferred onto a nitrocellulose membrane (Amersham Pharma-
cia Biotech., England, UK). The membrane was blocked for 2 h 
with 3% of BSA. The respective proteins were detected with a 
chemiluminescent ECL assay kit (Amersham Pharmacia 
Biosciences, NJ, USA). The Western blot bands were visualized 
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using a LAS-3000 system and quantified by Multi Gauge V3.0 
software (Fujifilm Life Science, Tokyo, Japan).

Flow cytometry analysis for measurement of cell cycle arrest
The cells were harvested and fixed in ice-cold 70% ethanol and 
stored at 4oC. Prior to analysis, the cells were suspended in 1 ml of 
cold propidium iodide solution containing 50 μg/ml RNase A, 
250 μg/ml PI and further incubated on ice for 20 min in the dark. 
Flow cytometric analyzes were carried out using a flow cytometer 
(FACS Calibur, BD Sciences, Heidelberg, Germany) and Cell 
Quest software was used to distinguish phases of the cell cycle.

Statistical analysis
Each value was expressed as means ± S.E.M (n = 3). The stat-
istical significance of differences was analyzed by ANOVA us-
ing SAS (Chicago, IL, USA).
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