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The anti-inflammatory properties of soyasaponins (especially soyasaponins with different chemical
structures) have scarcely been investigated. We investigated the inhibitory effects of five structural types
of soyasaponins (soyasaponin A!, A%, I and soyasapogenol A, B) on the induction of nitric oxide (NO) and
inducible NO synthase (iNOS) in murine RAW 264.7 cells activated with lipopolysaccharide (LPS). Soya-
saponin A', A% and I (25-200 pg/mL) dose-dependently inhibited the production of NO and tumor necro-
sis factor o (TNF-a) in LPS-activated macrophages, whereas soyasapogenol A and B did not. Furthermore,
soyasaponin A', A? and I suppressed the iNOS enzyme activity and down-regulated the iNOS mRNA
expression both in a dose-dependent manner. The reporter gene assay revealed that soyasaponin Al,
A? and I decreased LPS-induced nuclear factor kappa B (NF-kB) activity. Soyasaponin A!, A% and I exhibit
anti-inflammatory properties by suppressing NO production in LPS-stimulated RAW 264.7 cells through
attenuation of NF-kB-mediated iNOS expression. It is proposed that the sugar chains present in the struc-
tures of soyasaponins are important for their anti-inflammatory activities. These results have important
implication for using selected soyasaponins towards the development of effective chemopreventive and
anti-inflammatory agents.

© 2011 Elsevier Ltd. All rights reserved.

Soyasaponins (SS) are major phytochemicals found in soybeans
and soy products with an average content ranging from 0.5 to
114 umol/g.! Based on the oleanane-type triterpenoid aglycone
structure, group A, B, E and DDMP (2,3-dihydro-2,5dihydroxy-6-
methyl-4H-pyran-4-one) soyasaponins have already been identi-
fied and classified.? The group A and B soyasaponins are the most
abundant type of saponins found in soybean and related products.
The group A soyasaponins including soyasaponin A! (SS-A') and
soyasaponin A2 (SS-A%) have soyasapogenol A (SG-A) as the
aglycone. The group B soyasaponins having soyasapogenol B
(SG-B) as the aglycone contain soyasaponin I (SS-I), soyasaponin
11 (SS-11) and soyasaponin III (SS-111).3 In recent years, soyasaponins
have attracted great interest because of their potential health-pro-
moting functions such as anticarcinogenic,*> plasma cholesterol
lowering,®’ anti-viral,®° hepatoprotective,'®!! antioxidant,'> and
antimutagenic bioactivities.!>14

Inflammation, usually caused by microbial infections, chemicals
and immunological reactions, can provide protection to human
body by enclosing injury, destroying invaded microorganisms
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and restoring the tissue or organs for recovery.!> However, exces-
sive inflammation mediated by pro-inflammatory cytokines has
been linked with tumor promotion and regression.'® Pro-inflam-
matory cytokines tumor necrosis factor o (TNF-at), interleukin 1
(IL-1), interleukin 6 (IL-6) and interferon vy (IFN-y) are prominently
involved in the stimulation of inducible nitric oxide synthase
(iNOS), one of the three vital enzymes generating nitric oxide
(NO) from the amino acid L-arginine within mammalian immune,
cardiovascular and neural systems.!”'® Uncontrolled overproduc-
tion of NO by iNOS is considered as an important mediator of
carcinogenesis. Over-expression of iNOS has been observed in a
variety of human malignant tumors.'® The NO/iNOS pathway plays
important role in tumorigenesis and its inhibitors can be used as
chemoprevention agents. Saponins from plant resources such as
Gynostemma pentaphyllum,'® Platycodon grandiflorum?® have been
shown to exhibit anti-inflammatory properties by targeting
NO/iNOS pathway. A recent study by Kang et al.?! indicated that
a crude extract of soybean saponins show anti-inflammatory prop-
erties by suppressing the transcription of inflammatory cytokine
genes through the nuclear factor kappa B (NF-kB) signaling path-
way in BALB/c mice peritoneal macrophages. However, neither
the anti-inflammatory properties of different chemical structures
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of soyasaponins nor their mechanisms are fully understood. There-
fore, in the present study, we investigated the effect of five differ-
ent structural types of soyasaponins (SS-A!, SS-A2, SS-I, SG-A and
SG-B, see Fig. S1 in Supplementary data for chemical structures)
on NO production and iNOS expression in lipopolysaccharide
(LPS)-induced RAW 264.7 macrophage cells.

Soyasaponins A', A% and I (25-200 pg/mL) markedly suppressed
NO production in LPS-stimulated RAW 264.7 macrophage cells in a
dose-dependent manner (P <0.01) (Fig. 1). However, the same con-
centration of soyasapogenol A and B produced no effect on the pro-
duction of NO (P>0.05). In order to determine whether this
inhibition was due to the cytotoxicity of soyasaponins, the effects
of all five soyasaponins on RAW 264.7 cell viability were further
assessed by MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltet-
razolium bromide) assay under the same experimental treatment
and conditions. None of the five soyasaponins had any effect on cell
viability at the various concentrations used (Fig. S2).

We investigated iNOS enzyme activity and mRNA expressions
in order to elucidate the mechanism of suppressive effect of
soyasaponins on NO production. The basal enzyme activity of iNOS
in RAW 264.7 macrophage cells was extremely low (Table 1). Stim-
ulation of 1 pg/mL LPS markedly increased the enzyme activity
(approximately 12-fold higher compared to the basal). The treat-
ment of 25-200 pg/mL of soyasaponins A!, A% and I dose-depen-
dently decreased the iNOS enzyme activity in LPS (1 pg/mL)
stimulated RAW 264.7 macrophages (P <0.01). However, treatment
of soyasapogenol A and B produced no effect on iNOS enzyme
activity in LPS-stimulated macrophages (P >0.05). Aminoguanidine
(10 pg/mL), a known inhibitor of NOS enzymes, significantly sup-
pressed the iNOS enzyme activity in LPS-stimulated RAW 264.7
macrophages. Real-time fluorescent quantitative PCR was per-
formed to examine whether the inhibition of NO production by
soyasaponins was involved with iNOS mRNA expression (as shown
in Table 1). LPS-stimulated RAW 264.7 macrophage cells induced
expression of iINOS mRNA, but not that of housekeeper gene B-actin
mRNA. Similarly, the presence of soyasaponins A', A? and I, but not
soyasapogenol A and B in LPS-stimulated RAW 264.7 macrophage
cells suppressed expression of iNOS mRNA in a dose-dependent
manner. However, soyasaponins treatment did not affect the
expression of B-actin mRNA.
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Macrophages activated with LPS have been known to secrete
many cytokines. Therefore, the pro-inflammatory cytokines of
TNF-o, IL-1 and IL-6 were assessed by ELISA in cultures in order

Table 1
Effects of soyasaponins (SS-A!, S5-A2, SG-A, SG-B and SS-I) on enzyme activities and
mRNA levels of iNOS in LPS-stimulated RAW 264.7 macrophages

Treatment items iNOS enzyme activity iNOS mRNA
(pmol/min/mg protein) relative expression
Control 24+04* 1.0 £0.0*
LPS (1 pug/mL) 27.9+1.7 153+1.2
LPS (1 pg/mL) + 25 223+2.0* 11.6 +2.4#
SS-A! (ug/mL) 50 183+1.0* 113 £2.7*
100 11.4+1.0* 7.5+1.0*
200 6.2%0.5* 51+1.1*
LPS (1 pg/mL) + 25 23.6+2.1* 11.4+£1.7*
SS-A? (ug/mL) 50 19.0+1.6* 10.7 £1.6*
100 14.0+1.7* 57+1.1*
200 93+03* 4.4 +1.0*
LPS (1 pg/mL) + 25 24.0+1.6* 11.1£2.7*
SS-I (pg/mL) 50 16.6+2.5* 8.8+1.5*
100 11.7+1.3* 6.8 +1.6*
200 9.2+0.8" 5.6 £1.0*
LPS (1 pg/mL) + 25 27.7+23 15.1+1.8
SG-A (pg/mL) 50 27.0+14 15.0+2.1
100 26.9+2.2 15.1+24
200 27.0+1.6 153+1.8
LPS (1 pg/mL) + 25 274+23 14.7+1.6
SG-B (pg/mL) 50 26.5+1.7 148122
100 26.6+2.9 14.7+£1.6
200 27.1+22 154+19

LPS (1 pg/mL) + 2.7+04*

AG (10 pg/mL)

RAW 264.7 cells were treated for 24 h with either vehicle (L, LPS stimulation alone
with no addition of soyasaponin) or increasing concentrations of soyasaponins (25-
200 pg/mL) in the presence of LPS (1 pg/mL). Unstimulated cells were used as a
negative control. Aminoguanidine (AG, 10 pug/mL) acted as a positive control. The
iNOS enzyme activities in cell homogenates were determined by conversion of
L-[1*H] arginine to 1-['*H] citrulline at 37 °C. The absolute copies of iNOS mRNA
expression were detected by real-time fluorescent quantitative PCR assay and
normalized by the copies of housekeeper gene B-actin in the same sample. Results
were expressed as iNOS mRNA relative expression (fold difference compared to the
negative control which denoted as 1). All data were obtained from three indepen-
dent experiments and analyzed by using one-way ANOVA and LSD multiple com-
parison tests. Results are presented as means+SD values. * and # indicate
significant differences (P <0.01 and P <0.05, respectively) compared with the LPS
alone stimulated group.
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Figure 1. Effects of various soyasaponins (SS-A!, SS-A2, SG-A, SG-B and SS-I) on nitrite production in LPS-stimulated RAW 264.7 macrophages. RAW 264.7 cells were treated
for 24 h with either vehicle (L, LPS stimulation alone with no addition of soyasaponin) or soyasaponins (25-200 pg/mL) in the presence of LPS (1 pg/mL). Unstimulated cells
were used as a negative control (C). Aminoguanidine (AG, 10 pg/mL) acted as a positive control (AG + LPS). Nitrite production was measured by the Griess reaction. Data were
obtained from three independent experiments and analyzed by using one-way ANOVA and LSD multiple comparison tests. Results are presented as means + SD values. *
Indicate significant differences (P <0.01) compared with the LPS alone stimulated group.
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Figure 2. Effects of soyasaponins (SS-A!, SS-A? and SS-I) on NF-kB activity in LPS-stimulated RAW 264.7 macrophages. RAW 264.7 cells were transiently transfected with
pPNF-kB-Luc reporter gene, and then treated for 24 h with either vehicle (LPS stimulation alone with no addition of soyasaponin) or increasing concentrations of soyasaponins
(25-200 pg/mL) in the presence of 1 pg/mL LPS. Unstimulated cells were used as a negative control. Results were expressed as relative luciferase activity (fold difference
compared to the negative control which denoted as 1). Data were obtained from three independent experiments and analyzed by using one-way ANOVA and LSD multiple
comparison tests. Results are presented as means + SD values. * and # indicate significant differences (P <0.01 and P <0.05, respectively) compared with the LPS alone

stimulated group.

to investigate whether soyasaponins inhibits the production of
cytokines by LPS-activated RAW 264.7 macrophages. As evident
in Figure S3, soyasaponins A!, A® and I, but not soyasapogenol A
and B inhibited the release of TNF-a into the medium of LPS-acti-
vated macrophages in a dose-dependent way similar to that they
inhibit NO production. However, the production of IL-1 and IL-6
were not affected by any of the five types of soyasaponins under
the same treatment and conditions (data not shown).

The activation of transcription factor NF-xB is an essential step
in the induction of iNOS gene expression in macrophages in re-
sponse to stimulation by LPS. A reporter gene assay with a com-
mercially available plasmid pNF-kB-Luc was performed to
further assess whether or not soyasaponins A', A% and I block the
NF-xB activation. As evident in Figure 2 and 25-200 pg/mL of
soyasaponins A!, AZ and I significantly decreased LPS-induced
NF-kB transcriptional activity in a dose-dependent manner.

Inflammation is linked with tumor promotion and regres-
sion.'®'” The chemopreventive activities of plant saponins are asso-
ciated with their anti-inflammatory properties.'®?!?? Soyasaponins
has drawn interest because of their potential chemopreventive
bioactivities.>~>?324 However, the anti-inflammatory properties of
soyasaponins with different chemical structures have scarcely been
investigated. In this study, we examined the anti-inflammatory
activities of five structural types of soyasaponins (i.e., soyasaponin
A, A% 1 and soyasapogenol A, B) by targeting NO/iNOS pathway in a
well-characterized murine macrophage cell line, RAW 264.7 since
NO production and iNOS expression are considered to be related
to inflammation and carcinogenesis. Soyasaponins A', A% and I
inhibited NO production in LPS-induced RAW 264.7 macrophages
by suppressing iNOS enzyme activity and/or attenuating iNOS gene
expression. However, soyasapogenol A and B exhibited no effects
on the NO/iNOS pathway. Activation of NF-xB is critical for LPS
induction of iNOS gene expression in macrophages.!” Our data
showed soyasaponin A!, A% and I significantly decreased LPS-in-
duced NF-xB transcriptional activity in a dose-dependent manner.
The present results suggested that soyasaponin A!, A? and I inhibit
the LPS-induced NO production and iNOS expression through, at

least in part, blocking of NF-kB activation. A previous study by Kang
et al.?! indicated that crude soybean saponins extracts containing
soyasaponin [ and Il as major saponins exhibited anti-inflammatory
properties by suppressing the release of NO and transcription of
iNOS genes through the NF-xB signaling pathway. Oda et al.%° re-
ported that soyasaponins bearing sugar chains showed adjuvantic-
ity, while their corresponding aglycones soyasapogenol A and B did
not. We postulated that the sugar residues present in the structures
of soyasaponins may be important for their anti-inflammatory or
pharmacological activities. This structure/function relationship
has also been witnessed by studies using saponins from other plant
sources such as Panax ginseng,?® Korean red ginseng,?’ Platycodon
grandiflorum.2°

Pro-inflammatory cytokines play an important role in regulat-
ing inflammation and tumor progression.?! The production of
pro-inflammatory cytokines TNF-a, IL-1 and IL-6 by macrophages
in response to inflammatory stimuli and microbial products is well
established.?® Our data revealed that soyasaponins A!, A% and I
suppressed the production of TNF-oo in LPS-stimulated RAW
264.7 macrophages, whereas soysapogenol A and B, did not. Fur-
thermore, none of the five structural types of soyasaponins exhib-
ited effect on the production of IL-1 and IL-6 in LPS-stimulated
RAW 264.7 macrophages. The decrease in the level of TNF-o ob-
served in the present experiment is consistent with Kang et al.?!
and Zhang et al.2® Because TNF-a released by inflammatory cells
can influence neoplastic growth and metastasis,'® the inhibitory
activity of soyasaponins against TNF-a suggested that soyasapo-
nins may be a potential candidate for attenuating inflammatory re-
sponse as well as suppressing tumor progression.

In conclusion, soyasaponins A!, A% and I exhibit anti-inflamma-
tory properties through suppressing NO production in LPS-stimu-
lated RAW 264.7 cells by attenuation of NF-kB-mediated iNOS
expression. It is proposed that soyasaponins A', A% and I are poten-
tial chemopreventive agent and may be used in the future to treat
inflammation-associated tumorigenesis. To our knowledge, this is
the first report concerning the evaluation of the anti-inflammatory
properties of soyasaponins with various chemical structures.
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