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Objective: To investigate the anti-inflammatory effects and the action mechanism of the
fruits of Hovenia dulcis (H. dulcis) in lipopolysaccharide (LPS)-induced mouse macro-
phage Raw 264.7 cells.

Methods: The extract of H. dulcis fruits (EHDF) were extracted with 70% ethanol.
Mouse macrophages were treated with different concentrations of EHDF in the presence
and absence of LPS (1 pg/mL). To demonstrate the inflammatory mediators including
nitric oxide, inducible nitric oxide synthase and cyclooxygenase (COX)-2 expression
levels were analyzed by using in vitro assay systems. COX-derived pro-inflammatory
cytokines including interleukin-1f, tumor necrosis factor-¢. and prostaglandin E, were
determined using ELISA kits. Cell viability, heme oxygenase-1 expression, nuclear
factor-kappaB and nuclear factor Ej-related factors 2 translocation were also investigated.
Results: EHDF potently inhibited the LPS-stimulated nitric oxide, inducible nitric oxide
synthase, COX-2, interleukin-1B and tumor necrosis factor-o. expression in a dose-
dependent manner. EHDF suppressed the phosphorylation of inhibited kappaB-alpha
and p65 nuclear translocation. Treatment of macrophage cells with EHDF alone
induced the heme oxygenase-1 and nuclear translocation of nuclear factor E2-related
factor 2.

Conclusions: These results suggest that the ethanol extract of H. dulcis fruit exerts its
anti-inflammatory effects by inhibiting inhibited kappaB-alpha phorylation and nuclear
translocation of nuclear factor-kappaB.

1. Introduction

such as harmful chemicals and bacterial infection [11. The
inflammatory processes which are characterized by leukocyte

Inflammation is the first response of body immune system  recruitment and macrophages are considered to play a critical
which is triggered by exogenous pathogens, external stimuli  role in the initiation and development of inflammation [2-5]. In
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interleukin-13  (IL-1B) and interleukin-10, as well as
macrophage-derived inflammatory mediators such as nitric ox-
ide (NO) and prostaglandin E; (PGE;) [6.7]. Inducible nitric
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production during inflammation and cyclooxygenase-2 (COX-
2) enzyme is considered to be responsible for the expression of
PGE; in inflammatory progress [8].
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Nuclear factor-kappaB (NF-kB), a protein complex, is one of
the most ubiquitous transcription factors. The phosphorylation of
NF-kB plays a key role in regulating the inflammatory responses
9. NF-kB is constitutively localized in the cytoplasm as a
homodimer or heterodimer in normal cells, which is activated
by a family of inhibitory factors called inhibitory-factor kappaB
(IkB) [10]1. When cells are under inflammatory condition, NF-kB
is activated and subsequently translocated into the nucleus,
followed by amplification of the inflammatory response by
overexpression of several inflammation related genes including
iNOS, COX-2 and TNF-o [11.12].

Oxidative stress is potently associated with the process of
inflammation not only through injurious effects, but also by the
host defense against invading microbes [13]. There are many
enzymatic anti-oxidants and anti-inflammatory systems in the
host defense including phase II detoxifying enzymes and the
expression of stress response proteins such as heme oxygenase-
1 (HO-1) [14.15]. HO-1, which belongs to the heat shock protein
family, is catalyzed by the oxidation of heme to the biologically
active products such as carbon monoxide, biliverdin, and
ferrous iron (Fe2+) [16,17]. Hence, HO-1 is considered to
contribute in diverse immune responses through anti-oxidation
and anti-inflammation activities in the human body [18].
Nuclear factor E2-related factors 2 (Nrf2), as well known
HO-1 promotor, is a basic leucine zipper transcription factor
that regulates phase II enzyme by induction of detoxitying
genes through anti-oxidant response elements [19]. An
increasing number of reports have also suggested that Nrf2
play a predominant role by interacting with cognate DNA-
binding domains [20.21].

Hovenia dulcis (H. dulcis) Thunb. (Rhamnaceae), mainly
found in China, Japan and Korea, has been widely used as a
valuable crude drug to treat various diseases such as hepatitis
and diabetes [22]. Recently, several studies indicated that the
H. dulcis extract contains an extensive of pharmacological
compounds, such as alkaloids, flavonoids, and triterpenoids
(23]. However, the precise mechanisms responsible for the
suppression of LPS-stimulated inflammatory response by the
ethanol extract of H. dulcis fruits (EHDF) remains unclear. This
study demonstrated the bio-pharmacological mechanisms of
EHDF, and functions for these anti-inflammatory -effects.
Furthermore, the study investigated that EHDF have anti-
inflammatory effects in LPS-induced Raw 264.7 macrophage
cells through the Nrf2-dependent HO-1 induction. In addition,
EHDF strongly inhibited LPS-induced NO production via the
direct down-regulation of iNOS, and the study also showed the
Nrf-dependent HO-1 up-regulation. These results suggest that
EHDF is a potential Nrf-dependent HO-1 regulator for anti-
inflammatory activities.

2. Methods and materials
2.1. Chemicals and reagents

Dulbecco's Modified Eagle's Medium was purchased from
Invitrogen (Carlsbad, CA, USA) and fetal bovine serum from
Gibco BRL (Gaithersburg, MD). ELISA kits were purchased
from R&D Systems Inc. (Minneapolis, MN, USA). Tin proto-
porphyrin IX (SnPP) was from Porphyrin Products (Logan, UT,
USA). Primary antibodies, including anti-HO-1, anti-COX-2,
anti-iNOS, anti-IkB, anti-p-IkB, anti-NF-kB (p65), anti-Nrf2

and secondary antibodies were purchased from Santa Cruz
Biotechnology (Santa Cruz, CA, USA). DAPI (4’,6-diamidino-
2phenylindole) was from Molecular Probes (Invitrogen, Carls-
bad, CA, USA). Other chemicals for this study were obtained
from Sigma-Aldrich (St. Louis, MO, USA) unless indicated
otherwise.

2.2. Plant material and preparation of ethanol extracts

The fruits of H. dulcis Thunb. (Rhamnaceae) were pur-
chased from Daehak Hanyakguk, lksan, Korea in 2014. A
voucher specimen (no. 14-MRC-220AP) was authenticated by
Dr. Sun-Dong Park, college of Korean Medicine, Dongguk
University (Korea). The specimens were deposited at the
College of Korean Medicine, Dongguk University. Dried fruits
of H. dulcis (50 g) was extracted with 70% ethanol (300 mL) at
Soxhlet extraction for 3 h, and the extract was concentrated in
vacuo to obtain a 70% ethanol extract (2.31 g). Ethanol extract
was suspended in H;O and centrifuged at 2 500 rpm for
30 min. Precipitate was dissolved in ethanol, and evaporated in
vacuo to obtain an extraction (696 mg). For each experiment,
EHDF was dissolved in dimethylsulfoxide (final culture con-
centration, 0.05%). Preliminary studies indicated that the sol-
vent had no effect on the cell viability at the concentration
used.

2.3. High-performance liquid chromatography (HPLC)

Chromatographic experiments were performed on YL-9100
series HPLC instrument equipped with a sample injector and a
photodiode array UV/Vis detector (PDA) (YoungLin, Korea).
For all experiments, an SHISEIDO CAPCELL PAK C-18 col-
umn (4.6 nm x 250 nm, 5 wm, SHISEIDO CO., Tokyo, Japan)
was used as the stationary phase, and the injection volume was
20 pL. The mobile phase was composed of water (contain 0.1%
formic acid) and methanol, with an applied gradient of 10% B
increasing to 100% B in 40 min. The column was cleaned with
100% B for 10 min. Flow rate was 0.7 mL/min, and the
detection wavelength was adjusted to 254 nm.

2.4. Cell culture and viability assay

RAW 264.7 macrophages were purchased from American
Type Culture Collection (Rockville, MD, USA). The cells were
cultured in Dulbecco's Modified Eagle's Medium, supplemented
with 10% heat-inactivated fetal bovine serum and 1% penicillin—
streptomycin and maintained in a humidified incubator at 37 °C,
5% CO;. To assess the cell viability caused by EHDF, 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
assay was used. The cells were suspended in 96 well plates at
4 x 10° cells/mL, and treated with varying EHDF. After pre-
treatment of EHDF, cells were incubated for 24 h, and the su-
pernatant was removed. Ten UL of MTT solution (5 mg/mL) in
90 pL of serum-free medium was treated for additional 4 h. The
formazan was dissolved in dimethylsulfoxide, and the absor-
bance was measured at 517 nm.

2.5. Nitrite assay

The cells were pre-treated with EHDF for 30 min, with or
without LPS (1 pg/mL). 100 pL of each supernatant from EHDF
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treated well were responded with an equal volume of the Griess
reagent [1% sulfanilamide/0.1% N-(1-naphthyl)-ethyle-nedi-
amine dihydrochloride/2.5% H3PO4] at room temperature for
10 min. The nitrite concentration was determined by measuring
the absorbance at 540 nm with a microplate reader, and calcu-
lated using a standard curve of sodium nitrite.

2.6. TNF-o, IL-103 and PGE; ELISA assay

RAW 264.7 cells were pre-incubated with various concen-
trations of EHDF for 12 h, and then stimulated for 18 h with
LPS. The supernatants of each well were harvested, and contents
of cytokines including TNF-a., IL-1$ and PGE, were evaluated
using ELISA kit as per the manufacturer's instructions (R&D
Systems).

2.7. Preparation of nuclear and cytosolic fractions

The cells treated with or without EHDF were harvested and
washed with PBS. The pellets were resuspended using NE-
PER™ nuclear and cytoplasmic extraction reagents (Thermo
Scientific, IL, USA) according to the manufacturer's in-
structions. Briefly, the cytosolic fraction of cells were prepared
by centrifugation at 15 000 g for 5 min at 4 °C, and the super-
natant was transferred to a clean tube. Subsequently, the nuclear
fractions were prepared by centrifugation at 15 000 g for 10 min
at 4 °C. The nuclear and cytoplasmic extracts were then stored
at —80 °C, until further use. The amounts of proteins in each
extract were quantified using the bicinchoninic acid protein
assay kit (Pierce, Thermo Scientific).

2.8. Western blot analysis

Cells were harvested by centrifugation at 3 000 g for 5 min,
and the cell pellet was collected and washed twice with ice-
cold PBS. The cell pellet was dissolved in PRO-PREP™
Protein Extraction Solution (iNtRON Biotechnology, Inc.),
and the concentrations of proteins were measured by bicin-
choninic acid protein assay kit (Pierce). The cell lysates were
separated by 10% sodium dodecyl sulfate polyacrylamide gel
electrophoresis with an equal volume, and then transferred
onto polyvinylidene fluoride membrane. After blocking at
room temperature for 1 h, with 5% skimmed milk powder in
Tris-Buffered Saline Tween-20 (10 mM Tris—HCI, pH 7.6,
150 mM NaCl, 0.05% Tween-20), the blots were incubated
with iNOS, COX-2, Nrf2, NF-kB (p65), lamin B, B-actin,
phospho-IkB-a, IkB-a, HO-1 polyclonal antibodies at 4 °C for
overnight. After incubation with secondary antibodies conju-
gated with horseradish peroxidase at room temperature for 1 h,
the bands were visualized with enhanced chemiluminescence
(Amersham Bioscience, Buckinghamshire, UK). The intensity
of the bands was quantified with Fusion FX7 chem-
iluminescence imaging system (Vilber Lourmat, Marne-la-
vallée, France).

2.9. Immunofluorescence microscopy
For localization of NF-kB and Nrf2, Raw 264.7 macrophages

were grown on Lab-Tek II chamber slides (Nunc, Thermo Sci-
entific). The day after plating macrophages on coverslips with or

without of EHDF at a different concentrations in the presence
and absence of LPS (1 pg/mL), the cells were fixed in methanol
for 10 min at —20 °C. The cells were then permeabilized in PBS
containing 1% Triton X-100 for 10 min Nrf2 antibody followed
by fluorescein isothiocyanate-labeled secondary antibody (Santa
Cruz Biotechnology). And the coverslips were mounted on glass
slides using Dako Fluorescent mounting medium. And observed
using a Zeiss fluorescence microscope (ProvisAX70, Olympus
Optical Co., Tokyo, Japan).

2.10. Statistical analysis

The results are expressed as mean + sd. Experimental data
were analyzed using Graph Pad Prism version 5.0 software. The
significance was assessed with a one-way ANOVA test with
tukey's multiple comparison, and P < 0.05 was considered
significant. Each experiment was performed at least 3 times
using samples from different preparations.

3. Result
3.1. HPLC analysis of EHDF

Data from the HPLC analysis of EHDF were recorded in the
form of chromatograms by monitoring detector responses at
254 nm. As shown in Figure 1, the results indicated that two
bioactive components of H. dulcis observed were kaempferol
and quercetin, which were mainly detected upon UV absorption.

3.2. Effect of EHDF on cell viability in Raw 264.7
macrophage

MTT assay was used to first investigate the effect of EHDF
on cell viability. As shown in Figure 2, exposures to the EHDF
at five different concentrations for 24 h caused little effect on the
macrophages. This result clearly revealed that the EHDF at the
highest test concentration (120 pg/mL) produced 25% reduction
of cell viability, whereas the extract at the lower concentrations
had no effects on the cell viability, proving that EHDF was safe
for the mouse macrophage Raw 264.7 cells. For all further ex-
periments, the macrophages were treated with EHDF in the
range of 5-100 pg/mL.

3.3. Effect of EHDF on iNOS and COX-2 expression in
Raw 264.7 macrophage

As shown Figure 3A, LPS stimulation significantly increased
the iNOS expression. However, pretreatment with the EHDF up
to 100 pg/mL had potently reduced the protein expressions of
iNOS in a dose-dependent manner. Next, study found that pre-
treated with non-cytotoxic concentrations (5-100 pg/mL) of
EHDF for 1 h strongly reduced the COX-2 enzyme levels on
LPS-stimulated macrophage cells in a dose-dependently manner
(Figure 3B).

3.4. Effect of EHDF on LPS-induced production of NO
and pro-inflammatory cytokines

Pretreatment of cells with 5 and 100 pg/mL of EHDF
dramatically reduced the NO production in LPS-stimulated Raw
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Figure 1. HPLC chromatogram of EHDF.
Kaempferol and quercetin were identified in the extract.

264.7 cells (Figure 4A). As shown in Figure 4B, the pre-
treatment of macrophages with EHDF for 18 h results in the
inhibition of IL-1f production. Under the same conditions,
EHDF also caused a decrease in TNF-o production in macro-
phage cells (Figure 4C). In addition, PGE; level in the super-
natants were determined by ELISA. As shown in Figure 4D,
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Figure 2. Effects of EHDF on cell viability.
Raw 264.7 cell viability was determined by the MTT assay. Cells were
treated with various concentrations of the ethanol extract of EHDF (5, 10,
50, 100 and 120 pg/mL) for 24 h. Values are expressed as percentage of the
control. All data represent the mean + SD of three different experiments.

Time

[min.]

EHDF a significant reduction of PGE; level was observed in the
medium.

3.5. Effect of the EHDF on LPS-induced NF-kB nuclear
translocation and IKB phosphorylation

As shown in Figure 5A, IkB-o. was degraded after treatment
with LPS at 1 pig/mL for 1 h, and this degradation was markedly
reduced by pre-treatment of the macrophage cells with various
concentrations of EHDF ranging from 5 to 100 pg/mL for 18 h.
On the other hand, pretreatment of the EHDF reduced the nu-
clear translocation of NF-kB and phosphorylation of IkB in the
cytoplasm. In addition, Figure 5B shown that LPS alone
significantly increased the translocation of NF-kB p65 subunits
to the nucleus in the cytoplasm. However, pre-treatment of
macrophages with 100 pg/mL of EHDF for 18 h results in the
reduction of p65 translocation.

3.6. Effects of EHDF on HO-1 expression and nuclear
translocation of Nrf2

As shown in Figure 6A, in cells treated for 18 h with various
concentrations of EHDF ranging from 5 to 100 pg/mL, we found
a concentration-dependent increase of HO-1 protein expression.
We also determined a time course-dependent HO-1 induction
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Figure 3. Effects of EHDF on LPS-induced expression of iNOS and COX-2 protein in Raw 264.7 macrophages.

Protein expression of iNOS and COX-2 in Raw 264.7 cells incubated with different concentrations of EHDF and with or without LPS (1 pg/mL) for 24 h
was examined by Western blot analysis. The graphs show a change in protein levels of iNOS and COX-2 (A and B). Values are expressed as a percentage of
the LPS-treated cells. All data represent the mean + SD of three different experiments. Asterisk indicates statistically significant difference between LPS-

treatment group (¥*P < 0.05; **P < 0.01).

was determined in the protein expressions level (Figure 6B).
Nrf2 is a well-known HO-1 regulator and coordinates the in-
duction of phase II enzyme genes. Therefore, we investigated
whether treating macrophage cells with EHDF induced nuclear
translocation of Nrf2. As shown in Figure 7A, at 100 pg/mL of
EHDF, the nuclear fractions of time course-treated macrophage
cells showed a gradual increase in Nrf2 levels at 0.5, 1.0, 1.5,
and 3.0 h. In addition, for localization of Nrf2, similar results
were also observed using immunofluorescence microscopy
(Figure 7B).
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3.7. Effects of EHDF-induced up-regulation of HO-1 on
the inhibition of pro-inflammatory mediators

As the pre-incubation of macrophages with EHDF resulted in
markedly inhibited LPS-stimulated production of pro-
inflammatory mediators (Figure 4), and EHDF was able to
induce the expression of HO-1 in a time and dose-dependent
manner (Figure 6). Therefore, to confirm the involvement of
HO-1 in the inhibitory effects of LPS-induced inflammation,
pro-inflammatory mediators were examined using SnPP.
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Figure 4. Effects of EHDF on LPS-induced NO and pro-inflammatory mediators levels in Raw 264.7 macrophages.

Raw 264.7 were pre-treated with different concentrations of EHDF for 12 h and stimulated with LPS (1 pig/mL) for 18 h. A, NO production was determined
using Griess reagent. B, C, and D, The production of the pro-inflammatory mediators including IL-1p, TNF-o. and PGE, were determined using by ELISA
kits. All data represent the means + SD of three different experiments. Asterisk indicates statistically significant difference between LPS-treatment group

(*P < 0.05; P < 0.01, ***P < 0.005).
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Macrophages were pre-treated with indicated concentrations of EHDF for
12 h, and stimulated with LPS (1 pg/mL) for 1 h. A, Western blot analysis
of p65 subunit of NF-kB in nuclear fractions of Raw 264.7 cells treated
with LPS (1 pg/mL) in the presence or absence of different concentrations
of EHDF. B, Immunofluorescence microscopy analysis was determined as

described in the Materials and methods sections.

Figure 6. Effects of EHDF on HO-1 expression in Raw 264.7 macrophages.
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Figure 7. Effects of EHDF on nuclear translocation of Nrf2.
A, Macrophages were incubated for indicated periods with 100 pg/mL of
EHDF. Western blot analysis for nuclear translocation Nrf2 expression was
performed as described in the Materials and methods sections. B, Immu-

nofluorescence microscopy analysis was determined as described in the
Materials and methods sections.
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Macrophage cells were treated with SnPP (50 uM) for 1 h,
followed by treatment with LPS (1 pg/mL) in the presence or
absence of EHDF at 100 pg/mL. As shown in Figure 8, SnPP
partially abolished EHDF suppression of LPS-induced produc-
tion of pro-inflammatory mediators including NO, IL-1f, TNF-o.
and PGE,.
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A, Macrophages were incubated for 18 h with different concentrations of EHDF. B, Macrophages were incubated for indicated periods with 100 pg/mL of
EHDF. Western blot analysis for HO-1 expression was performed as described in the Materials and methods sections. Data representative blots of three
independent experiments are shown. All data represent the mean + SD, and asterisk indicates statistically significant difference between control group

(**+xP < 0.005).
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Figure 8. HO-1 mediates the suppressive effect of EHDF on LPS-stimulated production of pro-inflammatory mediators.

Macrophages were pre-treated with EHDF (100 pig/mL) for 12 h in the presence or absence of SnPP (50 M), and stimulated with LPS (1 pg/mL) for 12 h.
SnPP was pre-treated with macrophages for 3 h in this experiment. NO, IL-1f, TNF-0. and PGE, are represented as mean + SD, and asterisk indicates
statistically significant difference between indicated group (*P < 0.05, ***P < 0.005).

4. Discussion

H. dulcis Thunberg (Rhamnaceae) is mainly found in China,
Japan, and Korea, and is commonly used as a folk remedy in the
form of tea and dietary supplements to promote health. Several
reports suggested that the fruit of H. dulcis has detoxification
properties on alcohol poisoning, hepatoprotective effect, anti-
oxidant and antidiabetic activities [24-27]. Recently, the major
biologically active components identified in the fruits of
H. dulcis were myricetin and quercetin [23.27]. However,
underlying mechanisms to explain the anti-inflammatory ef-
fects of H. dulcis fruits remain unknown. In this study, we
investigated the anti-inflammatory effects of the ethanol EHDF
in LPS-induced mouse macrophage Raw 264.7 cells. Inflam-
mation is a defense mechanism that living organisms use to
protect themselves from various external infections [11. The
inflammatory response is well known to be regulated by
central inflammatory responses proteins such as iNOS and
COX-2 [28.29]. Furthermore, macrophages play a critical role
in both the inflammatory responses and overproduction of pro-
inflammatory mediators such as NO, PGE,, and cytokines [30-
32]. It has been implicated in several inflammation-related dis-
eases including atherosclerosis, cancer, arthritis and autoimmune
diseases [33.34]. Our major finding is that the ethanol EHDF
suppresses NO production. NO is up-regulated in activated
LPS-treated macrophage cells, and is secreted during extracel-
lular space gas formation. Also, we demonstrated that the pre-
treatment of different concentrations of EHDF (5-100 pg/mL)
results in the suppressed expression of iNOS and COX-2 en-
zymes. In this study, EHDF also potently inhibited various LPS-
induced pro-inflammatory mediators, such as IL-1f, PGE, and

TNF-a in a dose-dependent manner. These results suggest that
EHDF exerts its anti-inflammatory effects by down-regulating
pro-inflammatory enzymes, and by the suppression of inflam-
matory mediators in the macrophages, in the absence of LPS
stimulation.

Pro-inflammatory cytokines are significant transcription fac-
tors for inflammatory response associated enzymes including
NF-kB [35]. NF-kB is also a transcription factor controlling the
gene  expressions  involving responses  and
inflammation  [9.36].  Therefore, regulation by NF-kB
translocation might be considered a major therapeutic target
for the treatment of inflammatory diseases [2.37]. This study
evaluated the effects of EHDF on phosphorylation and
degradation of IkB-a and nuclear translocation of NF-kB p65
induced by LPS, and observed that they were significantly
reduced after the pre-treatment of macrophages. One of
possible explanations for the inhibitory role of EHDF in pro-
inflammatory mediator production in LPS-induced macrophage
cells is that EHDF may interrupt the interaction of LPS to re-
ceptors. These findings were similar to those shown in the
previously studies [32].

HO-1 participates in maintaining cellular homeostasis and
plays an important role in reducing oxidative injury and atten-
vating the inflammation in macrophage and tissues [18]. A
growing body of evidence shows that HO-1 directly represses
inflammatory responses by down regulation of inflammatory
mediators such as NO, PGE,, IL-B, and TNF-a. [14.38]. The HO-1
gene also can be transcriptionally activated by Nrf2 and NF-kB
[39]. When Nrf2 is activated by oxidative stress such LPS,
electrophiles and harmful chemicals, it translocates to the
nucleus and bind to its cis-acting response [40]. Other previous

immune
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studies have demonstrated that the Nrf2-dependent activation of
antioxidant systems reduces inflammation [30.41]. In addition,
our results suggest that EHDF can activate Nrf2 by promoting
the dissociation of the Nrf-2 and subunit complex, resulting in
the induction of HO-1 activity. Furthermore, our study clearly
demonstrates that treatment with SnPP reverses the inhibitory
effects of EHDF on NO, PGE,, IL-1f, and TNF-o. secretion.

In conclusion, EHDF, the ethanol EHDF, showed potent anti-
inflammatory functions on LPS-stimulated macrophage activa-
tion via the Nrf2-mediated up-regulation of HO-1 and inhibition
of NF-kB signaling. These finding suggest that EHDF might be
a potent agent for further investigation in the treatment of
inflammation related diseases.
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