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Inhibition of lipopolysaccharide-stimulated inflammatory mediator production in
RAW264.7 macrophages by Foeniculum vulgare fruit extract
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| . Introduction

Inflammation is a complex pathophysiological process
mediated by a variety of signaling molecules produced
by
Macrophages play a crucial role in modulating the
of the
Macrophages  produce

leukocytes,  macrophages, mast cells, etc.

initiation and perpetuation inflammatory

response. reactive  oxygen
intermediates and release various cytokines in response
to lipopolysaccharide(LPS). These mediators include
tumor necrosis factor(TNF- @), interleukin 6(IL-6),

nitric oxide(NO) and prostaglandin Ex(PGE;). The
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potential of macrophages to release cytokines such as
TNF-@ and IL-6, in response to an inflammatory
stimuli, has proven a useful measure of the immune
status of patients with e.g. rheumatoid arthritis(Zangerle
et al, 1992), sepsis(Ertel et al., 1993), carcinoma
(Elsasser-Beile et al., 1993), HIV infection(Hartung et
al,, 1998) and borreliosis(Diterich et al., 2001). After
stimulation with LPS, many cells, including endothelial
cells and macrophages, express the inducible isoforms
of COX-2 and iNOS, which are responsible for the
and NO,
respectively. As these inducible enzymes are essential

production of large amounts of PGE;

components of the inflaimmatory response and are
implicated in the pathogenesis of several inflammatory
diseases, the selective modulation of these mediators

overproduction might represent a therapeutic goal in
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different
catalyzed by iNOS, therefore, may reflect the degree of

inflammatory  pathologies. NO production

inflammation and provides a measure by which effects
of drugs on the inflammatory process can be assessed.
Also, COX-2 is considered to play a major role in the
inflammatory process by catalyzing the production of
PGE,.
inflammation, pain and fever, their production is a

Because of the role eicosanoids play in

target of pharmaceutical intervention.

Foeniculum vulgare Mill. has been known as a
medicinal and aromatic herb and its fruit is
commonly used as a natural remedy against digestive
disorders (Yamini et al.,, 2002). It is also used to
flavor foods, liqueurs and in the perfumery industry.
in the

mericarps (fruits) and provide the unique aroma and

Essential oils are mainly concentrated
taste. They are composed of several monoterpenes
and phenylpropanoids, where frans-anethole, estragole,
fenchone and limonene exist as main constituents.
Trans-anethole, often the most prevalent constituents,
counts for the anise taste, fenchone provides the
bitterness, and estragole (methyl-chavicol) the sweetness
(Guillen and Manzanos, 1994). In the course of our
biological search for anti-inflammatory agents, we
conducted a study using alcoholic extract from
vulgare  fruit and its

(chloroform, butanol, and aqueous fractions) obtained

Foeniculum subfractions
bythe solvent extraction to separate the components
according to their polarities. In this study, the ability
of Foeniculum vulgare fruit extract and its fractions to
modulate the production of some inflammatory
mediators (NO, PGE;, TNF-q and IL-6) were
investigated in mouse macrophage cell line RAW264.7.

2. Materials and Methods

2.1. Extraction and fractionation
The fruits of Foeniculum vulgare Mill. were

collected from the Biofarmaka Research Center of
Bogor Agricultural University (Indonesia), identified by
Dr 1. Latifah, Dept. Pharmacy. The plant material was
shade dried and ground to powder. The powdered
material was soaked in 70% methanol for 24 hr. On
the next day, the methanolic extract was filtered and
dried on a rotary evaporator at temperature below 40°C
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and the resulting product was designated as MeOH
extract. For the purpose of fractionation, MeOH extract
dissolved in distilled water was fractionated by
successive solvent extraction with chloroform (CHCls)
and n-butanol (BuOH). Each fraction was then
evaporated to dryness under vacuo. The yields (%,
wfw) of extract and fractions were as follows: MeOH
extract; 6.4%, CHCl; fraction; 0.5%, BuOH fraction;
1.2%, aqueous (HO) fraction; 4.2%. All reagents were
purchased from Sigma (USA), unless otherwise stated.

2.2. Cell culture
RAW264.7 cells were cultured in plastic dishes

containing Dulbecco’s Modified Eagle Medium
(DMEM, Sigma, St. Louis, MO, USA) supplemented
with 10% fetal bovine serum (FBS, Sigma, St. Louis,
MO, USA) in a CO; incubator (5% CO: in air) at
377C and subcultured every 3 days at a dilution of 1:5
using 0.05% trypsin-0.02% EDTA in Ca’*-, Mg~ free
phosphate-buffered saline (DPBS).

2.3. Cell viability
The cells were cultured in 24-well plate (5X10%)

containing DMEM supplemented with 10% FBS for 1
day to become nearly confluent. Then cells were
cultured with vehicle or samples in the presence of
10 pxg/mL LPS for 24 hr. Cell viability was
determined using a MTT (3-[4,5-dimethylthiazol-2-yl]-
2,5-diphenyltetrazolium bromide) reagent (Tubaro et al.,
1996). After culture on 96 well plate, the cells were
washed twice with DPBS and incubated with 110 g/ of
0.5mg/mL. MTT for 2 h at 37C. The medium was
discarded and 100 ! dimethylsulfoxide (DMSO) was
then added. After 30 min incubation, absorbance at
570 nm was read by using a microplate reader.

2.4. Measurement of nitric oxide
formation by iNOS activity in
cultured LPS-induced RAW274.7

cells
For evaluating the inhibitory activity of test

materials on iNOS (Tsao et al., 2002), the cells in
10%FBS-DMEM without phenol red were plated in
24-well plates (5X10° cells per mL), and stimulated
with 10 gg/ml. LPS for 12 hr. Then the cells were
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washed twice with PBS. Test samples were added for
an additional 12 hr in the absence of LPS. The cell
free culture medium was collected and analyzed for
nitrite accumulation as an indicator of NO production
by the Griess reagent (Ding et al., 1990). Briefly, 150
pl of Griess reagent (0.1% naphthylethylenediamine
and 1% sulfanilamide in 5% H;PO,; solution) were
added to 100zl of each
sample-treated cells. The plates were incubated for 5

supernatant  from

min, and then were read at 570 nm against a standard
inhibition was
expressed as 100X[{1—(NO release with sample—

curve of sodium nitrite. Percent
spontancous release)/(NO release without sample—

spontaneous release)].

2.5. Measurement of PGE2 formation
by COX-2 activity in cultured

LPS-induced RAW274.7 celis
For evaluating the inhibitory activity of test

materials on COX-2 (Hong et al, 2002), the cells
were allowed to adhere for 4 hr in the presence of
aspirin (500 M) in culture plate, washed three times
with media, and then incubated in the fresh medium
with 10 gg/mL LPS. Test materials were simultaneously
added to each well. After additional 16 h incubation,
the media were removed and analyzed by PGE;
enzyme immunometric assay kit (R&D System, USA)
according to the manufacturer’s instructions. The assay
is based on competition between unlabelled PGE, and
a fixed quantity of peroxidase-labelled PGE, for a
limited number of binding sites on a PGE, specific
antibody. Percent inhibition was expressed as 100X[1
—(PGE; release with sample—spontaneous release)/
(PGE; release without sample—spontaneous release)].

2.6. Cytokine determination by ELISA
The cells were cultured in 24-well plate(5><105)

containing DMEM supplemented with 10% FBS for 1
day to become nearly confluent. Then cells were cultured
with vehicle or samples in the presence of 10 ug/mL
LPS for 48 hr. Cell supematants were assayed for TNF-
a and IL-6 using commercially available enzyme-linked
immunosorbent assay(ELISA) kits(R&D System, USA)
according to the manufacturer’s instructions. Percent
inhibition was expressed as 100X[1—(cytokine release
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with sample—spontaneous release)/(cytokine release

without sample—spontancous release)].

2.7. Statistical analysis
The results were expressed as mean SEM.

Statistical analysis was performed using ANOVA
followed by Dunnett’s #-test (p<0.05). The analysis was
performed using SAS statistical software.

3. Results

3.1. Effect of Foeniculum vulgare fruit

extract on NO production
To assess the effect of Foeniculum vulgare

fruitextract on LPS-induced NO production (for iNOS
inhibitors) in RAW264.7 macrophages, cell culture
medium was harvested, and the concentration of
accumulated nitrite, the oxidative product of NO, was
determined by the Griess method (Table 1). The
addition of Foeniculum vulgare fruit extract and its
fractions (chloroform, butanol and aqueous fractions) to
cells that had been stimulated with LPS for 12 hr to
induce iINOS activity inhibited the induced iNOS
activity as evidenced by nitrite formation. Cell viability
was more than 90% at the concentrations tested as
assessed by the MTT assay (data not shown).

3.2. Effect of Foeniculum vulgare fruit

extract on PGE2 production
In this study, Foeniculum vulgare fruit extract and

its fractions (chloroform, butanol and aqueous fractions)
LPS-induced PGE;
accumulation (for COX-2 inhibitors) system in cultured
RAW264.7 cells. As shown in Table 1, butanol
fraction(100g/mL) showed significant inhibitory activity
on COX-2, but other fractions did not inhibit COX-2
activity (p<0.05).

were  evaluated with the

3.3. Effect of Foeniculum vulgare fruit
extract on TNF-« and IL-6

production
To determine the effect of Foeniculum vulgare fruit

extract on the production of TNF-g¢ and IL-6,
macrophages were treated with various concentrations
(4~100 pg/mL) of Foeniculum vulgare fruit extract

S za 3383 2] #2098 A35(2004)
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and its fractions (chloroform, butanol and aqueous
fractions) and culture supernatants were assayed for
cytokines by ELISA (Table 2). Foeniculum vulgare
fruit extract and its fractions significantly decreased the
production of TNF-ag (p<0.05) and IL-6 production
was reduced by methanol extract (4~100 ug/mL),
chloroform fraction (4 zg/mL), butanol fraction (4 and
100 pg/mL) and aqueous fraction (4~100 zg/mL).

4. Discussion

Once activated by
macrophages produce a large number of cytotoxic
studies have suggested that
overexpression of either inducible cyclooxygenase
(COX-2) or nitric oxide synthase (@(NOS) might be

intimately involved in the pathogenesis of diseases

inflammatory  stimulation,

molecules.  Several

including inflammation, cancer, multiple sclerosis,
Parkinson’s syndrome, and Alzheimer’s disease (Hinz
and Brune, 1999). Thus, there are many efforts to
develop enzyme inhibitors or repressors of enzyme
formation that are selective for theinducible forms of
these enzymes and do mnot affect the desirable activity
of their respective constitutive isoforms. Indeed,
selective COX-2 inhibitors, such as celecoxib, NS-398,
and sulindac, have been reported to exert for

preventing cancer and treating inflammation (Bandaru
et al.,, 1996). The production of NO, PGE,, IL-6, and
TNF-is an important part of the immune response to
many inflammatory stimuli. ~However, excessive
production of these mediators is seen in many acute
and chronic human diseases, including septic shock,
hemorrhagic  shock, multiple sclerosis, rheumatoid
arthritis, ulcerative colitis, and atherosclerosis (Bertolini
et al. 2001). Thus, suppression of these mediators may
be an effective therapeutic strategy for preventing
inflammatory reaction and diseases.

In an effort of searching for novel anti-inflammatory
fractionated

Foeniculum vulgare fruit extract according to polarity

agents from natural products, we
and compared their effect on the production of NO,
PGE; and cytokines (TNF-a@ and IL-6) released from
cultured mouse macrophage cell line RAW264.7. Assay
systems for determining of potential suppressors of
COX-2 and iNOS expression were conducted in
RAW?264.7 cells. In the present study, we demonstrated
that Foeniculum vulgare fruit extract and its fractions
inhibitedNO generation. Inhibition of LPS-stimulated
NO generation in RAW264.7 macrophages was not
attributable to cytotoxicity as assessed by MTT assay.
In addition, butanolfraction of Foeniculum vulgare fruit
extract inhibited COX-2 activity. The physiologic or

Table 1. Inhibitory activity of iNOS and COX-2 by Foeniculum vulgare fruit extract and its fractions

NO production PGE, production
Treatment ( pg/mL) £2g/10° cells % inh.” ngf10° cells % inh,”
Basal (cells alone) 1.92+0.16* - 0.11£0.01* -
Control 4.671+0.25 - 1.072£0.10 -
MeOH extract 20 2.99+0.38* 60.8 0.77+0.42 30.6
100 3.07£0.36*% 58.3 1.45+0.14 -40.1
CHCI; fraction 20 1.89£0.19* 101.2 1.57£0.56* -52.5
100 2.32+0.15* 85.4 1.31£0.21 252
BuOH fraction 20 2.190.40* 90.3 0.61+0.18 475
100 2.40£0.18* 82.7 0.6110.03* 48.0
H,O fraction 20 2.441027* 81.0 1.41+0.23 -359
100 2.59+0.48* 75.5 0.92+0.09 15.6
L-NMMAc) 50 M 2.75+0.23* 70.0
Celecoxibd) 1 pg/mL 0.131+0.05* 98.0

RAW264.7 cells were treated with 10 zg/mL of LPS only (control) or LPS (10 zg/mL) plus samples. Data shown are mean
+SEM of the results of 6 cultures. Significant differences from control; *p<0.05.
 Percent inhibition of iINOS activity: INOS activity was determined by the production of NO in cultured LPS-stimulated

RAW264.7 cells.

Y Percent inhibition of COX-2 activity: COX-2 activity was determined by the production of PGE; in cultured LPS-stimulated

RAW264.7 cells.

9 -NMMA (L-NG-monomethyl arginine) was used as positive control for iNOS inhibitor.

9 Celecoxib was used as positive control for COX-2 inhibitor

Stk 22 38H5| &) #2078 A)35.(2004)
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normal production of NO from phagocytes is beneficial
for the host defense against microorganisms, parasites,
and tumor cells (Nathan, 1992). However,
overproduction of NO can be harmful and result in
inflammatory diseases (Evans, 1995). In most cases,
the pathologies were significantly reduced through
inhibiting NO synthesis in vivoby treating the animals
with NO inhibitor derived from plants. It has been
that
phytochemicals are potential alternatives to synthetic

also  known plant-derived extracts and
agents of NO inhibitors. Therefore, a therapeutic agent
that inhibits the biosynthesis of NO may be useful for
the relief of these inflammatory conditions.

We investigated whether Foeniculum vulgare fruit
extract modulates the cytokines productions of
RAW264.7 cells. As shown in Table 2, methanolic
extract of Foeniculum vulgare exhibited remarkable
inhibitory activity on the inflammatory cytokines. While
TNF-a were

obtained for methanol extract and chloroform fraction,

the highest inhibitory ratios against

potent inhibitory effect against IL-6 was exhibited
by methanol extract and aqueous fraction. The
macrophage-derived mediators, TNF- @ and IL-6, which
were used in the present study, were considered to
play
responses, based on their occurrence at inflammatory

a key role in inflammatory and immune

sites and their ability to inducemany of the hallmarks

in the inflammatory response (Durum and Oppenheim,
1989). The observed inhibitory effect could be
produced by a transcriptional activator, nuclear factor-
£#B (NF- £B), that controls the expression of several
pro-inflamamatory cytokines, as well as the expression
of inducible enzymes such as iNOS and COX-2
(Bowie and O’Neil, 2000). Recently, NK-B has been
characterized as a “sensor” of oxidative stress, a sensor
that is activated by ROS and inhibited by antioxidants
(Li and Karin, 1998). The suppressive effects of these
antioxidant compounds on the production of these
associated with their
has been shown that
Foeniculum vulgare fruit possess strong antioxidant
activity (Toda, 2003).

the results of the present study
demonstrated that the extract and its fractions from the
fruits of Foeniculum vulgare inhibited the production
of NO, TNF-¢ and IL-6 in LPS-activated RAW264.7

macrophages. Moreover, butanol fraction of Foeniculum

inflammatory mediators  are

antioxidant  activities. It

In conclusion,

vulgare fruit extract may be preferred, since higher
inhibitory ratio was obtained against COX-2 activity
than with the other solvent fractions. Our results
suggest that the modulation of inflammatory mediators
by Foeniculum vuigare fruit may be important in the
prevention of inflammation and contribute to their
anti-inflammatory and immunoregulatory effects. Purther

Table 2. Effect of Foeniculum vulgare fruit extract and its fractions on the TNF- e and IL-6 production of RAW264.7

cells.
TNF- @ production IL-6 production
Treatment ( jg/ml) 10 cells % inhibition ng/10° cells % inhibition
Basal (cells alone) 2.20+0.07*% - 4.35+0.04% -
Control 2.70+0.04 - 53230.04 -
4 2.08+0.01* 124.5 3.660.01* 188.6
MeOH extract 20 2.194+0.01* 101.8 4.67 £0.00* 73.9
100 2.021+0.01% 136.1 4.851+0.08* 52.8
4 2.19£0.01* 101.8 4.27£0.06* 1193
CHCl; fraction 20 2.24£0.02* 934 5.52+0.04 233
100 2.08 +0.04* 1254 5.30+0.03 1.7
4 2.54+0.01%* 31.77 4.171+0.01* 130.1
BuOH fraction 20 2.380.03* 63.43 5.39£0.01 : -8.5
100 2.39£0.02* 61.3 4.96+0.03*% 409
4 2.63+0.02 13.7 3.71£0.04% 182.4
H,O fraction 20 2.41+0.01* 574 408 £0.04* 140.3
100 2.510.02* 38.0 448+0.04% 94.9

RAW264.7 cells were treated with 10 ug/mL of LPS only (control) or LPS (10 g/mL) plus samples. Cytokines concentration
wasmeasured in the conditioned medium by an immunoassay. Data shown are mean +SEM of the results of 6 cultures.

Significant differences from control, *p<0.05.
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studies are required to investigate the active

constituents responsible for such activity.
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