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Abstract

Inflammation plays a fundamental role in the development and complications of
atherosclerosis. Leukocyte recruitment and expression of pro-inflammatory cytokines
characterize early atherogenesis and malfunction of inflammatory mediators mutes
atheroma formation. Recently, several different pharmacological strategies for
preventing atherosclerosis have been established, including antioxidants and
anti-inflammatory agents.

Glossogyne tenuifolia is a native traditional anti-inflammatory herb in Taiwan. It
has previously been shown that the ethanol extract of G. tenuifolia (GT) inhibited the
LPS-induced inflammatory mediator release from murine macrophage cell line and
human whole blood. In the present work, the ethanol extracts of G. tenuifolia and its
major constituent, luteolin-7-glucoside, were shown to be scavengers of
1,1-diphenyl-2-picrylhydrazyl, superoxide, and hydroxyl radicals. Moreover,
copper-induced low density lipoprotein oxidation was suppressed by GT and
luteolin-7-glucoside as measured by decreased formation of malondialdehyde and
conjugated diene as well as reduced electrophoretic mobility. GT and
luteolin-7-glucoside were also against f-MLP induced reactive oxygen species (ROS)
production in human polymorphonuclear neutrophils and peripheral blood mononuclear
cells (2).



Sword brake fern (Pteris ensiformis Burm.) is an ingredient in most of the
traditional herbal beverage formulas in Taiwan. The aim of this study is to elucidate the
molecular pharmacological activity in the aqueous extract of sword brake fern (SBF).
We found that SBF (0.05-0.25 mg/ml) dose dependently suppressed LPS-induced
TNF-a, IL-1B3, IL-6, NO and PGE; in activated RAW264.7 cells without exerting
cytotoxicity. Further analysis of molecular mechanisms revealed that SBF prominently
repressed LPS-induced iINOS (inducible nitric oxide synthase) and COX-2
(cyclooxygenase-2) promoter activities. Activation of the transcription factor NF-kB,
which is one of the important pathways for transduction of LPS-stimulated
inflammatory mediator producing signals, was suppressed by SBF in a dose-dependent
manner, as demonstrated by both electrophoretic mobility shift assay (EMSA) and
transfection with pNF-«B-Luc plasmid (2). DPPH scavenging activity-guided
fractionation led to the isolation of two maltol glucosides and one pteriosin glucosides,
pterisoside A (hyroxymaltol 7-O-caffeoyl-3-O-p-D-glucopyranoside), bockioside B
(hyroxymaltol 7-O-coumaryl-3-O-B-D-glucopyranoside), and pterisoside B [2(R),
3(R)-pterosin L 3-O-B-p-glucopyranoside], respectively from SBF. SBF (0.01~2 mg/ml)
and these two maltol glucosides (1 ~ 10 uM) exhibited strong superoxide, hydroxyl
radical, and hydrogen peroxide scavenging activities in vitro. Pterisoside A exhibits
stronger antioxidant activity in every aspect than bockioside B (3- 4).

In summary, these data indicate that GT and SBF are potential ROS scavengers and
may prevent atherosclerosis via inhibiting LDL oxidation or ROS production in human
leukocytes. Moreover, luteolin-7-glucoside and pterisoside A may serve as the active
principal for GT and SBF, respectively.

Keywords: atherosclerosis, antioxidant, anti-inflammatory, Glossogyne tenuifolia, Pteris
ensiformis, LDL

Introduction

It has been well recognized that free radicals are formed in living organisms as a
function of endogenous biochemical processes. Of particular relevance in aerobic
systems are those reactive species derived from the metabolism of oxygen, which
include hydrogen peroxide, singlet oxygen, superoxide radicals, and hydroxyl radicals,
collectively known as the reactive oxygen species (ROS) (5). ROS are generated by
several mechanisms, such as interaction of ionizing radiation with biological molecules,
as well as produced by cellular respiration and phagocytic cells, namely, neutrophils and
macrophages, which are crucial in the host innate immune system against invading
microorganisms. Neutrophils and macrophages are readily mobilized to sites of infection
and ingest microorganisms. Ingested bacteria are killed by ROS derived from superoxide
produced by an activated, phagosome-bound NADPH-dependent oxidase (6, 7).



Superoxide anion is then quickly converted to hydrogen peroxide (H,O,) either
spontaneously or via superoxide dismutase (SOD) (8). Although the production of ROS
plays an important role in the killing of microorganism, excess production of these toxic
metabolites damages the surrounding tissues during inflammation (9).

There is considerable evidence indicating that atherogenesis is initiated and
promoted by lipid oxidation of low-density lipoprotein (LDL), ultimately leading to
modification of apolipoprotein B such that the LDL particle becomes recognized by the
macrophage scavenger receptor(s) and produces massive cholesterol loading and foam
cell formation (10).

Glossogyne tenuifolia Cassini (Hsiang Ju grass) is a plant native to Penghu, Taiwan.
It is a popular herb tea for preventing sunstroke and has a long history of being used as
an antipyretic, hepatoprotective, and anti-inflammatory remedy in folk medicine among
local residents. Our laboratory has previously demonstrated that the ethanol extract of G.
tenuifolia and its active components, oleanolic acid and luteolin-7-glucoside, inhibited
the LPS-induced NO, PGE2, IL-18, IL-6, IL-12, and TNF-a synthesis in the murine
macrophage cell line RAW 264.7 (11). The ethanol extract of G. tenuifolia also
exhibited a strong inhibitory effect on the release of TNF-a., IL-6, and IFN-y in activated
human whole blood and on the secretion of hepatitis (12).

It is well-known that a variety of anti-inflammatory natural components also
possess antioxidant activity (13-17). In view of these, the possibility that G. tenuifolia
has free radical scavenging activity arose. To better understand whether dietary
supplement of G. tenuifolia could prevent oxidative stress, the biochemical properties of
the ethanol extract of G. tenuifolia and its major components toward free radical
production, LDL oxidation, and ROS release in activated polymorphonuclear
neutrophils (PMN) and peripheral blood mononuclear cells (PBMC) were investigated.
Results of the present study facilitate our understanding of the antioxidant effects of G.
tenuifolia and its bioactive constituents.

Sword brake fern (Pteris ensiformis Burm.) is one of the most popular components
of herbal beverages in Taiwan. It has a long history of being used as a health
improvement remedy; however, information regarding its biological action remains
unclear. In this study, we focus on the immunomodulatory effect of the aqueous extract
of sword brake fern by elucidating the detailed mechanisms in murine macrophage cell
line, RAW264.7. To better understand whether SBF also possessed antioxidant activity
as well, the bioactive constituents were isolated and identified using DPPH scavenging
activity as an index. The scavenging activities of SBF and bioactive components against
superoxide, H,O, and hydroxyl radical, and the inhibitory effects on LDL oxidation
were further studied in vitro.

Materials and Methods



Materials. G. tenuifolia was obtained from the Kaohsiung DistrictAgricultural
Improvement Station in Penghu, Taiwan, and the voucher specimens were deposited in
the herbarium of Chia-Nan University of Pharmacy and Science.

Sword brake fern (Pteris ensiformis Burm.) was obtained from the Taitung District
Agricultural Research and Extension Station (Taitung, Taiwan) and the voucher
specimens were deposited in the herbarium of Chia-Nan University of Pharmacy and
Science.

Ethanol Extraction of G. tenuifolia. The dry above-ground part (5.46 kg) was extracted
with ethanol (10 L) at room temperature four times followed by filtration. The
flow-through was concentrated in vacuo to yield a dark-brown syrup (623.4 g), which
was diluted to lower concentrations with ethanol.

Extraction and lIsolation of Active Compounds of Sword Brake Fern. The dry
aboveground part (150g) was grinded in 1 L of deionized water by an engine
room-driven blender for 5 min and then autoclaved for 20 min. After filtration twice, the
flow through was then lyophilized to yield a dark-brown powder (5.74 g), which was
redissolved in deionized water prior to use. To isolate the active compounds, dried
whole plants (2.1 kg) of sword brake fern were cut into small pieces and extracted with
MeOH (20 Lx3) at room temperature. The combined MeOH extract was concentrated in
vacuo to yield dark-brown syrup (208 g). The MeOH extract was then partitioned with
ethyl acetate and water (1:1). The resulting aqueous fraction (98 g) was further
partitioned with n-butanol and water, while the ethyl acetate fraction (102 g) was with
methanol and hexane. The obtained n-butanol (50 g) and methanol fractions (46 Q)
showed significant scavenging activity toward 1,1-diphenyl-2-picrylhydrazyl (DPPH).
The combined active fraction (96 g) was chromatographed over silica gel column (12x
110 cm, 2700 g) and eluted with CHCI3-MeOH mixtures (20:1, 10:1, 8:1, 6:1, 4:1, each
1.5 L) to produce 9 fractions (P1-9). Among them, fractions P3-P5 showed significant
activity in DPPH savenging. P5 (10.2 g) was further chromatographed over silica gel
(1200 g) and eluted with  CHCI3-MeOH mixtures (10:1, 8:1, 6:1, 4:1, each 1.5 L) to
produce compound 1 (ca. 0.5 g). Crystalline P3 (9.6 g) was filtered and washed with
MeOH/water (1:2) to yield compound 2 (ca. 3.6 g). P-4 was further separated by
preparative reverse-phase HPLC (Cosmosoil, 20x250 mm, MeOH: H20 = 1:1, flow rate
3 ml/min) to give compound 3 (ca. 10 mg).

Structures of Major Components of Sword Brake Fern and G. tenuifolia



Pterisoside A (1) R=OH; Bockioside B (2) R=H Pterisoside B(3)

luteolin-7-glucoside

luteolin

Analysis of LDL Oxidation. Peroxidation of LDL was measured by the determination
of thiobarbituric acid reactive substances (TBARS) and expressed as malondialdehyde
(MDA) equivalents (20). The quantity of conjugated diene in LDL was assessed by
monitoring the change at A234 (21). To measure the electrophoretic mobility, the
ox-LDL was concentrated by filtration (Centricon 4) at 450g and 4 °C for 120 min.
About 2 uL of each concentrated sample was loaded onto Titan lipoprotein gel (Helena
Laboratories, Beaumont, TX) and run at 80 V for 45 min. The electrophoretic mobility



of LDL was determined by Fat Red 7B staining according to the manufacturer’s
instructions.

Anti-inflammatory Activity Analysis (2)

Free Radical Scavenging Activities Analysis (1)

Statistical Analysis. All experiments were repeated at least three times. The results were
analyzed by Student’s unpaired t test, and a p value of <0.05 was taken to be significant.
Results

1. Free Radical Scavenging Activities of GT and Major Consititutes (1)
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Figure 2. Ethanol extracts of G. tenuifolia (GT), luteolin, and luteolin-7-
glucoside as stable free radical scavengers: (a) DPPH scavenging effects
of GT and a-focopherol; (b) DPPH scavenging effects of a-tocophero
Iuteoiin-7-glucoside, and its aglycon, luteolin. The reaction was performed T GT. (

Concentration (uM)
Figure 3. Ethanol extracts of G. tenuifolia (GT), Iuteolin, and luteolin-7-
| Glucoside as superciide scavengers: (a) superoxide scavenging effect
b) superoxide scavenging efiects of luteolin and luteolin-7-

in 1 mL of solution containing 0.1 mM of freshly prepared DPPH in glucoside. Xanthine and xanthine oxidase were used to generate

methanol and various concenraions of GT, Iuteolin, of [uteoiin-7-glucoside, SUPETOxide radicals, and fheir inhibition by GT was recorded by a
After incubation at 37 °C for 30 min, the absorbance at 517 nm was luminometer. The lucigenin-enhanced superoxide chemiluminescence

measured in triplicate, and the scavenging effect was calculated against 9Uring the first 15 s was averaged. The inhibitory efficiency in response
Vehicke contro. Dala represent the mean + SEM (n= 3) of vehidle conirol, 12 T CL Of veicle control was calculated. Data represent the mean &

* p<0.05 and **, p < 0.01, represent significant differences compared SEM (1= 3) of venicie control. *, p < 0.05, and ™, p < 0.01, represent
with vehicle control. significant differences compared with vehicle contral.

2. Inhibition of LDL Oxidation by GT and Major Constitutes (1)
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3. Inhibition of Oxidative Burst of PBMC and PMN by GT (1)
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Figure 8. Ethanol extract of G. fenuifolia (GT) inhibits MLP-induced ROS
production in human leukocytes: {a) PMN; (b) PEMC. Each well containing
7 x 10° PMN or PBMC, 1 mM luminol, and vehicle or varous
concentrations of GT was incubated at room temperature for 15 min.
Activator, 2 oM MLP, was then added, and the light emission, expressed
as relative light units (RLU), was monitored every 30 s for 5 s during a
10-min cbservation period.

4. Effects of SBF on Proinflammatory Cytokine Synthesis in RAW264.7 Cells (2)
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Fiz 1. Effects of the agueous extract of sword brake fam (SBF) on the production of promflammmatory cytokines m BRAW 264.7 macrophages. BFAW2I64.7 cells
were cultured with mdicated concentrations of 5BF alone or in combmation with LPS (1 pg'ml) at 37°C in a 96-well plate. Media were collected after 6h
of reatment for (A) THF-c, (B) IL-1p and (C) IL-6 analysis. Data are expressed as the mean £ 5.D. of three individual espevineents. Statistically significant
change of cytokine release ((p=0.05, *p=0.01), as compared with the group treated without SBF treatment.

5. Effects of SBF on LPS-Induced NF-&B Activation in RAW264.7 Cells (2)
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Fiz 5. Effect of the aqueous extract of sword brake fern (SBF) on LPS-
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6. Free Radical Scavenging Activities of SBF and Active Compounds(4)
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Fig. SBF, pterisoside A, and bockioside B superoxide scavengers: (a) superoxide
scavenging effect of SBF; (b) superoxide scavenging effects of o-tocophenol,
pterisoside A, and bockioside. Xanthine and xanthine oxidase were used to generate



superoxide radicals, and their inhibition by PE was recorded by a luminometer. The
lucigenin-enhanced superoxide chemiluminescence during the first 15 s was averaged.
The inhibitory efficiency in response to the CL of vehicle control was calculated. Data
represent the mean +SEM (n=3) of vehicle control. *, p < 0.05, and **, p < 0.01,
represent significant differences compared with vehicle control.
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Fig. SBF, pterisoside A, and bockioside B as hydroxyl radical scavengers: (a) hydroxyl
radical scavenging effect of SBF; (b) hydroxyl radical scavenging effects of
-tocophenol, pterisoside A, and bockioside. Reaction by H202 and FeCl2 was used to
generate hydroxyl radicals, and their inhibition by perisoside or bockioside was recorded
by a luminometer. The hydroxyl-induced luminol chemiluminescence (CL) was
monitored every 5 s during the first 1-min observation period. The inhibitory efficiency
in response to the CL of vehicle control was calculated. Data represent the mean + SEM
(n=3) of vehicle control. *, p< 0.05, and **, p < 0.01, represent significant differences
compared with vehicle control.

7. Inhibition of LDL Oxidation by SBF and Active Compounds (3)

a b
70 60
60 — 50 -
-
-
i = ) _
8 50 8 o
o (o))
£ 40 E
P < 30+
pS a
S 30+ =
S © 20
i €
E » E
10
10 H
0 P m ITI 0 ITI T T T T T

T T T T

NormatontrolL.5e-3 2e-3 3e-3 4e-3 Normatontrol 4 5 6 7

C SBF (mg/ml) hyroxymaltol 7-O-caffeoyl-3-O-B-D-glucopyranoside (uM)



Fig. SBF and pterisoside inhibit TBARS formation in copper-induced low-density
lipoprotein (LDL)
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Fig. SBF and pterisoside inhibit electrophoretic mobility in copper-induced LDL
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Antioxidant Activity of  Glossogyne tenuifolia
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Glossogyne tenuifolia is a native traditional anti-inflammatory herb in Taiwan. It has previously been
shown that the ethanol extract of G. tenuifolia (GT) inhibited the LPS-induced inflammatory mediator
release from murine macrophage cell line and human whole blood. In the present work, the ethanol
extracts of G. tenuifolia and its major constituent, luteolin-7-glucoside, were shown to be scavengers
of 1,1-diphenyl-2-picrylhydrazyl, superoxide, and hydroxyl radicals. Moreover, copper-induced low-
density lipoprotein oxidation was suppressed by GT and luteolin-7-glucoside as measured by
decreased formation of malondialdehyde and conjugated diene as well as reduced electrophoretic
mobility. GT and luteolin-7-glucoside were also against N-formyl-methionyl-leucyl-phenylalanine-
induced reactive oxygen species (ROS) production in human polymorphonuclear neutrophils and
peripheral blood mononuclear cells. In summary, these data indicated that GT is a potential ROS
scavenger and may prevent atherosclerosis via inhibiting LDL oxidation or ROS production in human
leukocytes. Moreover, luteolin-7-glucoside may serve as the active principal of GT.
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INTRODUCTION intracellular macromolecules is an essential element in the aging

It has been well recognized that free radicals are formed in Process and in certain degenerative diseases such as cancer,
living organisms as a function of endogenous biochemical immune system decline, brain dysfunction, cataracts, and
processes. Of particular relevance in aerobic systems are thos€oronary heart disease)( There is considerable evidence
reactive species derived from the metabolism of oxygen, which indicating that atherogenesis is initiated and promoted by lipid
include hydrogen peroxide, singlet oxygen, superoxide radicals, OXidation of low-density lipoprotein (LDL), ultimately leading
and hydroxyl radicals, collectively known as the reactive oxygen to modification of apolipoprotein B such that the LDL particle
species (ROS)1). ROS are generated by several mechanisms, becomes recognized by the macrophage scavenger receptor(s)
such as interaction of ionizing radiation with biological mol- and produces massive cholesterol loading and foam cell
ecules, as well as produced by cellular respiration and phago-formation (7).
cytic cells, namely, neutrophils and macrophages, which are  Lots of experimental and epidemiologic data have indicated
crucial in the host innate immune system against invading that dietary antioxidants might reduce the risk of degenerative
microorganisms. Neutrophils and macrophages are readily diseases by reduction of oxidative stress and inhibition of
mobilized to sites of infection and ingest microorganisms. macromolecular oxidation. The antioxidants are not limited to
Ingested bacteria are killed by ROS derived from superoxide \ye||-known antioxidants such as ascorbic acidwetocopherol.

produced by an activated, phagosome-bound NADPH-dependenMany natural components such as phenolic compounds are
oxidase g, 3). Superoxide anion is then quickly converted t0  gffective antioxidantsg).

hydrogen peroxide (4D,) either spontaneously or via super-
oxide dismutase (SOD}¥J. Although the production of ROS
plays an important role in the killing of microorganism, excess
production of these toxic metabolites damages the surrounding
tissues during inflammatiorby.

Glossogyne tenuifoli&assini (Hsiang Ju grass) is a plant
native to Penghu, Taiwan. It is a popular herb tea for preventing
sunstroke and has a long history of being used as an antipyretic,
hepatoprotective, and anti-inflammatory remedy in folk medicine

ROS have a huge potential for causing cellular components, among local residents. Our laboratory has previously demon-
such as DNA, protein, and lipid damages. It is widely strated that the ethanol extract Gf tenuifoliaand its active

acknowledged that the accumulation of oxidative damages in components, oleanolic acid and luteolin-7-glucoside, inhibited
the LPS-induced NO, PGEIL-1p, IL-6, IL-12, and TNFe

* Author to whom correspondence should be addressed (fax 88 66 26 Synthesis in the murine macrophage cell line RAW 2649)7 (

64%1; e—tmail{m\f/vg@tmarill-cfrna-edu.tW)- The ethanol extract oG. tenuifolia also exhibited a strong
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B virus surface antigen (HBsAQ) in the hepatocellular carcinoma
cell line PLC/PRF/5 10).

It is well-known that a variety of anti-inflammatory natural
components also possess antioxidant activity(15). In view
of these, the possibility thaG. tenuifolia has free radical
scavenging activity arose. To better understand whether dietary
supplement of5. tenuifoliacould prevent oxidative stress, the
biochemical properties of the ethanol extractGf tenuifolia
and its major components toward free radical production, LDL
oxidation, and ROS release in activated polymorphonuclear
neutrophils (PMN) and peripheral blood mononuclear cells
(PBMC) were investigated. Results of the present study facilitate
our understanding of the antioxidant effect<oftenuifoliaand
its bioactive constituents.

MATERIALS AND METHODS

Materials. G. tenuifoliawas obtained from the Kaohsiung District
Agricultural Improvement Station in Penghu, Taiwan, and the voucher
specimens were deposited in the herbarium of Chia-Nan University of
Pharmacy and Science.

Ethanol Extraction and Fractionation of G. tenuifolia. The dry
above-ground part (5.46 kg) was extracted with ethanol (10 L) at room
temperature four times followed by filtration. The flow-through was
concentrated in vacuo to yield a dark-brown syrup (623.4 g), which
was diluted to lower concentrations with ethanol.

The crude ethanol extract d&. tenuifolia (GT) (623.4 g) was
partitioned with hexane and 95% methanol. The 95% methanol layer
was concentrated and then partitioned with ethyl acetate and water.
The resulting aqueous solution was again partitioned witiutanol
and water. Oleanolic acid (17.1 g) was obtained by recrystallization of
the insoluble particles existing in the hexane layer with acetone and
methanol. Luteolin-7-glucoside (total, 4.92 g) existed widely in several
partitions. It could be isolated from the ethyl acetate layer by passing
through silica gel chromatography (7@30 mesh, Merck) followed
by eluting with hexane/CkCl, (1:1). It could also be obtained by
recrystallization of the insoluble particles existing in ethyl acetate and
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Figure 1. Structures of oleanolic acid, luteolin-7-glucoside, and luteolin.

ferrous chloride (4@&M), 1% H,O,, and vehicle, various concentrations
of GT or its major constituents. The hydroxyl-induced luminol CL
during the first minute was averaged. The inhibitory efficiency in
response to the CL of vehicle control was calculated.

Preparation and Oxidation of LDL. LDL (d = 1.019-1.063) was

water layers with acetone and methanol. These isolated compoundsprepared from the plasma of healthy donors by sequential ultracen-

were identified by direct comparisofH, **C NMR) with authentic
samples §). Figure 1 shows the structures of oleanolic acid, luteolin-
7-glucoside, and its aglycon, luteolin.

1,1-Diphenyl-2-picrylhydrazyl (DPPH) Scavenging Capacities of
GT and Its Major Constituents. The ethanol extract d&. tenuifolia
and its major constituents, namely, oleanolic acid and luteolin-7-
glucoside, as well as its aglycon, luteolin, were evaluated for activities
to scavenge the stable DPPH radical (0.1 mM) according to the method
of Dinis et al. (L6). The affinity of the test material to quench the DPPH
free radical was evaluated according to the equation

Asx 100

scavenging %=

where As and A; are absorbance at 517 nm of the reaction mixture
with samples and with vehicle control, respectively.

Superoxide Radical Scavenging Capacities of GT and Its Major
Constituents. Superoxide scavenging effects of the ethanol extract of
G. tenuifolia and its major constituents were measured using the
modified lucigenin-enhanced chemiluminescence (CL) methiadl (
Briefly, the reaction was carried out in a mixture containing@0of
1 mM lucigenin (in PBS) and 1@L of vehicle, GT or its major
constituents. Subsequently & of xanthine oxidase (0.02 unit/mL)
was added. The reaction was started by the additiorpaf &f xanthine
(0.03 M). The superoxide-induced lucigenin CL during the first 15 s
was averaged. The inhibitory efficiency in response to the CL of vehicle
control was calculated.

Hydroxyl Radical Scavenging Capacities of GT and Its Major
Constituents. The hydroxyl radical scavenging effects of the ethanol
extract ofG. tenuifoliaand its major constituents were measured using
a modified luminol-enhanced CL method7j. Briefly, the reaction
was carried out in a 10@L mixture containing 5 mM luminol (in PBS),

trifugation (18). Lipoprotein was desalted and concentrated by filtration
(Centricon 4, Amicon, Beverly, MA) against PBS at 450g antiC4

for 120 min. The protein concentration was measured according to the
method of Bradford 19), using bovine serum albumin as a standard.

Oxidation of LDL was carried out by incubating EDTA-free LDL
(0.1 mg/mL) with 10uM Cu?* in PBS in the presence of vehicle,
different concentrations of the ethanol extract@f tenuifoliaor its
major constituents, at 37C.

Analysis of LDL Oxidation. Peroxidation of LDL was measured
by the determination of thiobarbituric acid reactive substances (TBARS)
and expressed as malondialdehyde (MDA) equivale@t. (The
quantity of conjugated diene in LDL was assessed by monitoring the
change a3, (21). To measure the electrophoretic mobility, the ox-
LDL was concentrated by filtration (Centricon 4) at 450g arf€C4or
120 min. About 22 uL of each concentrated sample was loaded onto
Titan lipoprotein gel (Helena Laboratories, Beaumont, TX) and run at
80 V for 45 min. The electrophoretic mobility of LDL was determined
by Fat Red 7B staining according to the manufacturer’s instructions.

Preparation of Human PMN and PBMC. PMN and PBMC were
isolated from heparinized blood donated by healthy volunteers using
Ficoll-Paque (Amersham Pharmacia, Uppsala, Sweden) density gradi-
ent centrifugation according to manufacturer’s instructions. The isolated
PMN and PBMC were resuspended in RPMI-1640 medium containing
2 mM glutamine and 2.5% autologous plasma.

Measurement of N-Formyl-methionyl-leucyl-phenylalanine
(fMLP)-Induced ROS Production in Human PMN and PBMC. ROS
production was measured using a modified luminol-enhanced CL
method 22). The CL response of PMN and PBMC was measured using
a microtiter plate luminometer withi5 h after blood collection. Each
well, which contained 7 10° PMN or PBMC, 1 mM luminol, and
vehicle, various concentrations of the ethanol extracGotenufolia
or its major constituents, was incubated at room temperature for 15
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Figure 2. Ethanol extracts of G. tenuifolia (GT), luteolin, and luteolin-7-
glucoside as stable free radical scavengers: (a) DPPH scavenging effects
of GT and a-tocopherol; (b) DPPH scavenging effects of a-tocopherol,
luteolin-7-glucoside, and its aglycon, luteolin. The reaction was performed
in 1 mL of solution containing 0.1 mM of freshly prepared DPPH in
methanol and various concentrations of GT, luteolin, or luteolin-7-glucoside.
After incubation at 37 °C for 30 min, the absorbance at 517 nm was
measured in triplicate, and the scavenging effect was calculated against
vehicle control. Data represent the mean + SEM (n = 3) of vehicle control.
* p<0.05, and **, p < 0.01, represent significant differences compared
with vehicle control.

Concentration (uM)
Figure 3. Ethanol extracts of G. tenuifolia (GT), luteolin, and luteolin-7-
glucoside as superoxide scavengers: (a) superoxide scavenging effect
of GT; (b) superoxide scavenging effects of luteolin and luteolin-7-
glucoside. Xanthine and xanthine oxidase were used to generate
superoxide radicals, and their inhibiton by GT was recorded by a
luminometer. The lucigenin-enhanced superoxide chemiluminescence
during the first 15 s was averaged. The inhibitory efficiency in response
to the CL of vehicle control was calculated. Data represent the mean +
SEM (n = 3) of vehicle control. *, p < 0.05, and **, p < 0.01, represent
significant differences compared with vehicle control.

min. Activator, 2uM fMLP, was then added, and the light emission, manner. The potency of GT was less than the positive control,
expressed as relative light units (RLU), was monitored every 30 s for a-tocopherol, at the same concentration. The estimatggl 1C
5 s during a 10-min observation period, and the kinetic curve was yalyes for GT andi-tocopherol are approximately 55.2 and 6.7
obtained. ug/mL, respectively.

Statistical Analysis. All experiments were repeated at least three . . L . .
times. The results were analyzed by Student's unpditest, and @ .To further !nvestlgate the antioxidant activity of GT, lucige-
value of <0.05 was taken to be significant. nin- and luminol-enhanced CL were employed to evaluate the

superoxide and hydroxyl radical scavenging activities, respec-
RESULTS tively. Superoxide produced by xanthine/xanthine oxidase

Free Radical Scavenging Activities of GTTo evaluate the caused an increase in lucigenin-enhanced CL from a basal level
possible antioxidant activity of GT, we started by investigating of 100 to 3.61x 10° RLU. The addition of GT (2.510 mg/
stable free radical (DPPH), superoxide,(Q, and hydroxyl mL) markedly inhibited superoxide radical induced lucigenin-
radical (OH) scavenging action&igure 2a demonstrates that  enhanced CL in a dose-dependent manner with gnaiC~5.18
the DPPH scavenging effect of GT was in a dose-dependentmg/mL (Figure 3a).
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and luteolin-7-glucoside as the major constituents of Q)T (

To test whether they are the active antioxidant principals, we
performed the aforementioned tesEgure 2b demonstrates
that luteolin-7-glucoside possessed higher DPPH scavenging
potency than its aglycon, luteolin, and a positive control,
o-tocopherol. The estimated 4gvalues for luteolin-7-glucoside
and luteolin are 12.2 and 22,8\, respectively.

Lucigenin-enhanced CL showed that xanthine/xanthine oxi-
dase-generated superoxide could be inhibited by luteolin and
luteolin-7-glucoside (up to 18M) dose-dependently. Luteolin
(>8 uM) showed a higher inhibitory potency than luteolin-7-
glucoside did Figure 3b). The estimated 1§ values are 11.0
and 7.1uM for luteolin-7-glucoside and luteolin, respectively.

Figure 4b shows that luteolin inhibited Fenton-mediated
hydroxyl radical production slightly but insignificantly stronger
than luteolin-7-glucoside did. The estimatedd@alues are 17.6
and 15.QuM for luteolin-7-glucoside and luteolin, respectively.
On the other hand, oleanolic acid did not have any detectable
DPPH, superoxide, or hydroxyl radical scavenging action (data
not shown). This result indicated that the flavonoid instead of
triterpenoid is the component responsible for the ROS scaveng-
ing activity of GT.

Inhibition of LDL Oxidation by GT. It is recognized that
oxidatively modified low-density lipoproteins (ox-LDL) play
an important role in the generation and progression of the
atherosclerotic plaque2). In vitro inhibition of the copper-
catalyzed oxidation of LDL is a widely used strategy for the
evaluation of antioxidant activity of natural componer2$)(

To study the effect of GT as an antioxidant in preventing copper-
induced oxidation of LDL, three different approaches were
employed to measure changes in several parameters known to
be associated with LDL oxidation: formation of TBARS and
conjugated dienes during lipid peroxidation and increase in the
electrophoretic mobility of LDL due to apolipoprotein B100
modification 7). As shown inFigure 5a, incubation of LDL
(0.1 mg/mL) with Cd" (10 uM) at 37 °C for 3 h was
responsible for the MDA formation increase from 089.17

t0 61.06+ 1.28 nmol/mg of LDL. GT treatment produced dose-
dependent reduction in MDA formation. GT (10g/mL)
inhibited the MDA formation by~97.3% as compared with

Figure 4. Ethanol extracts of G. tenuifolia (GT), luteolin, and luteolin-7-
glucoside as hydroxyl radical scavengers: (a) hydroxyl radical scavenging
effect of GT; (b) hydroxyl radical scavenging effects of luteolin and luteolin-
7-glucoside. Reaction by H,0, and FeCl, was used to generate hydroxyl
radicals, and their inhibition by luteolin or luteolin-7-glucoside was recorded
by a luminometer. The hydroxyl-induced luminol chemiluminescence (CL)
was monitored every 5 s during the first 1-min observation period. The
inhibitory efficiency in response to the CL of vehicle control was calculated.
Data represent the mean + SEM (n = 12) of vehicle control. *, p < 0.05,
and **, p < 0.01, represent significant differences compared with vehicle
control.

those of the vehicle group with an estimatedd®©f 7.5 ug/
mL.

Oxidation of LDL is accompanied by an increase in absor-
bance at 234 nm, due to the formation of conjugated dienes in
constituent polyenoic fatty acid28). As shown inFigure 6a,

LDL treated with GT, BHT, ando-tocopherol (20ug/mL)
showed a longer resistance to copper-initiated LDL oxidation,
and this was indicated by a prolonged lag phase of lipid
oxidation.

The ability of GT to inhibit the alteration in the surface charge
of the apolipoprotein B100 when LDL was incubated with
copper ions was monitored by observing the effects on elec-

Hydroxyl radical {OH), which is formed nonenzymatically  trophoretic mobility by agaorse gel electrophoreBigure 7a
from hydrogen peroxide (#0.) in a metal-dependent reaction, shows that treatment of native LDL (0.1 mg/mL) with copper
is the most reactive and toxic oxygen radical known to date (10 uM) at 37 °C overnight increased the electrophoretic
(23). CL, a highly sensitive method, has been widely used for mobility. LDL treated with GT (6.5-10 ug/mL) significantly
monitoring *OH production 24). In our experiment, hydroxyl reduced copper-induced LDL oxidation dose-dependently as
radicals generated by-B,- and FeGl-mediated Fenton reaction  indicated by decreased mobility shift. GT (48/mL) reduced
caused an increase of luminol CL from 87 to 6<110° RLU. the electrophoretic mobility by-70%, as compared with the
Figure 4a shows that the addition of GT (0.6D.5 mg/mL) vehicle group.
exerted a dose-dependent scavenging activity on Fenton- |nhibition of LDL Oxidation by Major Constituents in
mediated hydroxy! radicals with an gof ~60 ug/mL. GT. To study the possible phytochemicals present in GT

Free Radical Scavenging Activities of the Major Con- responsible for inhibiting LDL oxidation, we analyzed copper-
stituents of GT. We have previously identified oleanolic acid induced (1QuM) LDL oxidation in the presence of luteolin-7-
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Figure 5. Ethanol extracts of G. tenuifolia (GT), luteolin, and luteolin-7-
glucoside inhibit TBARS formation in copper-induced low-density lipoprotein
(LDL): (a) GT inhibits TBARS formation in copper-induced LDL peroxi-
dation; (b) luteolin and luteolin-7-glucoside inhibit TBARS formation in
copper-induced LDL peroxidation. EDTA-free LDL (0.1 mg/mL) reacted
with 10 #M Cu?* in PBS in the presence of vehicle and different
concentrations of GT, luteolin, or luteolin-7-glucoside at 37 °C for 3 h.
Peroxidation of the LDL was expressed as nanomoles of malondialdehyde
(MDA) equivalents per milligram of protein. Data represent the mean +
SEM (n = 3) of vehicle control. *, p < 0.05, and **, p < 0.01, represent
significant differences compared with vehicle control.
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glucoside, luteolin, and oleanolic acid. As showrfigure 5b,

the MDA formation is inhibited by luteolin-7-glucoside and

luteolin with estimated 16 values of 1.52 and 1.34M,

respectivelyFigure 6b also demonstrates that the lag stage of
diene formation were prolonged when luteolin-7-glucoside,

luteolin, and a-tocopherol (3uM) was added during LDL

oxidation. The inhibitory effect was in the order of luteolin being

greater than luteolin-7-glucoside followed Htocopherol.
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Figure 6. Ethanol extracts of G. tenuifolia (GT), luteolin, and luteolin-7-
glucoside inhibit conjugated diene formation in copper-induced LDL: (a)
EDTA-free LDL (0.1 mg/mL) reacted with 10 uM Cu?* in PBS in the
presence of vehicle, a-tocopherol, BHT, or GT (20 wg/mL) at 37 °C for
the indicated period; (b) EDTA-free LDL (0.1 mg/mL) reacted with 10 uM
Cu?*in PBS in the presence of vehicle, a-tocopherol, luteolin, and luteolin-
7-glucoside (L7G) (3 «M) at 37 °C for the indicated period. The formation
of conjugated diene was measured by change in absorbance at 234 nm
(AAq3q). This experiment was repeated three times with similar results.

pattern of activities for luteolin and luteolin-7-glucoside was
generally consistent with those seen for the lag-phase measure-
ments. However, no detectable protection of LDL from copper-
mediated oxidation could be found for the other major con-
stituent, oleanolic acid (data not shown).

Inhibition of Oxidative Burst in PMN or PBMC by GT.
Production of ROS by leukocytes is a potent microbicidal
mechanism, but unrestrained production of these toxic metabo-
lites has been indicated to mediate tissue damage. To examine
whether GT could prevent ROS production by activated human

Figure 7b shows that luteolin-7-glucoside and luteolin reduced leukocytes, we set up an in vitro method with luminol-enhanced
copper-induced LDL net charge change as compared with theCL to measure the ROS production induced by fMLP in PMN

vehicle group. Luteolin-7-glucoside and luteolin 481) sig-

or PBMC. The chemoattractive peptide fMLP activates an

nificantly reduced the electrophoretic mobility by about 41 and oxidative burst by its binding to a membrane receptor and
63%, respectively, as compared with the vehicle group. The activating a signal transduction pathway that leads to an
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glucoside inhibit electrophoretic mobility in copper-induced LDL: (a) native 100 4 O 0.25mg/ml
LDL (n-LDL) (0.1 mg/mL) was oxidized with 10 «M Cu?* in PBS in the < v 25mg/mli
presence of vehicle or indicated concentrations of GT for 24 h; (b) n-LDL < v 3.75mgiml
(0.1 mg/mL) was oxidized with 10 «M Cu2* in PBS in the presence of £ 804
vehicle or indicated concentrations of luteolin (L) or luteolin-7-glucoside ;
(L7G) for 24 h. Concentrated LDL (1-2 ul) was separated on Titan % 60
lipoprotein gel and stained with Fat Red 7B. §

(<
oxidative burst being induced (2®igure 8a shows the kinetic :‘Zj Ml
profile of fMLP-stimulated ROS production in PMN. GT (0:25 °
2.5 mg/mL) significantly inhibited ROS generation in a dose- o 20+
dependent manner. The reaction curve of fMLP-induced ROS
production in PBMC Figure 8b) showed a slower and longer ol
response than fMLP-stimulated PMN. GT (0:25.75 mg/mL) : . . . . .
treatment dose-dependently inhibited ROS production in PBMC. 0 100 200 300 400 500

Inhibition of Oxidative Burst in PMN or PBMC by Major Time (s)
Constituents in GT. To elucidate whether luteolin-7-glucoside  rigyre 8. Ethanol extract of G. tenuifolia (GT) inhibits fMLP-induced ROS
can inhibit ROS production in phagocytes, the aforementioned pqyction in human leukocytes: (a) PMN; (b) PBMC. Each well containing
procedure was performed, and the peak CL values were used; x 105 pMN or PBMC, 1 mM luminol, and vehicle or various
for calculating 1Go. Table 1 demonstrates that both Iuteolin-  concentrations of GT was incubated at room temperature for 15 min.
7-glucoside and luteolin exhibited slightly stronger inhibitory  activator, 2 uM fMLP, was then added, and the light emission, expressed

effects against fMLP-triggered ROS production in PBMC than s rgjative light units (RLU), was monitored every 30 s for 5 s during a

in PMN. 10-min observation period.

DISCUSSION Table 1. Effects of Luteolin-7-glucoside and Luteolin on the Inhibition

N . L of FMLP-Induced ROS Production in Human Leukocytes
Herbs have played a significant role in maintaining human

health and improving the quality of life for thousands of years. ICso (M) for fMLP-induced ROS? PMN PBMC
Many active phytochemicals, including flavonoids, terpenoids, luteolin-7-glucoside 148+ 04 6.4+02
lignans, sulfides, polyphenolics, carotenoids, coumarins, sa- luteolin 11.7+02 52+0.2

ponins, plant sterols, curcumins, and phthalides, have been

identified 30). Numerous in vitro studies have shown that some  2Each well containing 7 x 105 PMN or PBMC, 1 mM luminol, and vehicle or

of the phytochemicals are potent antioxidants, metal chelators,various concentrations of luteolin or luteolin-7-glucoside was incubated at room

or free radical scavengers, which may account for their health- temperature for 15 min. Activator, 2 uM fMLP, was then added, and the |Ight

promoting properties3l). To evaluate the antioxidant potency emis_sion, expre_ssed as re_Iative I_ight units (RLU), was monitored every 30 s for 5

of G. tenuifolia scavenging effects against free radicals includ- s during a 10-min observation period and the peak CL values were used to calculate

ing DPPH, superoxide, and hydroxyl radical were analyzed in "~

this study. Our current results demonstrate that the ethanol

extracts ofG. tenuifoliaand its major flavonoid, luteolin-7-  (29) or of hydroxyl radicals in a cell-free syster@3). On the

glucoside, as well as its aglycon, luteolin, are strong DPPH other hand, lucigenin reacts only with superoxide, hydrogen

scavengers with 1§ values of 55.2¢g/mL,12.2uM, and 22.8 peroxide, or singlet oxygen34, 35). Using lucigenin- and

uM, respectively. luminol-enhanced CL, we discovered herein that GT is a
It is generally accepted that luminol-enhanced CL can be usedsuperoxide and hydroxyl radical scavenger in vitro withgC

to measure the ROS production in viv@2f and in neutrophils values of 5.18 and 0.06 mg/mL, respectively. There is consider-
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able difference between superoxide and hydroxyl radical shapes as was observed by other authors in experiments with
scavenging potencies of GT in vitro. On the other hand, luteolin- human blood neutrophils. It has been speculated that the first
7-glucoside, one of the major constituents of GT, exhibited and second peaks of the CL reaction would reflect extra- and
compatible superoxide and hydroxyl radical scavenging effects intracellular ROS production, respectiveigf. GT and luteolin-
with ICsg values of 11.0 and 178\, respectively. Itis possible  7-glucoside showed concentration-dependent inhibition of fMLP-
that the free radical scavenging effects of GT are attributable induced ROS production in PMN and PBMC, indicating that
to synergistic interactions among all natural phytochemicals. they could serve as potent antioxidants against oxidative stress
The discrepancy between superoxide and DPPH/hydroxyl in human primary cells.
radical scavenging potencies of GT may be caused by adverse Previously, we have demonstrated that GT inhibited pro-
effects of other unidentified phytochemicals, which could disrupt inflammatory cytokine release from human whole blood and
the superoxide scavenging effect of luteolin-7-glucoside. PBMC and HBsAg expression in PLC/PRF/5 cell§){ which

We also found that luteolin-7-glucoside exerted a stronger suggests that the health promotion effect of GT may be the result
DPPH guenching activity than its aglycon, luteolin. On the other of combinatory activities, including antioxidant, anti-inflam-
hand, luteolin-7-glucoside had weaker or compatible superoxide matory, and antiviral. It has been proposed that the additive
and hydroxyl radical scavenging potencies than luteolin. The and synergistic effects of phytochemicals in fruits and vegetables
scavenging potencies of flavonoids against free radicals areare responsible for their antioxidant and anticancer activities
thought to be closely linked to their structures and to depend (41). In conclusion, we demonstrated for the first time that the
on the nature of the radicals. The reaction mechanism betweenethanol extract o6. tenuifoliaexhibited strong ROS scavenging
free radicals and flavonoids is influenced by the presence of activity in both cell-free and cell-based systems. In addition,
glycosidic moieties, the position of glycosylation, and the GT also exhibited antioxidant activity against copper-induced
number and positions of hydroxy groups in flavonoids. Thus, LDL oxidation. Overall, the results demonstrate that the
the antioxidant effectiveness will be determined by a combina- antioxidant activity of GT relates in part to its constituent,
tion of all structural elements. luteolin-7-glucoside, which acts as free radical and copper
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Abstract

Sword brake fernRteris ensiformisBurm.) is an ingredient in most of the traditional herbal beverage formulas in Taiwan; however,
no information is available to explain its bioactivity. The aim of this study is to elucidate the molecular pharmacological activity in the
aqueous extract of sword brake fern (SBF). We found that SBF (0.05—0.25 mg/ml) slightly induced, TNB; NO (nitric oxide) and
PGE (prostaglandin B production in unstimualted murine macrophages, RAW264.7 cells. Furthermore, SBF (0.05-0.25 mg/ml) dose-
dependently suppressed LPS-induced T&NH--1B, IL-6, NO and PGE in activated RAW264.7 cells without exerting cytotoxicity. Further
analysis of molecular mechanisms revealed that SBF prominently repressed LPS-induced iNOS (inducible nitric oxide synthase) and COX-2
(cyclooxygenase-2) promoter activities. Activation of the transcription factok BIFvhich is one of the important pathways for transduction
of LPS-stimulated inflammatory mediator producing signals, was suppressed by SBF in a dose-dependent manner, as demonstrated by
both electrophoretic mobility shift assay (EMSA) and transfection with gBH-uc plasmid. These results suggest that SBF attenuates
inflammatory mediator synthesis of activated macrophages partially through@Mlependent pathway. The immunomodulatory activity
of SBF supports its traditional health promotion effect.
© 2005 Elsevier Ireland Ltd. All rights reserved.

Keywords: TNF-«; Inducible nitric oxide synthase; Prostaglandin E2; Cyclooxygenase-2; Nuclear &&:tor-

1. Introduction property of TNFe: has also been observed with IL-1. These
include fever Dinarello et al., 198f sleep, hemodynamic
Activation of macrophages is a key event in innate immu- shock Okusawa et al., 19§8the induction of prostaglandin
nity for the initiation and propagation of defensive reactions and collagenase synthesiBdyer et al., 198p Activated
against pathogens. When stimulated by pathologic stimuli monocytes also produce IL-6 in response to IL-1 and TNF-
or injury, macrophages release TN--nterleukin (IL)-1, o stimulation. IL-6 acts as a B-cell growth factor, thereby
IL-6 and other inflammatory mediators. TNFis secreted promoting antibody formation and releagafton, 1998%.
in response to various stimuli, including lipopolysaccharide  The release of proinflammatory cytokines is essential for
(LPS) and exerts a wide variety of effects. The role of TRIF-  host survival from infection, and is also required for the repair
includes activation and chemotaxis of leukocytes; induction of tissue injury {Tracey et al., 1988; Tracey, 1991; Glauser,
of the expression of adhesion molecules, such as intercellu- 1996; Dinarello, 1998 These beneficial effects, however,
lar adhesion, or ICAM, on neutrophils and endothelial cells; are critically dependent on the magnitude of the immune re-
and regulation of the secretion of other proinflammatory cy- sponse, because large amounts of macrophage-derived proin-
tokines Beutler and Cerami, 1988Nearly each biological ~ flammatory cytokines can also cause collateral damage to
normal cells and are potentially lethal when the release is

* Corresponding author. Tel.: +886 6 266 4911x520; fax: +886 6 266 6411, SUTfICIENt 10 cause systemic exposufieaCey et al., 1988;
E-mail addressimwu@mail.chna.edu.tw (M.-J. Wu). Tracey, 1991; Glauser, 1996; Dinarello, 199Bhus, inhibit-

0378-8741/% — see front matter © 2005 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.jep.2004.12.031
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ing the overproduction of proinflammatory cytokines is an
important therapeutic goal for drug development.

Nitric oxide (NO) is synthesized fromrarginine by con-
stitutive and inducible nitric oxide synthase (cNOS and
iINOS) in numerous mammalian cells and tissulsathan
and Xie, 1994. Constitutively expressed NO by neuronal
NOS (nNOS) and endothelial NOS (eNOS) is a key reg-

M.-J. Wu et al. / Journal of Ethnopharmacology 98 (2005) 73-81

wan. It has a long history of being used as a health im-
provement remedy; however, information regarding its bi-

ological action remains unclear. In this study, we focus

on the immunomodulatory effect of the aqueous extract of
sword brake fern by elucidating the detailed mechanisms
in murine macrophage cell line, RAW264.7. The present
study shows that the aqueous extract of sword brake fern

ulator of homeostasis. However, NO synthesized by iNOS slightly induces inflammatory mediator release in unstimu-

is induced by bacterial lipopolysaccharide (LPS) or im-
munological stimuli (IFN%). The sustained NO production

ated RAW?264.7 cells. Furthermore, it inhibits the release
of proinflammatory cytokine, TNFe, IL-1B and IL-6, as

by INOS has been implicated as a mediator of inflamma- well as secondary mediators, NO and R@HE_PS-activated
tion. It has been reported that excess production of NO by RAW264.7 cells. It also suppressed iNOS and COX-2 pro-
macrophages and other cells exposed to endotoxin may conmoter activities as well as NkB activation in activated

tribute to septic shock{ilbourn and Griffith, 1992, cerebral
injury (Beckman, 1994 myocardical ischemiaMatheis et
al., 1993, local or systemic inflammatory disorders, diabetes
and other diseasefk¢es et al., 1990; Stefanovic-Racic et
al., 1993; McDaniel et al., 1996Although iINOS induction

macrophages.

2. Materials and methods

may not be a primary event in all of these diseases, the cyto-2.1. Preparation of the aqueous extract of sword brake

toxic and proinflammatory effects of NO generated by iINOS
contribute to their pathophysiology. Therefore, inhibition of
iINOS is potentially beneficial.

Prostanoids are produced when arachidonic acid is re-

fern (SBF)

Sword brake fernRteris ensiformiBurm.) was obtained
from the Taitung District Agricultural Research and Exten-

leased from plasma membranes by phospholipases and mesion Station (Taitung, Taiwan) and the voucher specimens

tabolized by cyclooxygenases (COXs). It is now known
that two isoforms of COX mediate prostanoid production
(Xie et al., 1999. COX-1 produces physiological levels of

were deposited in the herbarium of Chia-Nan University of
Pharmacy and Science. The drpabground part (150 g) was
grinded in 1 L of deionized water by an engine room-driven

prostanoids and is constitutively expressed under normal con-blender for 5 min and then autoclaved for 20 min. After fil-

ditions in most tissuesvane, 1994. COX-2, the inducible

tration twice, the flow through was then lyophilized to yield a

isoform of the enzyme, is induced in many cells under the dark-brown powder (5.74 g), which was redissolved in deion-

stimulation of inflammatory mediators such as lipopolysac-
charides and cytokineséng and Hoult, 1996; Pang and

Knox, 1997. Accumulating evidence suggests that the in-
duction and regulation of COX-2 may be key elements in

the pathophysiological process of a number of inflammatory

disorders.

Macrophage-derived inflammatory mediators are in-
volved at multiple steps of both immune and inflammatory
responses, and the transcriptional factor, bB;-appears to
play a pivotal role in their coordinated upregulati@hgn et
al., 1999. NF-«B exists within the cytoplasm in an inactive
form associated with regulatory proteins, called inhibitors of
kB (IxB). Upon stimulation by various extracellular signals,
including LPS, thedB kinase (IKK) phosphorylatesB, in-
ducing its ubiquitination and subsequent degradationkBF-

ized water prior to use.
2.2. Cell culture

RAW?264.7 cells were purchased from Bioresources Col-
lection and Research Center (Hsinchu, Taiwan) and cul-
tured in Dulbecco’s modified Eagle’s medium (DMEM) with
10% fetal bovine serum (HyClone, Logan, UT, USA), 2 mM
glutamine, 1% non-essential amino acid, 1 mM pyruvate,
100 U/ml penicillin and 10@.g/ml streptomycin (Invitrogen
Life Technologies, Carlsbad, CA, USA). Cells were main-
tained in a humidified incubator at ST in 5% CGQ. Cells
were treated with various concentrations of BSF followed
by 1ug/ml LPS Escherichia coliO55:B5, Fluka Chemie
AG, Buchs, Switzerland) 30 min later. Supernatants were col-

is then free to translocate to the nucleus where it facilitates lected after LPS treatment for 6 and 24 h for cytokine and

the transcription of many genes, including proinflammatory
cytokines, chemokines and antiapoptotic fact@isgn et al.,
1999. The identification of NF«B as a key factor in the
pathogenesis of inflammation suggests thatd-targeted

therapeutics might be effective in treating human inflamma-

NO/PGE, determination, respectively.
2.3. Cytokine measurements

Cytokine concentrations in the supernatants were deter-

tory diseases. A variety of pharmacologic agents have beenmined by ELISA kits that were specific against murine cy-

described to inhibit NR<B at one or more activation steps of
the signaling pathwayZingarelli et al., 2008
Sword brake fern Rteris ensiformisBurm.) is one of

the most popular components of herbal beverages in Tai-

tokines. Levels of TNFe, IL-1B and IL-6 were measured us-
ing ELISA kits from Pierce Endogen (Rockford, IL, USA).
Assays were performed according to the manufacturer’s in-
structions.
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2.4. Cell viability

Cell viability was assessed by the mitochondrial-
dependent reduction of 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl tetrazolium bromide (MTT, Sigma) to purple for-
mazan Carmichael et al., 19§7Cells were incubated with
MTT (0.5%) for 4 h at 37C. The medium was removed by

aspiration, and formazan crystals were dissolved in DMSO.

The extent of the reduction of MTT was quantitated by mea-
surement of the absorbance at 550 nm.

2.5. Determination of nitrite and prostaglandin E

(PGE)

Nitrite production, an indicator of nitric oxide (NO) syn-
thesis, was determined by the Griess reactldimé et al.,
1996. The supernatant of cell culture was mixed with an

75

with control plasmid, pS\B-galactosidase, by liposomal-
mediated transfection (Lipofectin, Invitrogen Life Technolo-
gies) at a DNA/lipid ratio of 2ug of each plasmid DNA/@.l

of lipid. Transfection efficiency was typically 50% or greater.

2.8. Luciferase an@-galactosidase assays

Fifteen hours after initiation of transfection, cells were
treated with LPS (J.g/ml) alone or in combination with the
indicated reagents. To determine the promoter activities of
iINOS and COX-2, cells were harvested after 12 and 18 h of
treatment, respectively. To determine the NB-mediated
promoter activity, cells were harvested after 4 h of treatment.
Luciferase activities were measured by the Luciferase Assay
System (Promega-Galactosidase activities were measured
from different aliquots of the same lysates by the Mammalian
B-Gal Assay Reagent Kit (Pierce Endogen). The intensity of

equal volume of Griess reagent (1% sulfanilamide and 0.1% the luciferase reactions measured in the lysates of the tran-
naphthylenediamine in 5% phosphoric acid). The absorbancesient transfectants was normalized to th@igalactosidase
at 550 nm was measured and nitrite concentration was deter-activity, which was used as an internal control.

mined using sodium nitrite as a standard. Culture medium

was used as diluent and as blank to avoid medium phenol2.9. Electrophoretic mobility shift assay (EMSA)

red interference. The level of PGlih the supernatant of the
culture medium was measured using an ELISA kit (Cayman
Chemical, Ann Arbor, MI, USA). Assays were performed
according to the manufacturer’s instruction.

2.6. Plasmids

To generate the mouse iINOS promoter reporter plas-

mid, piNOS/GL3, the promoter fragment from1035 to
+84 relative to the transcription start, was produced by
PCR using genomic DNA from BABL/cByJ mice (Na-
tional Laboratory Animal Center, Taipei, Taiwan) as a
template, with two primers:’856CGCCTCGAGCACGAG-
GCTGAGCTGACTTT-3and 83-CCGGAAGCTTACCAA-
GGTGGCTGAGAAGTT-3. The resulting iNOS promoter
fragment was digested witHindlIl and Xhd, gel-purified,
and ligated into theHindlll-Xhd sites of the polyclonal
site of pGL3 (Promega, Madison, WI, USA) to construct
pPiINOS/GL3. The promoter sequence was confirmed by DNA
sequencing.

The murine COX-2 promoter plasmid (pCOX2/GL3) con-
taining a 731-bp promoter fragment, 724 to +7 relative to

the transcription start, was constructed as described previ-

ously Wu et al., 2003 A luciferase reporter plasmid, pNF-
kB-Luc, which contains sixB cis-acting elements was pur-
chased from Stratagene (La Jolla, CA). A transfection control

plasmid, pS\B-galactosidase, was purchased from Promega.

2.7. Transfection and transient expression of luciferase
reporter gene constructs

RAW264.7 cells were plated in six-well plates at a den-
sity of 1 x 10° per well and allowed to reach 40-60% conflu-
ence. Constructs were co-introduced into RAW264.7 cells

RAW264.7 cells were grown in 6-well plates and stim-
ulated with LPS (Jug/ml) in the presence or absence of
SBF (0.05-0.25 mg/ml) for 30 min. Nuclear extracts were
prepared by NE-PER Nuclear and Cytoplasmic Extraction
Reagent (Pierce Endogen). EMSA experiments were per-
formed using a LightShift Chemiluminescent EMSA Kit
(Pierce Endogen). Briefly, 20g of nuclear protein was incu-
bated with 50 fmol of 5biotinate double-stranded oligonu-
cleotide probes containing a consensus binding-sequence
for NF-kB (5-AGTTGAGGGGACTTTCCCAGGC-j for
20 min at room temperature and resolved in an 8% non-
denaturing polyacrylamide gel. The protein—-DNA-biotin
complexes were blotted onto a nylon membrane fol-
lowed by UV cross-linking. The complexes were re-
vealed with streptavidin—horseradish peroxidase conjugate
and LightShift chemiluminescent substrate. Specificity of the
DNA—protein complex was confirmed by competition with
100-fold excess of an unlabeled MB-probe.

2.10. Statistical analysis

The results were analyzed by Student’s unpairéekt,
and ap-value of <0.05 was taken to be significant.
3. Results

3.1. Effects of the aqueous extract of sword brake fern
(SBF) on TNFe, IL-1B and IL-6 release

Murine macrophage-like cell line, RAW264.7, has been
used to characterize the action of various immunomodula-
tory components at the molecular level previousi¢ et al.,
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Fig. 1. Effects of the aqueous extract of sword brake fern (SBF) on the production of proinflammatory cytokines in RAW 264.7 macrophages. RA#264.7 cell
were cultured with indicated concentrations of SBF alone or in combination with LR8/(dl) at 37°C in a 96-well plate. Media were collected after 6 h

of treatment for (A) TNFe, (B) IL-13 and (C) IL-6 analysis. Data are expressed as the meul. of three individual experiments. Statistically significant
change of cytokine releasép(< 0.05,” p<0.01), as compared with the group treated without SBF treatment.

1999; Choi et al., 2001; Wu et al., 20040 study the im- Stimulation of RAW264.7 cells with LPS dg/ml)
munomodulatory effect of the aqueous extract of sword brake for 6 h caused a substantial increase in the release of
fern (SBF), proinflammatory cytokine release, TNFiL- proinflammatory cytokines (709873855, 134 24 and

1B and IL-6, was first measured in unstimulated and LPS- 68834+ 1545 pg/ml for TNFe, IL-13 and IL-6, respec-
stimulated RAW264.7 cell§ig. 1demonstrated that unstim-  tively). When RAW?264.7 cells were stimulated with LPS
ulated RAW264.7 cells cultured for 6 h produced 2487 (1 wg/ml) in the presence of SBF (0.05-0.5 mg/ml), dose-
and 12+ 3 pg/ml of TNF« and IL-13, respectively, as well ~ dependent inhibitions of cytokine release were observed
as negligible quantity of IL-6. Treatment of cells with SBF (Fig. 1(A)—(C)). When SBF concentration was 0.25 mg/ml,
(0.05-0.5mg/ml) for 6 h significantly induced TNFand the inhibitory effects of cytokine release reached 50, 89 and
IL-6 release up to 97% 55 and 168t 29 pg/ml, respectively  97% (p<0.05); and the Iggs of approximately 0.25, 0.05
(p<0.01) Fig. 1(A) and (C)). However, no significant alter- and 0.16 mg/ml were observed for TNE4L-18 and IL-6,
ation in IL-18 production could be found={g. 1(B)). respectively.
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Fig. 2. Effect of the aqueous extract of sword brake fern (SBF) on cell
viability i £ n RAW264.7 macrophages. RAW264.7 cells were cultured with
indicated concentrations of SBF alone or in combination with LRSyinl) 5000
at 37°C in a 96-well plate for 24 h. Cell viability was determined by MTT T
assay. Data are expressed as the me&tD. of three individual experiments.
Statistically significant inhibition of cell viability'{ p<0.01), as compared 4000
with normal group. T
-t
To evaluate whether the inhibitory effects of cytokinere- & , | .
lease were due to cytotoxicity, cell viabilities of macrophages § -l-
were evaluated by MTT testrig. 2 showed that SBF é
(0.05-0.25 mg/ml) did not cause significant cytotoxicity ei- 5 2000
ther in the presence or absence of LPE.¢Iml). This result = T b
implies that SBF (<0.25mg/ml) inhibited LPS-stimulated
proinflammatory cytokine release without causing cell death.
However, 0.5 mg/ml of SBF exerted significant cytotoxicity 1000
(p<0.01). Therefore, the abolishment of proinflammatory
cytokine release by 0.5 mg/ml of SBF in LPS-treated cells
might be caused by both anti-inflammatory activity and cy- 0 ' ' ' ' '
totoxicity. Normal  LPS  0.05 0.1 0.25
(B) SPF (mg/ml)

3.2. Effect of SBF on NO production
Fig. 3. Effects of the aqueous extract of sword brake fern (SBF) on nitrite
Nitric oxide (NO) Synthesized by activated inflammatory formation and iNOS promoter activity in RAW 264.7 macrophages. (A)

- . . RAW 264.7 macrophages were cultured with indicated concentrations of
cells regulates the functions of other cells involved in the SBF alone orin combination with LPS (dg/ml) at 37°C for 24 hin a 96-well

inflammatory process and appears to act as a secondary meﬁlate. Nitrite release in the medium, an indicator of nitric oxide (NO) syn-
diator of some actions of proinflammatory cytokines. The ef- thesis, was determined by the Griess reaction as described in Sediiata
fects of SBF on NO production in unstimulated macrophages are expressed as the meas.D. of three individual experiments. Statisti-
and LPS-stimulated macrophages are ShOWﬁiQ] 3(A) cally significant change of nitrite formatiofi o< 0.01), as compared with

Unstimulated macrophages produced undetectable level of:"¢ 9"0uPs without SBF treatment. (B) An INOS promoter-containing re-
. . . porter plasmid, piNOS/GL3, was transiently co-transfected into RAW264.7
nitrite. Treatment of unstimulated macrophages with SBF cells with the pS\B-galactosidase control plasmid for 15 h. Cells were then

(0.05 and 0.1 mg/ml) for 24 h slightly induced nitrite produc-  treated with LPS (jug/ml) alone or in combination with indicated con-
tion to 2.0 £0.7 and 2.5- 1.0uM, respectively < 0.01). centrations of SBF. Cells were then harvested after 12 h of incubation. Lu-
However, 0.25 mg/ml of SBF did not exhibit significant in- ciferase activity measured in the lysates of the transient transfectants was

s . . normalized to theiB-galactosidase activities, used as an internal control.
crease of nitrite release. When cells were activated with LPS Statistically significant inhibition’< 0.05." p<0.01). as compared with

(_1 Mg/ml) for 24 h, substantial increase in nitrite produc- the group treated with LPS only. Assays were repeated three times with a
tion was observed (21.341.40nM). Co-treatment of cells  representative result shown.
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with LPS and 0.05, 0.1 and 0.25mg/ml of SBF evoked a creased the luciferase activity by 7.35-fold compared with
concentration-dependent inhibition of nitrite release by 32.5, that of control group. Concurrent treatment of the cells with

52.3 and 83.2%, respectively € 0.01). 0.05, 0.1 and 0.25 mg/ml of SBF inhibited LPS-stimulated
COX-2 promoter activity by 48.7, 61.3 and 79.7%, respec-
3.3. Effect of SBF on iNOS promoter activity 30000
. L s [1-LPS
To determine whether the NO-inhibitory effect of SBF +LPS
was through directly repressing the iINOS promoter activity, 25000
we generated a murine iNOS promoter fragment spanning nu-
cleotide—1035to0 +84 by PCR. The fragmentwas then cloned 20000 | -
into the polycloning site of the luciferase reporter plasmid, =
pGL3, to construct piNOS/GL3. The activity of the INOS pro- %,
moter was measured as a function of luciferase activity, nor- <= 15000
malized top-galactosidase levels which reflect equal trans- &
fection, following co-transfections of piNOS/GL3 and pSV- & 10000
B-gal control plasmids into RAW264.7 cells as described in
Section2. It was found that incubation of transfected cells
with LPS (1pg/ml) for 12 h markedly increased the iNOS 5000 —
promoter activity by 2.76-fold compared with that of con-
trol group. The iINOS promoter activity was significantly in- o

hibited by concurrent treatment of the cells with SBF (0.1
and 0.25mg/ml) in a dose-dependent maniiég.(3(B)).

This result suggests that SBF inhibits NO release partially SBF (mg/mi)
through downregulating iNOS promoter activity in activated

macrophages. 30000

3.4. Effect of SBF on PGHelease and COX-2 25000

promoter activity

Prostanoids are produced when arachidonic acid is re- 20000
leased from plasma membranes by phospholipases and me-
tabolized by cyclooxygenases (COXs). During an inflam-
matory response, inducible cyclooxygenase (COX-2) ex-
pression increases dramatically, resulting in high level of .
prostaglandin £ (PGR). To examine whether SBF in- 10000 7
hibits PGE, release in activated macrophages, culture su-
pernatants were analyzed using commercial ELISA kits. Un- 5000 4
stimulated RAW?264.7 cells maintained in culture medium 5T
for 24 h produced a basal amount of PGE9+ 6 pg/ml).
Treatment of unstimulated macrophages with SBF (0.05, 0.1 0 w ' ' ' '
and 0.25mg/ml) for 24 h slightly activated P&Bynthesis N LPS 005 01 025
to 3514+ 139, 580+ 69 and 694 120 pg/ml, respectively ®) SBF (mg/ml)

P fl'?e(a)ltlr)nent of RAW264.7 cells with LPS (dg/ml) for 24 h, Fig. 4. Effects of the aqueous extract of sword brake fern (SBF) op,PGE

. . . production and COX-2 promoter activity in RAW264.7 macrophages. (A)
the medium concentration of PG@Enhcreased substantially RAW264.7 cells were treated with LPS ¢/ml) alone or in combination

(26065+ 268 pg/ml) Fig. 4A)). Co-treatment of RAW24.7  with indicated concentrations of SBF for 24 h. The culture media were then
cells with LPS (qug/ml) and 0.05, 0.1 and 0.25 mg/ml of collected for PGEassay. Data are expressed as the rae&rD. of three in-
SBF dose-dependently reduced PGE2 production by 12.1 dividual experiments. Statistically significant change of REEp<0.01),

18.3 and 26.3% respectivelp(O 05. 0.05 and 0.01. re- as compared with the groups without SBF treatment. (B) A COX-2 promoter-
spéctively) ) ’ U T containing reporter plasmid, pCOX2/GL3, was transiently co-transfected

. into RAW264.7 cells with the pS\¢-galactosidase control plasmid for 15 h.
We next sought to determine whether SBF decreasedcelis were then treated with LPS gy/ml) alone or in combination with in-

PGE, production through repressing the promoter activity dicated concentrations of SBF. Cells were harvested after 18 h of incubation.
of the COX-2 gene. RAW264.7 cells were transfected with Luciferase activity measured in the lysates of the transient transfectants was
pCOXZ/GL3 a reporter vector containing murine COX- normalized to thei-galactosidase activities, used as an internal control.

! . Statistically significant inhibition"{ p<0.01), as compared with the group
2 pormoter YWu et al., 2004 It was found that incuba-

- g . treated with LPS alone. Assays were repeated three times with a represen-
tion of transfected cells with LPS ({ig/ml) for 18 h in- tative result shown.

*

15000 —

Normalized RLU
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tively (p<0.01) Fig. 4B)). This result indicates that SBF
suppressed COX-2 promoter activity thus inhibiting BGE
release in activated macrophages.

3.5. Effect of SBF on NkB activation

A search for common pathways involved in the regulated
induction of diverse inflammatory gene production has fo-

cused on transcriptional control mechanisms, and has identi-

fied NF«B as a likely converging point of various immune
and inflammatory responseSuyn and Andersson, 20020
investigate whether SBF is able to attenuate LPS-induced
NF-kB-mediated promoter activity, RAW264.7 cells were
transfected with pNB-Luc, a reporter plasmid contain-
ing six kB cis-acting elements. It was found that incubation
of transfected RAW264.7 cells with LPS for 4 h increased
luciferase activity by 2.27-fold compared with that of con-
trol group. Concurrent treatment of the cells with 0.05, 0.1
and 0.25mg/ml of SBF significantly suppressed promoter
activity by 30.1, 34.6 and 42.0%, respectively<(0.05)
(Fig. 5(A)).

To gain more insight into the mechanisms of SBF-
mediated inhibition of NR<B-mediated promoter activity,
we analyzed theB DNA binding activity present in nuclear
extracts of unstimulated or LPS-stimulated macrophages, ei-

ther in the absence or presence of SBF. As expected, nu-

clear extracts from LPS-stimulated macrophages exhibited
strongkB-binding activity in electrophoretic mobility shift
assays (EMSA) using a biotin-labeled oligonucleotide con-
taining a consensus NkB binding site Fig. 5B)). The
binding was specific since it was inhibited with an excess
of unlabeled, identical oligonucleotide, and was absent from
the nuclear extract of nonstimulated cells. Nuclear extract
from macrophages stimulated by LPS in the presence of
SBF (0.05-0.25 mg/ml) showed decreasé®tbinding ac-

tivity (Fig. 5B)).

4. Discussion

In this report, we have shown for the first time the novel
bioactivity and mechanism of the immunomodulatory effect
of the aqueous extract of sword brake fern (SBEnsiformis
Burm.), one of the most common ingredients of herbal bev-

erages in Taiwan. It has been demonstrated that macrophageg%1

may play arole in antitumor activity in part due to the produc-
tion of effector molecules such as NO and TNREHirazumi

and Furusawa, 1999These macrophage-derived mediators
have been recognized for their cytostasis and/or cytotoxic
properties against tumor cell$Stluehr and Nathan, 1989;
Keller etal., 1990 In addition, IL-6 plays an essential role in
the final differentiation of B-cells into plasma cellSgggio

et al., 1997 and functions as a late-acting killer helper fac-
tor in the differentiation of cytotoxic T-lymphocytes (CTL)
(Okada et al., 1988In this study, we demonstrated that SBF
(0.05-0.25 mg/ml) is able to activate murine macrophages,

79
8000
6000
2 *
|
: ]
kst 7, ’
N 4000 7 -
C_Eu / T
5 ]
2000
0 T T T T T
Normal 0 0.05 0.1 0.25
(») SBF (mg/ml)
LPS -+ + + + +
SBF(mg/ml) = = 005 0.1 025 =
Coldprobe = = = = = o
NF- B ’
corrfplex ’

(B) Free probe mepe-

Fig. 5. Effect of the aqueous extract of sword brake fern (SBF) on LPS-
induced NFkB activation. (A) A reporter plasmid containing repetitive NF-
kB sitesinits enhancer element, pNB-Luc, was transiently co-transfected
into RAW264.7 cells with a pS\8-galactosidase control plasmid for 15 h.
Cells were treated with LPS (1g/ml) alone or in combination with indicated
concentrations of SBF. Cells were then harvested after 4 h of incubation.
The intensity of the luciferase activity measured in the lysates of the tran-
sient transfectants was normalized to theigalactosidase activity, which
was used as an internal control. Statistically significant inhibition ofid8F-
activation {p<0.05), as compared with group treated with LPS only. (B)
RAW264.7 cells were treated with LPS i¢/ml) alone or in combination
with indicated concentrations of SBF for 30 min. Nuclear extracts were pre-
red and analyzed faB DNA binding using the electrophoretic mobility
shift assay (EMSA). Competitive EMSA using an unlabeled®Bconsen-

sus sequence at 100-fold excess confirmed the specificity ef\ginding.
Assays were repeated three times with a representative result shown.

RAW?264.7 cells, resulting in increased release of T&F-
IL-6, nitric oxide and PGE production. The induction mag-
nitudes of inflammatory mediator are consistently less than
LPS, suggesting the possible beneficial effect of SBF on in-
nate immunity.

Moderate level of inflammatory mediators is essential
for host survival from infection, while overproduction has
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deleterious effects. As a result, syntheses of inflamma- fects may account for the immunomodulatory activities of

tory mediators must be tightly governetupeshi, 1988; SBF. Itis also plausible that consumption of SBF may be able

Glauser, 1995 In the present study, we demonstrated that to enhance innate immunity, to reduce the oxidative stress

SBF (0.05-0.25 mg/ml) significantly decreased the produc- from NO and to protect against cardiovascular and chronic

tion of TNF-, IL-1B, IL-6, NO and PGE in LPS-activated inflammatory diseases.

RAW264.7 cells in concentration-dependent manners. These

activities were not attributable to cytotoxicity as assessed

by the MTT assay. Reactive metabolites of NO, especially

ONOO™ induce oxidative stress and inactivate proteins

through oxidation and nitrosylatiorf-(edstrom, 200R It is

conceivable that the observed activities of SBF can also re-

duce the oxidative stress during anti-inflammatory process.
Expression of the INOS gene can be regulated at different

levels (Nathan and Xie, 1994; Rao, 200@ murine iNOS-

promoter-mediated luciferase vector, which includes TNF-

responsive elementsB binding sites and nuclear factor-IL-

6 binding sites, was constructed and transiently transfected

into RAW264.7 cellsliowenstein et al., 1993We found that

LPS-stimulated iNOS promoter-mediated luciferase activity References

was associated with the high-level production of NO. SBF

addition at the same time as activation attenuated iINOS pro-Barton, B.E., 1996. The biological effects of interleukin 6. Medicinal

moter activity and resulted in the repression of NO release in  Research Review 6, 87-109.

a concentration-dependent manner. This result suggests thaeckman, J.S., 1994. Peroxynitrite versus hydroxyl radical: the role of

. . . i nitric oxide in superoxide-dependent cerebral injury. Annals of the
INOS gene expression is downregulated transcriptionally by .. vork Acaden‘:y of Scienfes 738, 69-75 ry

SBFin LPS'aC'.[ivated macrqphages. Beutler, B., Cerami, A., 1988. Tumor necrosis, cachexia, shock, and in-
Prostaglandin £ (PGE) is generated by the sequen- flammation: a common mediator. Annual Review of Biochemistry 57,
tial metabolism of arachidonic acid by cyclooxygenase and ~ 505-518. _ _
prostaglandin E synthasei¢edioman et al., 1986; Smith, - STCERe 2 JolEh Na ot e e aeey: assess
1993,‘ We found that the COX-2 promoter was mdguble by ment of chemosensitivity testing. Cancer Research 47, 936-945.
LPSin RAW264-7 cells, as a consequence of which PGE chen, F,, castrova, V., Shi, X., Dermers, L.M., 1999. New insights into
production was enhanced. In contrast to what observed for the role of nuclear factor-kappaB, a ubiquitus transcription factor in
the parallel inhibition on iINOS promoter activity and on NO the initiation of diseases. Clinical Chemistry 45, 7-17.
release, SBF attenuated LPS-induced COX-2 promoter activ-Cen: Z.. Hagler, J., Palombella, V.J., Melandri, F., Scherer, D., Ballard,
ity more effectively than PGEproduction. This result indi- D., Maniatis, T., 1995. Signal-induced site-specific phosphorylation
y _y p ) targets | kappa B alpha to the ubiquitin-proteasome pathway. Genes
catgg that SBF might exert adverse eﬁect; on COX-2enzyme g pevelopment 9, 1586-1597.
activity or other levels of COX-2 expression, such as post- Cho, J.Y., Kim, AR., Yoo, E.S., Baik, K.U., Park, M.H., 1999. Im-
transcriptional, translational or post-translational steps. munomodulatory effect of arctigenin, a lignan compound, on tumour
It is well known that the expressions of several genes in- necrosis factor-alpha and nitric oxide production, and lymphocyte pro-

vedin i dinfl t lated liferation. The Journal of Pharmacy and Pharmacology 51, 1267-1273.
voived In Immune and inflammalory responses are regulaie Choi, C.Y., You, H.J., Jeong, H.G., 2001. Nitric oxide and tumor necrosis

Acknowledgments

We thank Mr. Lee in Taitung District Agricultural Re-
search and Extension Station for supplying sword brake fern
sample and Ms. Cheng for preparing aqueous extract. This
research was supported by the research grants from the Na-
tional Science Council, NSC-91-2320-B-41-006 and NSC
93-2320-B-041-003.

at the transcriptional level by the nUCl?ar faCttB-(NF_—KB) factor-alpha production by oleanolic acid via nuclear factor-kappaB
(Yamamoto and Gaynor, 2001n transient transfection ex- activation in macrophages. Biochemical and Biophysical Research
periments, LPS-stimulated luciferase expression thra@gh Communications 288, 49-55.

response elements was correlated with high-level activities Paye" J:M., Beutler, B., Cerami, A., 1985. Cachectin/tumor necrosis fac-
. . tor stimulates collagenase and prostaglandin E2 production by human

OfINOS and CO_X'Z promoters I_n LPS'treate_d macrophages. synovial cells and dermal fibroblasts. The Journal of Experimental

Activation of luciferase expression was abolished by treating  vedicine 162, 2163-2168.

LPS-stimulated cells with SBF in a dose-dependent man- Dinarello, C.A., 1998. Interleukin-1, interleukin-1 receptors and

ner. Electrophoretic mobility shift assay (EMSA) also re- interleukin-1 receptor antagonist. International Reviews of Immunol-

vealed that SBF concentration-dependently decreased ogy 16, 457-499.

.. s . . Dinarello, C.A., Cannon, J.G., Wolff, S.M., Bernheim, H.A., Beutler, B.,
DNA binding activity in LPS-activated RAW264.7 cells. This Cerami, A., Figari, 1.S., Palladino Jr., M.A., O'Connor, J.\., 1986. Tu-

result provides evidence that SBF inhibits NB-activation, mor necrosis factor (cachectin) is an endogenous pyrogen and induces
thereby inhibiting the induction of INOS and COX-2 gene production of interleukin 1. The Journal of Experimental Medicine
expression and proinflammatory cytokine synthesis. 163, 1433-1450.

In conclusion, this research provides the first evidence thatFrethnr?Sm'N St';_t_zo(l’nozlé Ngg; ‘;gige* oxidative stress, and dietary antioxi-

. . . . . Nutriti , —539.
SBF induces TNFe, IL-6, NO qu PGl_gsllghﬂy in ur!stlm- Glauser, M.P., 1996. The inflammatory cytokines: new developments in
ulated macrophages and inhibits their production in a dose-  the pathophysiology and treatment of septic shock. Drugs 52 Supple-

dependent manner in LPS-activated macrophages. These ef- ment 2, 9-17.



M.-J. Wu et al. / Journal of Ethnopharmacology 98 (2005) 73-81 81

Hirazumi, A., Furusawa, E., 1999. An immunomodulatory Pang, L.H., Knox, A.J., 1997. Effect of interleukif,1tumour necro-

polysaccharide-rich substance from the fruit juice bforinda sis factoree and interferony on the induction of cyclo-oxygenase-2
citrifolia (noni) with antitumour activity. Phytotherapy Research 13, in cultured human airway smooth muscle cells. British Journal of
380-387. Pharmacology 121, 579-587.

Keller, R., Keist, R., Wechsler, A., Leist, T.P., Van der Meide, P.H., 1990. Rao, K.M., 2000. Molecular mechanisms regulating iINOS expression in
Mechanisms of macrophage-mediated tumor cell killing: a compara- various cell types. Journal of Toxicology and Environmental Health
tive analysis of the roles of reactive nitrogen intermediates and tumor Part B: Critical Reviews 3, 27-58.
necrosis factor. International Journal of Cancer 46, 682—686. Rees, D.D., Cellek, S., Palmer, R.M., Moncada, S., 1990. Dexametha-

Kilbourn, R.G., Griffith, O.W., 1992. Overproduction of nitric oxide in sone prevents the induction by endotoxin of a nitric oxide synthase
cytokine-mediated and septic shock. Journal of the National Cancer and the associated effects on vascular tone: an insight into endotoxin
Institute 84, 827-831. shock. Biochemical and Biophysical Research Communications 173,

Lowenstein, C.J., Alley, E.W., Raval, P., Snowman, A.M., Snyder, S.H., 541-547.

Russell, S.W., Murphy, W.J., 1993. Macrophage nitric oxide synthase Saggio, I., Ciapponi, L., Savino, R., Ciliberto, G., Perricaudet, M., 1997.

gene: two upstream regions mediate induction by interferon gamma Adenovirus-mediated gene transfer of a human IL-6 antagonist. Gene

and lipopolysaccharide. In: Proceedings of the National Academy of Therapy 4, 839-845.

Sciences of the United States of America, vol. 90, pp. 9730-9734.  Smith, W., 1992. Prostanoid biosynthesis and mechanisms of action.
Luheshi, G.N., 1988. Cytokines and fever: mechanisms and sites of action.  American Journal of Physiology 263, F181-F191.

Annals of the New York Academy of Sciences 856, 83—89. Stefanovic-Racic, S., Stadler, J., Evan, C.H., 1993. Nitric oxide and arthri-

Matheis, G., Sheman, M.P., Buckberg, G.D., Haybron, D.M., Young, H.J., tis. Arthritis and Rheumatism 36, 1036-1044.

Ignarro, L.J., 1992. Role of-arginine-nitric oxide pathway in my- Stuehr, D.J., Nathan, C.F., 1989. Nitric oxide: a macrophage product
ocardial reoxygenation injury. The American Journal of Physiology responsible for cytostasis and respiratory inhibition in tumor target
262, H616-H620. cells. The Journal of Experimental Medicine 169, 1543—-1555.

McDaniel, M.L., Kwon, G., Hill, J.R., Marshall, C.A., Corbett, J.A., 1996.  Sun, Z., Andersson, R., 2002. NF-kappaB activation and inhibition: a
Cytokines and nitric oxide in islet inflammation and diabetes. In: review. Shock 18, 99-106.

Proceedings of the Society for Experimental Biology and Medicine. Tracey, K.J., 1991. Tumor necrosis factor (cachectin) in the biology of
Society for Experimental Biology and Medicine (New York, NY) vol. septic shock syndrome. Circulatory Shock 35, 123-128.
211, pp. 24-32. Tracey, K.J., Wei, H., Manogue, K.R., Fong, Y., Hesse, D.G., Nguyen,

Nathan, C., Xie, Q.W., 1994. Nitric oxide synthase: roles, tolls, and con- H.T., Kuo, G.C., Beutler, B., Cotran, R.S., Cerami, A., Lowry, S.F,,
trols. Cell 78, 915-918. 1988. Cachectin/tumor necrosis factor induces cachexia, anemia, and

Needleman, P., Turk, J., Jakschik, B., Morrison, A., Lefkowith, J., 1986. inflammation. The Journal of Experimental Medicine 167, 1211-
Arachidonic acid metabolism. Annual Review of Biochemistry 55, 1227.

69-102. Vane, J.R., 1994. Pharmacology: towards a better aspirin. Nature 367,

Nims, R.W., Cook, J.C., Krishna, M.C., Christodoulou, D., Poore, C.M., 215-216.

Miles, A.M., Grisham, M.B., Wink, D.A., 1996. Colorimetric assays = Wu, M.-J., Wang, L., Ding, H.Y., Weng, C.-Y., Yen, J.H., 20@lossog-

for nitric oxide and nitrogen oxide species formed from nitric oxide yne tenuifoliaacts to inhibit inflammatory mediator production in a
stock solutions and donor compounds. Methods in Enzymology 268, macrophage cell line by downregulating LPS-induced NF-kB. Journal
93-105. of Biomedical Science 11, 186-199.

Okada, M.M., Kitahara, S., Kishimoto, T., Matsuda, T., Hirano, T., Kishi- Xie, W.L., Chipman, J.G., Robertson, D.L., Erikson, R.L., Simmons,
moto, T., 1988. IL-6/BSF-2 functions as a killer helper factor in the D.L., 1999. Expression of a mitogen-responsive gene encoding
in vitro induction of cytotoxic T cells. Journal of Immunology 141, prostaglandin synthase is regulated by mRNA splicing. In: Proceed-
1543-1549. ings of the National Academy of Sciences of the United States of

Okusawa, S., Gelfand, J.A., Ikejima, T., Connolly, R.J., Dinarello, C.A., America, vol. 88, pp. 2692-2696.

1988. Interleukin 1 induces a shock-like state in rabbits: synergism Yamamoto, Y., Gaynor, R.B., 2001. Therapeutic potential of inhibition of
with tumor necrosis factor and the effect of cyclooxygenase inhibition. the NF-kappaB pathway in the treatment of inflammation and cancer.
The Journal of Clinical Investigation 81, 1162-1172. The Journal of Clinical Investigation 107, 135-142.

Pang, L.H., Hoult, J.R.S., 1996. Induction of cyclooxygenase and nitric Zingarelli, B., Sheehan, M., Wong, H., 2003. Nuclear factor-[kappa]B as
oxide synthase in endotoxin-activated J774 macrophages is differen-  a therapeutic target in critical care medicine. Critical Care Medicine
tially regulated by indomethacin: enhanced cyclooxygenase-2 protein 31, S105-S111.
expression but reduction of inducible nitric oxide synthase. European
Journal of Pharmacology 317, 151-155.



