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Abstract

Siegesbeckia orientalis linne in
traditional herbal textbooks is pointed as
one of medicinal foods to remove painful
and inflammatory status. However, its
anti-inflammatory potential has not
evidently been clarified. The aim of this
study is to investigate anti-inflammatory
responses and their related mechanisms
in inflammatory cells or mice pretreated
with S. orientalis ethanol extract (SOE).
In cell culture experiments, RAW?264.7
cells were pretreated with SOE and
stimulated with lipopolysaccharide

(LPS). To evaluate the anti-inflammatory
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potential of SOE, production of nitric
oxide (NO), interleukin (IL)-6 and tumor
necrosis factor (TNF)-a were assayed.
In animal experiments, ICR or BALB/
¢ mice were tube-fed with 10 or 32 mg
SOE/kg BW/day suspended in 100 pl
sunflower oil for 1 week. Mice were s.c.
injected with A-carrageenan (the plantar
of the right paw) or i.p. injected with LPS
to simulate inflammation. The degree of
paw edema was assessed, and cytokine
profile in sera and mouse survival were
recorded. Experimental results showed
that SOE significantly reduced NO, IL-6
and TNF-a production in LPS-stimulated

RAW264.7 cells. In vivo studies



demonstrated that mice supplemented
with 32 mg SOE/kg BW/day significantly
lowered the serum IL-6 level and resulted
a higher survival rate compared with
that of the control group (p = 0.019). In
the paw edema model, treatment with
SOE reduced significantly the degree
of paw swelling after A-carrageenan
challenge. In summary, the /n vitro and
in vivo evidence indicates that SOE
can attenuate local and systemic acute
inflammation by inhibiting inflammatory
mediators, such as NO and IL-6, via
suppression of MAPKs- and NF-kB-
dependent pathways.

Keywords: Siegesbeckia orientalis linne,
anti-inflammatory activity, macrophage,

in vivo test, cytokine, NF-kB, MAPKs
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7. Introduction

—————————
Growing evidence suggests that
systemic inflammation is associated
with increased risk of chronic diseases
[1, 2]. The mechanisms of inflammation
may involve activation of macrophages
and T lymphocytes, as well as the
release of pro-inflammatory mediators,
including tumor necrosis factor (TNF)-a,
interleukin (IL)-1, IL-6, nitric oxide (NO),
and prostaglandin E2 (PGE2) that amplify
the inflammatory activity [3]. Appropriate
production of these mediators promotes
effective innate immune response;
however, excessive inflammation
may cause such conditions as chronic
inflammation, sepsis, and even death [4].
The dietary application of natural
products, including food materials and
Chinese medicinal herbs, has been
proposed that may prevent inflammatory
diseases [5, 6]. Herba Siegesbeckiae, one
of common Chinese medicinal foods, has
been used to treat rheumatoid arthritis,
malaria, and snakebite based on its ability
to dispelling wind, eliminating dampness,

and strengthening the sinews [7]. To



date, three originals, Siegesbeckia
orientalis Linne, Siegesbeckia pubescens
Makino, and Siegesbeckia glabrescens
Makino have been identified. Among
them, S. orientalis has been reported to
have anti-rheumatic [8], anti-allergic
[9], and immunosuppressive activities
[10]. S. orientalis’s pure component,
kirenol, was also found to have a
topical application on the attenuation
of skin inflammation in murine models
[11]. However, S. orientalis via oral
administration has not been reported
regarding its in vivo anti-inflammatory
activity and related mechanisms.
Therefore, this study investigates the
anti-inflammatory responses and their
related mechanisms in inflammatory
cells or mice pretreated with ethanol

extract from S. orzentalis (SOE).

2. Materials and Methods

. _______________________________________________________________|
2.1. Plant materials

The S. orientalis Linne samples
were purchased from a local herbal

store (Yuanshan Company, Kaohsiung,
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Taiwan). In this study, the samples were
freeze-dried and then ground into powder.
The dried powder (9.3 kg) was extracted
with a 5-fold volume of 95% ethanol by
stirring at room temperature for 1 day.
This step was repeated three times. The
extracted solutions were collected and
filtered through filter paper. The SOE was
acquired by removing solvent vza a rotary
evaporator and dried in a freeze-drier.
The dry weight of this extract was 489
g, and the yield was 5.3%. The SOE was
dissolved in dimethyl sulfoxide (DMSO)
for cell culture test, and was dissolved in
sunflower oil for tube feeding in the mice
experiment.
2.2. Cell culture

The RAW264.7 cells (Bioresource
Collection and Research Center; Hsinchu,
Taiwan) were cultured in Dulbecco’s
modified Eagle’s medium (DMEM-F12)
supplemented with 10% inactivated fetal
bovine serum, 0.01% glutamine, 1%
penicillin/streptomycin, 0.02% sodium
bicarbonate, pH 7.2-7.4. The cells were
cultivated in a humidified incubator at
37°C with 5% CO2 and 95% air. In this
experiment, the RAW264.7 cells were



seeded on 6-cm dishes at a cell density

of 7 x 10° cells/ml for western blotting
assay, or on 96-well plates at a cell
density of 5 x 10* cells/well for culture
medium test. The cells were then
pretreated with various concentrations of
SOE for 1 h before adding 1 pg/ml LPS for
the indicated assay. In the western blotting
assay, the cell lysate was collected for
detection of target proteins after 1 h (MAP
kinase family) or 12 h (iNOS) stimulation.
In the culture medium test, culture
supernatants were harvested for analysis
of the production of pro-inflammatory
mediators after stimulation for 48 h. The
cell viability was evaluated using the
MTT method. The medium solution was
removed after cultivation. An aliquot of
100 pl of DMEM medium containing 1
mg/ml of 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT)
was loaded to the plate. The cells were
incubated for 3 h, and then the medium
solution was removed. An aliquot of
100 pl of DMSO was added to the plate,
which was shaken until the crystals
dissolved. The cytotoxicity against

cells was determined by measuring the
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absorbance of the converted dye at 570
nm in an ELISA reader.
2.3. NO determination

Griess reagent was freshly prepared
from reagents A (1% sulfanilamide in
2.5% phosphoric acid) and B (0.1% N-1-
naphthylethylenediamide dihydrochloride
in water) at a ratio of 1:1. An equal volume
of Griess reagent was added to supernatants
from cells treated with test samples in a
96-well plate for 10 min. Absorbance was
measured by an ELISA reader at 540 nm.
The NO concentrations were determined
using a NaNOz standard curve.
2.4. Cytokine production assay

Production of cytokines TNF-a
and IL-6 in cell supernatants and mice
serum was assayed using a commercial
ELISA kit (eBioscience, Minneapolis,
MN, USA). Briefly, primary anti-IL-6 or
TNF-a antibodies were coated onto 96-
well plates. After overnight incubation,
plate wells were washed with washing
buffer and blocked with blocking
solution for 1 h. After washing, diluted
supernatants or sera were added to wells
for 2 h incubation. Next, wells were

washed with washing buffer and biotin-



conjugated anti-IL-6 or TNF-a antibody
was added for 1 h.The wells were then
washed and horseradish peroxidase-
conjugated streptavidin was added for
30 min, washed, and incubated with
tetramethylbenzidine (TMB; Clinical
Science Products, Mansfield, MA, USA).
Absorbance was measured by an ELISA
reader at 620 nm. Data were calculated
according to standard curves of cytokines.
2.5. Experimental animals

Six-week-old-female BALB/c mice
and 7-week-old-female ICR mice were
purchased from the National Animal
Center (Taipei, Taiwan). These mice were
maintained in an air-conditioned room at
23 + 2°C on a regulated 12-h light-dark
cycle. They were fed a non-purified diet
(Lab Rodent Chow 5001, Ralston Purina
Inc., St. Louis, MO, USA) for adaptation.
At age of 9 weeks, the mice were started
on dietary treatment.
2.6. SOE treatment prior to A-carrageenan-
Induced paw edema

To identify the effects of the SOE on
local acute inflammation, 28 9-week-old ICR
mice were divided randomly into four groups:

the control group (n = 8), the LSOE group (n
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= 8), the HSOE group (n = 8), and the IND
group (n = 4, positive control). The control
and the IND groups were tube-fed daily with
100 pl sunflower oil, while the LSOE and the
HSOE groups were tube-fed daily with 10
and 32 mg SOE/kg BW in 100 pl sunflower
oil, respectively. All mice also had free access
to chow diet and water. After tube feeding
with either sunflower oil or SOE for 1 week,
50 pl of 2% A-carrageenan (in saline) and 50
ul saline was injected subcutaneously (s.c.)
into the right paw and left paw plantar of each
mouse, respectively. Mice in the IND group
were s.c. injected with 20 mg indomethacin/
kg BW 3 h before A-carrageenan challenge.
After each A-carrageenan injection, paw
volume was measured at 1-hour intervals
using a plethysmometer (Apelex 7150, Massy,
France). The stimulation index (S.1.) was used
to express the degree of murine paw edema,
which was calculated as:

S.I. = the volume of right paw
(carageenan injection)/the volume of left
paw (PBS injection)

2.7. SOE treatment prior to LPS-
induced systemic inflammation

Forty-five 9-week-old BALB/c mice

were divided randomly into four groups: the



control group (n = 13), the LSOE group (n
= 12), the HSOE group (n = 12), and the
PDTC group (n = 8, positive control). All
mice were fed chow diet and supplemented
with 100 pl sunflower oil daily. Their
experimental doses and treatment durations
were the same as those in the A-carrageenan
experiment. After 1 week of tube-feeding,
all mice were injected intra-peritoneally
(1.p.) with 15 mg LPS/kg BW to induce
systemic inflammation. Mice in the PDTC
group were 1.p. injected with 50 mg PDTC/
kg BW, a dose with anti-inflammatory
effects, 1 h before LPS challenge. Sera were
collected at 2 and 9 h after LPS challenge
for cytokine assay. The life spans of all
mice were also recorded.
2.8. Statistical analysis

Each experiment was performed at
least three times. The data are expressed
as the means £ SD. The significant
difference compared to the control group
was statistically analyzed by the Student’s
t-test using the SAS software program
(SAS/STATA version 8.2; SAS Institute,
Cary, NC, USA). Statistical comparison
between different survival curves was

analyzed by Cox’s proportional hazards
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regression test (STATA version 9.0; Stata
Corp., TX, USA). The relationship was
analyzed by the simple correlation of the
SAS program. Statistical significance is

expressed as P < 0.05.

3. Results

3.1. In vitro anti-inflammatory effects
of SOE

Notably, NO is endogenously
synthesized by inducible nitric oxide
synthase (iNOS) through activated
NF-xB and MAPK and is strongly
related to inflammatory responses.
Because formation of NO can induce
inflammation, this study first determined
whether SOE suppresses NO generation
in LPS-stimulated RAW264.7 cells. As
presented in Fig. 1A, SOE suppressed
NO production dose-dependently.
Compared to the Control, NO production
was inhibited by 57+£7% at the SOE
concentration of 50 pg/ml. Next,
the inhibitory effects of SOE on the
production of pro-inflammatory cytokines
were examined. Experimental data shown

in Fig.1A indicate that LPS-stimulated



IL-6 production was inhibited markedly
by SOE pretreatment in a dose-dependent
fashion. Consistent with the IL-6
result, SOE significantly inhibited the
production of TNF-a dose-dependently.
The SOE significantly reduced iNOS
protein expression (Fig. 1B). These data
indicate that the inhibitory effect of
SOE on NO production is related to its
suppression on iNOS protein expression.
The cytotoxicity of SOE on LPS-induced
RAW264.7 cells was also assessed
using the MTT assay. Cell viability did
not decrease after incubation for 48 h
with SOE up to 50 pg/ml, indicating
that SOE is not cytotoxic to cells within
this concentration range (Fig. 1C).
3.2. In vivo effects of SOE on
inflammatory conditions

Animal experiments were conducted
to determine whether 1-week gavage of
SOE at the indicated dose ameliorates
A-carrageenan-induced and LPS-stimulated
inflammation. Experimental results shown
in Fig. 2A indicate that the high dose of
SOE (HSOE, 32 mg/kg BW/day) reduced
the degree of paw edema at 4 h after

A-carrageenan challenge. For systemic
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inflammation, only half of the control
group mice survived at 26 h after LPS
challenge, but approximately 75% of mice
in the HSOE group were alive at the same
time point. At 36 h after LPS challenge, no
mouse in the control group survived, but
around 30% of those in the HSOE group
survived (Fig. 2B). The survival rate of the
HSOE group was significantly higher than
that of the control group according to the
COX’s proportional hazards regression test
(p =0.019).

This study examined the level of
IL-6 and TNF-a at 2 h and 9 h after
LPS challenge. The HSOE group had
significantly lower serum IL-6 levels
at 2 and 9 h after LPS challenge (Table
1). The PDTC group, a positive control
group, had significant lower levels of
cytokines than the control group.

3.3. In vitro effects of SOE on NF-xB
activation and MAPK phosphorylation

As NF-xB pathway is closely
related to the expression of iNOS and
pro-inflammatory cytokines, modulation
of SOE on NF-kB activation was
examined. Figure 3 shows Western blot

results for LPS-induced RAW264.7 cells



Table 1  Effects of SOE pretreatment on sera cytokine production in LPS-challenged micea

Group IL-6 (ng/ml) TNF-a(ng/ml)

At 2 h after LPS challenge

Control 318+ 102 299 +1.52
LSOE 257 £89.5 4.32+2.62
HSOE 205 + 102* 3.51+2.04
PDTC 202 £ 117* 1.47 +£0.32%*
At 9 h after LPS challenge
Control 151+ 125 0.63 + 0.50
LSOE 139 + 88.7 0.56 £ 0.26%
HSOE 81.3 £46.5*% 0.52 + 0.35#
PDTC 27.9 + 15.4%* 0.25+0.12*

4Sera at 2 h and 9 h after LPS injection were collected for cytokines assay. The
cytokine production in serum was assayed by ELISA kits. Values are means + SEM.
#0.05<p< 0.1, *p<0.05, or **p<0.01, significantly different from the control group

analyzed by Student's ¢-test.

under treatment with different SOE
concentrations. The SOE significantly
suppressed phosphorylation of IkB-a
and induced IkB-a expression in a dose-
dependent manner. Consistently, SOE

reduced the degree of phosphorylation of
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NF-kB when treatment dose increased.
These analytical results suggest that
SOE inhibits LPS-induced NF-«xB
activation by blocking the degradation
of [kB-a. To further investigate whether

inhibition of NF-kB activation and



inflammatory mediators by SOE 1is
modulated by the MAPK pathway,
the effects of SOE on LPS-induced
phosphorylation of ERK1/2, p38,
and JNK were examined. The SOE
significantly reduced phosphorylation
of ERK1/2, p38, and JNK in a dose-
dependent fashion (Fig. 4).

4. Conclusions

I

In summary, 7/n vivo evidence
suggests that SOE has significant
inhibitory effects on local and systemic
acute inflammation, while 7/n vitro data
reveal that SOE could block activation of
NF-kB and MAPKs, thereby inhibiting
the induction of iNOS expression and
the release of inflammatory cytokines.
Taken together, this study demonstrates
that SOE is a medicinal food material

capable of preventing inflammation.
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Fig. 1. Effects of SOE on pro-inflammatory mediators production, iNOS expression and cell
viability in LPS-stimulated RAW264.7 macrophages. Cells were pretreated with SOE for 1 h,
and then stimulated with 1 pg/ml LPS for 12 h (iNOS) or 24 h (pro-inflammatory mediators).
(A) Production of IL-6 and TNF-0 were measured by an ELISA kit. The nitrite concentration
was analyzed using Griess reagent. (B) The expression of the iNOS protein was determined
by Western blotting analysis. The iNOS level was quantified by densitometric analysis using
the Quantity One® software (Bio-Rad). (C) Cell viability was determined by MTT assay. A
significant difference from the control (LPS alone) was indicated as *p<0.05, **p<0.01, or

**%p<(0.001 by Student's ¢-test.
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Fig. 2. Effects of SOE pretreatment on A-carrageenan-induced paw edema and mouse
survival in LPS-challenge model. (A) The ICR mice tube-fed without (control or IND) or
with the indicated dose of SOE (10 or 32 mg/kg BW/day) for 7 days were s.c. injected with
A-carrageenan into right paw plantar, and the degree of mice paw edema was recorded. The
positive control mice were s.c. injected with indomethacin (20 mg/kg BW) at 3 h before
A-carrageenan challenge. A significant difference from the control was indicated as *»<0.05 or
**p<0.01 by Student's -test. (B) The BALB/c mice tube-fed without (control or PDTC) or with
the indicated dose of SOE (10 or 32 mg/kg BW/day) for 7 days were i.p. injected with LPS,
and mouse survival was recorded. The positive control mice were i.p. injected with PDTC (50
mg/kg BW) at 1 h before LPS challenge. The LSOE, HSOE and PDTC positive control groups
had increased survival using the COX's proportion hazards regression test (p = 0.027, 0.019
and 0.006, respectively).

64



100 |

gk

60 |

40

100 |

80 |

60

40 |

20 +

p-NF-kB/NF-xB level (%) p-lkB-a/lkB-o level (%).
O

0

-heB-cx

p-NF-kB - —
NF-D [ i e ——

[l-actin |We—— — — —

LPS - + + + +
SOE ing/ml) O (1] 30 40 &0

85 kDs

&2 kDe

43 kDg

Fig. 3. Effects of SOE on the expression of p-IkB-a and p-NF-kB in LPS-stimulated
RAW264.7 cells. Cells were pretreated with the indicated doses of SOE for 1 h, and then
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