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Black soybean anthocyanins attenuate inflammatory responses by
suppressing reactive oxygen species production and mitogen
activated protein kinases signaling in lipopolysaccharide-stimulated

macrophages
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BACKGROUND/OBJECTIVES: Oxidative stress is closely related with inflammation and development of many diseases. Black soybean
seed coat contains high amount of anthocyanins, which are well-known for free radical scavenging activities. This study investigated
inflammatory response and action mechanism of black soybean anthocyanins with regard to antioxidant activity in lipopolysaccharide
(LPS)-stimulated RAW 264.7 cells.

MATERIALS/METHODS: RAW 264.7 cells were treated with anthocyanins extracted from black soybean seed coats in a concentration
range of 12.5 to 100 pug/mL. The production of reactive oxygen species (ROS), secretion of pro-inflammatory mediators and
cytokines, and the signaling in the mitogen activated protein kinases (MAPKs) pathway were examined.

RESULTS: Black soybean anthocyanins significantly decreased LPS-stimulated production of ROS, inflammatory mediators such
as nitric oxide (NO) and prostaglandin E,, and pro-inflammatory cytokines, including tumor necrosis factor a and interleukin-6,
in a dose-dependent manner without cytotoxicity (P < 0.001). Black soybean anthocyanins downregulated the expression of
inducible NO synthase and cyclooxygenase-2 in LPS-stimulated RAW 264.7 cells (P < 0.001). Moreover, black soybean anthocyanins
inhibited LPS-induced phosphorylation of MAPKs, including extracellular signal-regulated kinase, c-Jun N-terminal kinase, and
p38 (P < 0.001).

CONCLUSION: These results suggest that black soybean anthocyanins exert anti-inflammatory activity by inhibiting ROS generation

and subsequent MAPKs signaling, thereby inhibiting inflammatory responses.
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INTRODUCTION

Black soybean (Glycine max), a type of soybean with a black
seed coat, has been widely used as a health promoting food
and medicinal herb in Asia. In addition to various phytochemical
compounds that are present in the common soybean,
anthocyanins, which are compounds that impart colors to the
epidermal layer of the black soybean, contribute to biological
activities. Although the primary sources of anthocyanins in food
are berries, grapes, and dark-colored vegetables [1], black
soybean seed coat has been reported to contain an extremely
high amount of anthocyanins, over 2,000 mg per 100 g [2].
Previous studies have shown that anthocyanins extracted from
black soybeans exhibit various bioactivities such as anti-

oxidative [3], anti-inflammatory [4-6], and anti-apoptotic effects
[7]. However, the mechanisms underlying these effects have not
been fully characterized.

Several reports indicate that chronic diseases associated with
inflammation are characterized by excessive production of
reactive oxygen species (ROS) [8,9]. Excessive ROS can lead to
oxidative stress and elicit many pathological changes by
damaging cellular lipids, proteins, and DNA. In addition, it has
been demonstrated that ROS act as signaling molecules that
provoke the production of inflammatory cytokines [10]. Although
the cellular signaling pathways regulating inflammation are
highly complicated, mitogen-activated protein kinases (MAPKs)
and nuclear factor-kB (NF-kB) signaling are known to play
important roles in the signal transduction for the expression of
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inflammatory mediators [11]. MAPKs include extracellular
signal-regulated kinase (ERK), c-Jun N-terminal kinase (JNK), and
p38. The activation of MAPKs is important to the production
of inflammatory mediators via control of NF-kB activation [12].
It has been reported that anthocyanins have antioxidant
properties through oxygen radical scavenging activity [13]. All
of these studies suggest that anthocyanins may act by
mechanisms linking ROS and inflammation.

Macrophages play a key role in inflammatory responses by
producing a variety of inflammatory mediators, such as nitric
oxide (NO) and prostaglandin E, (PGE,), and by producing
pro-inflammatory cytokines including tumor necrosis factor
alpha (TNFaq), interleukin (IL)-1/3, and IL-6 [14]. Lipopolysaccharide
(LPS)-stimulated RAW 264.7 cells are extensively used as a
model for evaluating the potency of anti-inflammatory agents
and exploring their mechanism of action because LPS is a potent
inducer of inflammatory responses. Although anti-inflammatory
activities of black soybean anthocyanins have been reported
in previous studies [4-6], there have been no published reports
on inflammatory response in LPS-stimulated macrophages. In
this study, we examined the antioxidant activity of black
soybean anthocyanins and later investigated the effect on
inflammatory mediators and MAPKs activation in LPS-stimulated
RAW 264.7 cells, enabling us to determine the inflammatory
response mediated by anti-oxidant activity.

MATERIALS AND METHODS

Materials

The RAW 264.7 macrophage cell line was obtained from the
American Type Culture Collection (Manassas, VA, USA). Fetal
bovine serum, RPMI 1640 medium, and penicillin-streptomycin
were purchased from GIBCO (Grand Island, NY, USA). A
3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-su
Ifophenyl)-2H-tetrazolium, inner salt (MTS) assay kit was
purchased from Promega (Madison, WI, USA). The enzyme
immunoassay (EIA) kits for PGE,, TNFa, and IL-6 were obtained
from R&D systems (Minneapolis, MN, USA). Antibodies specific
for inducible NO synthase (iNOS) and cyclooxygenase (COX)-2
were purchased from Santa Cruz Biotechnology (Santa Cruz, CA,
USA). Other antibodies used were purchased from Cell Signaling
Technology (Beverly, MA, USA). 2,7-Dichlorofluorescein diacetate
(DCFH-DA) was purchased from Molecular Probes (Eugene, OR,
USA). LPS and all other chemicals were purchased from
Sigma-Aldrich (St. Louis, MO, USA).

Preparation of black soybean anthocyanin and determination of
composition

Black soybean anthocyanin extract was offered from Rural
Development Administration (RDA), Republic of Korea. The
anthocyanins were extracted from Cheongja3 black soybean
seed coat. The extraction method and identification of major
compounds were described in a study by Lee [15]. High
performance liquid chromatography (HPLC) was performed for
quantification and identification of anthocyanins in the extract
using Dionex Ultimate 3000 series (Dionex Softron GmbH,
Germering, Germany) dual low pressure ternary gradient pump
and Ultimate 3000 series photodiode array detector. Anthocyanins

represented 85.3% of the extract. The composition of
anthocyanins, determined by the peak area ratio on HPLC,
consisted of cyanidine-3-O-glucoside (68.3%), delphinidin-3-
O-glucoside (25.2%), and petunidin-3-O-glucoside (6.5%).

Cell culture and cell viability

RAW 264.7 cells were grown in RPMI 1640 medium supple-
mented with 10% heat-inactivated fetal bovine serum and 1%
penicillin-streptomycin. The cells were cultured at 37°C in a
humidified 5% CO, incubator. A black soybean anthocyanin
stock solution (100 mg/mL) was made by dissolving the extract
in DMSO. This stock solution was diluted to appropriate
concentrations with DMEM before use. DMSO (0.1% v/v) was
used as the control. Cell viability was determined by MTS assay
kit. In brief, the cells were seeded in 96-well plates at a density
of 5x 10" cells/well and various concentrations of black soybean
anthocyanins (6.25, 12.5, 25, 50, 100, and 200 pg/mL) were
added after 24 h of culture. After 24 h of incubation, the
formazan concentration was measured at 490 nm using a
microplate reader (ELx808, Biotek, Winooski, VT, USA) to determine.

Measurement of intracellular reactive oxygen species
Intracellular ROS production was measured using DCFH-DA.
DCFH-DA is hydrolyzed to DCFH by deacetylase within the cells
and oxidized by a variety of intracellular ROS to DCF, a highly
fluorescent compound [16]. The cells were seeded in 6-well
plates (1 x 10° cells/well) and incubated for 24 h. The cells were
pre-treated with the indicated concentrations of black soybean
anthocyanins for 1 h and were stimulated with LPS (1 pg/mL)
for 24 h. Next, the cells were washed with serum free medium
and treated with 20 uM DCFH-DA for 30 min at 37°C in a CO;
incubator. The DCF level was measured using a flow cytometer
(Cytomics FC500, Beckman Coulter, Brea, CA, USA).

Measurement of NO production

Nitrite is a stable end product of nitric oxide generated by
activated macrophages. We measured the nitrite accumulation
in the cell culture supernatant with Griess method as previously
described [17]. RAW 264.7 cells (5% 10° cells/well) were seeded
in 12-well plates and incubated for 24 h. The cells were treated
with the indicated concentrations of black soybean anthocyanins
for 1 h before exposure to LPS (1 ug/mL). After incubation for
24 h, the concentration of nitrite in the culture supernatant
was determined by measuring absorbance at 540 nm.

Measurement of PGE, and cytokine production

The concentrations of PGE,, TNFq, and IL-6 in the cell culture
supernatant were determined using EIA kits according to the
manufacturer's instructions. RAW 264.7 cells were seeded in
6-well plates (1 x 10° cells/well) for the PGE, assay and in 24-well
plates (1 x 10° cells/well) for the TNFa and IL-6 assays. After 24
h of culture, cells were treated with the indicated concentrations
of black soybean anthocyanins for 1 h before LPS (1 pg/mL)
treatment. The supernatants were collected after 24 h of
incubation and used for the assays.

Western blot analysis
Western blot assay was performed as described previously
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[17]. Briefly, RAW 264.7 cells (1 x 10° cells/well) were seeded in
6-well plates and cultured for 24 h, and then treated with the
indicated concentrations of black soybean anthocyanins for 1
h before exposure to LPS (1 pg/mL) for the indicated times.
Cells were collected and lysed in a cold RIPA buffer (pH 7.4).
After centrifugation at 10,000 x g for 10 min at 4°C, aliquots
of lysates with an equal amount of protein (20-30 ug) were
separated by 10% SDS-PAGE and then transferred onto PVDF
membranes (Bio-Rad, Hercules, CA, USA). The membrane was
incubated overnight with specific primary antibodies (iNOS,
COX-2, ERK, phospho-ERK, JNK, phospho-JNK, p38, and
phospho-p38) at 4°C and further incubated with secondary
horseradish peroxidase-conjugated antibodies for 1 h at room
temperature. The immunoactive proteins were detected with
an ECL system (Ab frontier, Seoul, Korea), and quantified with
a FluorChem densitometer and the Image J Program (National
Institute of Health, Bethesda, MD, USA).

Statistical analysis

Data were analyzed using SAS software (Version 9.2, SAS
Institute, Inc., Cary, NC, USA). The results were presented as
means + standard deviation (SD) and all experiments were
performed at least three times. A one-way ANOVA followed by
Tukey’s post-hoc test was used to determine the differences
among the treatment groups. P values of less than 0.05 were
considered to be significant.

RESULTS

Effect of black soybean anthocyanins on cell viability

The cytotoxicity of black soybean anthocyanins to RAW 264.7
cells was measured by MTS assay. Cell viability was not
significantly affected by black soybean anthocyanins given at
concentrations up to 100 pg/mL (Fig. 1). Therefore, cells were
treated with black soybean anthocyanins in a concentration
range of up to 100 pg/mL for the following experiments.

Effect of black soybean anthocyanins on reactive oxygen species
To investigate whether black soybean anthocyanins influence
ROS level, ROS was measured based on the DCF fluorescence
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Fig. 1. Effect of black soybean anthocyanins (BSA) on the viability of RAW 264.7
cells. Cells were treated with the indicated concentrations of BSA for 24 h, and the cell
viability was measured with a MTS assay, The data are presented as the means = SD
(n=4). *P<0.,001 was used to indicate a significant difference compared with the control
by ANOVA followed by student's t-test,
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Fig. 2. Effect of black soybean anthocyanins (BSA) on LPS-induced ROS
production in RAW 264.7 macrophages. The cells were treated with the indicated
concentrations of BSA for 1 h and later stimulated with LPS (1 pg/mL) for 24 h, Intracellular
peroxide was measured by labeling with DCFH-DA for 30 min, and then analyzing the
fluorescent intensity using a flow cytometer, The data are presented as the means = SD
from three independent experiments, Mean values without a common letter are significantly
different as determined by a one-way ANOVA followed by Tukey's test (P<0,001), LPS,
lipopolysaccharide; CON, control; ROS, reactive oxygen species; DCFH-DA, 2,7-Dichlo-
rofluorescein diacetate,

intensity in LPS-stimulated RAW 264.7 cells. As shown in Fig.
2, stimulation with LPS resulted in a marked increase in DCF
fluorescence intensity and treatment with black soybean
anthocyanins reduced the increase in fluorescence intensity
dose-dependently (P <0.001). ROS level was decreased by
34.1% and 60.5% with 25 and 100 pg/mL of black soybean
anthocyanins, respectively.

Effects of black soybean anthocyanins on the production of NO
and PGE; in LPS- stimulated RAW 264.7 cells

NO production increased significantly in RAW 264.7 cells
stimulated with LPS. However, treatment with black soybean
anthocyanins significantly inhibited LPS-stimulated NO production
(P < 0.001). The nitrite concentration decreased by 27.9% and
57.2% with black soybean anthocyanins treatment at the levels
of 25 and 100 pg/mL compared with the LPS-induced control
cells, respectively (Fig. 3A). Treatment of cells with black soybean
anthocyanins also inhibited LPS-induced PGE, production in a
dose-dependent manner (P<0.001). PGE, production was
decreased by 43.6%. 71.8%, and 87.8% with 12.5, 50, and 100
pg/mL of black soybean anthocyanins, respectively (Fig. 3B).

Effects of black soybean anthocyanins on iNOS and COX-2 protein
expression in LPS- stimulated RAW 264.7 cells

We determined whether the inhibitory effects of black soybean
anthocyanins on the production of NO and PGE, were related
to changes in the expression of iNOS and COX-2 proteins. The
expression of INOS and COX-2 proteins was increased in response
to LPS, while treatment with black soybean anthocyanins
inhibited these increases (P < 0.001, Fig. 3C and 3D). When
regression analysis was performed, the production of NO and
PGE, was positively correlated with the expression of iINOS and
COX-2 proteins, respectively ( =0.5270, P < 0.001 for between
NO and iNOS, r*=0.6204, P<0.001 for between PGE, and
COX-2).
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Fig. 3. Effect of black soybean anthocyanins (BSA) on NO/PGE; production and iNOS/COX-2 expression in RAW 264.7 cells. The cells were treated with the indicated
concentrations of BSA for 1 h and later stimulated with LPS (1 ug/mL) for 24 h, The levels of nitrite (A) and PGE; (B) were measured in the culture media using the Griess reagent
and an EIA kit, respectively, Western blot analysis was performed to determine the protein levels of iINOS (C) and COX-2 (D). The data are presented as the means = SD from three
independent experiments, Mean values without a common letter are significantly different as determined by a one-way ANOVA followed by Tukey's test (£<0,001), LPS, lipopolysaccharide;
CON, control; NO, nitric oxide; PGEs, prostaglandin Ez; iNOS, inducible nitric oxide synthase; COX-2, cyclooxygenase-2,
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Fig. 4. Effect of black soybean anthocyanins (BSA) on the production of pro-inflammatory cytokines in RAW 264.7 cells. The cells were treated with the indicated concentrations
of BSA for 1 h and later stimulated with LPS (1 pg/mL) for 24 h, The protein levels of TNFa (A) and IL-6 (B) were measured in the culture media by EIA, The data are presented as
the means = SD from three independent experiments, Mean values without a common letter are significantly different as determined by a one-way ANOVA followed by Tukey's test (P
<0,001), LPS, lipopolysaccharide; CON, control; TNFa, tumor necrosis factor alpha; IL, interleukin,

Effects of black soybean anthocyanins on the production of
pro-inflammatory cytokines in LPS- stimulated RAW 264.7 cells

To investigate the effect of black soybean anthocyanins on

the production of pro-inflammatory cytokines, levels of TNFa
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Fig. 5. Effect of black soybean anthocyanins on the activation of MAPKs in RAW 264.7 cells. The cells were treated with the indicated concentrations of black soybean anthocyanins
for 1 h and later stimulated with LPS (1 ug/mL) for 30 min, Westermn blot analysis was performed to determine the protein levels of JNK (A), ERK (B) and p38 (C). The data are presented
as the means £ SD from three independent experiments, Mean values without a common letter are significantly different as determined by a one-way ANOVA followed by Tukey's test
(P<0,01), LPS, lipopolysaccharide; CON, control; JNK, c-Jun N-terminal kinase; p-JNK, phospho-c-Jun N-terminal kinase; ERK, extracellular signal-regulated kinase; p-ERK,
phospho-extracellular signal-regulated kinase; GAPDH, glyceraldehyde-3-phosphate dehydrogenase.

and IL-6 were measured. Stimulation with LPS resulted in a
significant increase in production of TNFa and IL-6 in RAW 264.7
cells. However, these increases were significantly inhibited by
treatment with black soybean anthocyanins in a dose-
dependent manner (P < 0.001, Fig. 4). The levels of TNFa were
decreased by 21.0%, 69.1%, and 73.2% after treatment with 12.5,
50, and 100 pg/mL of black soybean anthocyanins compared
with the LPS-stimulated cells, respectively. Similarly, pre-
treatment of the cells with black soybean anthocyanins
decreased IL-6 production by 22.2%, 48.1%, and 75.8% when
12.5, 50, and 100 pg/mL black soybean anthocyanins were used
in the culture, respectively.

Effects of black soybean anthocyanins on the activation of mitogen-
activated protein kinases in LPS-stimulated RAW 264.7 cells

After 30 min of stimulation with LPS, the effect of pre-treated
black soybean anthocyanins on the activation of MAPKs was
determined by measuring the levels of both phosphorylated
and total protein for ERK, JNK, and p38. As shown in Fig. 5,
LPS treatment significantly increased the level of the
phosphorylated form of ERK, JNK, and p38. However, black
soybean anthocyanins inhibited the LPS-induced phosphorylation
of these three MAPKs in a dose dependent manner (P < 0.001).
Listed from strongest to weakest, the inhibitory effect was
evident for p38, JNK, and ERK. The ratios of phosphorylated
p38 to total p38 were decreased by 58.1%, 21.8%, and 12.7%
after treatment with 12.5, 50, and 100 pg/mL of black soybean
anthocyanins compared with the LPS-stimulated cells, respectively.
JNK activation decreased by 74.0%, 57.2%, and 39.6% when
12.5, 50, and 100 pg/mL of black soybean anthocyanins were
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used to pre-treat the cultures, respectively. The inhibitory effect
on ERK activation was modest compared with that observed
for p38 and JNK activation.

DISCUSSION

Oxidative stress is closely related with inflammation and
development of several chronic diseases [10]. Although previous
studies have reported the anti-inflammatory activities of black
soybean anthocyanins in several models [4-6], little is known
about the mechanisms that underlie the anti-inflammatory
effect of black soybean anthocyanins with regard to antioxidant
activity. We found that black soybean anthocyanins reduced
the production of ROS and inflammatory mediators and
decreased activity in MAPKs signaling pathway in LPS-stimulated
RAW 264.7 cells.

In this study, stimulation with LPS resulted in an accumulation
of intracellular peroxide. Black soybean anthocyanins significantly
attenuated the LPS-induced increase in intracellular ROS.
Oxidative stress results from an imbalance between ROS
production and the antioxidant defense system. Anthocyanins
are known as potential natural scavengers of ROS [13]. Black
bean seed coat contains high amounts of anthocyanins, including
cyanidin-3-glucoside, delphinidin-3-glucoside, and petunidin-3-
glucoside. Cyanidin-3-glucoside, which comprised 68.3% of black
soybean anthocyanins used in our study, was reported to have
the highest radical quenching activity among anthocyanins [13].
In addition, anthocyanins were reported to induce the
expression of antioxidant defense enzymes such as superoxide
dismutase and glutathione-related enzymes [18,19]. These
findings suggest that the antioxidant activity of black soybean
anthocyanin might be due to upregulation of the cellular
defense system in addition to direct scavenging of ROS.

Inflammation is an important host response to infection and
injury. Inflammatory responses are associated with increased
production of NO, PGE,, and inflammatory cytokines, such as
IL-6 and TNFa [14]. However, uncontrolled and excessive
production of these inflammatory mediators causes a detrimental
effect to the host. Therefore, these inflammatory mediators are
regarded as targets for anti-inflammatory agents. NO is a major
well-known pro-inflammatory mediator and contributes to the
inflammatory cascade by increasing vascular permeability and
the extravasation of fluids and proteins at inflammatory sites
[20]. PGE; acts as a mediator of inflammation by promoting
local vasodilation and local attraction and activation of
inflammatory cells at the early stages of inflammation [21].
Additionally, several pro-inflammatory cytokines, such as TNFa
and IL-6, are known to play important roles in the induction
of inflammation. TNFa is involved in the production of numerous
cytokines and acute phase proteins, contributing to many
pathophysiological processes [22]. IL-6 is an important mediator
of fever and the acute phase response, which initiates the innate
immune system in response to infection [23]. It has been
reported that black soybean anthocyanins have protective
activity in several inflammation models [4-6]. However, there
were limited data on the effect of black soybean anthocyanins
on inflammatory mediators. In this study, we demonstrated the
anti-inflammatory effects of black soybean anthocyanins in

LPS-stimulated RAW 264.7 cells as treatment with black soybean
anthocyanins inhibited the production of NO, PGE,, TNFa, and
IL-6 in dose dependent manners without a cytotoxic effect.
These results are consistent with the results from a previous
study using BV2 microglial cells [24]. The anti-inflammatory
effect of black soybean anthocyanins is at least partly attributed
to cyanidin-3-glucoside, considering that exposure of macrophages
to cyanidin-3-glucoside from black rice resulted in a reduction
of LPS-induced TNFa and IL-13 [25].

NO and PGE, are synthesized by iNOS and COX-2, respectively,
in response to inflammatory stimuli. We examined the effect
of black soybean anthocyanins on the protein expression of
iNOS and COX-2 to investigate the underlying mechanism of
its inhibitory effect on NO and PGE, production. We found that
the protein expression of iINOS and COX-2 was reduced by
treatment with black soybean anthocyanins and positively
correlated with the production of NO and PGE,, respectively.
This finding indicated that black soybean anthocyanins inhibit
the production of NO and PGE, in LPS-induced RAW 264.7 cells
by suppressing the expression of protein enzymes responsible
for the production of them. The dose-dependent suppression
of NO concentration can be attributed to the direct free radical
scavenging activity of black soybean anthocyanins in addition
to the inhibition of iNOS protein expression. Also, it has been
shown that low level of NO can enhance expression of iNOS
in some cells [26], which may be related to the relative weak
correlation between NO concentration and iNOS protein
expression in the range of 50-100 pg/mL.

Furthermore, the production levels of inflammatory mediators
are interrelated with one another. Previous studies reported that
the expression of iNOS is stimulated by pro-inflammatory
cytokines, such as IL-13 and TNFa, and TNFa-stimulated IL-6
production is a prerequisite for increased production of NO
[27,28]. In this study, black soybean anthocyanins exerted a
dose-dependent reduction in LPS-induced production of IL-6
and TNFq, which could contribute to the decreased production
of NO through inhibition of iINOS expression.

Considering that increased ROS production can activate
diverse downstream signaling pathways [29,30], ROS may act
as signal-transducing molecules in the signaling and regulation
of biological responses elicited by inflammation. We hypothesized
that black soybean anthocyanins alleviate LPS-induced inflam-
matory response by modulating ROS signaling pathways
through their antioxidant actions. In this study, treatment with
black soybean anthocyanins reduced LPS-induced ROS production
and inhibited the activation of all three MAPKs in RAW 264.7
macrophages. The activation of MAPKs is involved in LPS-
induced expression of inflammatory mediators and the activation
of NFkB, a transcriptional factor that regulates a number of
genes important for inflammation [31]. Anthocyanin extract
from black bean seed coat has been reported to inhibit
activation of NF-kB in H.pylori-infected human gastric epithelial
cells [5] and in ultraviolet B (UVB)-exposed human keratinocyte
HaCaT cells [32]. MAPKs are regulated by phosphorylation and
dephosphorylation. ROS has been shown to inhibit activation
of MAPK phosphatase (MKP)-1 leading to a sustained JNK
activation, which contributes to TNFa-induced cell death [33].
Blocking of ROS production by antioxidants inhibited LPS-induced
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MAPKs phosphorylation and inflammatory cytokine production
in mouse embryonic fibroblasts [34]. These reports suggest that
ROS function as an upstream regulator of MAPKs. On the other
hand, it was reported that the overexpression of MKP-1 or
specific inhibitors of p38 and JNK inhibited ROS production in
LPS-activated BV-2 cells [35]. This paradox could be due to the
complexity of involved networks as well as different metabolic
mechanisms according to cell types. Emre et al. [36] proposed
a signal amplification loop, in which LPS stimulation of macrophage
quickly down-regulated uncoupling protein 2 (UCP2) through
the JNK and p38 pathways. This down-regulation was shown
to increase ROS production in order to potentiate MAPK
activation for inflammatory response [36]. It seems that the
observed suppression of ROS production by specific inhibitors
of p38 and JNK in the previous study [35] could be ascribed
to sustained UCP2 expression and inhibition of the LPS-
stimulated ROS signal amplification loop. Therefore, it is hard
to establish cause and effect relationship or identify upstream
and downstream events due to complex link between ROS
production and signaling pathways. Nevertheless, it is likely that
due to its antioxidant property, black soybean anthocyanins
decrease ROS production, thereby reduce MAPK activation and
inflammatory cytokine production in this study. This study has
the limitation that direct mechanism of anti-inflammatory
effects by black soybean anthocyanins was not delineated.
Further research on kinetic effect of black soybean anthocyanins
with ROS scavenger or specific inhibitors of signaling pathway
in oxidative stress will be required to elucidate direct action
of black soybean anthocyanins in signaling pathways.

In conclusion, this study demonstrates that black soybean
anthocyanins suppress LPS-stimulated production of NO and
pro-inflammatory mediators in RAW 264.7 cells by inhibiting
intracellular generation of ROS and activation of MAPKs. Black
soybean anthocyanins might have potential as a therapeutic
agent for the treatment of various inflammatory diseases.
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