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Abstract

Microglial activation plays an important role in the development and progression of various neurological disorders such as cerebral
ischemia, multiple sclerosis, and Alzheimer’s disease. Thus, controlling microglial activation can serve as a promising therapeu-
tic strategy for such brain diseases. In the present study, we showed that kalopanaxsaponin A, a triterpenoid saponin isolated
from Kalopanax pictus, inhibited inducible nitric oxide synthase (iNOS), cyclooxygenase-2 (COX-2), and tumor necrosis factor
(TNF)-a. expression in lipopolysaccharide (LPS)-stimulated microglia, while kalopanaxsaponin A increased anti-inflammatory cy-
tokine interleukin (IL)-10 expression. Subsequent mechanistic studies revealed that kalopanaxsaponin A inhibited LPS-induced
DNA binding activities of NF-kB and AP-1, and the phosphorylation of JNK without affecting other MAP kinases. Furthermore,
kalopanaxsaponin A inhibited the intracellular ROS production with upregulation of anti-inflammatory hemeoxygenase-1 (HO-1)
expression. Based on the previous reports that JNK pathway is largely involved in iINOS and proinflammatory cytokine gene
expression via modulating NF-kB/AP-1 and ROS, our data collectively suggest that inhibition of JNK pathway plays a key role in
anti-inflammatory effects of kalopanaxsaponin A in LPS-stimulated microglia.
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INTRODUCTION Kalopanaxsaponin A is an oleanane triterpenoid saponin
that is isolated from the stem bark of Kalopanax pictus (fam-
As major immune cells in the central nervous system, ily Araliaceae), which has been used for traditional medicine
microglia involve in neuronal development and maintaining in East Asian countries (Lee et al., 2001; Park et al., 2001).
homeostasis in the healthy brain (Tremblay et al., 2011). Mi- Previous studies reported that kalopanaxsaponin A has thera-
croglia also remove damaged neurons by phagocytosis and peutic effects in inflammatory disorders such as rheumatoid
induce neuronal recovery. However, overactivation or per- arthritis and diabetes mellitus (Park et al., 1998; Kim et al.,
sistent activation of microglia causes neuronal cell death by 2002a). Kalopanaxsaponin A also ameliorated experimental
producing various neurotoxic molecules and proinflammatory colitis in mice by inhibiting interleukin-1 receptor associated
cytokines (Block et al., 2007; Graeber and Streit, 2010). Mi- kinase (IRAK) (Joh and Kim, 2011). The in vitro anti-inflamma-
croglial activation is closely associated with neurodegenera- tory effects of kalopanaxsaponin A have been demonstrated in
tive diseases such as Alzheimer’s disease, Parkinson’s dis- peritoneal macrophages, Raw 264.7 cells, and bone marrow-
ease and multiple sclerosis (Block et al., 2007; Glass et al., derived dendritic cells (Kim et al., 2002b; Joh and Kim, 2011;
2010; Graeber and Streit, 2010). Thus, the development of Quang et al., 2013). Furthermore, kalopanaxsaponin A inhib-
agents that can modulate microglial activation has been sug- ited the invasion of human breast cancer cells and oral squa-
gested as one of potential strategies for treatment or preven- mous carcinoma by reducing the matrix metalloproteinase-9
tion of neurodegenerative diseases (Watkins and Maier, 2003; expression (Park et al., 2009b; Hwang et al., 2012).
Glass et al., 2010). Although several papers reported on the anti-inflammatory
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and anti-cancer activities of kalopanaxsaponin A, the effect of
kalopanaxsaponin A in activated microglia has not been dem-
onstrated. Therefore, in the present study, we investigated
the anti-inflammatory effect of kalopanaxsaponin A in LPS-
stimulated BV2 microglial cells and analyzed the underlying
molecular mechanisms.

MATERIALS AND METHODS

Isolation of kalopanaxsaponin A

The dried bark of Kalopanax pictus (1 kg) was extracted
three times with 80% MeOH under water bath and then evap-
orated to dryness under reduced pressure, which yielded 29 g
according to the previous method (Joh et al., 2012). The dried
powder was suspended in water and serially extracted with
EtOAc and then BuOH. The BuOH extract (5.5 g) was fraction-
ated into 6 (FB1-FB6) subfractions by silica gel column (3x35
cm) chromatography using a dichloromethane-MeOH solvent
gradient. FB5 (0.5 g) was further separated by a MPLC (a lin-
ear-gradient applied by 10% CH,CN in H,0 to 70% CH,CN in
H,O at a flow rate of 4 ml/min over 4 h) to afford a kalopanax-
saponin A (31 mg; m/z 751.4 [M]") (Fig. 1).

Reagents and antibodies

All reagents used for cell culture were purchased from Gib-
co BRL (Grand Island, NY, USA). LPS and Trizol reagent were
obtained from Sigma-Aldrich (St. Louis, MO, USA). All the re-
agents and enzymes for RT-PCR were purchased from Pro-
mega (Madison, WI, USA). Antibodies against COX-2, iINOS
and HO-1 were obtained from BD Bioscience (San Diego, CA,

O “CH,OH

OH OH

Fig. 1. Structure of kalopanaxsaponin A.
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USA). Antibodies against phospho-/total form of MAP kinases
were purchased form Cell Signaling Technology (Beverley,
MA, USA).

Microglial cell culture and cell viability test

The immortalized murine BV2 microglial cell line (Bocchini
et al., 1992) was grown and maintained in Dulbecco’s modi-
fied Eagle’s medium supplemented with 10% heat-inactivated
FBS, streptomycin (10 ug/ml), and penicillin (10 U/ml) at 37°C.
Cell viability was determined by MTT reduction assay, as pre-
viously described (Park et al., 2009a).

Measurement of nitric oxide, cytokines, and intracellular
ROS levels

Microglial cells (1x10° cells per well in a 24-well plate) were
pre-treated with kalopanaxsaponin A for 1 h and stimulated
with LPS (100 ng/ml) for 16 h. Then, the supernatants of the
cultured microglia were collected and the accumulated nitrite
was measured using the Griess reagent (Promega). The con-
centration of TNF-a or IL-10 in the supernatants was mea-
sured by ELISA, according to the procedure recommended by
the supplier (BD Biosciences, San Jose, CA, USA). The intra-
cellular accumulation of ROS was measured with H2DCF-DA
(Sigma-Aldrich) by modifying a previously reported method
(Lee et al., 2012).

RT-PCR

BV2 cells (7.5%10° cells on a 6-cm dish) were treated with
LPS in the presence or absence of kalopanaxsaponin A, and
total RNA was extracted with TRI reagent (Sigma-Aldrich). For
RT-PCR, total RNA (1 ng) was reverse-transcribed in a reac-
tion mixture that contains 1 U RNase inhibitor, 500 ng ran-
dom primers, 3 mM MgCl,, 0.5 mM dNTP, and 10 U reverse
transcriptase (Promega). The synthesized cDNA was used as
a template for PCR reaction using GoTaq polymerase (Pro-
mega) and primers, as below (Table 1).

Electrophoretic mobility shift assay (EMSA)

Nuclear extracts from treated microglia were prepared, as
described previously (Woo et al., 2003). The double-stranded
DNA oligomers containing consensus sequences of NF-kB or
AP-1 were end-labeled, using T4 polynucleotide kinase (New
England Biolabs, Beverly, MA, USA) in the presence of [y-32P]
ATP. Five micrograms of the nuclear proteins were incubated
with 32P-labled probes on ice for 30 min and resolved on a 5%
acrylamide gel and visualized by autoradiography.

Western blot analysis

Cells were appropriately treated and total cell lysates were
prepared, as described previously (Jung et al., 2010). Proteins
(20-100 ng) were heated with 4xSDS sample buffer and sepa-

Table 1. DNA sequences of primers used in PCR reactions, and expected product sizes
Forward primer (5 —3’) Reverse primer (5’'—3’) Size
iNOS CAAGAGTTTGACCAGAGGACC TGGAACCACTCGTACTTGGGA 450 bp
TNF-a CCTATGTCTCAGCCTCTTCT CCTGGTATGAGATAGCAAAT 354 bp
COX-2 TTCAAAAGAAGTGCTGGAAAAGGT GATCATCTCTACCTGAGTGTCTTT 304 bp
IL-10 GCCAGTACAGCCGGGAAGACAATA GCCTTGTAGACACCTTGGTCTT 409 bp
GAPDH ATGTACGTAGCCATCCAGGC AGGAAGGAAGGCTGGAAGAG 420 bp
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rated by SDS-PAGE gel electrophoresis and transferred to ni-
trocellulose membranes. After blocking, the membranes were
incubated with primary antibodies (1:1,000) and then, horse-
radish peroxidase-conjugated secondary antibodies (1:2,000
dilution in TBST, New England Biolabs, Ipswich, MA) were
applied and the blots were developed using an enhanced
chemiluminescence detection kit (Thermo Fisher Scientific,
Waltham, MA, USA).

Statistical analysis

Unless otherwise stated, all experiments were performed
with triplicate samples and repeated at least three times. The
data are presented as mean + S.E.M. and statistical compari-
sons between groups were performed by using one-way anal-
ysis of variance, followed by Newman-Keuls test. A p value <
0.05 was considered significant.

RESULTS

Kalopanaxsaponin A suppresses iNOS, TNF-o. and COX-2
expressions in LPS-stimulated microglia

To investigate the anti-inflammatory effects of kalopanax-
saponin A in BV2 microglial cells, we examined the effect of
kalopanaxsaponin A on LPS-induced production of NO and
TNF-o. which are key neurotoxic and proinflammatory mole-

cules. We observed that LPS (100 ng/ml) strongly induced NO
and TNF-a release, and pretreatment of kalopanaxsaponin A
significantly inhibited LPS-induced NO and TNF-a production
in a dose-dependent manner (Fig. 2A). On the other hand,
kalopanaxsaponin A increased anti-inflammatory cytokine IL-
10. Western blot analysis confirmed that kalopanaxsaponin A
suppresses iINOS and COX-2 expression at protein level (Fig.
2B). To exclude the possibility that the decrease in the NO
and cytokine levels was simply due to cell death, we assessed
cell viability at various concentrations of kalopanaxsaponin
A. The MTT assay showed that kalopanaxsaponin A was not
cytotoxic at the concentrations up to 300 uM used in these
experiments (Fig. 2C).

Kalopanaxsaponin A inhibits LPS-induced mRNA expres-
sion of iNOS, TNF-o. and COX-2 in microglia

RT-PCR was performed to determine whether kalopanax-
saponin A regulates iINOS and cytokine expression at the
transcriptional level. As shown in Fig. 3, kalopanaxsaponin A
significantly inhibited the mMRNA expressions of iINOS, TNF-a,
and COX-2, while it enhanced IL-10 mRNA expression in LPS-
stimulated BV2 cells. The data suggest that kalopanaxsaponin
A modulates iNOS, TNF-a, COX-2 and IL-10 expressions at
transcriptional level.
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Fig. 2. Effect of kalopanaxsaponin A on iNOS, COX-2 and cytokines in LPS-stimulated BV2 microglia. (A) The BV2 cells were pre-treated
with the indicated concentration of kalopanaxsaponin A for 1 h, followed by treatment of LPS (100 ng/ml) for 16 h. The amounts of NO,
TNF-o and IL-10 released into media were measured as described in the method section. The data are expressed as the mean + S.E.M.
of three independent experiments. (B) Western blot for INOS and COX-2 protein expression. Densitogram of iINOS and COX-2 expressions
that were normalized by B-actin (right panel). The data are representative of three independent experiments. (C) Effect of kalopanaxsaponin
A on cell viability in BV2 cells. Cells were treated with various concentrations of kalopanaxsaponin A and incubated for 24 h. MTT assay re-
vealed that kalopanaxsaponin A did not affect cell viability at least up to 300 uM. *p<0.05, significantly different from LPS-treated sample. ‘KSA
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indicates kalopanaxsaponin A.
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Fig. 3. Effect of kalopanaxsaponin A on mRNA expression of
inflammatory mediators in LPS-stimulated BV2 microglia. (A) The
cells were pre-treated with the indicated concentration of kalo-
panaxsaponin A for 1 h, followed by treatment of LPS (100 ng/ml)
for 6 h. Total RNA was isolated from the cells and RT-PCR was
performed to measure the mRNA levels of iINOS, TNF-a, COX-2
and IL-10. (B) Densitogram of PCR data. The data are represen-
tative of at least three independent experiments. *p<0.05, signifi-
cantly different from LPS-treated sample.

Kalopanaxsaponin A inhibits LPS-induced phosphorylat-
ion of JNK and DNA binding activities of NF-xB and AP-1

To analyze the molecular mechanism underlying the anti-
inflammatory effects of kalopanaxsaponin A, we examined
the inhibitory effect on the phosphorylation of MAP kinases,
which are upstream signaling molecules in inflammatory re-
actions (Kaminska, 2005). Western blot analysis showed that
kalopanaxsaponin A significantly inhibited LPS-induced JNK
phosphorylation. However, kalopanaxsaponin A did not affect
the phosphorylation of ERK or p38 (Fig. 4A). In addition, kalo-
panaxsaponin A inhibited the DNA binding activities of NF-xB
and AP-1, which are key transcription factors for the expres-
sion of inflammatory genes such as iNOS, TNF-a and COX-2
(Fig. 4B).

Kalopanaxsaponin A suppressed ROS production with en-
hancement of anti-inflammatory HO-1 expression

ROS plays a role as early signaling inducer of inflammatory
reactions and excessive ROS generation by microglia leads
to the neuronal cell death (Bedard and Krause, 2007; Gao
et al., 2012). In this study, we found that kalopanaxsaponin
A significantly inhibited LPS-induced ROS production in the
BV2 cells (Fig. 5A). Next, we examined the effects of kalo-
panaxsaponin A on HO-1, which mediates anti-inflammatory
and antioxidant effects in the activated microglia (Jung et al.,
2010; Keum, 2012). Kalopanaxsaponin A increased HO-1 ex-
pression at protein level (Fig. 5B). Thus, the antioxidant and
anti-inflammatory effect of kalopanaxsaponin A may be related
to upregulation of HO-1.

DISCUSSION

In the present study, we demonstrate the anti-inflammatory
effects of kalopanaxsaponin A in LPS-stimulated BV2 mi-
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Fig. 4. Effects of kalopanaxsaponin A on three types of MAP ki-
nases and NF-kB/AP-1. (A) Cell extracts were prepared from BV2
microglial cells treated with LPS for 30 min in the absence or pres-
ence of kalopanaxsaponin A, and then subjected to immunoblot
analysis using antibodies against the phospho- or total-forms of
three MAP kinases. Quantification of western blot data (right pan-
el). Levels of the active forms of MAPKs were normalized with the
total form, and are expressed as fold changes versus untreated
control samples, which were arbitrarily set to 1.0. Values are the
mean + S.E.M. of four independent experiments. *p<0.05; signifi-
cantly different from LPS-treated cells. (B) EMSA was performed
using nuclear extracts isolated from BV2 microglial cells treated
with kalopanaxsaponin A in the presence of LPS for 3 h. The data
are representative of three independent experiments. ‘F’ indicates
free probe.

croglial cells. Kalopanaxsaponin A suppressed LPS-induced
expression of INOS, COX-2 and TNF-a, which are key pro-
inflammatory and neurotoxic molecules in microglia. On the
other hand, kalopanaxsaponin A upregulated the anti-inflam-
matory cytokine IL-10. Furthermore, kalopanaxsaponin A re-
duced intracellular ROS level and increased HO-1 expression.
Detailed mechanistic analysis revealed that kalopanaxsapo-
nin A specifically inhibited JNK phosphorylation, and NF-xB/
AP-1 DNA binding activities.

We have recently reported the JNK pathway plays a piv-
otal role in inflammatory gene expression via modulating NF-
kB/AP-1 and ROS signaling in microglia (Jeong et al., 2013).
Thus, the specific inhibition of JNK by SP600125 suppressed
NO, TNF-a, and IL-6 expression in LPS-stimulated BV2 cells.
In addition, SP600125 inhibited the DNA binding activities of
NF-kB/AP-1, and ROS production by modulating the cytosolic
and membrane components of NADPH oxidase. SP600125
also increased HO-1 expression in BV2 cells. Thus, our data
collectively suggest that JNK and its downstream NF-xB/AP-1
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Fig. 5. Kalopanaxsaponin A inhibited ROS production with enha-
ncement of HO-1 expression in LPS-stimulated BV2 cells. (A)
The BV2 cells were pre-treated with kalopanaxsaponin A for 1 h,
followed by treatment with LPS (100 ng/ml) for 16 h. The intracel-
lular ROS levels were then measured by the DCF-DA method as
described in the Materials and Methods section. The data are ex-
pressed as the mean + S.E.M. of three independent experiments.
*p<0.05, significantly different from LPS-treated sample. (B) West-
ern blot analysis shows the effect of kalopanaxsaponin A on HO-1
protein expression. BV2 cells were treated with kalopanaxsaponin
A with or without LPS for 16 h and cell lysates were obtained.
Quantification data are shown in the graph (n=3). *p<0.05, signifi-
cantly different from the control sample. *p<0.05, significantly dif-
ferent from the LPS-treated sample.

pathways play a pivotal role in anti-inflammatory effects of ka-
lopanaxsaponin A in LPS-stimulated microglia.
Kalopanaxsaponin A is a main constituent of Kalopanax
pictus, which has been used as a tonic, analgesic, antirhe-
matic and antidiabetic agent. Previous studies demonstrated
that administration of kalopanaxsaponin A exhibited potent
antiedema effect and reduced vascular permeability in rat
rheumatoid arthritis model (Kim et al., 2002a). In streptozocin-
induced diabetic rats, kalopanaxsaponin A decreased serum
glucose, cholesterol and lipoprotein levels (Park et al., 1998).
A recent study reported that oral administration of kalopanax-
saponin A improved TNBS-induced colitis symptoms including
diarrhea and colon shortening (Joh and Kim, 2011). In vitro
studies by using peritoneal macrophages showed that kalo-
panaxsaponin A inhibited NO, TNF-a, and COX-2 expressions

http://dx.doi.org/10.4062/biomolther.2013.069

by suppressing IRAK-1, IKK-B/NF-kB and all the three types
of MAP kinase activities (Joh and Kim, 2011). Therefore, the
anti-inflammatory effects of kalopanaxsaponin A were ob-
served in both the microglia and macrophage cells. However,
the underlying molecular mechanisms appear to be somewhat
different probably due to cell-specificity.

A recent study reported that kalopanaxsaponin A improved
scopolamine-induced memory deficits by inhibiting acetylcho-
line esterase activity and inducing BDNF and p-CREB ex-
pressions in the mouse brain (Joh et al., 2012). In addition,
kalopanaxsaponin A inhibited TNF-a. expression in the brain
of scopolamine-treated mice. The results suggest that kalo-
panaxsaponin A may be effective for CNS disorders. There-
fore, the strong anti-inflammatory effects of kalopanaxsaponin
A may provide a potential therapeutic modality for neurode-
generative diseases that are accompanied by microglial ac-
tivation.
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