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Abstract

Flavonoids from plant origin show anti-inflammatory activity in vitro and in vivo. In addition to inhibition of inflammation-associated

enzymes, such as cyclooxygenases (COX) and lipoxygenases, they have been found to regulate the expression of inflammation-associated

proteins from in vitro experiments. In order to prove in vivo behavior and the potential for beneficial use against inflammatory skin disorders,

the effect of wogonin (5,7-dihydroxy-8-methoxyflavone) on invivo expression of several inflammation-associated genes was examined in the

intact as well as in the inflamed mouse skin by reverse transcriptase–polymerase chain reaction analysis. When applied topically on the intact

skin, only a high dose treatment of wogonin (1000 mg/ear/3 days) slightly increased COX-1 and fibronectin mRNA. On the other hand,

wogonin at the doses of 250–1000 mg/ear/3 days potently lowered mRNA levels of COX-2 and tumor necrosis factor-a with less effect on

intercellular adhesion molecule-1 and interleukin-1b in a sub-chronic skin inflammation model of tetradecanoylphorbol-13-acetate-induced

ear edema (multiple treatment). The decrease of prostaglandin E2 concentration (27.3–34.3%) was concomitantly observed in the wogonin-

treated groups. A similar effect was also observed in an acute inflammation model of arachidonic acid-induced ear edema. From the present

study, wogonin was proved to differentially regulate the expression of inflammation-associated genes in vivo and to become a useful

therapeutic agent for skin inflammatory diseases mainly due to its modulation of the expression of proinflammatory molecules.
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Human skin is a complex organ and various inflammatory

disorders occur for a life-long time. Most of the skin

disorders are well treated. But, it may not be feasible to

successfully treat chronic inflammatory diseases, such as

psoriasis and atopic dermatitis, partly due to their complex

etiological origins and not completely understood disease

process. Several different approaches have been used in

these disorders, but still unsatisfactory to date. Recent

studies have demonstrated that some inducible enzymes/

cytokines and their reaction products are involved in chronic

skin inflammatory diseases. COX-2, an inducible isoform of

COX, is upregulated in chronic venous ulcers [1] as well as

in well-known skin carcinogenesis. Inducible nitric oxide

synthase (iNOS) is associated with psoriasis [2], and its

reaction product, NO, is involved in various skin disorders

[3]. And it was also shown that high concentrations of cyto-

kines, such as tumor necrosis factor (TNF)-a, and adhesion

molecules, including intercellular adhesion molecule

(ICAM)-1, were found in the regional site of chronic skin

inflammation [4,5]. Another examples are animal models of

skin inflammation. A picryl chloride-induced contact hyper-

sensitivity in mouse skin was related with NO production,

presumably by iNOS [6]. 12-O-Tetradecanoylphorbol-

13-acetate (TPA)-induced dermal inflammation elevated

the expression level of COX-2, leading to increased pros-

taglandin (PG) E2 production [7]. And transgenic mice

constitutively expressing COX-2 in the skin undergo abnor-

mal differentiation of epidermis [8]. Therefore, an agent

that modulates the activity and/or the expression of these
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biomolecules may have a potential to treat inflammatory

skin disorders or at least affect the disease processes.

Flavonoids from plant origin show anti-inflammatory

activity in vivo by oral administration or topical application

on the skin [9]. As many flavonoids directly modulate the

enzyme activities of phospholipase A2, COX, and lipox-

ygenase [10], certain flavonoid derivatives were recently

found to modulate the expression level of several inflam-

mation-associated genes. For instance, the down-regulat-

ing capacity of COX-2 and/or iNOS was observed in cell

culture by several flavonoid derivatives, including api-

genin, luteolin, wogonin, and quercetin, among which

wogonin was the most potent [11–14]. In addition, some

of the flavonoid derivatives inhibited the production of

proinflammatory cytokines, such as TNF-a [15]. Apigenin

and quercetin inhibited cytokine-induced ICAM-1 produc-

tion from human umbilical vein endothelial cells [16].

Baicalein inhibited the production of various cytokines

from human peripheral blood mononuclear cells induced

by super-antigen treatment [17]. Although these properties

of flavonoids may be favorable for treating chronic skin

inflammation, there have been few studies to prove these

properties of flavonoids in vivo using experimental animal

models of skin inflammation. Several plant constituents,

including resveratrol (stilbene) and sylimarin (flavono-

lignan), were demonstrated to inhibit in vivo expression

of COX-2, interleukin (IL)-1, c-fos, and transforming

growth factor (TGF)-b1 in mouse skin [7,18]. However,

up to date, wogonin was the only flavonoid proved to

down-regulate COX-2 expression in mouse skin induced

by TPA treatment [19]. Moreover, it is not understood yet

whether flavonoids affect in vivo expression levels of all or

some parts of proinflammatory genes in the intact or in the

inflamed skin depending on types of inflammation. There-

fore, in order to answer these questions, the effects of

wogonin as a representative flavonoid on the expression of

several inflammation-associated genes were investigated

using animal models of skin inflammation. Anti-inflam-

matory potential of wogonin is also discussed.

1. Materials and methods

1.1. Chemicals

TPA, arachidonic acid (AA, 99%), and prednisolone

were obtained from Sigma-Aldrich Co. Wogonin (5,7-

dihydroxy-8-methoxyflavone, Fig. 1) was isolated from

the methanol extract of the radix of Scutellaria baicalensis

Georgy according to the previously described procedure

[20]. The purity was >95% based on HPLC analysis.

1.2. Animals

Male ICR mice (6 weeks, specific pathogen free) were

obtained from Japan SLC. Animals were fed with laboratory

chow (Purina Korea) and water ad libitum. They were

acclimatized in a specific pathogen-free animal facility

under the conditions of 20–228, 40–60% relative humidity,

and 12 hr/12 hr (light/dark) cycle at least 3 days prior to

experiment.

1.3. Application of flavonoid to the ears of mice and

measurement of ear edema

For measuring ear edema and reverse transcription–

polymerase chain reaction (RT–PCR) analysis, 5 mice/

group were used. On the day of experiment (day 1), TPA

(3 mg/20 mL acetone) was applied to the inner and outer

surfaces of mouse ear for inducing sub-chronic inflamma-

tion according to the previously described [19]. Test com-

pounds dissolved in oil-based vehicle were topically applied

to the same site (50–200 mg/20 mL) at 1 and 12 hr after TPA

treatment. Control group only received TPA and vehicle. On

next day, same treatment regimen was carried out with TPA

and test compounds. On day 3, TPA was applied, and 1 hr

later, test compounds were treated. The thickness of both

ears of mice was measured using engineering gauge (Lux

Scientific Instrument) at 3 hr after final treatment of test

compounds. Immediately after, mice were sacrificed. Ears

of 3 randomly selected mice/group were removed and stored

in RNA stabilization reagent (Qiagen) at �208 for RT–PCR

analysis. For determination of PGE2 concentration, a sepa-

rate experiment was carried out using 4 mice/group. TPA

and test compounds/vehicle were applied with the same

treatment schedule as the above study and ears were

removed 5 hr after final application of test compounds. A

biopsy obtained by 4-mm punch was subjected to homo-

genization as described below. In order to examine the effect

on the intact skin, wogonin in thevehicle was treated as same

as above treatment schedule without TPA treatment. In this

case, the control group received acetone and vehicle only.

Ear thickness was measured in all animal groups, but no

significant change was observed for 3 days.

For producing acute-type skin inflammation, 2% AA

(10 mL/ear) dissolved in acetone was topically applied to

ears of 5 mice/group based on the previously described

procedure [21] and 5 min later, test compounds in oil-

based vehicle were smeared to the same site. One hour after

AA treatment, the ear thickness was measured. Mice were

sacrificed and ear was removed. The following RT–PCR

procedure was used.

O
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Fig. 1. Chemical structure of wogonin.
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1.4. RT–PCR analysis

After cutting into small pieces, ear samples were homo-

genized in guanidine thiocyanate-based RLT buffer

(Qiagen) containing 1% b-mercaptoethanol for 30 s using

Polytron homogenizer. Total RNA was extracted using

RNeasy mini kit (Qiagen) according to the supplier’s

protocol. The concentration of RNA content was deter-

mined by measuring the absorbance at 260 and 280 nm

and stored at �708 until RT–PCR analysis. cDNAs were

synthesized using RT reaction at 428, 50 min and 998,
5 min in Gene Cycler thermal cycler (Bio-Rad). Primers

were synthesized on the basis of the repeated mouse

cDNA sequence for COX-1, COX-2, IL-1b, TNF-a, iNOS,

ICAM-1, fibronectin, and glyceraldehyde-3-phosphate

dehydrogenase (G3PDH). The primer sequences used

for PCR were as follows: COX-1: sense, 50-TGC ATG

TGG CTG TGG ATG TCA TCA A-30, antisense, 50-CAC

TAA GAC AGA CCC GTC ATC TCC A-30, 450 bp; COX-

2: sense, 50-ACT CAC TCA GTT TGT TGA GTC ATT C-

30, antisense, 50-TTT GAT TAG TAC TGT AGG GTT AAT

G-30, 583 bp; IL-1b: sense, 50-TGC AGA GTT CCC CAA

CTG GTA CAT C-30, antisense, 50-GTG CTG CCT AAT

GTC CCC TTG AAT C-30, 387 bp; TNF-a: sense, 50-ACA

AGC CTG TAG CCC ACG-30, antisense, 50-TCC AAA

GTA GAC CTG CCC-30, 428 bp; iNOS: sense, 50-CCC

TTC CGA AGT TTC TGG CAG CAG C-30, antisense, 50-
GGC TGT CAG AGC CTC GTG GCT TTG G-30, 469 bp;

ICAM-1: sense, 50-TCG GAG GAT CAC AAA CGA

AGC-30, antisense, 50-AAC ATA AGA GGC TGC CAT

CAC G-30, 471 bp; fibronectin: sense, 50-GCA ACG TGT

TAT GAC GAT GG-30, antisense, 50-CTA ACG GCA TGA

AGC ACT CA-30, 253 bp; G3PDH: sense, 50-TGA AGG

TCG GTG TGA ACG GAT TTG GC-30, antisense, 50-CAT

GTA GGC CAT GAG GTC CAC CAC-30, 983 bp. The

amplification was performed at 948 for 15–60 s, at 50–688
for 30–60 s, and at 728 for 45–90 s with 25 cycles for IL-1b
and 30 cycles for other genes under saturation, in 25 mL

reaction mixture. After amplification, 5 mL of reaction

mixture was analyzed on 1.5% agarose gel electrophoresis.

The bands were visualized by ethidium bromide staining

for 10 min. The band density was quantified by densito-

metric scanning using SigmaGel (Version 1.0, Jandel Sci.).

The signal intensities were normalized by comparing with

that of G3PDH and represented as relative ratios.

1.5. Measurement of PGE2 concentration

As an index of skin COX activity, PGE2 concentration

was measured essentially following the previously

described procedure [19]. In brief, a biopsy was homo-

genized in 100 mM phosphate buffer (pH 7.4) containing

1 mM EDTA and 10 mM indomethacin. After centrifuga-

tion at 1500 g for 10 min, 50 mM of citrate buffer (pH 3.5)

was added to the supernatant. The mixture was centrifuged

again at 2500 g for 10 min. The resulting supernatant was

applied to a 6 mL Sep-Pak C18 cartridge (Waters Associ-

ate) and eluted with 5 mL ethyl acetate containing 1%

methanol. The eluent was dried under N2 stream and PGE2

concentration was measured with an enzyme-linked immu-

noabsorbant assay (ELISA) kit (Cayman Chem.) according

to the manufacturer’s instruction.

1.6. Statistical analysis

All results were represented as arithmetic mean � SD.

One-way ANOVA test was used for evaluation of statistical

significance.

Fig. 2. Effect of wogonin on the intact skin. Test compounds or vehicle were topically applied to the intact ear skin of 5 mice/group for 3 consecutive days.

The each ear sample removed from 3 mice/group was homogenized and RNA was obtained as described in Section 1. One representative PCR result among

three analyses from each animal group was shown here. The ratio of band density compared to G3PDH was represented as arithmetic mean � SD (N ¼ 3).

DNA bands for the inducible genes, including COX-2, IL-1b, TNF-a, ICAM-1, and iNOS, were not detected. C: control (vehicle), W-1: wogonin (250 mg/ear/

3 days), W-2: wogonin (1000 mg/ear/3 days), P: prednisolone (250 mg/ear/3 days). �: P < 0:05, significantly different from the control group.
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2. Results

2.1. Control study

Initially, the effect of wogonin on the expression level of

several inflammation-associated genes of the intact skin

was checked using RT–PCR, and an edematic activity was

determined by conventional ear thickness measurement.

The vehicle-treated intact ear skin did not provoke mRNA

expression of the inducible genes, COX-2, IL-1b, TNF-a,

ICAM-1, and iNOS. Only the constitutive genes, including

COX-1, fibronectin, and G3PDH, were detected (Fig. 2).

When topically applied to the intact ear skin, wogonin

(total dose, 250 mg/ear/3 days) did not produce any sig-

nificant change of ear thickness (data not shown) and

mRNA expression of the genes checked. In contrast, when

a higher dose of wogonin was applied (total dose, 1000 mg/

ear/3 days), COX-1 mRNA slightly increased by 36.2%

with concomitant increase of fibronectin gene expression

(30.8%). Prednisolone (total dose, 250 mg/ear/3 days), a

reference anti-inflammatory steroid, did not change the

levels of mRNA transcripts of the constitutive and the

inducible genes checked.

2.2. TPA-induced ear inflammation (multiple treatment,

sub-chronic study)

Multiple treatment of TPA with vehicle for 3 days

gradually increased the ear thickness with simultaneous

changes of gene expression. As shown in Fig. 3A, a

treatment of wogonin (250 mg/ear/3 days) showed 34.7%

anti-inflammatory activity at 52 hr after initial TPA treat-

ment when judged by reduction of ear thickness. Predni-

solone showed 63.9% inhibition at the same dose. At a dose

of 1000 mg/ear/3 days, wogonin showed a slightly higher

anti-inflammatory activity (38.2% inhibition at 52 hr),

but not significantly different from that of the low dose

treatment. Multiple treatment of TPA for 3 consecutive

days resulted in the expression of COX-2, IL-1b, TNF-a,

and ICAM-1, while mRNA levels of the constitutive genes

were not significantly changed. Under these conditions,

wogonin at 250 and 1000 mg/ear/3 days almost completely

reduced mRNA transcripts of COX-2 (91.3 and 92.2%

reduction, respectively) and TNF-a genes (99.4 and

99.6% reduction) as shown in Fig. 3B. The same com-

pound moderately reduced ICAM-1 mRNA with less

reduction by a high dose (48.4 and 42.4% reduction at

250 and 1000 mg/ear/3 days, respectively), while mRNA

level of IL-1b was weakly reduced (17.4–18.0%). Con-

sistent with the reduced COX-2 mRNA, wogonin reduced

PGE2 concentration by 27.3 and 34.3% at doses of 250

and 1000 mg/ear/3 days, respectively, compared to the

TPA-treated control group (Fig. 3C). Wogonin did not

significantly affect the expression level of the constitutive

genes, COX-1, fibronectin, and G3PDH. Prednisolone

(250 mg/ear/3 days) showed similar suppressive pattern

of mRNA expression of the inducible genes as wogonin,

but with some different potency of suppression on

ICAM-1 expression. Prednisolone potently reduced

mRNA transcripts of COX-2 (88.2% reduction), TNF-a
(99.9%), and ICAM-1 (89.4%) with less effect on IL-1b
(34.5%). Prednisolone also showed potent reduction

of PGE2 concentration by 55.0%. No apparent change

of the expression level of the constitutive genes was

observed by prednisolone treatment. iNOS mRNA was

not detected in the intact skin as well as in the TPA-treated

skin.

2.3. AA-induced ear inflammation (acute study)

Topically applied AA provoked ear edema peaking in

approximately 1 hr (Fig. 4A). AA induced COX-2 and IL-

1b expression (Fig. 4B). In contrast to the TPA-treated

inflammatory response, TNF-a and ICAM-1 were not

induced in this acute-type inflammation. The expression

level of the constitutive genes, COX-1, fibronectin, and

G3PDH, remained unchanged. When treated 5 min after

AA application, wogonin greatly reduced ear edema (61.5

and 66.6% inhibition at 50 and 200 mg/ear, respectively). In

addition, wogonin potently reduced COX-2 mRNA (51.0

and 53.2% reduction at 50 and 200 mg/ear, respectively). A

weak reduction of IL-1b mRNA was also observed, but a

higher dose treatment of wogonin (200 mg/ear) showed less

reduction (27.5 and 12.1% reduction at 50 and 200 mg/ear,

respectively). Wogonin did not show any change of the

expression level of the constitutive genes, COX-1, fibro-

nectin, and G3PDH. On the other hand, prednisolone

(50 mg/ear) applied 5 min after AA treatment weakly

reduced ear edema (22.9% inhibition). This weak activity

of prednisolone was parallel with the weak reduction of

COX-2 mRNA (28.5%). Prednisolone did not change

mRNA expression of IL-1b noticeably. iNOS mRNA

Fig. 3. Effect of wogonin on TPA-induced ear edema (multiple treatment). TPA and test compounds/vehicle were topically applied to the ear skin of 5

mice/group. Ear edema was measured at 52 hr after initial treatment of TPA. Immediately after, mice were sacrificed and ears were removed for RT–

PCR analysis. For PGE2 measurement, TPA and wogonin/vehicle were treated to 4 mice/group with the same treatment schedule as ear edema study.

Mice were sacrificed at 54 hr after initial treatment of TPA and the ear biopsies were obtained by 4-mm punch. C: control (vehicle), T: TPA, W-1:

wogonin (250 mg/ear/3 days), W-2: wogonin (1000 mg/ear/3 days), P: prednisolone (250 mg/ear/3 days). #: P < 0:1, �: P < 0:05, significantly different

from the TPA-treated group. (A) Inhibition of ear edema. The ear thickness increased of the TPA-treated group were 0:14 � 0:04 mm at 52 hr. N ¼ 10.

(B) RT–PCR analysis. One representative PCR result among three analyses from each animal group was shown here. The ratio of band density

compared to G3PDH was represented as arithmetic mean � SD (N ¼ 3). iNOS band was not detected. (C) Inhibition of PGE2 production. PGE2

concentration of the skin homogenate was measured with ELISA. The control and the TPA-treated skin gave 1:7 � 0:3 ng and 13:7 � 2:4 ng PGE2/

biopsy, respectively. N ¼ 4.
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was not detected in the intact skin as well as in the AA-

treated skin.

3. Discussion

Many lines of evidence from in vitro studies make clear

that flavonoids are not just inhibitors of inflammation-

associated enzymes, but expression regulators of inflam-

mation-associated genes. Therefore, in order to find in vivo

behavior of flavonoid, RT–PCR technique was used to

measure mRNA level of several inflammation-associated

genes, including COX-1, COX-2, IL-1b, TNF-a, ICAM-1,

and fibronectin. When applied topically on the intact ear

skin for 3 days, wogonin at a total dose of 1000 mg/ear/3

days slightly increased mRNA transcript of the constitutive

genes, COX-1 and fibronectin. It was observed that quer-

cetin (the most abundant flavonol in nature) also increased

slightly mRNA transcript of COX-1 at the same dose (data

not shown). As far as our best knowledge, this is the first

report describing that certain flavonoids affect the expres-

sion level of the constitutive genes by application to the

Fig. 4. Effect of wogonin on AA-induced ear edema. AA and test compounds/vehicle were topically applied to the ear skin of 5 mice/group. Ear edema was

measured at 1 hr after AA treatment. Immediately after, mice were sacrificed and ears were removed for RT–PCR analysis. C: control (vehicle), AA:

arachidonic acid, W-1: wogonin (50 mg/ear), W-2: wogonin (200 mg/ear), P: prednisolone (50 mg/ear). �: P < 0:05, significantly different from the AA-treated

group. (A) Inhibition of ear edema. The ear thickness of the AA-treated group was 0:09 � 0:02 mm. N ¼ 10. (B) RT–PCR analysis. One representative PCR

result among three analyses from each animal group was shown here. The ratio of band density compared to G3PDH was represented as arithmetic

mean � SD (N ¼ 3). TNF-a, ICAM-1, and iNOS bands were not detected.
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intact skin. However, the physiological significance and the

detailed molecular mechanism of the elevated expression

of COX-1 and fibronectin by flavonoids are not understood.

These points may be important and need to be investigated

further since many cosmetic products contain plant

extracts having flavonoids as their major constituents.

It is well known that TPA provokes an inflammatory

response and initial hyperplasia of mouse skin. Even single

treatment of TPA to mouse ear induced COX-2 expression,

which was diminished by dexamethasone [22]. AA was

also reported to induce COX-2 expression on mouse ear

[22]. In another study, TPA induced the expression of

COX-2, TNF-a, TGF-b1, and c-fos on mouse skin [18].

These previous findings are well correlated with the present

investigation showing the expression of COX-2, IL-1b,

TNF-a, and ICAM-1 by TPA, and COX-2 and IL-1b by

AA. Wogonin showed the significant effects on the expres-

sion of these genes. In TPA-induced inflammation, wogo-

nin potently reduced COX-2 and TNF-a gene expression

while ICAM-1 and IL-1b were weakly affected. The

same results were also observed in an acute-type model

of AA-induced inflammation. Therefore, all findings from

the present study strongly suggest that wogonin differen-

tially affects the expression of inflammation-associated

genes in vivo, although the possibility of wogonin to alter

mRNA stability is not totally excluded.

It was previously observed that topically applied wogonin

(250–1000 mg/3 days) produced dose-dependent inhibitory

effects on TPA-induced ear edema, COX-2 expression, and

PGE2 production of the dorsal skin of mice [19]. In this

present investigation, treatment of wogonin with the low

(250 mg/3 days) and the high dose (1000 mg/3 days) showed

strong suppressive activity on induction of inflammation-

associated genes, including COX-2, but did not produce any

noticeable difference between wogonin-treated groups

although the high dose treatment exhibited slightly higher

inhibition of ear edema and PGE2 production. The incon-

sistent results obtained from these two studies may be

partly explained by the difference of skin tissues used.

The penetration of wogonin through ear skin may be easier

than that through the dorsal skin. Thus, the low dose

treatment of wogonin might be enough to show maximum

suppression of proinflammatory gene expression. The dif-

ferent treatment schedules and the different times for end

point measurement might also cause the different results. In

the previous study [19], wogonin was treated 2 hr after final

TPA treatment. And COX-2 expression was measured by

Western blotting at 8 hr since the time to attain maximum

COX-2 expression was 6–8 hr after final TPA treatment. In

the present study, wogonin was treated 1 hr after final TPA

treatment and mRNA expression was checked by RT–PCR

at 4 hr since the average time for maximum expression

of proinflammatory genes was found as 1–4 hr after final

TPA treatment in the preliminary experiment.

In respects of down-regulation of inflammation-associa-

ted genes, wogonin behaves very similarly with a steroidal

anti-inflammatory drug, prednisolone, despite of some

different sensitivity. However, the cellular action mechan-

isms of these two compounds are thought to be different.

Steroidal anti-inflammatory drugs are known to exert

anti-inflammatory activity mainly by binding to their

glucocorticoid receptor [23]. Indeed, a steroidal receptor

antagonist (Ru-486) reversed the suppressing effect of

prednisolone on COX-2 and iNOS expression in lipopo-

lysaccharide-induced RAW 264.7 cells. In contrast, the

suppressive effect of wogonin was not changed in the

presence of Ru-486 [14]. And it was shown from the

present study that prednisolone weakly inhibited AA-

induced ear edema whereas wogonin potently inhibited.

All these findings indicate that in vivo action mechanisms

of prednisolone and wogonin are quite different. Although

wogonin is known to regulate the activation of transcrip-

tion factors, such as activator protein-1 and nuclear tran-

scription factor-kB [24,25], it is not clear why this

compound reduces mRNA levels of COX-2 and TNF-a
genes more strongly than those of IL-1b and ICAM-1. This

difference may occur from the inappropriate sampling time

due to the different maximum induction time for these

inducible genes. However, as noted above, the time to reach

maximum mRNA expression of these inducible genes was

1–4 hr, and the expression levels of these genes were well

maintained through 4–6 hr after final TPA treatment (data

not shown). Our sampling time (4 hr) was within the range

of maximum expression. So the possibility due to the

different maximum expression time could be excluded.

The other possible explanation is that the different sensi-

tivity may occur from the difference of intrinsic sensitivity

of wogonin in suppressing transcription of certain genes due

to their different transcription factors and/or signal trans-

duction pathways involved depending on each gene. For

instance, COX-2 gene has binding sites for transcriptional

factors of activator protein-1 and -2, nuclear transcription

factor-kB, NF-IL6, and CRE [26,27], while IL-1b gene has

some different sites for transcription factors of nuclear

transcription factor-kB, NF-IL6, LPS-IL-1-inducible-

STAT, and CRE [28]. Therefore, in vivo susceptibility of

wogonin may be different depending on the inducible genes

affected and needs to be further studied.

Previously, wogonin showed in vivo anti-inflammatory

activity on several animal models of inflammation, includ-

ing carrageenan-induced paw edema and adjuvant-induced

arthritis in rats, by oral administration [29]. Wogonin

reduced TPA-induced skin inflammation in mice by topical

application [30]. Wogonin was also reported to reduce

TNF-a production in lipopolysaccharide plus galactosa-

mine-injected mice [31]. Among varieties of flavonoid

molecules, wogonin was found to be one of the most potent

suppressors of COX-2 and iNOS expression from macro-

phages in culture [12–14]. Therefore, from the results of the

present investigation, it is suggested that the modulation

of proinflammatory gene expression may be one of the in

vivo action mechanisms of anti-inflammation by wogonin.
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And certain flavonoids may become useful therapeutic

agents not only for acute inflammation but also for chronic

inflammatory diseases especially in the skin. In addition,

many plant extracts having flavonoids are used in cosmetics

and they are proved to reduce skin inflammation. However,

regardless of single compound or mixture, in vivo regula-

tory effect on proinflammatory gene expression of skin

inflammation has been rarely demonstrated. Therefore,

further characterization of the effects of structurally diverse

flavonoids on different animal models of skin inflammation

is necessary to establish the detailed action mechanism(s)

and pharmacological significance.
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