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Canavalia gladiata regulates the immune responses of macrophages
differently depending on the extraction method
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Abstract Recent studies have suggested that Canavalia gladiate, a dietary food and traditional folk medicine, has
promising pharmaceutical potential, but the effects have mostly been demonstrated using its organo-soluble extract. To date,
its immunomodulatory effect depending on the extraction method is unclear. Here, the immune responses of macrophages
to C. gladiate and the underlying mechanisms were studied. C. gladiate hot water extract (CGW) induced cytokine
production in bone marrow-derived macrophages (BMDMs) in a dose-dependent manner, whereas its ethanolic extract
(CGE) did not. Immunoblotting analysis also showed that CGW activated nuclear factor (NF)-xB and mitogen-activated
protein kinases (MAPKSs). Moreover, an inhibitor assay revealed the involvement of NF-kB, p38, and JNK, but not ERK,
in CGW-induced cytokine production. CGE inhibited lipopolysaccharide-stimulated production of pro-inflammatory cytokines
and activation of NF-xB and MAPKs in BMDMs. The results suggest that C. gladiate regulates the immune responses of
macrophages differently depending on the extraction method.
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Introduction

The immune system is a host defense system that includes
many cells and biomolecules with specialized roles in disease
protection. The innate immune response provides rapid initial
protection and is a dominant system of host defense in most
organisms. This response usually involves the phagocytic cells
(neutrophils, monocytes, and macrophages) and molecular components
(complement, acute-phase proteins, and cytokines) (Delves et al.,
2000; Litman et al., 2005). Macrophages are multifunctional cells
that play a crucial role in innate and adaptive immune responses
(Rooijen et al., 1997). Macrophages protect the host by engulfing
and killing pathogens, presenting antigens to lymphocytes, and
releasing numerous bioactive molecules that regulate the activity of
other cells (Plowden et al, 2004; Porcheray et al., 2005).
Therefore, it is important to modify the function of macrophages
by selective stimulation or suppression of cell activity.

Canavalia gladiate, commonly known as sword bean, belongs
to the legume family (Fabaceae) and is mainly cultivated throughout
tropical Asia and Africa. This plant has been used as a dietary
food and traditional folk medicine for thousands of years. Recently,
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many studies have suggested that it has promising pharmaceutical
properties. It not only exerts protective effects against bone loss
but also has antiangiogenic, hepatoprotective, antioxidant, and anti-
inflammatory effects (Byun et al., 2010; Gan et al., 2016; Jeon et
al., 2005; Kim et al., 2015; Kumar et al., 2014; Nakatsuka et al.,
2014; Pinto et al., 2013). However, most studies have demonstrated
the pharmaceutical effects using the organo-soluble extract refluxed
with ethanol or methanol solvents. To date, the immunomodulatory
effect of C. gladiate depending on the extraction method is not
clear. In this study, we aimed to compare immune responses of
macrophages to C. gladiate depending on the extraction method
and investigate the underlying mechanisms.

Materials and Methods

Preparation of extract

C. gladiate was supplied from the Gold Farm Food Co.
(Jangheung, Korea). The whole parts of the sword bean were
refluxed with a 10-fold volume of water (CGW) or 80% ethanol
(CGE) at 70°C for 3 h, respectively. After filtration, the extract was
concentrated and lyophilized to obtain a powder. The power was
dissolved in phosphate-buffered saline for use in subsequent
experiments.

Cell culture and treatment

Bone marrow-derived macrophages (BMDMs) were prepared as
previously described (Celada et al., 1984). Briefly, BMDMs were
cultured in complete Iscove’s modified Dulbecco’s medium
(Gibco, Grand Island, NY, USA) supplemented with 30% L929
cell culture supernatant, 10% fetal bovine serum, 1% penicillin and
streptomycin, 1% sodium pyruvate, and 1% MEM non-essential
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amino acids in a 5% CO, incubator at 37°C for 6 days. The cells
were treated with C. gladiate extract in the absence or presence of
lipopolysaccharide (LPS) sourced from Escherichia coli (InvivoGen,
San Diego, CA, USA) for 24 h.

Measurement of cytokines

To determine the concentrations of interleukin (IL)-6 and tumor
necrosis factor (TNF)-o. in the culture supernatants, we used
commercial enzyme-linked immunosorbent assay (ELISA) Kkits
according to the manufacturer’s instructions (R&D Systems,
Minneapolis, MN, USA).

Immunoblotting

BMDMs were lysed in a lysis buffer containing 1% Nonidet-
P40, protease inhibitor cocktail (Roche, Mannheim, Germany), and
phosphatase inhibitor cocktail (Sigma-Aldrich, St. Louis, MO,
USA). The lysates were separated by 10% sodium dodecyl sulfate
polyacrylamide gel electrophoresis and transferred to nitrocellulose
membranes. The membranes were immunoblotted with the
following primary antibodies: anti-rabbit IkB, anti-rabbit p-65, anti-
rabbit p-p38, anti-rabbit p-JNK (Cell Signaling Technology,
Beverly, MA, USA), anti-mouse p-ERK, and anti-goat actin (Santa
Cruz Biotechnology, Santa Cruz, CA, USA). After immunoblotting
with secondary antibodies, proteins were detected using an enhanced
chemiluminescence reagent (BioRad, Hercules, CA, USA).

Inhibitor assay

Nuclear factor (NF)-xB and mitogen-activated protein kinase
(MAPK) pathway inhibitors were purchased from Calbiochem
(San Diego, CA, USA) and Selleck Chemicals (Houston, TX,
USA) and included BAY11-7082 (NF-xB inhibitor), SB203580
(p38 inhibitor), SP600125 (JNK inhibitor), and PD98059 (ERK1
inhibitor). The BMDMs were treated with C. gladiate extract in
the absence or presence of each inhibitor for 24 h.

Statistical analysis

The statistical significance of differences between groups was
determined by one-way ANOVA followed by Tukey’s post-hoc
analysis (GraphPad Prism 5; GraphPad Software Inc., La Jolla,
CA, USA). Values of p<0.05 were considered significant.

Results and Discussion

CGW stimulated the activity of macrophages

To investigate the immune responses to C. gladiate, we prepared
CGW and CGE, which were extracted using different solvents.
The BMDMs were incubated with various doses of extracts for
24 h, and the cytokines in the culture supernatants were determined
by ELISA. CGW induced the production of IL-6 and TNF-a in
BMDMs in a dose-dependent manner (Fig. 1A). Particularly, after
treatment with 0.3 or 1 mg/mL CGW, both cytokines were released
to either the same extent or more than that in the LPS positive
control. Endotoxin contamination-stimulated responses were also
distinguished (Fig. 1B). The peptide polymyxin B (PMB), an LPS-
stimulated TLR4 activation inhibitor, did not affect the production
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Fig. 1. Effect of C. gladiate hot water extract (CGW) on the
activation of macrophage immune responses. (A) The levels of
IL-6 and TNF-a in the culture supernatants. LPS was used as a
positive control. Data are presented as the meantSD (n=3).
***p<0.001 vs. control. (B) Effect of PMB on CGW-induced
cytokine production. **p<0.01, ***p<0.001. (C) Activation of NF-
kB and MAPK signaling. Actin was used as a loading control.

of IL-6 or TNF-a induced by CGW, but cytokine production was
completely inhibited in LPS-stimulated macrophages. Moreover,
there was no significant difference in BMDMs treated with CGE
compared with the control group (data not shown). We also
investigated the cytotoxicity of the extracts, and neither extract had
any effect on the cell viability at the concentrations used in the
experiment (data not shown). Based on these results, the concentration
of CGW (ranging from 0.03 to 1 mg/mL) and CGE (ranging from
0.1 to 3 mg/mL) were used for subsequent experiments.

The NF-xB and MAPK pathways play an important role as
mediators of cellular responses to extracellular signals (Baeuerle et
al., 1996; Surh et al., 2001). We determined whether CGW affects
the activation of several important components of NF-kB (IkB and
p65) and MAPK (p38, JNK, and ERK) signaling. BMDMs were
treated with 1 mg/mL CGW for the indicated time periods, and the
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Fig. 2. Effect of the NF-xB and MAPK pathway on CGW-induced cytokine production in macrophages. BMDMs were pretreated with
BAY11-7082 (A), SB203580 (B), SP600125 (C), and PD98059 (D) at the indicated concentrations. BAY11-7082, NF-«kB inhibitor; SB203580,
p38 inhibitor; SP600125, JNK inhibitor; and PD98059, ERK inhibitor. Data are presented as the mean+SD (n=3). *p<0.05 vs. CGW-treated
group, **p<0.01 vs. CGW-treated group, ***p<0.001 vs. CGW-treated group.

activation of the components was determined by immunoblotting.
CGW reduced the stability of IkB-o and increased the abundance
of the phosphorylated form of p65 in BMDMs in a time-dependent
manner (Fig. 1C). Thus, CGW activated NF-kB signaling by
regulating the phosphorylation of p65, which was dependent on
IkB-a.. Furthermore, the phosphorylation of p38, JNK, and ERK
was strongly activated by CGW treatment in BMDMs.
Consequently, it was necessary to confirm whether CGW-
induced NF-xB and MAPK activation is involved in cytokine
production. The BMDMs were pretreated with inhibitors of NF-kB
and MAPK signaling at the indicated concentrations for 2h,
followed by incubating with 1 mg/mL CGW for 24 h. Next, the
concentrations of IL-6 and TNF-a in the culture supernatants were
determined by ELISA. BAY11-7082 (NF-kB inhibitor) and SP600125
(INK inhibitor) strongly inhibited CGW-induced cytokine production
in BMDMs in a dose-dependent manner (Fig. 2A and 2C). In
particular, when treated with 5 uM BAY11-7082, the levels of IL-
6 and TNF-a were reduced by 21.2 and 19.2%, respectively, as
compared with those in BMDMs treated with CGW alone. Moreover,
there were no cytokines detected at doses above 10 uM. The release
of IL-6 and TNF-o. was also inhibited in BMDMs treated with
SB203580 (p38 inhibitor) but was not reduced by PD98059 (ERK
inhibitor) treatment (Fig. 3B and 3D). This indicates that CGW-
induced ERK activation did not affect cytokine production, unlike
other components. Collectively, these results indicated that CGW-
induced NF-xB and MAPK activation, but not ERK activation,
was involved in the production of IL-6 and TNF-a in macrophages.

CGE attenuated LPS-induced pro-inflammatory response

Previous studies have demonstrated that C. gladiate can be
effective against inflammatory diseases (Kim et al., 2015; Pinto et
al., 2013). This prompted us to investigate whether CGE affects

LPS-induced pro-inflammatory cytokine production in macrophages.
BMDMs were pretreated with various doses of CGE (ranging
from 0.1 to 3 mg/mL) for 2 h, and then stimulated with 100 ng/mL
LPS for 24h. Next, the production of the pro-inflammatory
cytokines in the culture supernatants was determined by ELISA.
Expectedly, CGE significantly inhibited LPS-induced production of
IL-6 and TNF-a in a dose-dependent manner (Fig. 3A). Particularly,
IL-6 was not detected, and the level of TNF-a was reduced by
18.8% in BMDMs treated with LPS and 3 mg/mL CGE compared
with cells treated with LPS alone. This result indicated that CGE
was able to inhibit LPS-induced pro-inflammatory cytokine production
in macrophages.

Recently, not only pro-inflammatory mediators but also
inflammatory signaling pathways have provided various effective
targets for the generation of new anti-inflammatory agents (O’neill
2006). Therefore, we needed to confirm whether the previous
result corresponds to the inactivation of inflaimmatory signaling
pathways. The BMDMs were pretreated with or without 3 mg/mL
CGE for 2h, followed by LPS stimulation for 1h. Then, the
activation of the components of the inflammatory signaling pathways
was determined by immunoblotting. The BMDMs stimulated with
LPS induced the degradation of IkB-oo and phosphorylated
activation of p65, while CGE inhibited LPS-induced NF-xB
activation (Fig. 3B). Furthermore, the abundance of the LPS-
induced phosphorylated forms of p38, JNK, and ERK was strongly
reduced in BMDMs pretreated with 3 mg/mL CGE. These results
indicated that CGE was involved in inhibiting LPS-induced
activation of NF-kB and MAPK signaling, and it might affect the
production of IL-6 and TNF-o. in macrophages. Moreover,
treatment with CGE alone reduced the phosphorylation of p65 and
improved the stability of IkB-o by about 1.2 times compared with
the control (Fig. 3B). Similarly, the abundance of the phosphorylated
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Fig. 3. Effect of C. gladiate ethanolic extract (CGE) on the LPS-stimulated inflammatory responses of macrophages. (A) The levels of IL-
6 and TNF-a in the culture supernatants. Data are presented as the mean+SD (n=3). *p<0.05 vs. LPS-treated group, ***p<0.001 vs. LPS-treated
group. (B) Activation of NF-kB and MAPK signaling. Actin was used as a loading control.

forms of JNK and ERK, which are components of MAPK
signaling, was reduced in BMDMs following CGE treatment. This
indicated that only CGE was able to inhibit NF-kB and MAPK
signaling, mainly the expression of JNK and ERK, in macrophages.
This is in contrast to the effect of CGW, which markedly
stimulated NF-xB and MAPK activation.

Many previous studies have suggested that polysaccharides
possess immunomodulatory activity (Leiro et al., 2007; Liu et al.,
2017). We also confirmed that CGW has higher molecular weight
polysaccharides than CGE, and this difference might affect CGW-
induced immune responses in macrophages (data not shown).
Moreover, it has been demonstrated that the ethanolic extract of C.
gladiate contains more phenolic compounds than its aqueous
extract (Kim et al., 2016). Furthermore, many studies have shown
that phenolic compounds, especially flavonoids, affect the inflammation
induced by macrophages and inhibit the expression of important
pro-inflammatory mediators (Gonzalez et al., 2011; Yahfoufi et al.,
2018). Therefore, the abundant phenolic compounds of CGE could
probably induce inhibitory effects on LPS-stimulated macrophage-
induced inflammation. However, further studies are required to
investigate the exact bioactive components of the two C. gladiate
extracts and elucidate their molecular mechanisms underlying
immune responses.

Conclusion

Here, we demonstrated that C. gladiate regulates the immune
responses of macrophages differently depending on the extraction
method. CGW exhibited immunomodulatory activity, while CGE
exerted an anti-inflammatory effect. CGW was able to activate the
macrophages, inducing cytokine production through the NF-xB
and MAPK pathways. In contrast, LPS-stimulated inflammatory
responses, such as pro-inflammatory cytokine production and the
activation of NF-xB and MAPKSs, were inhibited by CGE in
macrophages. Hence, the findings of our study may help in better
utilizing C. gladiate as a functional food and nutraceutical for
immune-related diseases such as immunodeficiency and inflammatory
diseases.
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