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I. INTRODUCTION

Macrophages are a type of differentiated
tissue cells that originate blood monocyte.
The cells have several functions such as: (1)
the removal of cell debris: (2) killing the
pathogenic microorganisms ; (3) the
processing and presentation of antigens
) Therefore, the

activation of macrophages is a key event for

ingested to lymphocytes’

effective innate and adaptive immunity.
When the body is stimulated by pathologic
stimuli or injury, macrophages release: (1)
numerous pro-inflammatory cytokine [e.g.
tumor factor (TNF)-a, and
interleukin (IL)-18); (2) chemokines and
chemoattractants [e.g. IL-8 and monocyte
MCP)-15;  (3)
cytotoxic and inflammatory molecules [e.g.

Nnecrosis

chemoattractant protein
nitric oxide (NO), reactive oxygen species
(ROS) and prostaglandin E» (PGEy)]. In
addition, the macrophages up-regulate the
surface levels of
costimulatory molecules [CD80 and CDS6]

and adhesion molecules [e.g. selectins and

glycoproteins  (e.g.

integrins])' ™.

Chronic ( or acute ) inflammation is a
multiple process, which is mediated by
activated inflammatory or immune cells,
From them, macrophages play a central role
different

immunopathological phenomena such as the

in managing many

over — production of pro-inflammatory

cytokines and inflammatory mediators

[reactive oxygen species ( ROS ), nitric oxide
( NO ) and PGE; ], generated by activated
inducible nitric oxide synthase ( iNOS ) and
2% Under
inflammatory conditions, immune cells are also

cyclooxygenase ( COX )

stimulated by adhesion molecule activations
signals in order to enhance the migration
capacity to inflamed tissue*® and finally to
form heterotypic cell clustering (adhesion)
between the immune cells, endothelial cells and
Indeed,
stimuli such as
lipopolysaccharide ( LPS ) and

inflamed cells”. a number of

inflammatory

pro-inflammatory cytokines activate immune
cells to up - regulate such inflammatory
states® and therefore, these are useful targets
for developing new anti - inflammatory drugs
and exploring the molecular anti-inflammatory
mechanisms of a potential drug.

The extract from  Chrysanthemum
zawadskii var. latilobum (CZ), commonly
known in Korea as Gu-Jul-Cho, is used in
traditional medicine to treat pneumonia,
bronchitis, cough, common cold, pharyngitis,
bladder-related disorders, women’s diseases,
gastroenteric disorders, and hypertensiong).

In this study, we evaluated the potential of
CZ as a therapeutic modality for inflammation
in RAW?264.7 mouse macrophages cells. Our
results showed that CZ extract largely
inhibited the
inflammatory mediators such as NO and
PGE; through the down-regulation of their
transcription factors and the modulation of

the NF-xB~dependent pathway.

excessive production of
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II. MATERIALS AND
METHODS

1. Cell culture

Cells of the murine macrophage RAW 264.7
were purchased from the Korean Cell Line
Bank (KCLB, Seoul, Korea). Cells were
cultured in Dulbecco’'s Modified Eagle
Medium (DMEM) (Gibco BRL, Grand Island,
NY, USA)
heat-inactivated fetal bovine serum (FBS)
(Gibco BRL) at 37C in 5% CO2-95% O3 in
a humidified cell incubator.

supplemented with  10%

2. Preparation of extract

Chrysanthemum zawadskii var. latilobum
(CZ) was purchased from Kyung-Dong herbal
market (Seoul, Korea), and the identification of
plant material was done by Dr. Kang-Hyun
Leem (Professor, Department of Herborogy,
College of Oriental Medicine,
University). The voucher specimen was
deposited at the college of Oriental medicine,
Semyung University. To obtain the water
extract of CZ, 200 g of CZ was added to distilled
water, and extraction was performed by
heating at 80 C, concentrated with a rotary
evaporator and lyophilized. The resulting

Semyung

powder, weighing 30 g, was dissolved in saline.

3. MTT cytotoxicity assay

Cell viability was determined using the
MTT assay kit (Boehringer Mannheim

GmbH, Mannheim, Germany) as per the

manufacturer’'s protocols. In order to
determine the cytotoxicity of CZ, cells were
treated with CZ at concentrations of 5 ug/mé,
10 pg/me, 25 ng/mé, 50 pg/mé, 100 pg/mé and 250
ug/ml for 24 h. Cultures of the control group
were left untreated. 10 m of the MTT
labeling reagent was added to each well, and
4 h

Solubilization solution of 100 m{ was then

the plates were incubated for
added to each well, and the cells were
incubated for another 12 h. The absorbance
was then measured with a microtiter plate
reader (Bio-Tek, Winooski, VT, USA) at a
test wavelength of 595 mm and a reference
wavelength of 690 nm. Optical density (O.D.)
was calculated as the difference between the
absorbance at the reference wavelength and
that at the test wavelength. Percent viability
was calculated as (OD. of drug-treated
sample/control 0.D.) x 100.

4. BNA isolation and RT-PCR

RAW264.7 cells (1 x 10° cells/mL) were
pretreated with 50 and 100 gg/mé of CZ
extract for 30 min, and were then stimulated
with 1 gg/mé of LPS or without LPS for 2 h.
Total RNA from each cell was prepared by
adding TRIzol reagent according to the
protocol of the manufacturer (GibcoBRL).
The total RNA solution was stored at -70 C
until use.

To identify expressions of iINOS and
COX-2 mRNAs, RT-PCR was performed.
Total RNA was isolated from RAW 264.7

cells using RNAzol™® (TEL-TEST,
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Friendswood, TX, USA). Two ug of RNA and
2 b of random hexamers (Promega, Madison,
WI, USA) were added together, and the
mixture was heated at 66°C for 10 min. One
1wl of AMV reverse transcriptase (Promega),
5 4l of 10 mM dANTP (Promega), 1 ¢ of
RNasin (Promega), and 5 @£ of 10 x AMV
RT buffer (Promega) were then added to the
mixture, and the final volume was brought
up to 50 ¢ with diethyl pyrocarbonate
(DEPC)-treated water. The reaction mixture
was then incubated at 42 C for 1 h.

PCR amplification was performed in a
reaction volume of 40 uf containing 1 ¢ of
the appropriate ¢cDNA, 1 @£ of each set of
primers at a concentration of 10 pM, 4 «f of
10 x RT buffer, 1 ¢ of 25 mM dNTP, and
2 units of Tagq DNA polymerase (TaKaRa,
Shiga, Japan). For mouse iNOS, the primer
sequences were 5 -
GTGTTCCACCAGGAGATGTTG -3 (a2l
- mer sense oligonucleotide ) and 5 -~
CTCCTGCCCACTGAGTTCGTC-3 (a
21-mer anti-sense oligonucleotide). For mouse
COX-2, the primer sequences Wwere
5-TGCATGTGGCTGTGGATGTCATCA
A-3 (a 25-mer sense oligonucleotide) and
5-CACTAAGACAG ACCCGTCATCTCCA
-3 (a 25-mer anti~sense oligonucleotide). For
cyclophilin, the internal control used in the
study, the primer sequences were 5 -
ACCCCACCGTGTTCTTCGAC-3" ( a 20 -
mer sense oligonucleotide starting at position
52) and 5’ - CATTTGCCATGGACAAGATG
-3 (a20 - mer anti - sense oligonucleotide
starting at position 332). The expected sizes
of the PCR products were 583 bp (for

COX-2), 500 bp (for iINOS) and 299 bp (for
cyclophilin).

For iINOS and COX-2, the PCR procedure
was carried out using a GeneAmp 9600 PCR
system (Perkin Elmer, Norwalk, CT, USA)
initial
denaturation at 94 °C for 5 min, followed by

under the following conditions:
40 amplification cycles, each consisting of
denaturation at 94 °C for 30 sec, annealing at
58 °C for 30 sec, and extension at 72 °C for
30 sec, with an additional extension step at
the end of the procedure at 72 °C for 5 min.
For cyclophilin, the PCR procedure was
carried out under identical conditions except
that 25 amplification cycles were executed.
The final amount of RT-PCR product for
each of the mRNA species was calculated
densitometrically using Molecular AnalystTM
version 1.4.1 (Bio—Rad, Hercules, CA, USA).

5. Western blot analysis

RAW264.7 cells (1 x 10° cells/mt) were
pretreated with 50 and 100 wg/m¢ of CZ
extract for 30 min and stimulated with 1 yg/m¢
of LPS or without LPS for 24 h. Cells were
Iysed with 0.1 m¢ of 50 mM Tris-HCI, pH 7.2,
containing 1% sodium deoxycholate, 0.1%
sodium dodecyl sulfate (SDS), 0.15 M NaCl
and 1% NP-40. The cell lysates were assayed
for protein concentration by the Bradford
staining method, and equal amounts of
protein (20 pg/mé) were then electrophoresed
on 8-10% density SDS-acrylamide gels.
After electrophoresis, the proteins were
transferred from the gel to a nitrocellulose
(NC) membrane using an electric transfer

- 212 -



- SefdFF MR o5 x : H 19 M 25 2008 -

system. Non-specific hinding was blocked
with 3% skim milk in TBS-T buffer (5 mM
Tris-HCl, pH 7.6, 136 mM NaCl, 0.1 %
Tween-20) for 1 h. Blots were incubated at
room temperature for 1 h each with primary
anti-body against iINOS (1:3000 dilutions;
Santa Cruz Biothchnology, Santa Cruz, CA),
actin (1:8000; Sigma) added, and were then
washed three times with 1x TBS-T. Blots
were incubated for 1 h at room temperature
(RT) with a 1:10,000 dilutions of horseradish
peroxidase (HRP)-labeled anti-mouse IgG
(1:1000, Santa Cruz Biotechnology), and were
then washed three times with 1x TBS-T.
Blots were developed with the ECL Western
detection reagents (Amersham Bioscience,

Piscataway, NJ).

6. DNA binding assay of nuclear factor-xB
(NF-xB)

RAW264.7 cells (1 x 10° cells/m) were
pretreated with 100 pg/mé of CZ extract for
30 min and stimulated with 1 pg/mé of LPS
or without LPS for 30 min. Nuclear extracts
were prepared by NE-PER nuclear and
cytoplasmic extraction reagents (Pierce
Biotechnology, Inc., Rockford, IL) according
to the protocol of the manufacturer. In brief,
the cells in six wells were washed with
ice-cold PBS. The cells were then scraped,
transferred to microtubes, and allowed to
swell after the addition of cytoplasmic
extraction reagent (CER). The lysates were
incubated for 10 min on ice and centrifuged
at 12,000 rpm for 5 min at 4 C. Pellets

containing crude nuclei were resuspended in

nuclear extraction reagent (NER) solution
and incubated in ice for 1 h. The samples
were centrifuged at 12,000 rpm for 10 min to
nuclear

obtain nuclear fractions. The

fractions wer assayed for protein
concentration by using the Bradford staining
method, and equal amounts of protein were
then electrophoresed on 10% SDS -
acrylamide gels. After electrophoresis, the
proteins were transferred frome the gel to an
NC membrane using an electric transfer
system. Non-specific binding was blocked
with 3# skim milk in TBS-T buffer (5 mM
Tris-HCI, pH 7.6, 136mM NaCl, 0.1%
Tween-20) for 1 h. Blots were incubated at
room temperature for 1 h each with primary
antibody against p65 NF-xB (1:5000 dilution;
Santa Cruz Biotechnology) and actin (1:8000;
Sigma), and were then washed three times
with 1x TBS-T. Blots were incubated for 1
h at room temperature with a forseradish
peroxidase (HRP)-labeled anti-rabbit IgG
(1:1000; Santa Cruz Biotechnology), and were
then washed three times with 1x TBS-T.
Blots were developed with ECL. Western
detection reagents (Amersham Bioscience)

7. Measurement of nitric oxide production

In order to determine the effect of CZ on
NO production, the amount of nitrite in the
supernatant was measured using a
commercially available NO detection kit
Biotech., After
collection of 100 mf of supernatant, 50 m¢ of
N1 buffer was added to each well, and the

plate was incubated at room temperature for

(Intron Seoul, Korea).
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10 min. N2 buffer was then added, and the
plate was incubated at room temperature for
10 min. The absorbance of the content of each
well was measured at 450 nm. The nitrite
concentration was calculated from a nitrite

standard curve.

8. Measurement of prostaglandin E2

Synthesis Assessment of PGE; synthesis
was performed using a commercially
PGE;
immunoassay kit (Amersham Pharmacia
Biotech. Inc., Piscataway, NJ, USA). Cells

were lysed and cell lysates and standards

available competitive  enzyme

were put into different wells on the goat
anti-mouse IgG-coated microtiter plate
provided in the kit. Mouse anti-PGE;
antibody and peroxidase-conjugated PGE:
were added to each well, and the plate was
incubated at room temperature and shook for
1 h. The wells were drained and washed, and
3,3’,5,5'-tetramethylbenzidine/hydrogen
peroxide solution was added. The plate was
incubated at room temperature with shaking,
and the reaction was stopped after 30 min
through the addition of HySO4 The
absorbance of the content of each well was
then measured at 450 nm.

9. Statistical analysis

Results are expressed as mean * standard
error mean (S.E.M.). Data were analyzed by
student’s t-test using SPSS (Ver. 10.0).
Differences were considered statistically
significant at p<0.05.

III. RESULTS

1. Cell toxicity of CZ extract

The viabilities of cells incubated with
Chrysanthemum zawadskii var. latilobum
(CZ) at 5 pg/mt, 10 pg/mé, 25 pg/mé, 50 pg/me,
100 pg/ml and 250 ug/mé for 24 h were 82.95
+ 1250, 89.20 + 0.85%, 89.77 + 3.12%, 90.05
+ 0.85%, 91.69 = 1.27 and 93.75 + 1.98% of
the control value, respectively., The MTT
assay revealed that CZ exerted no significant
cytotoxicity in the macrophage RAW 264.7
cells (Fig. 1).

Cell viability (% of control

i
i N 5 10 25 50 100 250
| CZ (ug/ml) |

Fig. 1. Cytotoxic effect of Chrysanthemum zawadskii var.
latilobum (CZ) extract in RAW264.7 cells were determined via
3-(4,5-dimethylthiazol-2—-yl)—2,5—diphenyltetrazolium
bromide (MTT) assay. Three independent experiments were
performed, and data shown represent the mean + S.E.M.

2. INOS and COX-2 expression in
macrophages

To ensure that CZ extract-mediated
inhibition of LPS-induced NO production
resulted from the inhibition of iNOS and
COX-2 activity and not to its expression,
RT-PCR and Western blot analysis of iNOS
and COX-Z mRNA and protein were
performed. In the present study, the mRNA
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levels of iINOS and COX-2 in the control cells
were used as a control value 1.00. The levels
of mRNAs were markedly increased by
wg/md  LPS, while
significantly decreased in the levels of iNOS
mRNAs treated with CZ at 50 yg/mé and 100
wg/md (Fig. 2).

treatment with 1

% merease:

MHNA exciesson

Fig. 2. Effect of Chrysanthemum zawadskii var. latilobum (C2)
extract on LPS~induced mRNA of INOS in macrophages.
RAW264.7 cells were incubated with CZ extract in the absence
or presence of LPS {1 w/mf). The mRNA levels of iINOS was
determined by RT—-PCR. As the internal control, cyclophilin
mBNA was also reverse-transcribed and ampilified. =represents
p<0.05 compared to the lipopolysaccharide {LPS}—treated
group.
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Fig. 3. Effect of Chrysanthemum zawadskii var. latilobum (CZ)
extract on LPS~induced mRNA of COX-2 in macrophages.
RAW264.7 cells were incubated with CZ extract in the absence
or presence of LPS {1 uxa/mf). The mRNA levels of COX—2 was
determined by RT-PCR. As the internal control, cyclophilin
mRNA was also reverse-transcribed and amplified.

3. DNA binding assay of nuclear factor-x8

LPS-induced phosphatidylinositol 3-kinase
(PI3~kinase)/Ark and MAPKSs can activate a
variety of transcription factors, including

ofMEEMR SEX & 198 H 28 2008 -

NF-xB, which coordinates the induction of

many inflammatory cytokines. We

investigated whether the CZ extract
modulates the inflammation-mediated signal
pathway in RAW264.7 cells using Western
blot analysis. The CZ extract attenuated the
LPS-elicited nuclear translocation of NF-«B
protein in RAW264.7 cells (Fig. 4). These
findings suggest that the CZ extract was
associated  with  down-regulation or
degradation of NF-xB

LPS-stimulated macrophages.

p6b protein in

Fig. 4. Effect of Chrysanthemum zawadskii var. latilobum {C2)
extract on LPS~induced nuclear translocation of NF—«B in
RAW264.7 cells, The CZ extract attenuated the LPS~—elicited
nuclear translocation of NF—- £ B protein in RAW264.7 cells.
These findings suggest that the CZ extract was associated with
down-regulation or degradation of NF— B p65 protein in
LPS—stimulated macrophages.

4. NO systhesis assay

Because NO is known to be a
proinflammatory mediator in inflammatory
diseases, we investigated whether the CZ
extract inhibits NO production from the
macrophages that were activated with LPS.

From NO detection assay, after 24 h of
exposure to LPS, the amount of nitrite was
increased from 769 + 0.19 M to BE3 + 0.4 1M,
while decreased to 2344 = 0.24 uM, 23.35 + 0.28
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uM and 26.64 = 0.55 uM by treatment with CZ
at 50 pg/ml, 100 xg/mé and 250 pg/m¢ (Fig. 5).

|
|
|
|
|

50
€z tugimn

Fig. 5. Effect of Chrysanthemum zawadskii var. latilobum (CZ)
extract on LPS—induced nitric oxide (NO)} production in
macrophages. RAW264.7 cells were incubated with different
concentrations of CZ extract in the presence of LPS (1 ug/mf)
for 24 h. NO was measured by the Griess reaction. Three
independent experiments were performed, and data represent
are the mean + S.E.M. *represents p<0.05 compared to the
lipopolysaccharide (LPS)—treated control group.

5. PGEZ2 synthesis assay

From PGE; immunoassay, after 24 h of
exposure to LPS, the amount of PGE; was
increased from 597 £ 1.28 pg/well to 45.37
+ 542 pg/well, while decreased to 33.85 + 4.84
pg/well and 3024 + 443 pg/well by the
treatment with CZ at 100 pg/mfl and 250 pg/ml
(Fig. 6).

PGE? (pg/we}
w
©

Coniol LPs

50

CZ tug/ml)
Fig. 6. Effect of Chrysanthemum zawadskii var. latilobum {CZ)
extract on LPS—induced prostaglandin £2 (PGE2} production
in macrophages. RAW264.7 cells were incubated with different
concentrations of CZ extract in the presence of LPS (1 xo/mf)
for 24 h. PGEZ2 was measured by the Griess reaction. Three
independent experiments were performed, and data represent
are the mean £ S.E.M. *represents p<0.05 compared {o the
lipopolysaccharide {LPS)~treated group.

IV. DISCUSSION and
CONCLUSION

Chrysanthemum zawadskii var. latilobum
(CZ) has been used in traditional medicine in
Korea for the treatment of pneumonia,
bronchitis, cough, common cold, pharyngitis,
bladder-related

disorders and hypertensiong). Linarin is the

disorders, gastroenteric
main active compound found in the herb CZ.
It is an acacetin-7-B-rhamnoglucoside, called
aca—ciin. Linarin has significant beneficial
therapeutic effects'”. Despite the identified
effects in  several  diseases, the
pharmacological activities of the CZ extract
have not been fully explored with regard to
its immunological effects. Therefore, in this
study, we prepared CZ extract for treatment
of the patients with inflammatory diseases,
including chronic renal failure, rheumatoid
arthritis, and neurodegenerative diseases, and
then identified its anti-inflammatory effects
in LPS-activated mouse macrophages.

In mammalian cells, NO is synthesized by
three different isoforms of NOS, namely,
nNOS, eNOS and iNOS. Although nNOS and
eNOS are constitutively expressed, iNOS is
expressed in response to interferon-y, LPS
and to a variety of proinflammatory
cytokines™®. COX in the enzyme that
converts arachidonic acid to PGs. Like NOS,
COX existed in two isoforms, e, COX~1 and
COX-2" COX-1 is expressed constitutively
in most tissues and appears to be reponsible
physiological

for maintaining normal
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functions. In contrast, COX-2 is detectable in
only certain types of tissues and is induced
factors,

transiently by growth

proinflammatory cytokines, tumor promoters
and bacterial toxins'*'”. Moreover, elevated
levels of COX have been detected in different
tumor types and this may account for the
excessive production of inflammatory PGs'®.

NO is produced by activated macrophages
as a result of induction by several stimuli,
including TNF-q, IFN-y and LPS, and may
contribute to the pathological process in
various acute and chronic inflammatory
conditions'” ¥, Therefore, the reduction of
NO production, including inhibition of iNCS
gene activity, depletion of arginine substrate
by arginase, and transcriptional
down-regulation of iINOS gene expression by
endogenous or exogenous manipulation, may
present a useful strategy for the treatment of
a variety of inflammatory diseases, including
some neurological disorders® . In this
study, we demonstrate that CZ extract
significantly inhibited NO production (Fig. 5)
in LPS-stimulated macrophages without
(Fig. 1.

Furthermore, the inhibitory action of CZ

showing any cell toxicity
extract on LPS-induced NO production
appears to involve the inhibition of iNOS gene
expression (Fig. 2).

LPS stimulation of macrophages activates
several extracellular signaling pathways,
including the IkB kinase (IKK)-NF-kB
pathwayzB). Proinflammatory cytokines that
are released from macrophages are also
involved in many aspects of inflammatory

events, including expression of iNOS and

MFEAR s8R A 19 M 2% 2008 -

COX-2 involved the mitogen-activated
protein kinase 3 (MKK3)/p38 MAPK and
NF-kB pathways®®. These
pathways activated the induction of many

signaling

genes that encode inflammatory mediators.
Therefore, these signaling molecules may
represent novel targets for the treatment of
patients with inflammatory diseases™.
NF-xB is one of the most ubiquitous
transcription factors and regulates gene
involved in cellular proliferation,
inflammatory responses and cell adhesion.
The activation of NF-xB has been reported
of many
pro-inflammatory mediators, e.g., iNOS,

COX-2, TNF-a and interleukin-1B, -6 and

27.98)
-8

to induce the transcriptions

NF-kB is known to play a critical role in
the regulation of cell survival genes and to
coordinate the expressions of
proinflammatory enzymes and cytokines,
such as iNOS, and COX-2%*. Since the
expressions of these pro-inflammatory
mediators are known to be modulated by NF-
kB. NF-kB is essentially composed of two
proteins, po0 and p65, which are also referred
to as RelA and cRel, respectively™. In the
resting state, NF-xB is bound in the cytosol
with an inhibitory protein, I-kB. However,
following its induction by a variety of agents
such as LPS, TNF-a and tissue plasminogen
activator, I-xB is phosphorylated and this
process triggers its proteolytic degradation
via 26s proteosome, which releases NFxB
from I-kB and allows its translocated to the
nucleus, where it binds to NF-«xB binding

sites in the promoter regions of its target
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genes. In the present study, we found that CZ
blocked the LPS-induced activation of NF-k
B by inhibiting its translocation to the
nucleus®.

PGE,, a major metabolite of the COX-2
pathway, has emerged as an important lipid
inflammatory and
PGEz iS

implicated in the pathogenesis of acute and

mediator of
immunoregulatory  processes.
chronic inflammatory states%), and specific
COX-2 inhibitors attenuate the symptoms of
inflammation®”. COX activity and subsequent
production of PGE; are closely related to the
generation of NO radicals®. Salvemini et
al® reported that NO modulates the activity
of COX-2 as cGMP-independently and plays
a critical role in the release of PGE; by direct
activation of COX-2. Inhibition of the iINOS
expression in murine macrophages can be
suggested as another possible mechanism of
non-steroidal anti-inflammatory drugs40).

In the present study, we examed the effects
of CZ on LPS-induced pro-inflammatory
molecules, including NO and PGE:. CZ was
found to be the effective inhibitor of these
mediators. To further explore the possible
mechanism of these inhibitions by CZ, we
investigated the effects of CZ extract on
LPS-induced activation of the NF-kxB
showed  that the
anti-inflammatory effect of CZ extract was

pathways. We

associated with decreases in LPS-induced
nuclear translocation of NF-kB in activated
macrophages. These results indicate the
potent activity of CZ extract as a modulator
of LPS-mediated NF-xB pathway in

activated macrophages.

In conclugion, we demonstrate here that CZ
extract is a potent suppressor of secretion of
an inflammatory mediator, NO, PGE; and
proinflammatory cytokines in LPS-activated
macrophages. Thus, CZ extract may have
therapeutic potential for the modulation and
regulation of macrophage activation, and may
provide safe and effective treatment options
for a variety of inflammation-mediated
diseases.
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