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Abstract

Saponin is an important class of natural products that can be presented in
many plants, it has a diverse range of properties, which include pharmaco-
logical and medicinal properties, antimicrobial, insecticidal, and anticancer
activities. The aim of this study was to extract the saponin from different
Egyptian legumes sources and evaluate the antitumor activity of partially pu-
rified saponin extracted from soybean in mouse colon cancer cells in vitro
and compare its activity with cisplatin as reference chemotherapeutic drug. In
this study saponin extracted from soybean and partially purified using silica
gel column chromatography and then characterized by using IR and HPLC
techniques. Antitumor activity of partially purified saponin was evaluated by
using MTT assay, caspase-9 activity and apoptotic effect by flow cytometric
analysis. Our results showed that the high saponin was present in soybean
with concentration 94.8 mg/g dry weight. The partially purified soybean sa-
ponin inhibited the proliferation of colon cancer cell line in a dose-dependent
manner with ICs, 43.4 ug/ml after 48 hrs treatment. The proliferation inhibi-
tory effect of soybean saponin was associated with its apoptosis-inducing ef-
fect by activation of caspase-9 and increasing the percent of apoptotic cells to
91.02% when compared with negative control after analysis by flow cytometry.
In conclusion, soybean saponin had antitumor activity against mouse colon
cancer cell line and its mechanism was mediated through apoptotic effect.
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1. Introduction

Cancer is the second leading cause of death worldwide which characterized by

out of control cell growth. Colon cancer is one of the most common cancers and
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the fourth most frequent cause of death worldwide. In addition to genetic factors
that are crucial for cancer formation and development, environmental factors
are important for its promotion and progression [1]. Diet is the most important
exogenous factor in the etiology of colon cancer. The substantial differences in the
incidence of colon cancer between the western world and developing countries can
be explained by a high fiber and low fat containing diet in developing countries
compared with increasing intake of fat and alcohol in western countries [2].

There are different therapies for the treatment of colon cancer but they have
many bad side effects. Thus, it is important to find a new alternative for colon
cancer treatment that has high efficiency and low toxicity [3]. For thousands of
years, natural products have played a very important role in health care and
prevention of diseases [4]. Natural products, which are a rich source of com-
pounds with enormous structural diversity, have been extensively explored in
the field of drug discovery and have led to remarkable successes particularly in
the field of cancer therapeutics [5].

Saponin is an important class of natural products that can be found in many
plants, as well as in some marine animals [6]. A saponin molecule consists of an
aglycone (or sapogenin) and one or two sugar moieties that linked to the
aglycone through an ether or ester glycosidic linkage at one or two glycosylation
sites [7]. The presence of both polar (sugar) and non-polar (steroid or triter-
pene) groups provides saponins with strong surface-active properties which are
responsible for many of its adverse and beneficial biological effects such as anti-
cancer properties [8].

There are several in vitro studies that have evaluated the cytotoxic effect of
saponins against tumor development. The antitumor effect of saponin worked
through various pathways, such as anti-cancer, anti-metastatic, immunostimula-
tion and chemoprevention [9]. Hence this study is aimed at extraction and par-
tial purification of saponin from soybean, then the anticancer efficiency of the
compound using human colon cancer cell line is investigated. To further eluci-
date the antitumor activity and mechanisms by which soybean saponin mediates
this activity, we evaluated the effects of soybean saponin on cell proliferation and

apoptosis in Coca cell line.

2. Materials and Methods
2.1. Plant Sources
Legumes: bean ( Viciafaba), soybean (Glycine max), cowpeas ( Vignaunguicula-

ta), chickpea (Cicer arietinum), kidney beans (Phaseolus vulgaris) and lupine

(Lupinus albusL.), which was purchased from local market, Egypt.

2.2. Chemicals and Reagents

Dulbecco's Modified Eagie's Medium with 4.5 g/L glucose and L-glutamine (DMEM),
Trypsin EDTA, Fetal Bovine Serum and Penicillin-Streptomycin (10.000 U/ml of
penicillin and 10.000 pg/ml streptomycin) were purchased from Cambrex, bios-
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cience. Verviers, Belgium. (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide) (MTT) and dimethyl sulfoxide (DMSO) were purchased from Sig-
ma-Aldrich, USA.Caspase-9 colorimetric assay kit from Biovision, USA. An-
nexin V-FITC Apoptosis Detection Kit from Immunostep, Spain. Standard sa-
ponin was purchased from Fisher Scientific, UK.

2.3. Cell Line

Mouse colon cancer cell line (Coca) was purchased from Vacsera, Cairo, Egypt.
The cells were grown in DMEM medium supplemented with 10% fetal bovine
serum and penicillin/streptomycin (100 units/ml) and incubated at 37°C in a 5%
CO; humidified incubator.

2.4. Extraction and Determination of Saponin from Legumes

A modified method of [10] was used. Samples were ground and defatted with
chloroform in a Soxhlet apparatus to remove the interfering pigments and lipids.
50 g of the defatted sample was re-extracted with 250 ml of 95% ethanol in a
Soxhlet extractor at 75°C for 16 hrs till the solvent became colorless. The etha-
nolic extract was concentrated by evaporation of the solvent using rotary evapo-
rator under reduced pressure. After that concentrated extract was precipitated
using excess volume of acetone. The resulting precipitate was filtered and dried

to give crude saponin mixture then calculated the saponin mass.

(Yield) %SP = A/SM,

While A is the mass of saponin and SM is the sample mass (per gram).
Saponin was hydrolyzed by the method of [11] and the total content of triterpenoid

saponins was determined according to the method of [12] using standard saponin.

2.5. Chromatographic Analysis

2.5.1. Column Chromatography

A silica gel column (60 - 200 mesh) was used for soybean saponin purification.
Concentrated crude saponin sample was applied to the column. The impurities
were washed with n-hexane: ethanol (1:1) (two-bed volume) through a 12 x 6
cm bed of silica gel. The column was eluted with n-butanol/ethanol/water
(1:1:1). The flow rate was 4 ml/5 min. Aliquots from fractions were applied to a
strip of TLC plate and the concentration of saponin was determined in each

fraction as mentioned before [13].

2.5.2. Thin-Layer Chromatography (TLC)
TLC analysis was carried out on aluminum plates coated with silica gel 60 (Merk
KGaA Darmstadt, Germany) according to the method of [14].

2.6. Characterization of Partially Purified Soysaponin

2.6.1. Fourier Transform Infrared (FTIR)
Positive fractions from column chromatography were pooled then the solvent

was evaporated and the sample was dried. The sample and standard saponin
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were ground to quite a powder with mesh sieve and mixed 1/1 with vacuum
dried KBr powder to make compressed pellet with subsequent recording of the
infrared spectrum. A JNS-CO Spectrum System 4100 LE FTIR spectrometer
(Japan) was used for the analysis in the range between 4000 cm™ and 400 cm™ at

a resolution of 4 cm™ [15].

2.6.2. High-Performance Liquid Chromatography (HPLC)

Saponin from soybean was confirmed and quantified after column chromato-
graphy by using YL9100 HPLC system, Japan (C18 column) according to the
method of [16].

2.7. Cell Culture and Cytotoxicity Assay

The human colon cancer cell line (Coca) were grown in DMEM medium sup-
plemented with 10% fetal bovine serum and penicillin/streptomycin (100
units/ml) and incubated at 37°C in a 5% CO, humidified incubator. The effect of
saponin on the viability of Coca cells was determined using the MTT assay [17].
Coca cells were seeded in 96-well plates at concentration 1 x 10° cells/ml (3 x
10*/well) and incubated at 37°C in 5% CO, humidified incubator overnight then
the cells were treated with different concentration of soybean saponin, standard
saponin ranged from (10 - 100 pg/ml) and cisplatin as reference drug from (1.56
- 50 pg/ml) as triplicate for each concentration. 48 hrs later, 20 ul of MTT stock
solution (5 mg/ml) was added and after incubation for additional 4 h, the ab-
sorbance at 540 nm was then measured on a scanning multi-well spectrophoto-

meter. The cytotoxicity was evaluated with reference to the ICs, value.

2.8. Caspase Activity Assay

The activity of caspase-9 was measured by using Colorimetric Assay Kit accord-
ing to the manufacturer’s protocol. Briefly, after the cancer cells were treated
with soybean saponin (0, 21.7, 43.4 and 86.8 ug/ml) and 3.8 pug/ml of cisplatin
for 24, 48 h, cell lysates were prepared in cell lysis buffer for 10 min on the ice
and centrifuged at 10,000x g for 1 min at 4°C. The supernatants were collected
and total protein was quantified by Bradford method. Protein lysate was mixed
with 2x reaction buffer and LEHD-pNA substrate. Developed color was meas-
ured at 405 nm in a microplate reader. Results are represented as the percentage

of change of activity compared to the control [18].

2.9. Apoptosis Assay

Annexin V-FITC/PI Apoptosis Assay Kit was used to quantifying the apoptosis
induced by soybean saponin treatment for 48 and 72 hrs according to
manufacturer’s instructions. Briefly, after soybean saponin treatment, Coca cells
were collected and washed twice in temperate PBS and resuspended in 1x An-
nexin binding buffer then 5 pl of Annexin-V and 5 pl of PI were added to 100 pl
of cell suspension. The samples were incubated for 15min at room temperature
in dark and were analyzed by flow cytometry [19].
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3. Results

3.1. Quantification of Saponin by Colorimetric Method

Saponin was determined in 6 different Egyptian legumes species. Table 1 showed
that soybean contains higher saponin with a concentration 94.89 mg/g dry weight
than the other legumes while the lowest saponin concentration was present in
bean (5.7 mg/g dry weight).

3.2. Chromatographic Analysis

Saponin from different legumes was analyzed and confirmed using thin layer
chromatography (TLC). As shown in Figure 1, there are many spots among of
them a sharp blue violet spot with R¢ value 0.4 in each extract of legumes which
confirmed the presence of saponin.

The saponin extracted from soybean was partially purified by using silica gel

column chromatography (Figure 2). The saponin was found in fractions of

Table 1. Concentrations of saponin in different legumes

Concentration of triterpenoid  Concentration of triterpenoid

Legumes saponin (mg/ml) saponin (mg/g dry weight) % Yield
Soybean 185.33 94.89 5.12%
Lupine 45.96 20.77 4.5%
Cowpea 82.71 13.23 1.6%
Chickpea 57.6 10.59 1.84%
Kidneybean 35.16 6.18 1.42%
Bean 55.4 5.7 1.04%

Soybean kidneybean chickpea
cowpea lupine bean

Figure 1. Thin layer chromatography. TLC of crude saponin extracted from different legumes.
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n-butanol/ethanol/water. These fractions have confirmed the presence of sapo-
nin by TLC which appeared the presence of blue-violet spots without impurities
when compared to standard saponin (Figure 3). These positive fractions were
pooled and the concentration of saponin after pooling was determined com-
pared to crud saponin, the data showed that the concentration of the pooled sa-

ponin was 1671.32 mg with yield percent 56.36% as shown in Table 2.
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Figure 2. A typical elution profile for the chromatography of crude soybean saponin sili-
ca gel (60 - 200 mesh size) (12 x 2.8 cm i.d.) at a flow rate 48 ml/hrs. and 4 ml fraction.

- A

Soybeansaponin standard saponin

Figure 3. Thin layer chromatography. TLC of soybean saponin after column chromato-
graphy and standard saponin.

Table 2. Purification scheme of soybean saponin.

Concentration of Volume Total concentration

St %yield
°p saponin (mg/ml)  (ml) of saponin (mg) e
1. Crude extract 185.33 16 2965.28 100%
2. Silica gel column chromatography 34.82 48 1671.36 56.36%
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3.3. Confirmation of Saponin Existence
by IR Analysis

The Fourier transform infrared spectroscopy (FTIR) spectrum revealed the
presence of C-H bond at 2927 cm™, C-O-C bond at 1052 cm™, C=C bond at
1628 cm™ and OH bond at 3400 cm™ were assigned as compared with standard

saponin Figure 4.

3.4. Quantification of Saponin
in Soybean by HPLC

High-performance liquid chromatography (HPLC) analysis revealed the pres-
ence of saponin in soybean with concentration 20.5 mg/gm dry weight. Figure
5(a) and Figure 5(b) showed the chromatogram of soybean and standard sapo-
nin with retention time 1.8 and 1.7 respectively. There were other peaks with

different retention times but with lower concentrations.

3.5. Cytotoxic Effects of Soybean Saponin in Coca Cells

After the treatment of the cells with various concentrations of standard and soy-
bean saponin for 48 h, the cytotoxicity was examined using the MTT assay. Our
study reported that the treatment of colon cancer cells with standard and soy-
bean saponin at a concentration 10 pg/ml for each for 48 h, the viability of cells
were 75.8% and 85.5% respectively. In addition, the viability of cells was de-
creased when standard and soybean saponin concentration was raised in a
dose-dependent manner (Figure 6). The ICs, of standard and soybean saponin
in Coca cells for 48-h treatment was 28.7 and 43.4 respectively when compared

with ICs, of cisplatin that was 3.8 pg/ml (Figure 7).
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Figure 4. FTIR spectrum of standard saponin and soy saponin (A: soysaponin; B: standard saponin).
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Figure 5. (a) HPLC chromatogram of saponin isolated from soybean; (b) HPLC chromatogram of standard saponin.

3.6. Effect of Soybean Saponin on Caspase-9 Activity

As shown in Figure 8, the activity of caspase-9 in Coca cells treated with 3.8
ug/ml of cisplatin for 24 and 48 h was significantly increased (p < 0.01) to 151.8
and 217.5% of control as compared with the untreated cells but 21.7 pg/ml of
soybean saponin had no effect on caspase-9 activity in Coca cells treated for 24
h. In addition, the results showed that caspase-9 activity was significantly in-

creased in Coca cells when the concentrations of soybean saponin raised to 43.4
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Figure 6. Effect of standard saponin and soybean saponin on Coca cell viability by the MTT assay after 48 h
incubation. The mean percent of control (+ standard deviation) was calculated for each cell viability and
compared with the viability of untreated cells, which was considered to corresponding 100% viability.
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Figure 7. Effect of cisplatin on Coca cell viability by the MTT assay after 48 h treatment. The mean percent
of control (+standard deviation) was calculated for each cell viability and compared with the viability of un-
treated cells, which was considered to corresponding 100% viability.
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Figure 8. Effect of cisplatinand soybean saponin on caspase-9 activity in Coca cells after 24 and 48 h treat-
ment. Data values are expressed as means + SD of triplicate determinations.
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and 86.8 pg/ml for 24 and 48 h.

3.7. Effect of Soybean Saponin on Inducing Apoptosis

To elucidate whether the growth-inhibitory effect of soybean saponin was re-
lated to the induction of apoptosis, flow cytometric analysis with Annexin
V-FITC/PI Apoptosis Assay Kit was performed. As shown in Figure 9 & Figure
10, soybean saponin treatment induced apoptosis in Coca cells in a dose and
time-dependent manner. Compared to the untreated cells, 86.8 pug/ml soy saponin
treatment resulted in 84.38 and 91.02% of cells being in early apoptosis after 48
and 72 h treatment. In addition, the incubation of Coca cells with3.8 pg/ml of
cisplatin for 48 and 72 h followed by cytometric analysis resulted in only 12.26%
of cells being in early apoptosis and 32.92% of cells being in late apoptosis.

4. Discussion

Natural products have an important role in combating cancer. The main sources

of these compounds are microbes and plants from the terrestrial and marine

._ (@) é (b)
0.05% i 0.2% |8 54%!

. -83.36% 5.75% .

o o A FIFC K T Aemcin FIFC o !
. (c) _ (d)
) 0.19%

80.19% 84.38%

K i@ RN % [C 1° Anvesin FIFC ”
é (@)
.| 0.07%
. 64.98%

10° 10" 102
Annexin FIFC

Figure 9. Flow cytometric analysis of Coca cells treated with different concentrations of
soybean saponin for 48 h. Plots show Annexin V-FITC and propidium iodide staining,
panel (a)-(c) and (d) are Coca cells treated with 0, 21.7, 43.4 and 86.8 pg/ml of soybean
saponin respectively and panel (e) is Coca cell treated with 3.8 ug/ml cisplatin. In each
panel, the lower left quadrant shows the percent of viable cells, the lower right quadrant
represents the percent of apoptotic cells, the upper left quadrant represents the percent of
necrotic cells and the upper right quadrant represents the percent of necrotic and apop-
totic cells.
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Figure 10. Flow cytometric analysis of Coca cells treated with cisplatin and different
concentrations of soybean saponin for 72 hr.

environments. The search for novel drugs is still a priority goal for cancer thera-
py, due to the rapid development of resistance to chemotherapeutic drugs which
have undesirable side-effects so the scientists trend tousing novel anti-tumor drugs
active against untreatable tumors, with fewer side-effects and/or with greater
therapeutic efficiency [20].

Saponins are secondary metabolites that belong to a diverse group of com-
pounds with high chemoprevention potential which have multidirectional ef-
fects on various processes related to the promotion and progression of cancer in
which they can inhibit proliferation and induce the apoptosis of tumor cells, re-
duce their invasive activity, also it can influence the cancer cells through the
modulation of intracellular signaling pathways associated with the oxidative
stress and inflammation [21] [22].

In this study, the saponin was extracted from legumes by using Soxhlet ex-
tractor. The results of this study showed that saponin present in all legumes with
different concentrations but soybean is the highest source. Confirmation of sa-
ponin accomplished without expending expensive and time-consuming chemi-
cal methods as FTIR analysis and TLC. TLC was applied to confirm the presence
of saponin in different legumes extracts as a simple and qualitative method. In

the present study, saponin extract from lupine, cowpea, chickpea, kidney bean,
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bean and soybean before applying to the column has been separated into six
fractions. Khalil and El-Adawy showed that saponin extract from peas and soy-
bean has been separated into seven and six fractions each [13]. The obtained re-
sults showed that there are violet spots in each extract with R¢ value 0.4 when the
plate was sprayed with ethanol and sulfuric acid. These results are nearly in ac-
cordance with the results reported by [23] and [24] when they extracted saponin
from the leaf of Hypochae risradicata L and Sesbania sesban (L.) Merr in which
TLC showed violet spots with R values 0.56 and 0.61 respectively by using me-
thanol and chloroform as solvent system.

In this study, the soybean saponin was separated and partially purified from
soybean crude extract using silica gel column chromatography. Saponin from
soybean after elution showed blue violet spots without impurities after running
with TLC plate. The results showed that R¢ of soybean from thin layer after elu-
tion from silica gel column was 0.4 as before elution.

Fourier transform infrared spectroscopy (FTIR) technique was performed as a
highly specific method for saponin identification. Recognition of saponin in
soybean after partial purification by silica gel column chromatography was con-
firmed by infrared absorptions recorded. FTIR spectrum of the reference sample
and partially purified soybean saponin indicated characteristic absorption peaks
of saponin. It showed the presence of the long sharp peak at 3400 cm™ indicates
the presence of hydroxyl groups (-OH) and the peak at 2927 cm™ represents al-
kyl groups (C-H). (-C=C) groups at 1628 cm™. C-O-C bond at 1052 cm™. The
existence of -OH, C-H, and C=C bands in absorption peak of FTIR spectrum
was characteristic of saponins. The C-O-C absorptions indicated glycoside lin-
kages to the sapogenins. Therefore, FTIR spectra represented an indicative sign
of presence saponin like compounds in soybean [25].

Some studies were used FTIR for saponin characterization. For instance,
Amini performed FTIR spectroscopy for direct identification of saponin-like
compounds isolated from Persian Gulf brittle star (Ophiocoma erinaceus) which
revealed the presence of broad and strong signal of hydroxyl group (339 8.78
cm™), C-H (285 1.54 cm™), signal olefinic (C=C) (167 3.33 cm™), strong ab-
sorption signals sulfate group (C-O-C) noted at 121 3.97 cm™, 105 5.14 cm™
[15].

The previous studies used FTIR technique to confirm the presence of saponin
purified from Holothuria leucospilota sea cucumber which showed some peaks
and absorption between 4000 and 400 cm™. The presence of the long sharp peak
at 3400.10 cm™ indicates the presence of hydroxyl groups (-OH) and the peak at
2928.85 cm™ represents alkyl groups (C-H). Ether (C-O) and ester (-C=0)
groups are characterized by the presence of sharp peaks between 1300 and 1000
cm™. Oligosaccharide linkage absorption to sapogenins, that is C-O-C were ap-
parent between 1054 to 1261.08 cm™. The identification of hydroxyl, alkyl, and
ether and ester groups in the FTIR spectrum from Holothurialeucospilota sea

cucumber indicate the presence of saponin [26].
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The partially purified soybean saponin was identified by reverse phase
high-performance liquid chromatography. Due to their poor chromophores,
most of the soybean tri terpenoid saponins can only be detected at a wavelength
of 205 nm which indicated that the peaks obtained before 5 minutes were sapo-
nins as compared with the standard. In HPLC chromatogram of standard and
soybean saponin, there were high peaks obtained at retention time 1.7 and 1.8
respectively with concentration 20.6 mg/g dry weight. These results are in
agreement with the previous study reported by Rupasinghe et a/ in which the
concentration of saponin in soya bean was 15.6 mg/g dry weight in three differ-
ent cultivars of soya bean by using reverse-phase high-performance liquid
chromatography (RP-HPLC) with external standards [27].

In this study, the antitumor activity of cisplatin as reference chemotherapeutic
drug, standard saponin and soybean saponin on colon cancer cells in vitro was
evaluated by using MTT cytotoxicity assay. The results of the present study
demonstrated that standard saponin and soybean saponin are cytotoxic to hu-
man colon cancer cells in which they decreased the viability of Coca cells in a
dose-dependent manner after 48 hr treatment with ICs, value 28.7 and 43.4
ug/ml respectively. In addition, the data showed that cisplatin has potent cyto-
toxic activity against human colon cancer cells with an ICso value of 3.8 pg/ml.
Other study showed that crude saponin isolated from Platycodi Radix induces
apoptosis in HT-29 colon cancer cell line with ICs, value 37.07 pg/ml in 24 h
treatment [28].

Also in this regard, saponins isolated from Solanum trilobatum leaf is prefe-
rentially cytotoxic to human larynx carcinoma cells in a dose-dependent manner
with an ICs value of 1 mg/ml after 24 hr treatment [29]. Moreover, Lu et al
study showed that the viability of human breast cancer cells (MCF-7) was decreased
when Rhizoma Paridis saponins concentration was raised in adose-dependent
manner with an ICs, value of 71.2 ug/ml after 48 hr treatment [30].

Treatment of tumors is directed not only on inhibition of cell proliferation but
also on induction of apoptosis of tumor cells. The caspase family plays an im-
portant role in the regulation of apoptosis. Caspase activation is a hallmark of
apoptosis induction in response to death-inducing signals originating from
cell-surface receptors, mitochondria or the endoplasmic reticulum [31]. Cas-
pase-9 is an important member of the caspase family; cleaved caspase-9 further
processes other caspase members, including caspase-3 and caspase-7, to initiate
a caspase cascade, which leads to apoptosis [32].

In this study, to elucidate the a poptotic mechanism that is induced by soy-
bean saponinin Coca cells, we measured the activity of caspase-9 enzyme. The
results showed that soybean saponin significantly increased the activity of cas-
pase-9 enzyme when the cells were treated with different concentrations of
soybean saponin for 48 hr as compared with the untreated cells but in the first
day of treatment only soybean saponin at a concentration 86.8 pug/ml and 3.8

ug/ml of cisplatin can affect the activity of caspase-9 enzyme but the lower con-
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centrations had no effect. These results are in line with the study of Kim ez al
when they evaluated the effect of crude saponin from Platycodi Radix on
induction of apoptosis in colon cancer cells by measuring the activity of
caspase-9 enzyme. They found that 60 and 80 pg/ml of this saponin signifi-
cantly increased caspase-9 activity after 24 hr treatment. Other study showed that
20(S)-Protopanaxadiol induce human breast cancer cell apoptosis through the
activation of caspase-9 enzyme when the cells were treated with 15, 30 and 60
uM of 20(S)-PPD for 24 hr [33].

Apoptosis is a normal genetically programmed process that occurs during
embryonic development, as well as in the maintenance of tissue homeostasis,
under pathological conditions, and in aging [34]. The process is characterized by
specific morphologic features, including loss of plasma membrane asymmetry
and attachment, plasma membrane blebbing, condensation of the cytoplasm and
nucleus, and inter nucleosomal cleavage of DNA. Loss of plasma membrane
asymmetry is one of the earliest features of apoptosis. Therefore, staining with
Annexin V is typically used in conjunction with a vitaldye such as a propidium
iodide (PI) for identification of early and late apoptotic cells. Viable cells with
intact membranes exclude PI, whereas the membranes of dead and damaged
cells are permeable to PI [35].

The results that obtained from this study showed that the incubation of Coca
cells with 3.8 pg/ml of cisplatin for 48 hr resulted in only 12.26% of cells being in
early apoptosis while the incubation of cells with 21.7 and 43.4 pg/ml of soybean
saponin for the same period had not any apoptotic effect compared with the un-
treated cells. In addition, more increase in the percent of apoptotic cells was ob-
served when the cells were incubated with 86.8 pug/ml of soybean saponin for 72
h (91.08%). However, the percentage of both Annexin V-FITC and PI positive
cells after the cells were treated with 3.8 pug/ml of cisplatin and 43.4 pg/ml of
soybean saponin for 72 hr increased from 11.40 to 32.92 and from 11.40 to 40.19
respectively, indicated that cells were either in the end stage of apoptosis or un-
dergoing necrosis.

There are several reports studied the effect of different saponins from different
plants on the proliferation of different types of cancer cells in vitro through the
induction of apoptosis. For instance, Rhizoma Paridis saponins induced the
apoptosis in human breast cancer cell line (MCF-7) when treated with different
concentrations of RPS for 48 hr treatment, the results showed that the percen-
tage of apoptotic cells increased from 1.3% to 33.5% in adose-dependent man-
ner, indicated that the cells were in the early stage of apoptosis [30]. Further-
more, Cheng et al studied the apoptotic effect of D Rhamnose b-Hederin, a
Novel Oleanane-Type Triterpenoid Saponin on human breast cancer cells, who
found that DRB-H induced the apoptosis in MCF-7 by increasing the percentage
of apoptotic cells from 2.7% to 90.5% when treated with 40 pg/ml of DRB-H for
48 hr [36]. From the reports above and from the results of this study, we ex-
pected that saponins affected on the proliferation of different cancer cells by the
induction of apoptosis which depends on the cell type and the type of saponin
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used in the study.

5. Conclusion

This study demonstrated that soybean saponin has a potent inhibitory effect on
the proliferation of Coca mouse colon cancer cells in vitro. The induction of
apoptosis by soybean saponin was confirmed via the activation of caspase-9 en-
zyme and loss of plasma membrane asymmetry which leads to increasing the
percentage of apoptotic cells by Annexin-V flow cytometric analysis. These re-
sults suggest that soy saponin may be potentially used as an anticancer agent

against human colon cancer.
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