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ABSTRACT

Saponins are glycosidic compounds present in many plant foods. They are charac-
terized by their ability to lyse cell membranes due to their surface-active properties. Sa-
ponins are believed to interact primarily with cholesterol in the cell membrane. In this
study, the interaction of soybean saponins(SS) with cell membrane was investigated us-
ing erythrocytes as a model. Mechanisms of interaction was also investigated by measur-
ing their binding capacity with different membrane lipid fractions. Throughout the
study, gypsophilla saponin(GS) and quillaja saponin(QS) were used to evaluate the
membranolytic activity of soybean saponins. All saponins released hemoglobin in a con-
centration-dependent manner. SS induced 40% hemolysis at the concentration of 400
ppm, however there was no increase in hemoglobin release above 400 ppm con-
centration. 5 ppm of GS and 8 ppm of QS hemolyzed 100% of erythrocytes. Isolation
of SS fractions by thin layer chromatography revealed that only one non-polar saponin
possesses strong hemolytic activity. When saponins were incubated with - cholesterol in
dialysis membrane bags(pore size 500 MW), only GS significantly decreased the release
of cholesterol. When the hemolytic activity of saponins was measured in the presence
of other major membrane lipid components, sphingomyelin significantly reduced the
hemolytic activity of SS, while cholesterol reduced the activity of QS. GS showed high
affinity to other component(s) in the incubation media as well as lipids. These results
suggest that the membranolytic activity of saponins are related to their specific chemical
structure, which determines the interaction behavior between saponins and different
membrane components, and thereby influence the biological activity.

KEY WORDS : soybean saponins - phytochemicals - membranolysis - gypsophilla sa-
ponin - quillaja saponin.

tributed in plant foods especially in soybeans. They

Introduction possess several biological activities including the ability

to hemolyze erythrocytes”, inhibition of nutrient ab-

Saponins are surface-active compounds widely dis- sorption”, and fungitoxic activity”. More recently,
some saponins have been shown to possess an-

ticarcinogenic*”, hypocholesterolemic®'?,
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"9 However, the re-

mune-stimulatory effects
lationship between chemical structure and mode of ac-
tion is not well understood, although it is believed
that the surface-active property which enables saponin
to interact with cell membrane is an important charac-
teristic responsible for above biological activities.

The main binding site for saponins on the cell mem-
brane is thought to be cholesterol''®. There is also
evidence suggesting cholesterol may not be the only
cell membrane component which saponins bind'®"”,
In addition to cholesterol, alfalfa saponins interact
with cell membrane proteins, and phospholipids in a
non-specific manner'”. These differences among sa-
ponins may be due to their differences in chemical
structure.

Basic chemical structure of saponin consists of a
non-polar steroid or triterpenoid ring(sapogenin) at-
tached to one or more polar sugar chain. Dictary sa-
ponins differ in the types and numbers of sugars
bound to the triterpenoidal sapogenins'®. The po-
larity, hydrophobicity, and acidity of saponins depend
on the types and numbers of sugars as well as the pres-
ence of functional groups in their structures.

At least 10 saponins, differing in their numbers and
types of sugar in their structure'”, have been isolated
and characterized from soybeans. However, very little
information is available about their physiological ac-
tivities relating to chemical structure. The aim of this
study was to investigate the activity of total soy-
saponin extract and its individual fractions on cell
membrane using erythrocytes as a mode! cell mem-
brane. To compare the activity of SS with other non-
dietary saponins of known membranolytic activity, GS
and QS were also used. Interaction between these sa-
ponins and major cell membrane components was
also studied to understand the mechanisms of action

by different saponins.
Materials and Methods

1. Preparation of Saponins
Crude soybean saponin extract was prepared based

on the method of Wolf and Thomas®™ with minor
modifications. Soybean flour was defatted in a Soxhlet
apparatus with n-hexane. Defatted sample was ex-
tracted with absolute methanol and the methanol ex-
tract evaporated under vacuum in a rotary evaporator.
The remaining syrup-like sample was diluted with wat-
er and subjected to ether extraction. The water por-
tion was collected and mixed with 80% butanol. The
water and butanol soluble fractions were taken to dry-
ness under vacuum. Residues were redissolved in wat-
er and freeze-dried to acquire each fraction. Based on
the hemolytic activity, it was shown that only the bu-
tanol fraction contained saponins. Therefore, butanol
fraction was used as crude saponin extract. Gyp-
sophilla and quillaja saponin were purchased from Sig-
ma Chemical Co. (St. Louis, MO, USA) and Eastman
Kodak Company(Rochester, NY, USA) respectively.

2. Hemolytic activity of total saponins

Finger tip human blood samples were collected into
tubes cotaining phosphate buffer solution(pH 7.2).
Erythrocytes were recovered by centrifugation at 2500
rpm for 20 minutes, and washed three times with
phosphate buffer solution. Erythrocytes were diluted

‘in phosphate buffer solution to a concentration of 1.

4x10° cells/ml. Saponin solutions were prepared
from stock solution by serial dilution using phosphate
buffer. Two ml of cell suspension were incubated with
1 ml of saponin solution for 24 hours. Each vial was
centrifuged at 2500 rpm and release of hemoglobin
in the supernatant was measured with spec-
trophotometer(SP8-100UV  Spectrophotometer, Pye

Unicam Ltd., Cambridge, England) at 540nm.

3. Hemolytic activity of each saponin fraction

Crude saponin extract was subjected to two sets of
thin layer chromatography. Saponin extract was dis-
solved in 80% ethanol(0.04g,/ml) and 5ul of the solu-
tion applied on precoated silica gel plates(Whatman,
England) and chromatographed using chloroform :
methanol : water(65 : 25 : 4) as the mobile phase.
The plates were then dried. One plate was developed
by spraying 50% sulfuric acid and heated at 1007C.
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Purple-magenta bands were identified as saponins™.

The other plate was covered with erythrocyte gel solu-
tion to identify the hemolytic saponins®. The erythro-
cyte gel solution was prepared by dissolving gelatin
powder in saline solution(4.5g/100ml) and left at
room temperature. After 30 minutes, the gel was heat-
ed in a water bath at 85T . Gelatin solution was then
cooled to 45 and 6ml of erythrocyte solution added.
The gel-covered plate was allowed to set at 6 for 20
hours. Hemolytic activity was characterized by a clear
band on the gel.

4. Dialysis assay

To assess the amount of cholesterol bound to sa-
ponin, the release of free cholesterol through dialysis
bag(500 MW, Spectrum, Los Angeles, California) was
measured. Cholesterol was dissolved in n-propanol
(6mg/ml), and saponin solution was prepared by dis-
solving saponin in ethanol(6mg/ml). An aliquot(0.
5ml) of each solution was pipetted into a dialysis bag
and both sides were tied. The bag was immersed in
the media(n-propanl : ethanol, 1:1), and incubated
at room temperature. Four ml of media were used for
each incubatdon time. The media were changed twice
during the incubation. The accumulated release of
cholesterol was calculated at each incubation time.

5. Cholesterol assay

Cholesterol was measured according to the method
described by Zlatkis et al”. Four ml of sample solu-
tion containing cholesterol were pipetted into a test
tube and evaporated to dryness using nitrogen gas.
Three ml glacial acetic acid were added to the botom
of the tube containg cholesterol residue and vortexed.
Two ml of ferric chloride color reagent(10g FeCl; -
6H,0) were added and thoroughly mixed. The ab-
sorbance at 560nm were read using spectrophotometer
(SP8-100 UV Spectrophotometer, Pye Unicam Lrd.,
Cambridge, England). The amount of cholesterol was
calculated based on a cholesterol standard curve.

6. Saponin-cell membrane component interaction
The albumin-stabilized emulsion containing one of
three different types of lipids was prepared as follow.

Bovine serum albumin(2% W/V, Sigma Chemical Co.,
MO). One ml of this lipid emulsion solution was
preincubated with 1 ml of each saponin solution
(soybean 0.6mg/ml, gypsophilla 2ug/ml, quillaja
2ug/ml) for 1 hour. Two ml of erythrocyte suspen-
sion(3x 107 cells/ml) were added to saponin-lipid
emulsion and incubated for 24 hours. Hemoglobin
measured

release from erythrocytes was spec-

trophotometically at 540 nm.

7. Statistical analysis

Differences in cholesterol release from dialysis bag
treated with different saponins were compared using
the Analysis Of Variance. The value used for each sa-
ponin was calculated by "area under the curve” where
the area between two incubation times were cal-
culated and each area was added. Duncan's Multiple
Range Test was used for pairwise comparisons with a
family-wise p-value of 0.05.

The hemolytic activities of saponins incubated with
different lipids were compared using the Analysis Of
Variance. Duncan's Multiple Range Test was used for
pairwise comparisons with a family-wise p-value of 0.
05.

Results

1. Hemolytic activity of crude soybean saponin
extract

Fig. la-1c shows the hemolytic activity of saponins.
All saponins induced hemolysis in a dose-dependent
manner. Gypsophilla saponin(GS) at a concentration
of 5 ppm hemolyzed 100% erythrocytes while quillaja
saponin(QS) induced near 100% hemolysis at 8 ppm.
Soybean saponins(SS) induced only 40% at a con-
centration of 300 ppm, and there was no more in-
crease in hemoglobin release above 300 ppm.

2. Thin layer chromatography and hemolytic ac-
tivity of each soybean saponin fraction

Fig. 2-a shows a typical chromatogram of crude soy-

bean saponin extract. Among all fractions, there were

10 different purple bands corresponded to saponin
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Fig. 1. (@) Hemolytic activity of gypsophilla saponin.
Erythrocytes were incubated with saponin for
24 hr and hemolytic activity measured by
hemoglobin release. Vertical lines represent
standard deviation of the mean.
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Fig. 1. (b) Hemolytic activity of quillaja saponin. Erythro-
cytes were incubated with saponin for 24 hr
and hemolytic activity measured by hem-
oglobin release. Vertical lines represent stan-
dard deviation of the mean.

fraction. The hemolytic activity of each fraction was
shown using chromatogram covered with erythrocyte
gel(Fig. 2-b). Only one saponin fraction had strong
hemolytic activity while two other fractions revealed
minor activity.

3. Dialysis test
Fig. 3 shows the ability of different saponins to
bind cholesterol. Only GS significantly bound cho-
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Fig. 1. (c) Hemolytic activity of soybean saponins. Erythrocytes
were incubated with saponin for 24 hr and hemo-
lytic activity measured by hemoglobin release. Vert-
ical fines represent standard deviation of the mean.

Fig. 2. (@) Thin layer chromatogram of soybean saponin ex-
tract. Arrows indicate saponin fractions.

(b) Thin iayer chromatogram of soybean saponin ex-
tract covered with blood gelatin film. Only one
fraction of saponin caused strong hemolysis
which was shown as a clear band. Two other
bands showed only minor hemolytic activity.
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Fig. 3. The amount of cholesterol diffused into the media
from the diaysis bag at each incubation time. Each
dialysis bag(pore size, 500 MW) contained
cholesterol(MW 386) and saponin(MW > 700) at a
ratio of 1:1. Analysis of variance test was per-
formed using AUC(area under the curve) values to
compare the effect of different saponins. Pairwise
comparisons were mande with Duncan's multiple
range test. Each saponin which does not share
same letter is significantly different. CT{(control), SS
(soybean saponin) GS(gypsophilla saponin), QS
(quillaja saponin).
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Fig. 4. (a) The effect of preincubation of quillaja saponin
with different lipid components on hemolytic ac-
tivity. Vertical lines represent standard deviation of
the mean. Different lipids were compared using
analysis of variance test. Paiwise comparisons were
made with Duncan's multiple range test. Each lipid
which does not share a same letter is significantly
different. CT(control), CH(cholesterol), PC
(phosphatidylcholine), SM(sphingomyelin).
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Fig. 4. (b) The effect of preincubation of soybean saponins
with different lipid components on hemolytic ac-
tivity. Vertical lines represent standard deviation of
the mean. Different lipids were compared using
analysis of variance test. Pairwise comparisons
were made with Duncan's multiple range test. Each
lipid which does not share a same letter is sig-
nificantly different. CT(control), CH(cholesterol), PC
(phosphatidylcholine), SM(sphingomyelin).

lesterol, thus decreasing its release. QS and SS reduc-
ed the release of cholesterol, however, the quantity
was not significantly different from the control.

4. Saponin-membrane lipids interaction

Fig. 4a and 4b show the effect of preincubation of
saponins with different lipids on their hemolytic ac-
tivity. The hemolytic activity of QS was significantly
decreased when it was preincubated with cholesterol
(57.4% of control), indicating significant binding of
QS to cholesterol. For SS, hemolysis was significantly
decreased only when preincubated with sphin-
gomyelin(32.2% of control). When GS was prein-
cubated in media with or without lipids(control), no
hemolysis occured even in the control samples in-
dicating possible binding of GS to components of the
incubation media. Therefore, no spectrophotometrical
observation could be made.

Discussion

Biological activity of plant saponins, including hy-

8-10)

pocholesterolemic effect”™ ™, immune stimulatory ef-
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cumented. Although these effects are thought to be

, and anticarcinogenic effect’” are well do-

related to their surface-active property, not much in-
formation is available on their mode of interaction.
This may be due to the chemical diversity of saponins
in different plant sources and difficulties associated
with their extraction and purification. However, as
the nutritional and physiological importance of sa-
ponins are recognized, investigations on the biological
activity of each saponin and mechanisms of action be-
come necessary.

One of the most important sources of saponin in
the diet is soybean. There are at least ten saponins sep-
erated from soybeans'”. But their biological activity is
not well established and not consisitant, Birk et al’¥.
found that soybean saponins are thermostable and
highly hemolytic, while other. investigators reported
no homolytic activity””*. The result from this study
shows that soybean saponin mixture is hemolytic, al-
though the activity is much weaker when compared
with saponins from non-dietary sources. Also there
was no sharp increase in hemoglobin release in
erythrocytes treated with 8§ while GS and QS in-
duced 100% hemolysis in a narrow concentration
range. These observations suggest that soybean sa-
ponins may interact with cell membranes in a manner
which is different from other saponins.

Soysaponin [, I, and Il containing soysapogenol
B as their aglycon are classified as monodesmosides™.
On the other hand, soysaponin A, and A, contain soy-
sapogenol A possessing one more hydroxyl group and
are classified as bisdesmosides®. Soysaponin A, and A,
contain more sugars and therefore, more polar com-
pared to others. In this study, 10 saponin bands were
isolated by thin layer chromatogram of the crude soy-
bean saponin extract. Among these fractions, only one
showed strong hemolytic activity, while two others
possessed weak hemolytic activity. These three sa-
ponins were less polar compared to the other soybean
saponins. This result suggests that the biological ac-
tivity of soybean saponin fractions measured by their

hemolytic activity depends on their chemical charac-

teristics including their polarity. Gestetner et al’”.
showed that lucerne saponin containing five sugars at-
tached to soysapogenol B did not have hemolytic ac-
tivity while the saponin, which had a ratdo of soy-
sapogenol B : sugar of 1: 1, possessed hemolytic ac-
tivity. Our result also suggests that the polarity of sa-
ponin is an important determinant of its biological ac-
tivity.

To further investigate differences between SS and
the other two saponins with respect to the cffect on
erythrocytes, the ability of saponins to bind the main
lipid components of cell membrane were tested. It is
generally recognized that saponin-induced erythrocyte
hemolysis is related to its ability to bind cell mem-
brane cholesterol. Several studies have shown cho-
lesterol to be the binding site for saponins in the cell

membrane'*'®

, However, the results are not con-
sistant'®'7*". In our experiment, to test the affinity of
saponins for cholesterol, saponins were incubated with
cholesterol in a dialysis bag with pore size of 500
MW, and the release of unbound free cholesterol
(MW 386.67) through the membrane to the media
was measured. Although, the amount of unbound
cholesterol decreased in the order of GS> QS>> SS,
only GS significantly reduced the release of cho-
lesterol compared to the control. The observed diff-
erences between saponins with regard to erythrocyte
hemolysis may therefore be due to the affinity of sa-
ponins for membrane lipids. This implies that soybean
saponins interact with cell membrane components oth-
er than cholesterol inducing hemoglobin release and
may explain the delayed hemoglobin release in
erythrocytes treated with soybean saponins.

When saponins were preincubated with each of the
major membrane lipid components, SS showed sig-
nificant binding activity with sphingomyelin, while QS
had a strong affinity for cholesterol. The latter result
contradicts the result from the dialysis test where QS
did not show significant aftinity towards cholesterol,
although the release of cholesterol was decreased com-
pared to control. This may be due to the additional
binding of QS to albumin in the incubation mixture,
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which further reduced the available QS to hemolyze
erythrocytes. GS also bound to compound(s), possibly
albumin, in the incubation mixture, such that even
GS in the incubation mixture without the presence of
any lipid did not have any hemolytic activity. These
results suggest that each saponin possesses a specific af-
finity for different membrane lipid components.

In this study, SS are shown to be biologically active
although the activity is moderate compared to the oth-
er two saponins used in this study. Cell membrane is
an important site to control cell growth and function.
Also, cancer cell membrane is known to contain
numerous growth factors receptors directly related to
the cancer cell growth®™, Therefore, the negative re-
lationship between legume consumption and the oc-
curence of cancer may be attributed to these bio-
logically active saponins. Future research should be
directed towards studying the role of these less toxic
dietary saponins in disease management.
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