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Objectives

The aim of this study was to evaluate comparative and structure–activity relationships

of in-vitro cytotoxicity, antiviral and antioxidant activities of soyasapogenols A, B, D

and F (SSA, SSB, SSD and SSF) together against the total soyasaponin extract

(TSSE) itself.

Methods

The cytotoxicity of soyasapogenols and TSSE against human colon carcinoma cell line

(HCT-116), liver carcinoma cell line (Hep-G2), human breast carcinoma cell line

(MCF-7) and normal human melanocytes (HFB-4) cell lines was assessed using

sulforhodamine B assay. Their antiviral activities were investigated against Rift Valley

fever virus (RVFV), hepatitis C virus model (vesicular stomatitis virus, VSV), and

hepatitis A virus (HAV). The antioxidant activity of soyasapogenols and TSSE was

assessed using a stable DPPH free radical.

Results and conclusion

The results obtained showed that both TSSE and soyasapogenols have a potent

cytotoxic effect on Hep-G2, HCT-116, MCF-7 and HBF-4 cell lines in a concentration-

dependent manner. SSA and SSF showed the highest cytotoxic activities against

tested cell lines. Analysis of the three-dimensional structure of the measured

soyasapogenols indicated that if the b-hydroxyl group at C-21 or C-22 was aligned

with the plane of the molecule, a marked increase in the cytotoxic activity of the

soyasapogenol was produced. Their antiviral activities against RVFV, VSV and HAV

showed significant inhibition activities compared with both TSSE and interferon.

SSB showed the best activity against RVFV and HAV, whereas SSA was the best

inhibitor against VSV. It was concluded that the hydroxylation at C-21 as well as the

presence of a double bond in ring D might enhance anti-VSV activity, whereas they

may not be essential for anti-RVFV and anti-HAV activities. On the other hand, the

tested soyasapogenols and TSSE did not show good antioxidant activities.
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Introduction

Soyasaponins are major phytochemical compounds pre-

sent in legume seeds [1], soybeans and soy products [2].

The basic structure of soyasaponins is an oleanene-type

triterpenoid aglycone to which one or more polysacchar-

ide chains are attached, resulting in the amphiphilic

nature of the molecules. They are divided into three

groups, on the basis of the structure of the aglycone

moiety, A, B and E saponins [3]. Soyasapogenols are the

aglycone moieties of soyasaponins. They can be obtained

by acid or alkali hydrolysis of soyasaponins or by enzy-

matic hydrolysis using microorganisms with soyasaponin-

hydrolyzing activity [4–6].The current consensus is that

soyasapogenols A, B, and E (SSA, SSB and SSE) are true

aglycones, whereas C, D and F (SSC, SSD and SSF) are

artifacts produced during the hydrolysis process [7].

Soyasaponins have been reported to have several health-

beneficial activities including hepatoprotective [8], anti-

viral [9], anticarcinogenic [10], antioxidant [11] and

anti-inflammatory activities [12]. Recent studies have

shown that a total soyasaponin extract (TSSE) can inhibit

the growth of hepatocarcinoma (Hep-G2) cells [4], colon

adenocarcinoma cells (HCT-15) [13] and cervical tumor

(Hela) cells [14] by inducing programmed cell death,

either apoptosis, or microautophagy [15]. Soyasapogenols

have been shown to be more effective than their

glycosides in the suppression of 2-acetoxyacetylamino-

fluorene (2-AAAF)-induced genotoxicity in Chinese

hamster ovary cells [16]. Both SSA and SSB have shown

almost complete suppression of HT-29 colon cancer cell

growth. Moreover, soyasaponins might be an important

dietary chemopreventive agent against colon cancer after

alternation by microflora [17]. Both SSA-containing and
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SSB-containing extracts have also been reported to

be capable of inducing apoptosis. SSA extract-treated

Hep-G2 cells were reported to induce 47 ± 3.5% of the

cells to undergo apoptosis, whereas SSB extract induced

15 ± 4.2% of cells to undergo apoptosis after 72 h of

treatment [4]. In addition, SSB (10 mmol/l) was growth

inhibitory to MDA-MB-231 human breast cancer cells

in vitro [18].

SSA, SSB, SSE and soyasaponin I, a major constituent

of group B saponins, completely inhibited HIV-induced

cytopathic effects 6 days after infection at a concentra-

tion greater than 0.25 mg/ml, but exerted no direct effect

on HIV reverse transcriptase activity [19]. TSSE showed

a significant inhibitory effect on the replication of HSV-1

and CoxB3 [20]. In a structure–activity relationship

study, the activity of SSA was less than 1/20 of that of

SSB and the hydroxylation at C-21 seemed to reduce

anti-HSV-1 activity [21]. Soyasaponin II was found to

inhibit the replication of the human cytomegalovirus and

influenza virus. This action was not because of the

inhibition of virus penetration and protein synthesis, but

may because of a virucidal effect [22]. The effect of

TSSE from soybean on acute alcohol-induced hepato-

toxicity in mice has been investigated. Mice treated with

TSSE showed a better profile of the antioxidant system

with normal superoxide dismutase, glutathione S-trans-

ferase, and glutathione peroxidase activities, which were

associated with the increase in hepatic glutathione levels

relative to the acute alcohol-treated group [23]. However,

TSSE and its five main constituent saponins had a much

weaker in-vitro inhibitory effect on lipid peroxidation

induced by NADPH in mouse liver microsomes than

a-tocopherol [11].

All of these reports have led to our interest in a com-

parative evaluation of in-vitro cytotoxicity, antiviral

and antioxidant activities of SSA, SSB, SSD and SSF

isolated from a hydrolyzed soybean saponin extract against

TSSE itself and to discuss their structure–activity

relationships.

Materials and methods
Materials

Soybean saponin (50%) was purchased from Organic

Technologies Co. Ltd (Coshocton, Ohio, USA). SSA,

SSB, SSD and SSF were isolated from a hydrolyzed

soybean saponin extract [6]. Sulforhodamine B (SRB),

Roswell Park Memorial Institute (RPMI) 1640 medium,

and 1,1-diphenyl-2-picryl hydrazyl (DPPH) were pur-

chased from Sigma-Aldrich Co. (St Louis, Missouri,

USA). Fetal bovine serum (FBS), 199 E-Hepes buffer

medium and fetal calf serum (FCS) were purchased from

Gibco (Paysley, UK). Recombinant human interferon a2a

(rh-IFN a2a) was obtained from Galaxo Smithkline

(Milan, Italy). Dimethyl sulfoxide (DMSO) and metha-

nol were of HPLC grade, and all other reagents and

chemicals were of analytical reagent grade. To determine

the structure–activity relationships, the three-dimen-

sional (3D) structure of the measured compounds was

created using VEGA ZZ software (Drug Design Labora-

tory, University of Milan, Milan, Italy), and energy

minimization was carried out by AMMP calculation

provided by the same software.

Cell culture

Four human cell lines, HCT-116 (colon carcinoma cell

line), Hep-G2 (liver carcinoma cell line), MCF-7 (human

breast carcinoma cell line) and HFB-4 (normal human

melanocytes) were purchased from the American Type

Culture Collection (Rockville, Maryland, USA). Cells

were maintained in RPMI-1640 medium supplemented

with 10% heat-inactivated FBS, 100 U/ml penicillin and

100 U/ml streptomycin. The cells were grown at 371C in

a humidified atmosphere of 5% CO2.

Cytotoxic activity (sulforhodamine B assay)

Human cancer cell lines were grown in RPMI-1640

medium (371C, 5% CO2) to assess the growth inhibition

by a colorimetric assay, which estimates the cell number

indirectly by staining total cellular protein with SRB

dye [24]. Logarithmically growing cells were seeded at

a density of 104 cells/well into 96-well plates and allowed

to adhere for 24 h at 371C. Then, the supernatant was

replaced by 100 ml culture medium supplemented with

each tested compound in DMSO at specified concentra-

tions and incubated at 371C for 48 h. The final concen-

tration of DMSO in the solution in each well was 0.5%.

Treatment with DMSO only was always used as a control.

At the end of the treatment, the supernatant from each

well was discarded and cells were fixed by layering 100 ml

ice-cold 15% trichloroacetic acid on top of the growth

medium. They were then incubated at 41C for 1 h.

The plates were then washed five times with cold water,

the excess water was drained off, and the plates were air

dried. SRB stain [100 ml; 0.4 (w/v) in 1% acetic acid] was

added to each well and left in contact with the cells for

1 h. Subsequently, the cells were washed with 1% acetic

acid and rinsed four times. The plates were dried, and

1 ml of 10 mmol/l Tris base was added to each well

to dissolve the dye. The plates were shaken gently for

20 min on a gyratory shaker, and the absorbance (OD) of

each well was read on a spectrophotometer at 540 nm.

Cell survival was measured as the percentage of absor-

bance compared with the control.

DPPH radical-scavenging assay

The antioxidant activity of soyasapogenols (SSA, SSB,

SSD, and SSF), TSSE and standards (ascorbic acid and

rutin) was assessed on the basis of the radical-scavenging

effect of a stable DPPH free radical [25]. A volume of

10 ml of each tested compound or standard (from 0.0 to

100 mg/ml) was added to 90 ml of a 100 mmol/l methanolic

solution of DPPH in a 96-well microtiter plate (Sigma-

Aldrich Co.). After incubation in the dark at 371C for

30 min, the decrease in the absorbance of each solution

was measured at 520 nm using an ELISA micro plate

reader (Model 550; Bio-Rad Laboratories Inc., Hercules,

California, USA). The absorbance of the blank sample

containing the same amount of DMSO and DPPH

solution was also prepared and measured. All experiments
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were carried out in triplicate. The scavenging potential

was compared with a solvent control (0% radical

scavenging) and ascorbic acid. Radical-scavenging activity

was calculated using the following formula:

% Reduction of absorbance¼½ðAB�AAÞ/AB��100;

where AB is the absorbance of the blank sample and AA is

the absorbance of the tested compound (t = 30 min) [26].

Antiviral activity

Cells and viruses

Vero clone CCL-81 was obtained from the Cell Culture

Department, VACSERA (Cairo, Egypt). Cells were grown

in 199 E-Hepes buffer growth medium supplemented

with 10% inactivated FCS, 5 mmol/l Hepes buffer, and

antibiotics (100 U of penicillin/ml and 100 g of strepto-

mycin/ml) at 371C and incubated in a 5% CO2 atmo-

sphere. Vesicular stomatitis virus (hepatitis C virus

model, VSV, Indiana strain), Rift Valley fever virus (RVFV,

Menya/sheep/258) and hepatitis A virus (HAV, a local

isolate) were kindly supplied by Applied Research Sector,

VACSERA. The infectivity titer of the viruses was

determined according to the reported method of Specter

et al. [27]. The viruses were 10-fold serially diluted and

each dilution was dispensed as 100 ml/well onto precul-

tured Vero cells. Noninfected wells were considered as a

negative control. Plates were incubated at 371C. Seven

days after infection, the 50% cell culture infective dose

end point (CCID50) was determined.

Cytotoxicity assay

The investigated compounds were dissolved in DMSO

and diluted with sterile culture medium at specified

concentrations. The cytotoxicity assay of each compound

compared with sterile rh-IFN a2a was carried out

according to previous reports [28,29], and a negative cell

control was included. Plates were incubated at 371C for

24 h. Cell culture-treated plates were examined micro-

scopically using an inverted microscope for the detection

of cellular changes or cytotoxicity. The medium was

discarded and plates were washed using phosphate-buffer

saline (pH 7). Cell viability was evaluated using a 3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide

(MTT) assay to determine the safe concentration range

for each compound. Viability percentage was determined

as follows:

Viability %¼ ODcontrol�ODtreatedð Þ/ODcontrolÞ�100;

Antiviral activity

The antiviral activity of tested compounds and interferon

against RVFV, VSV, and HAV was determined, where

nontoxic concentrations of each compound and rh-IFN

(10 IU/0.1 ml) as a positive control were used for the

treatment of precultured Vero cells for 24 h. A negative

cell control plate was included for viral control titration.

Viruses were 10-fold serially diluted in 199 E-Hepes

buffer (10–1–10–8). Antiviral activity was determined

by evaluating each virus mean titer in treated and

nontreated cells. The difference between both titers

indicates the antiviral activity [28].

Statistical analysis

All experiments were conducted in triplicate (n = 3).

All the values were represented as mean ± SD. Signifi-

cant differences between the means of parameters as well

as IC50 values were determined by probit analysis using

the SPSS software program (SPSS Inc., Chicago, Illinois,

USA).

Results and discussion
In-vitro cytotoxic activity

Four soyasapogenols (SSA, SSB, SSD, and SSF; Fig. 1),

were examined in-vitro for their cytotoxic activities against

three human cancer cell lines (HCT-116, Hep-G2 and

MCF-7) and one normal human cell line (HFB-4) using

SRB assay. Their activities were compared with cytotoxi-

city of TSSE and doxorubicin, a positive control. The

compounds examined were produced in our previous work

by acid or enzymatic hydrolysis of the crude soybean

saponin extract [6].

Results show that all tested soyasapogenols together with

TSSE showed dose-dependent cytotoxic activities against

four tested human cell lines (Figs 2 and 3). Cytotoxic

activities, reflected by their IC50 values, against HCT-116

and Hep-G2 were in the following order: SSF4SSA4
doxorubicin4SSB4SSD4TSSE, whereas, against MCF-7,

they were in the following order: SSA = doxorubi-

cin4SSF4SSB4SSD4TSSE. However, cytotoxic activ-

ities against HFB-4 were in the following order:

SSF = SSA4doxorubicin4SSB4SSD4TSSE. The ob-

tained IC50 values of SSA, SSB, and TSSE (3.89, 15.8, and

37.5 mg/ml, respectively) against Hep-G2 after 48 h were

much lower than those reported by Zhang and Popovich

[4] (50, 130, and 600 mg/ml, respectively) after 72 h.

In terms of the cytotoxic activity against MCF-7, both

Figure 1
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SSA and SSB had potent cytotoxic effects after 48 h on

MCF-7 cells with IC50 values of 2.97 mg/ml (6.27 mmol/l)

and 11.4 mg/ml (24.89 mmol/l), respectively (Table 1).

In contrast, Rowlands et al. [18] reported that SSA

stimulated the proliferation of estrogen-sensitive cells

MCF-7 2.5-fold; however, SSB exerted no significant ef-

fect on MCF-7 cells at all concentrations up to 10 mmol/l

after 72 h [18]. It is worth noting that there are no

previously reported data on the cytotoxic activity of TSSE

against MCF-7; however, TSSE showed an IC50 value

of 39.3 mg/ml after 48 h in this study.

Analysis of the results in Table 1 comparing the structure

of the measured soyasapogenols (Fig. 1) showed that the

hydroxyl groups at C-21 and C-22 play a major role in

the activity of the measured compounds in addition to

the double bond between C-12 and C-13 as well as C-13

and C-18. SSF, which has a b-hydroxyl group at C-22, has

a good activity as compared with the positive control,

doxorubicin. This activity decreased markedly on just

replacing the b-hydroxyl group by a b-methoxyl group in

SSD. However, this did not explain the decrease in the

Figure 2
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Cytotoxic activities of soyasapogenols (SSA, SSB, SSD and SSF) against (a) human liver carcinoma cell line (Hep-G2); (b) human breast carcinoma
cell line (MCF-7); (c) human colon carcinoma cell line (HCT-116); (d) normal human melanocytes (HFB-4) using SRB assay. Values are mean ± SD
of three separate experiments, each in triplicate.
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activity of SSB, which also has a b-hydroxyl group at C-22.

The energetically optimized 3D structure of the mea-

sured compounds (Fig. 4) shows that both SSA and SSB

have rings A, B, C, and D in the same plane and because

of the presence of a double bond between C-12 and C-13,

ring E adopts a position perpendicular to the molecular

plane. Consequently, the b-hydroxyl group at C-21 is

aligned with the molecular plane, whereas that at C-22 is

perpendicular to it (Fig. 4). SSF, which has a double bond

between C-13 and C-18, has rings A, B, C, D and E in

the same plane; consequently, the b-hydroxyl group at

C-22 is aligned with the molecular plane (Fig. 4).

In conclusion, if the b-hydroxyl group at C-21 or C-22

was aligned with the plane of the molecule, a marked

increase in the activity of the soyasapogenol was produced.

These may be responsible for the good activity of both SSA

and SSF compared with the other soyasapogenols and the

positive control.

Moreover, all soyasapogenols showed very good cytotoxic

activities against all cell lines compared with TSSE itself.

These results are in agreement with previously reported

data [3,30,31]. Gurfinkel and Rao [17] have reported that

there was a relationship between structure and bioactiv-

ities, with SSA and SSB generally being more bioactive

compared with their glycosides [17]. There is some evi-

dence, as with many other saponins, that the bioactivity

of soyasaponins increases as sugar moieties are eliminated

from the saponin structure, thereby reducing the polarity

[29]. Generally, the SSA-containing extract was found to

show the greatest propensity to affect the cell cycle com-

pared with the SSB-containing extract compared with

a fractionated extract or a total saponin mixture [4,30].

To the best of our knowledge, there are no previously

reported data on the cytotoxicity of SSD and SSF. How-

ever, there are some reports on the cytotoxicity and

hepatoprotective effects of soyasaponins and SSA and

SSB.

In-vitro antioxidant activity

The antioxidant activity of four soyasapogenols and

TSSE was evaluated using the DPPH radical-scavenging

method. Results presented in Fig. 5 show that all

soyasapogenols and TSSE did not show appreciable

Table 1 Cytotoxicity of soyasapogenols (SSA, SSB, SSD and

SSF) and TSSE against HCT-116, Hep-G2, MCF-7 and HFB-4

cell lines as measured by 50% cell toxicity (IC50) using SRB

assay

IC50 (mg/ml)

Compounds HCT-116 Hep-G2 MCF-7 HFB-4

SSA 3.12 3.89 2.97 5.1
SSB 8.76 15.8 11.4 12.6
SSD 11.8 30.7 21.4 16.5
SSF 3.0 3.12 6.0 5.1
TSSE 36.2 37.5 39.3 45.6
Doxorubicin (positive control) 3.73 4.0 2.97 8.0

HCT-116, human colon carcinoma cell line; Hep-G2, liver carcinoma
cell line; HFB-4, normal human melanocytes; MCF-7, human breast
carcinoma cell line; SRB, sulforhodamine B, TSSE, total soyasaponin
extract.

Figure 4

The energetically optimized three-dimensional structure of the mea-
sured soyasapogenols. Hydrogen atoms were deleted after energy
minimization to clarify the plane of the compounds and the hydroxyl
groups.
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scavenging activity compared with the standards (ascorbic

acid and rutin), reflected by their DPPH inhibition

percentage at a concentration of 100mmol/l. The DPPH

inhibition was in the following order: ascorbic acid4
rutin4SSF4SSB4TSSE4SSA4SSD, where their DPPH

inhibition percentages were: 92.35489.62440.72433.194
29.9427.3243.09 (respectively). To the best of our

knowledge, there are no previously reported data on the

direct antioxidant activity of all tested compounds.

In-vitro antiviral activity

Researchers believe that saponins can stimulate the

immune system, ward off microbial and fungal infections,

protect against viruses and even act as a spermicide [31].

Therefore, the antiviral activity of the four soyasapogen-

ols and TSSE was evaluated against three viruses (RVFV,

VSV and HAV) using the highest nontoxic concentration

for each compound. Figure 6 shows that all tested

soyasapogenols had a significant antiviral activity against

the three viruses, reflected by their high inhibition

percentage of the log virus titer count. Their activities

against RVFV and HAV viruses were in the following

order: rh-IFN4SSB4SSA4SSF4SSD4TSSE. However,

those against VSV were in the following order: rh-IFN4
SSA4SSD4SSF4SSB4TSSE. Although the concentra-

tion of TSSE (100mg/ml) used was greater than those used

for SSB, SSA, SSD and SSF (25, 25, 25 and 12.5mg/ml,

respectively), it showed no activity against the VSV virus

and an elevation in the HAV virus count (2.5%). Conse-

quently, sugar moieties attached at the C-3 position and/or

at the C-22 position of the aglycone seemed to eliminate

or reduce its antiviral activity.

The chemical structure of the tested compounds also

shows that the hydroxyl group and the double bond

control the activity of the compounds. SSB showed the

highest activity against both RVFV and HAV viruses.

Analysis of the 3D structure (Fig. 4) shows that the

presence of a b-hydroxyl group at C-22 in a position

perpendicular to the plane of the molecule enhances the

antiviral activity of the compound. However, SSA showed

the maximum activity against the VSV virus. As SSA

is a hydroxylated derivative of SSB at C-21, it might

enhance the anti-VSV activity, whereas it may not be

essential for the anti-RVFV and anti-HAV activities.

In addition, SSD and SSF antiviral activities were

comparable against the tested viruses. They showed

better anti-VSV activities compared with SSB, indicating

that the double bond in ring D may play a role in their

anti-VSV activities. To the best of our knowledge, there

are no previous reports on the antiviral activities of the

tested soyasapogenols or TSSE against those three

viruses (RVFV, HAV, and VSV).

Conclusion
Among the tested soyasapogenols, SSA and SSF showed

the best therapeutic values against Hep-G2, HCT-116

and MCF-7 cell lines. Analysis of the 3D structure

of these compounds indicated that if the b-hydroxyl

group at C-21 or C-22 was aligned with the plane of

the molecule, a marked increase in the cytotoxic activity

of the soyasapogenol was produced. In terms of their

antiviral activity against RVFV, VSV and HAV viruses, all

soyasapogenols showed significant inhibition activities

compared with TSSE itself. These results indicate that

the hydroxylation at C-21 as well as the presence of

a double bond in ring D instead of ring C might enhance

anti-VSV activity, whereas it may not be essential for

anti-RVFV and anti-HAV activities. However, the tested

soyasapogenols and TSSE did not show appreciable

antioxidant activity. These comparative data suggested

that the investigated soyasapogenols could be candidate

therapeutic agents as anticancer and antiviral agents.

However, further studies may be required to examine the

mode of action of each compound.
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