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Abstract

Plant flavonoids show anti-inflammatory activity bathvitro andin vivo. Some flavonoids, such as flavone derivatives, have been
reported previously to inhibit nitric oxide (NO) production by suppressing inducible nitric oxide synthase (INOS) expression. In this
investigation, the effects of wogonin, a potent inhibitor of NO production among the flavonoids tested, on cyclooxygenase-2 (COX-2
induction and activity were elucidated further in connection with iINOS, using a mouse macrophage cell line, RAW 264.7. Wogonin
inhibited NO and prostaglandin,EPGE,) production from lipopolysaccharide-induced RAW cells with, values of 31 and 0.3M,
respectively. When added after the induction of INOS and COX-2, wogonin inhibited the formation gf(RGE= 0.8 uM), but not the
production of NO. Wogonin inhibited COX-2 activity directhc{, = 46 uM) from the homogenate of aspirin-pretreated RAW cells, as
determined by measuring’C]PGE, formation from {“CJarachidonic acid. However, it did not inhibit iNOS or phospholipaseaétivity.
Western blotting showed that wogonin suppressed the induction of both INOS and COX-2. Prednisolone also suppressed the induction
iINOS and COX-2. Whereas RU-486 (a steroid receptor antagonist) reversed the suppressive activity of prednisolone, it did not affect tl
suppressive activity of wogonin, suggesting that the suppressive activity of wogonin is not mediated by binding to a steroid receptor. Resu
from the present study demonstrated that wogonin is a direct COX-2 inhibitor, as well as an inhibitor of INOS and COX-2 induction.
Wogonin may be a potential agent for use in the treatment of inflammatory diseases. © 2001 Elsevier Science Inc. All rights reserved
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1. Introduction the direct inhibition of AA-metabolizing enzymes, recent
investigations also revealed that certain flavonoids, mainly
Plant flavonoids affect inflammatory processes in mam- flavones such as wogonin and tectorigenin, inhibit the in-
mals and possess both anti-inflammatory and immuno- duction of INOS (NOS type 2) expression in macrophages,
modulatory activitiesn vitro andin vivo. These anti-inflam-  thus reducing NO production [3—7]. These previous studies
matory and immunomodulatory actions have been reportedindicated that flavonoids might express anti-inflammatory
at the cellular level to involve, in part, inhibition of activity by modulating the expression and activity of en-
COX/LO and protection from oxidation [1,2]. In additionto  zymes that participate in inflammatory responses, suggest-
ing that flavonoids may be general inhibitors of inflamma-
tion-induced cell activation. Indeed, other investigators
have shown recently that several flavonoids, such as apige-
9271. . T . ;
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Abbreviations:COX, cyclooxygenase; LO, lipoxygenase; iNOS, in- inducible isoform of COX [8,9]. The mechanism for the
ducible nitric oxide synthase; NO, nitric oxide; PG, prostaglandin; AMT, inhibition of enzyme expression was reported, at least in

2-amino-5,6-dihydro-6-methylH-1,3-thiazine hydrochloride; AA, arachi- part, as due to the suppression of B activation, possibly
donic acid; SNAP, _i)-Snitro_-N-acetyIpeniciII_amine; RU-48§, mifepri_s- by inhibition of IkB kinase activity [9]. Although these
tone; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; . . . S
LPS. lipopolysaccharide: BH (6R)-5.6.7.8-tetrahydrobiopterin: DMEM, ~ PTEVIOUS stqdles demonstrated thatlcertaln.flavon@dfs |.n.h|b|t
Dulbecco’s modified Eagle’s medium; FBS, fetal bovine serum; and,pLA  the expression of COX-2 enzyme without directly inhibiting
phospholipase A its activity, it is not clear whether other flavonoids directly
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with 10% FBS and 1% antibiotics under 5% ¢& 37° and
OCH 3 activated with LPS according to previously described pro-
cedures [3]. Briefly, cells were cultured in 96-well plates
(2 X 10° cells/well). After preincubation for 2 hr, test
HO O compounds including wogonin and LPS (g/mL) were
added and incubated for 24 hr, unless otherwise specified.
Test compounds including wogonin were dissolved in
DMSO on the day of experiment and diluted with serum-
free DMEM into appropriate concentrations. The final con-
centration of DMSO was adjusted to 0.1% (v/v). Control
groups also received the same amount of DMSO. Cell
. viability was assessed by the MTT assay based on experi-
OH o) , mental procedures described previously [13]. For determi-
Fig. 1. Chemical structure of wogonin. nation of NO concentration, the stable conversion product
of NO, nitrite (NG, ), was measured using the Griess re
agent [1:1 mixture (v/v) of 1% sulfanilamide and 0.1%
naphthylethylenediamine dihydrochloride in 5%R®O,].
Optical density was measured with a microplate reader
(Spectra Max, Molecular Devices) at 550 nm. The BGE
concentration in the medium was measured using an en-
zyme immunoassay (EIA) kit (Cayman Chemical Co.) ac-
cording to the recommendation of the manufacturer. To
determine the effects of wogonin on NO and BQiEoduc
tion after the induction of INOS and COX-2, cells were
incubated with LPS (Jug/mL) for 24 hr and washed thor-
oughly three times with serum-free DMEM. Then test com-
epounds were added without LPS, and cells were incubated
for another 24 hr. NO and PGEoncentrations were mea
sured in the medium as described above. To check the effect
of wogonin on COX-2 activity induced by exogenously
added AA, cells pre-activated with LPS for 24 hr were

affect COX-2 activity and/or expression. In addition, al-
though NO has been controversially reported to affect the
level of COX activity and/or COX-2 expression [10,11],
whether the suppressive effect of flavonoids on COX-2
induction is an independent process or an indirect phenom-
enon, via reduced production of NO, is yet to be answered.
Therefore, in the present study, the effects of wogonin, one
of the most potent flavonoid inhibitors of INOS induction
[3], on COX-2 induction and activity were further eluci-
dated in connection with INOS activity. It was found that
wogonin potently inhibited COX-2 induction and activity,
thus reducing PG synthesis. It was also determined that th
down-regulation of COX-2 by wogonin was independent of
the down-regulation of INOS.

2. Materials and methods washed thoroughly, and AA (10@M) and wogonin were
added. Following a 15-min incubation, PG&bncentration
2.1. Chemicals was measured using an EIA kit.

AMT was purchased from Tocris Cookson Ltd. fG]AA 2.3. INOS and COX-2 activity assay
(54.6 mCi/mmol), [5,6,8,9,11,12,14,FB]AA (100
Ci/mmol), and I-[2,3,4,5H]arginine monohydrochloride (58 To isolate the iINOS-containing enzyme fraction, RAW
Ci/mmol) were obtained from NEN. NS-398, SNAP, and 264.7 cells in 100-mm culture dishes were activated with
RU-486 were obtained from Biomol. AA (99%), MTT, LPS LPS (1ug/mL) for 20 hr. Cells were scraped, collected in
(Escherichia coli0127:B8), NADPH, FAD, and Bliwere serum-free DMEM, and washed twice with serum-free
purchased from the Sigma Chemical Co. Prednisolone wasDMEM. After homogenization with a Teflon homogenizer,
obtained from the Upjohn Co. DMEM and other cell culture the sample was centrifuged at 15,@pfor 30 min at 4°, and
reagents, including FBS, were products of Gibco BRL. the supernatant was used as a source for iNOS. INOS
Dowex-50W X8 cation exchanger and a protein assay kit were activity was measured by the formation gHcitrulline
purchased from Bio-Rad Laboratories. TLC plates @0 from [H]arginine following a previously described proece
cm) were products of the Merck Co. Wogonin (Fig. 1) was dure [3]. Briefly, the reaction mixture (17QL) [1 mM
isolated from Scutellaria radix and structurally identified ac- NADPH, 10 uM FAD, 1 mM dithiothreitol, 100uM BH,,,
cording to a previous report [12]. The purity of wogonin 0.2 mM EGTA, PH]arginine (0.5uCi/mL), and 50 uL
was>95% (w/w). homogenate in 50 mM HEPES buffer (pH 7.5)] was incu-
bated at 37° for 1 hr. The reaction was terminated by the
2.2. RAW 264.7 cell culture and measurement of NO and addition of 200uL of ice-cold stop buffer (50 mM mor-
PGE, concentrations pholinoethanesulfonic acid, pH 5.5, and 5 mM EDTA). The
sample was passed through Dowex-50W X8 resin, and the
RAW 264.7 cells (obtained from the American Type radioactivity of the eluate was counted using a liquid scin-
Culture Collection) were cultured in DMEM supplemented tillation counter (LKB model 1209).
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For the COX-2 activity assay, RAW 264.7 cells were 2.6. Measurement of PlAactivity in [*H]AA-prelabeled
pretreated with aspirin (25@M) for 1.5 hr to inactivate RAW 264.7 cells
COX-1 enzyme. After washing the cells three times with
serum-free DMEM, LPS (lug/mL) was added to induce [*H]AA (0.25 uCi/well) was added to RAW 264.7 cells
COX-2. Twenty hours later, cells were scraped and homog- (5 X 10° cells/well in 24-well plates) in DMEM supple
enized in 20 mM Tris—HCI buffer, pH 7.5, containing 2 mM mented with 10% FBS and 1% antibiotics and incubated for
EDTA, 0.5 mM EGTA, 330 mM sucrose, and 2 mM phe- 24 hr. After complete washing with PBS containing 0.25%
nylmethylsulfonyl fluoride. After centrifugation, the super- (w/v) fatty acid-free BSA, the cells were activated with LPS
natant obtained was used as the source for COX-2 enzyme(1 pg/mL). The medium was collected at appropriate time
COX-2 activity was measured usintfC]AA as a substrate  intervals, and the radioactivity released into the medium
according to a previously reported method [14]. The COX was counted.
assay system contained the cell homogenate in 100 mM
Tris—HCI buffer, pH 8.0, with 5 mM EDTA, 2 mM reduced 2.7. Statistical analysis
glutathione, 50 mM I-tryptophan, and 2M hemoglobin
with or without the test compounds. The reaction mixture  All values are presented as arithmetic meansSD.
(100 pL) including the homogenate (2g protein) was Student’s unpaired-test was used to determine statistical
added to an Eppendorf tube containifgd]AA (0.01 uCi), significance. All experiments were performed at least twice
and the mixture was incubated at 37° for 20 min. The and gave similar results.
reaction was terminated by adding p0 of ice-cold 0.15 N
HCI. The reaction products were extracted with Q40 of
Folch solution, and the organic layer was dried undgr N 3. Results
The products were separated twice by TLC using ethyl
acetate:acetic acid (99:1) as a mobile phase. After autora-3.1. Inhibition by wogonin of NO and PGproduction
diography for 7 days, spots corresponding to RGEre from LPS-induced RAW 264.7 cells
scraped and measured for radioactivity.
When RAW 264.7 cells were exposed to LPS for 24 hr,
2.4. Separation of AA metabolites by HPLC the medium concentration of NO and PQkas 59.2+ 4.9
uM (32.3 = 1.1 nmol/well/2x 10° cells) and 34.9+ 1.3
The extracted and dried metabolites prepared as abovenM (2.46 = 0.14 ng/well), respectively (N= 3). The basal
were also separated by HPLC (Shimatzu LC-10AT) con- medium concentrations, in the absence of LPS, weret1.0
nected to an on-line radioactivity flow detector (Packard 0.1 uM for NO and 3.1+ 0.1 nM for PGE As shown in
150TR). The sample solutions were run through an ODS-II Fig. 2, prednisolone (an anti-inflammatory steroid) potently
reverse phase column (15 cm, Shinwa Chem.) at a flow ratereduced the production of PGHKicg, < 0.1 uM); it also
of 1 mL/min. The metabolites were separated by gradient reduced the production of NO but not as strongly. As ex-
elution (solvent gradients A:B, 94:6> 0:100; solvent A: pected, AMT (an iINOS inhibitor) dramatically inhibited NO
26% acetonitrile, 10% methanol, and 0.02% acetic acid in production (c5o = 0.3 uM) without inhibiting the synthesis
water; solvent B: 0.05% acetic acid in acetonitrile) for 50 of PGE, Wogonin inhibited the production of NO and

min. PGE in a concentration-dependent manner. g values
of wogonin for NO and PGEproduction were 31 and 0.3
2.5. Western blot of INOS and COX-2 uM, respectively. Wogonin inhibited PGEynthesis more

potently than NO production. In this experiment, no cyto-

For measuring the protein level of INOS and COX-2, a toxic effects of prednisolone, AMT, or wogonin on RAW
western blotting technique was used [3]. RAW 264.7 cells 264.7 cells in the presence or absence of LPS were observed
were cultured in 6-well plates (% 10° cells/well) in the at the concentrations tested. Figure 3 shows the effects of
presence or absence of LPSy@/mL) with or without the wogonin on the production of NO and PG#uring a 24-hr
test compounds for 20 hr, unless otherwise indicated. After incubation period when INOS and COX-2 were pre-induced
preparing the cell homogenate, the supernatant was ob-with LPS. When added after activation with LPS, pred-
tained by centrifugation at 15,00% for 30 min. Proteins nisolone reduced PGHEproduction by 37% (at 1uM), a
were separated by Tris—glycine gel (4-15%, Novex Lab.) reduction that was not statistically significant. AMT
electrophoresis and were blotted to PVDF membranes. strongly reduced NO productionc{, = 0.3 uM) as ex
INOS and COX-2 were detected by incubation with INOS pected, whereas its inhibition of PGRroduction was weak
(N32030, Transduction Lab.) and COX-2 (No. 60116, Cay- (39% inhibition at 50uM). Wogonin potently inhibited the
man Chemical Co.) antibodies. INOS and COX-2 were production of PGE in a concentration-dependent fashion
visualized by exposure of the membranes to a horseradish(icsy = 0.8 uM), but it did not inhibit NO production. To
peroxidase-conjugated secondary antibody and DAB re- exclude PLA activity, AA was exogenously added to RAW
agent (Vector Lab.). 264.7 cells, which were pre-activated with LPS. After a
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Fig. 2. Effects of wogonin on NO (a) and PGb) production from LPS-induced RAW 264.7 cells. RAW 264.7 cells were incubated with LiRg/(dL)

and test compounds [AMTe}, prednisoloneX), and wogonin 4)] for 24 hr, and NO and PGEconcentrations in the medium were measured as described

in “Materials and methods.” Basal levels of NO and BG#thout LPS were 1.0= 0.1 uM and 3.1+ 0.1 nM, respectively. LPS treatment increased NO
and PGE production to 52.9+ 4.9 uM and 34.9%+ 1.3 nM, respectively. Percent formation was calculated after subtracting basal level concentrations of
NO and PGE The data points and bars represent arithmetic meaS® (N = 3). Key: (*) P < 0.001, significantly different from the LPS-treated control
group.

15-min incubation, wogonin still inhibited PGEormation nates. As shown in panels a and b of Fig. 5, wogonin

(Icgo = 29 uM) but not NO production (Fig. # inhibited COX-2 activity directly in a concentration-de-
pendent mannendsy, = 46 wM), while it did not inhibit

3.2. Effects of wogonin on iNOS and COX-2 enzyme INOS activity at these same concentrations. Tibg,

activities values of AMT and NS-398 (a preferential COX-2 inhib-

itor) for INOS and COX-2 activity were 0.5 and 4/&M,
The effect of wogonin on the enzyme activities of respectively. Using autoradiography (Fig. 5¢) and HPLC
iINOS and COX-2 were examined using cell homoge- separation (Fig. 5d) of PG production, it was also shown
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Fig. 3. Effects of wogonin on NO (a) and PGb) production from RAW 264.7 cells pre- induced by LPS. RAW 264.7 cells were incubated with LPS for
24 hr, and test compounds [AM®), prednisolone), and wogonin 4)] were added. After incubation for another 24 hr, NO and PG&hcentrations in

the medium were measured. One hundred percent formation represented 423M NO and 26.4+ 3.3 nM PGE_ The data points and bars represent
arithmetic means: SD (N = 3). Key: (*) P < 0.001, significantly different from the LPS-treated control group.
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Fig. 4. Effects of wogonin on NO (a) and P&fb) production from RAW cells pre-induced with exogenously added AA. RAW 264.7 cells were incubated
with LPS for 24 hr. Wogonin and AA (10@M) were added. After incubation for another 15 min, NO and PGixcentrations in the medium were measured.
One hundred percent formation represented=1.8.1 uM NO and 46.9+ 2.1 nM PGE_The data points and bars represent arithmetic meaB® (N =

3). Key: (*) P < 0.001, significantly different from the LPS-treated control group.

that wogonin (100uM) inhibited both PGD and PGE 3.5. Effect of RU-486 on inhibition of NO production by
production. wogonin

In this system, prednisolone significantly inhibited NO
production at 10uM. When RU-486, a steroid receptor
antagonist, was added, NO productivity was recovered in a
concentration-dependent fashion (0.1 to A®). In con-
trast, the addition of RU-486 did not increase NO produc-
tion in the presence of wogonin (Fig. 8a). When iNOS

3.3. Effects of wogonin on iNOS and COX-2 induction

Enzyme levels were checked with a western blotting
technique. Wogonin (10@M) and prednisolone (1 and
10 uM) inhibited induction of both iINOS and COX-2 in

LPS-induced _RAW 2_64'7, cells (Fig. 6 a apd b). When levels were checked by western blotting, RU-486 (1)

the effect of mcubatloq t'me_ on the |nd.uct|on of 'NOS, was clearly shown to reverse the suppressive effects of
and COX-2 was examined in the LPS-induced cells, it , oqnisolone on INOS induction. In contrast, no change was
was seen that for both enzymes induction began at 5 hrgpserved in RU-486/wogonin-treated cells (Fig. 8b).

and reached a maximum at about 10-20 hr after LPS

addition. When added simultaneously with LPS, wogonin
(100 wM) constantly inhibited the induction of both of
the inducible enzymes throughout all the incubation pe-
riods (Fig. 6, ¢ and d).

3.6. Effects of an NO donor or PGIBn the suppression
of COX-2 or iNOS induction by wogonin

The suppressive activity of wogonin on COX-2 or iNOS
induction by LPS treatment was challenged with an NO
3.4. Effect of wogonin on PLAactivity from LPS-induced  donor (SNAP) or PGE However, the inhibition of COX-2
RAW 264.7 cells induction by wogonin was not changed by treatment with

the NO donor (Fig. 9a), nor did the addition of PGE-100

When RAW 264.7 cells were labeled witfH]AA and pg/mL) change the production level of NO (Fig. 9b).
then activated by LPS, they released approximately 2.3-
fold more total radioactivity into the medium in the first
hour than did cells not treated with LPS. After 1 hr of 4 piscussion
incubation the total radioactivity released into the me-
dium plateaued and remained stable over the 22-hr time  previously, various flavonoids including wogonin were
course. Wogonin (10@M) slightly increased the release reported to be inhibitors of iINOS induction [3-7], and
of total radioactivity (FH]AA released/metabolites) from wogonin was found to be the most potent of the flavonoids
the LPS-induced RAW 264.7 cells over the same period tested thus far [3]. Several investigators have also demon-
(Fig. 7). strated that some flavonoid derivatives, such as apigenin
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Fig. 5. Effects of wogonin on iNOS and COX-2 enzyme activities. (a) Effect on iNOS acti¥i#ijCitrulline formation from fH]arginine was measured
in the presence of AMT&) or wogonin @). (b) Effect on COX-2 activity. J"C]PGE, formation from [“C]AA was measured in the presence of aspisi) (
NS-398 @), or wogonin @). (c) Autoradiogram of the effect of wogonin (1QtM) on PGD, and PGE formation. (d) HPLC chromatographic profile of
the effect of wogonin (10uM) on PGD, and PGE production.

and tectorigenin, inhibit COX-2 induction [8, 9]. This in- vonoid did not affect INOS activity (Fig. 5). It was also
vestigation was designed to elucidate the effects of wogonin shown that wogonin inhibited PGEynthesis, but not NO
on COX-2 in relation to the effects on iINOS, and to deter- production, when it was added after INOS and COX-2 were
mine some mechanisms of action. The effects of wogonin induced (Figs. 3 and 4). These findings support the hypoth-
on iNOS found in this study were in accord with results esis that wogonin behaves as a direct COX-2 inhibitor. In
reported previously [3, 7]. contrast, wogonin did not reduce the basal level of PGE
The present study clearly demonstrated that wogonin at production, suggesting that wogonin might not inhibit
1-100 uM inhibited NO as well as PGEproduction via COX-1 activity (data not shown). This speculation is also
suppression of the induction of both INOS and COX-2 in supported by our previous study demonstrating that up to
LPS-induced RAW 264.7 cells. But the potency with which 100 uM wogonin did not significantly inhibit COX-1 ac-
wogonin reduced NO and PGlproduction was somewhat tivity from human platelet homogenates [12].
different. Wogonin inhibited PGEproduction more po PGE, is formed from its precursor, AA. Thus, the reduc
tently than NO production. The reason for the various sen- tion of PGE, production by wogonin might be caused by the
sitivities to inhibition by wogonin is not known at present. reduction of free AA released from the membrane, which is
It may be explained in part by the fact that, in addition to the mainly catalyzed by PLA This possibility was checked in
suppressive effects of wogonin on iNOS and COX-2 induc- [*H]AA-prelabeled cells, and it was found that wogonin did
tion, it also inhibited COX-2 activity from the homogenate not inhibit PLA, activity (Fig. 7). A similar observation that
of LPS-induced RAW 264.7 cells, whereas the same fla- tectorigenin inhibits COX-2 expression, but not PLAG
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Fig. 6. Effects of wogonin on iINOS and COX-2 expression (western blot). (a,b) Effects on INOS and COX-2 expression in the presence of prednisolone (|

or wogonin (W). (c,d) Time-dependent effects of wogonin on iINOS and COX-2 expression. Keyrésence or-{) absence of wogonin (10QM).
Numbers indicate the incubation time (hr) after LPS treatment.

tivity in mouse macrophages was reported previously [8]. describing the direct inhibition of COX-2 by flavonoids.
From our study, it is evident that wogonin inhibits the Flavan-3-ols such asH)-catechin, 4methyl-ent-gallocat-
induction of COX-2 expression and activity, thereby reduc- echin, and mearnsitrin weakly inhibited COX-2 at very high
ing PG production. There have been only a few reports concentrations>¥100 uM), and they were not selective for
COX-2 over COX-1 [15,16]. To the best of our knowledge,
this is the first paper to find a flavonoid compound having
COX-2 inhibitory activity at reasonable concentrations.
//% The suppressive effects of wogonin on iNOS and COX-2
expression were similar to those of an anti-inflammatory
//é steroid (prednisolone). Glucocorticoids are well known as
potent anti-inflammatory agents, down-regulating INOS and
COX-2 expression via a receptor-mediated process [17].
The mechanism of action of steroidal anti-inflammatory
drugs for the suppression of these inducible enzymes is not
0 understood completely. They suppress gene expression
through glucocorticoid receptor complex formation, possi-
bly mediated by direct interaction between the steroid re-
ceptor and nuclear transcription factors like NB-[18] or
by binding to glucocorticoid responsive elements that reg-
0 1 5 1'0 v e 2'2 ulate the transcription of various known genes. Figure 6
demonstrated that prednisolone down-regulated iINOS and
Incubation time (hr) COX-2 expression. As expected, RU-486 (a steroid receptor
Fig. 7. Effect of wogonin on PLAactivity in RAW 264.7 cells prelabeled antagonist) blocked the suppressive activity of prednisolone
with [*HJAA. RAW 264.7 cells were labeled with®H]AA for 24 hr. on NO production as well as enzyme expression (Fig. 8).
Wogonin (100puM) and LPS were added, and the radioactivity released However, the same compound did not block the suppressive
"C‘)to Eges 2?“;?;&256%“3"5"0?: r:gp;?}g’?;tea“?;Efé‘ﬁ;?gir‘éz';i:t'e effects of wogonin. These results indicate that the cellular
gri)t'hmetic r’neanst SD (N =93). Th.ere was ng statistically signFi)ficant mechamsm 9f action of Wogonm Is quite different from the
difference P < 0.001) between the LPS-treated and the LPS plus wogo- Steroidal action mechanism, and the effect on enzyme ex-
nin-treated groups. pression by wogonin is not mediated via complex formation
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of RU-486 were added to RAW 264.7 cells, and NO concentration was Fig. 9. Effects of an NO donor (SNAP) and PGBn COX-2 and NO

measured after 24 hr of incubation. The LPS-treated control produced production. (a) Effect of SNAP on COX-2 expression (western blot). Lane
55.0= 5.2 uM NO (100%). The data points and bars represent arithmetic 1: vehicle; 2: LPS; 3: LPS and wogonin (1pM); 4: SNAP (100uM); 5:

means* SD. Key: (*) P < 0.001, signific._':mt!y_ differen_t from the LPS- SNAP (100uM) and wogonin (100uM); 6: LPS and SNAP (10wM);
treatec_i C(_)ntrol group, and-) P < O._OOl, S|gn|f|car_1tly _dn‘ferent from the and 7: LPS and SNAP (10@M) plus wogonin (100uM). (b) Effect of
group indicated. N= 3. (b) Effect on iNOS expression in RAW 264.7 cells  pGE, on NO production in RAW 264.7 cells. LPS and wogonin (W, 100

(western blot). LPS and prednisolone (P, 1 anduM) or wogonin (W, uM) in the presence (1, 10, 100 pg/mL) or absened 0f PGE, were
100 M) in the presence+) or absence ) of RU-486 (10uM) were added to the cells. NO concentration was measured after 24 hr of incuba-
added to the cells. After 20 hr, electrophoresis was carried out on the cell tion. The LPS-treated control produced 54:94.0 uM NO (100%). The

homogenate. data points and bars represent arithmetic mea&D. Key: (*) P < 0.001,
significantly different from the LPS-treated control group=N3.

with a glucocorticoid receptor. There have been some pre-

vious reports showing the inhibition of NkB activation by laria species. It has been used as an anti-inflammatory
several flavonoid derivatives [5,9]. However, whether agent in Chinese medicine in East Asia since ancient
wogonin inhibitsde novoprotein synthesis by modification  times. The methanol extract @cutellaria baicalensis

of nuclear transcription factors or by another mechanism(s) 3nqd its major constituent (wogonin) were reported to

remains to be elucidated. _ possess anti-inflammatory activiip vivo in an animal
Several investigators have claimed that NO affects the i qqe| for chronic arthritis [19]. The present investigation

level of COX-2 and that PGEaffects NO production. For 65 5 scientific basis for using the Scutellaria species as

instance, elevated Iev_el; of NO mduce_ CQX'Z EXPIessIon 5 source for anti-inflammatory agents. Our study also

[10]. Thus, the wagom_n—m_du_ced reduction |n_NO may sup- opens the possibility for using plant flavonoids, including

press COX-2 expression indirectly. In checking this possi- o h tion or anticancer ther-

bility, we found that when SNAP (an NO donor) was added wogonin, I cancer chemopreven .

to wogonin-treated cells, it did not restore COX-2 levels, apy since elevated COX-2 levels have been found in

and PGE added exogenously did not change the suppres certain types of cancer.

sive action of wogonin on NO production (Fig. 9). These

results show that the inhibition of iINOS and of COX-2

expression by wogonin are independent processes, and thaf\icknowledgments

the decreased levels of NO and PGdid not affect the

levels of COX-2 and iNOS, at least in our experimental This investigation was financially supported by the Min-

system. istry of Health and Social Welfare (HMP-00-B-20900-
Wogonin is a major component of members of the Scutel- 00091), Korea.
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