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Abstract
AIM: To investigate the effect of extracted soybean 
saponins on the growth of human colon cancer cells. 

METHODS: WiDr human colon cancer cells were treated 
with 150, 300, 600 or 1200 ppm of soy saponin to deter-
mine the effect on cell growth, cell morphology, alkaline 
phosphatase (AP) and protein kinase C (PKC) activities, 
and P53 protein, c-Fos and c-Jun gene expression. 

RESULTS: Soy saponin decreased the number of viable 
cells in a dose-dependent manner and suppressed 12-O-
tetradecanol-phorbol-13-acetate-stimulated PKC activity 
(P  < 0.05). Cells treated with saponins developed cyto-
plasmic vesicles and the cell membrane became rough-
er and more irregular in a dose-dependent manner, 
and eventually disassembled. At 600 and 1200 ppm,  
the activity of AP was increased (P  < 0.05). However, 
the apoptosis markers such as c-Jun and c-Fos were not 
significantly affected by saponin. 

CONCLUSION: Soy saponin may be effective in pre-
venting colon cancer by affecting cell morphology, cell 
proliferation enzymes, and cell growth.
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INTRODUCTION
Colon cancer is one of  the major causes of  cancer mortal-
ity worldwide, which results from interactions of  different 
factors such as aging, family history and dietary style. It 
has been suggested that consumption of  higher levels of  
soy foods can lead to a lower incidence of  acquiring colon 
cancer[1,2]. The most discussed compounds related to co-
lon cancer in soy are isoflavone and saponins[3]. Saponins 
have been found to have biological benefits and have been 
utilized pharmaceutically[4]. Soy saponins are amphiphilic 
compounds and categorized as triterpenoic saponins. 
They are able to interact with the cancer cell membranes 
that are rich in phospholipids and cholesterol and with 
the hydroxyl groups on the aglycone moiety[5]. Research 
has found that steroid saponins extracted from fenugreek 
reduce the number of  aberrant crypt foci in azoxytethane-
induced rat colon cancer, and induce apoptosis of  HT-29 
human colon cancer cells[6]. However, whether soy sapo-
nins affect the growth of  cancer cells by causing apoptosis 
or necrosis is still not clear. 

In this study, we investigated the in vitro physical and 
biological effects of  soy saponins on WiDr colon cancer 
cells, the same cell line as HT-29[7] (American Type Cul-
ture Collection, Rockville, MD, USA; Catalogue 1988), by 
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examining the number of  living cells, cell morphology, 
alkaline phosphatase (AP) and protein kinase C (PKC) 
activities, and the expression of  c-Jun, c-Fos, and P53 pro-
tein, and cell apoptosis.

MATERIALS AND METHODS
Soy saponin preparation and analysis
Saponin extraction was performed according to the 
method of  Berhow et al[8]. The purity of  crude saponin 
extracted was examined by high performance liquid chro-
matography (HPLC) (TSP, Germany) using commercial 
soy saponin as a standard (Wako, Japan). The HPLC con-
ditions were as follows: C18 column (Vercopak, ODS-3, 
4.6 mm × 250 mm); UV absorbance: 190-350 nm; analyz-
ing temperature 30℃; flow rate: 1 mL/min; gradient sol-
vent system: solvent A, 0.05% trifluoroacetic acid in water, 
solvent B, acetonitrile; 63% A to 52% A in 38 min.

Cell culture and viability
Cells were cultivated in minimal essential medium that 
contained 10% fetal bovine serum, sodium bicarbon-
ate (1.5 g/L), and 1.0 mmol/L sodium pyruvate at 37℃ 
and 5% CO2. Cells were subcultured into a new medium  
(100 mm diameter dish) when they reached a high density, 
at a series of  dilutions from 1:3 to 1:6. When they reached 
2 × 103 cells/well, cells were cultivated in each well of  a 
96-well plate. After stable attachment in the medium (day 
0), cells were treated with five different concentrations (0, 
150, 300, 600, 1200, 2400 ppm) of  soy saponins (16 wells/ 
concentration). CellTiter 96® Aqueous One Solution Cell 
Proliferation Assay (Promega, USA) was used to measure 
the viability of  cells every 24 h for 3 d. 

Cell morphology observation
After the cells were treated with different concentrations 
of  soy saponins for 24 h, they were examined by electron 
microscopy. Scanning electron microscopy (SEM; S-2400; 
Hitachi, Japan) was performed to observe the differences 
in cell morphology. Transmission electron microscopy 
(TEM; H600; Hitachi) was used to investigate intracellular 
morphology.

Cell proliferation/differentiation measurement
Cells were cultivated in a 10-cm Petri dish. After the cells 
were stable, fresh medium with 0, 150, 300, 600, and  
1200 ppm of  soy saponins was added. Cells were cultivated 
for another 72 h before being subjected to tests for prolif-
eration and differentiation. Sodium butyrate (2.5 mmol/L)  
was used as a positive control for detecting AP activity. 
The level of  differentiation was measured using Alkaline 
Phophatase Liquicolor (Human, Germany). The activity 
of  PKC was measured using Peptag® Assay (Promega, 
USA). c-Jun, c-Fos, and wild-type P53 protein expression 
in WiDr cells was analyzed using SDS-PAGE and western 
blotting. A 12% resolving gel and a 5% stacking gel were 
applied. β-actin (43 kDa) was used as the internal control. 
The antibodies used were rabbit anti-c-Jun polyclonal anti-
body (Stressgen, Canada), rabbit anti-c-Fos polyclonal an-

tibody, mouse anti-P53 monoclonal antibody, and mouse 
anti-β-actin monoclonal antibody (Sigma, USA).

Statistical analysis
Data were expressed as mean ± SD. One-way analysis of  
variances and Fisher’s least significant difference were per-
formed using SAS 8.13. Differences were significant at P 
< 0.05.

RESULTS
Soy saponins and cell count
Figure 1 illustrates the dose-dependent inhibitory effect 
of  soy saponins on the number of  WiDr cells. At the 
end of  day 1, the cell count was significantly lower in the 
group treated with 2400 ppm saponins compared to that 
in the control group (P < 0.05). The percentage inhibition 
was 40.7%. At the end of  day 3, compared to the control 
group, the number of  cells in the groups treated with 600, 
1200 and 2400 ppm was significantly lower (P < 0.05), 
with percentage inhibition of  27.4%, 56.6% and 84.8%, 
respectively. At the end of  day 5, the groups treated with 
300, 600, 1200 and 2400 ppm of  soy saponins had a lower 
cell count than the control group (P < 0.05), with per-
centage inhibition of  36.0%, 57.9%, 59.7% and 92.2%, 
respectively. Under light microscopic observation at the 
end of  day 5, it was shown that cell density in the medium 
decreased in parallel with the increase of  soy saponins in 
the medium (Figure 2). Figure 3 shows that under treat-
ment with soy saponins (150-2400 ppm), the percentage 
cell survival was decreased in a reversed dose-dependent 
manner (P < 0.05) at each time point. 

SEM of WiDr cells
Figure 4A-D shows the SEM observation of  WiDr cells 
treated with 0, 300, 600, 1200 and 2400 ppm of  soy sa-
ponins. When the dose of  soy saponins increased, the 
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Figure 1  Effect of extracted crude soybean saponins on the growth of WiDr 
cells. Different concentrations of saponin at each incubation time were compared 
using one way analysis of variances with Fisher’s test. Values are mean ± SD. 
Points with letter “a” represent significant differences at the P < 0.05 level.
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surface of  WiDr cells became rougher, and the cell shape 
changed from round to irregular. As the dose reached 
1200 ppm (Figure 4C), breaks were seen on the surface of  
WiDr cells. At 2400 ppm soy saponin, complete deforma-
tion of  WiDr cells was observed (Figure 4D).

Activity of AP
Figure 5 shows that soy saponins induced AP activity in 
WiDr cells in a dose-dependent manner (P < 0.05). The 

WiDr cell line is one of  the colon cancer cell lines with-
out AP activity. The control sample with sodium butyr-
ate showed increased AP activity, while the one without 
sodium butyrate did not. The activated AP indicated that 
WiDr cancer cells might slow down the proliferation pro-
cess but shift toward the differentiation process. 

Activity of PKC
The effect of  soy saponin on PKC activity is shown in 
Figure 6. 12-O-tetradecanoyl phorbol-13-acetate (TPA) 
was added to the medium to induce PKC activity. The 
medium without TPA showed no PKC activity. As the 
dose of  saponins in the medium increased, the inhibitory 
effect on PKC increased.

Expression of P53, c-Jun, and c-Fos 
There was no significant difference in the expression of  
P53 and c-Fos proteins between the groups with/with-
out soy saponin treatment (data not shown). On the 
other hand, Figure 7 shows a trend towards an inhibitory 
effect of  saponins on the expression of  c-Jun after 3 d 
of  incubation. 

DISCUSSION
In this study, we investigated the effects of  soy saponin on 
cell growth, proliferation/differentiation-related enzyme 
activities, and the expression of  apoptosis-related proteins 
of  WiDr human colon cancer cells. We found that soy 
saponins effectively inhibited the growth rate and survival 
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Figure 2  Cell number and morphological effects of extracted crude soybean saponins on WiDr cells. A: Untreated control culture for 5 d; B: Culture exposed to 
150 ppm extracted crude soybean saponins for 5 d; C: 300 ppm; D: 600 ppm; E: 1200 ppm; F: 2400 ppm.
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Figure 3  Effect of extracted crude soybean saponins on viability of WiDr 
cells. Different concentrations of saponin at each incubation time were compared 
using one way analysis of variances with Fisher’s test. Values are mean ± SD. 
Points with letter “a” represent significant differences at the P < 0.05 level.
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of  human colon cancer cells in a dose-dependent man-
ner. Soy saponins are amphiphilic compounds that can 
be used as bio-surfactants. They are structurally similar to 
oleanolic acid and ursolic, which have been shown to be 
glucocorticoid receptors with anti-carcinogenic activity[9,10].

PKC is one of  the markers for cell proliferation. PKC 
activity increases as the cells undergo the proliferation 
process. As shown in our study, the addition of  soy sa-
ponin effectively inhibited the activity of  PKC in a dose-

dependent manner. On the other hand, P53 protein is 
responsible for regulating some reactions such as the cell 
cycle, DNA repair, and apoptosis[11,12]. The relationship 
between P53 protein and the HT-29 cell death is still not 
clear[13]. Shen et al[14] have found that 2’-OH flavanone in-
hibits the growth of  HT-29 cells via increasing the expres-
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Figure 4  Scanning electron microscopy electron micrographs of WiDr cells. Cells were treated with 0 (A), 300 (B), 1200 (C) and 2400 ppm (D) soy saponin, for 1 d.
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Figure 6  Effect of extracted crude soybean saponins on protein kinase C 
activity of WiDr cells. C-T: Untreated control culture for 3 d; C+T: Control culture 
+ 100 ng/mL tetradecanoyl phorbol-13-acetate (TPA); S150: Culture exposed 
to 150 ppm extracted crude soybean saponins + 100 ng/mL TPA for 3 d; S300: 
300 ppm; S600: 600 ppm; S1200: 1200 ppm. Values are mean ± SD. Different 
concentrations of saponin at each incubation time were compared using one way 
analysis of variances and Fisher’s least significant difference test. Bars with letter 
“a” represent significant differences at the P < 0.05 level.
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Figure 5  Effect of extracted crude soybean saponins on alkaline phospha-
tase activity of WiDr cells. N: Culture exposed to 2.5 mmol/L sodium butyrate 
for 3 d; C: Untreated control culture for 3 d; S150: Culture exposed to 150 ppm 
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were compared using one way analysis of variances and Fisher’s least significant 
difference test. Values are mean ± SD. Bars with letter “a” represent significant 
differences at the P < 0.05 level.
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sion of  P21, but it has no effect on P53 protein. In our 
study, we did not find any inhibitory effect of  soy saponin 
on the P53 protein of  WiDr cells.

Under normal conditions, cells proliferate to a certain 
level and then differentiate to different kinds of  cells. If  
the cells are stimulated by some exogenous factors, for ex-
ample, carcinogens, cells may not differentiate, proliferate 
abnormally, and form tumors. In our study, compared to 
the control group, the cell number was decreased and AP 
activity was increased by addition of  soy saponins, which 
is an indication of  cell differentiation. It has been shown 
that materials such as vitamin D3, with membranolic ac-
tions, can regulate the transportation of  Ca2+ ions through 
the membrane and induce cell differentiation[15]. Our SEM 
results showed that cell morphology was changed by sa-
ponins, with a similar membranolic effect. Soy saponins 
may also promote cell differentiation if  the cell membrane 
has not been destroyed by too high a concentration.

Programmed cell death can be categorized into two 
types, type Ⅰ apoptosis and type Ⅱ autophagic death[16-18]. 
The major differences in these two types are that, in apop-
tosis, cells die individually, and phagocytes are necessary 
for cell degradation. On the other hand, in autophagic 
death, cells die in groups through a lysosomal mechanism, 
in which vacuoles are observable in cells[17]. In our SEM 
study, cell membranes became rough and wrinkled when 
treated with high concentrations of  saponins. In addition, 
under TEM observation (Figure 8), vacuoles appeared 
in the cells that had been treated with higher concentra-
tions of  saponins, which may be an indication of  type Ⅱ  
autophagic death. It has been found that the level of  mi-
crotubule-associated protein light chain 3 is increased after 

saponin treatment[19], which is an indication of  type Ⅱ  
autophagic death. For these reasons, the inhibitory effect 
of  soy saponins on WiDr cells may not be apoptosis, but 
rather autophagic death at higher concentrations. 

In conclusion, we found that soy saponins changed 
the membrane structure and affected the growth of  WiDr 
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300 ppm; S600: 600 ppm; S1200: 1200 ppm. Values are mean ± SD. Different 
concentrations of saponin at each incubation time were compared using one way 
analysis of variances with Fisher’s test. Bars with letter “a” represent significant 
differences at the P < 0.05 level.
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cells in two different ways; by increasing the AP activity 
while reducing PKC activity to induce cell differentiation 
at lower concentrations, or by inducing type Ⅱ autophagic 
death at higher concentrations. This may need further in-
vestigation. 
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