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Abstract — There have been various animal models of skin inflammation. These models have been used for estab-
lishing anti-inflammatory activity of the topical agents including cosmetics. Here, the molecular mechanisms of
most widely-used animal models of skin inflammation including contact irritation, acute and chronic inflamma-
tion, and delayed-type hypersensitivity are summarized. Against these animal models, varieties of plant fla-
vonoids showed anti-inflammatory activity. The action mechanisms of anti-inflammation by topical flavonoids
are presented. A therapeutic potential of flavonoids is discussed.
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INTRODUCTION

Various animal models of skin inflammation have been used
to establish the effects of topical anti-inflammatory agents and
to develop new formulation against human skin inflammatory
diseases. Several pharmacological characteristics of animal
skin inflammation were previously summarized (Bouclier et
al., 1990). Role of adhesion molecules, chemotactic factors,
and cytokines in inflammatory and neoplastic skin diseases up
to 1990 was reviewed (Nickoloft et al., 1990). Here, the molec-
ular events of most widely-used animal models of skin inflam-
mation are summarized and topical anti-inflammatory activity
of flavonoid compounds is discussed. Various animal models
of human psoriasis were previously reviewed (Schon, 1999;
Mizutani et al., 2003). They include models of spontaneous
mutation, transgenic mice, knockout mice, T-cell transfer and
xenotransplantation. But, in this review, the explanations of
these models are out of scope.

Animal skin inflammation - Simple irritation

Contact irritation by simple irritants was observed in Balb/c
mouse ear. The irritants used in this study were arachidonic
acid (AA), capsaicin, 12-O-tetradecanoylphorbol 13-acetate
(TPA), dinitrochlorobenzene (DNCB), lactic acid, retinoic acid
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and sodium lauryl sulfate. They produced the ear edema when
measured 2 h after topical application (Wille ef al., 1998). The
thickness increased on the treated-ears was 0.02 - 0.08 mm.
Even in these simple irritations, the molecular mechanisms and
outcome are quite different depending on the irritants used. AA
and TPA induced the characteristic skin inflammatory
responses described below. Sodium lauryl sulfate impaired the
epidermal barrier function by detergent effect. Platelet activat-
ing factor (PAF) injection subcutaneously to mouse skin pro-
duced the increased vascular permeability, which was inhibited
by indomethacin and reversed by prostaglandin E, (PGE,), but
not by nitric oxide (NO) (Fujii et al., 1995). This finding was
supported by the previous observation that PAF-induced vascu-
lar permeability was not affected by NO in guinea-pig skin
(Teixeira et al., 1993).

‘We have also used the animal model of contact irritation to
examine anti-irritant effects of plant flavonoids. In our experi-
ment, phenol (10%, 20 pl/ear) induced the ear edema on ICR
mouse ear (0.08 mm). When skin biopsies were histologically
compared, phenol—induced dermatitis on ICR mouse skin was
mainly a dermal edema (Lim et al., 2004). Phenol treatment
caused a down-regulation of the constitutive genes such as
cyclooxygenase-1 (COX-1) and fibronectin while the expres-
sion of the proinflammatory inducible gene, COX-2, increased
slightly. But the biological meaning of this result is not known
at present. These animal models may be successfully used in
screening anti-irritants for the cosmetic products.
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Animal models of AA- and TPA-induced skin inflammation

Young et al. (1984) have found that a topical application of
AA to Sim mouse ear provoked an edematic change (peak, 40 -
60 min) and the lipoxygenase (LOX)/COX inhibitors inhibited
strongly while COX inhibitors like indomethacin showed much
weaker activity. The peak edematic change was coincided with
vasodilation measured by Evans blue extravasation. PGE, may
cause vasodilation of erythema, while LOX products may be
responsible for vascular leakage and edema consequent on cel-
Iular infiltrate (Wedmore and Williams, 1981). Almost no
hyperplasia of epidermis was observed. The peak edematic
response was well matched with our previous study, but in
ours, indomethacin showed potent inhibition (80%) at 2 mg/ear
of ICR mice (Kim et al., 1993). This result was repeatedly con-
firmed by Sanchez and Moreno (1999a) demonstrating that
indomethacin (500 pg/ear) potently inhibited AA-induced ear
edema (64%) in Swiss mice. The differences of the results
obtained may be partly due to the difference of the mice strains
used. But, indomethacin seems to be an exception against this
concept because of its powerful action. It was also demon-
strated that leukotriene C, (LTC,) and PGE, were present in the
edematous ear produced by AA application (Opas et al., 1985;
Chang et al., 1986). LTC, and other LOX products were found
to mainly mediate AA-induced ear edema, while PGE, facili-
tated ear swelling (Inoue et al., 1988). The levels of LTB,
decreased rapidly 3 min after AA application. LOX inhibitors,
especially 5-LOX inhibitors, strongly inhibit mouse AA-
induced ear edema.

The common thought about AA-induced edema is that AA
was used as a substrate for COX/LOX in the skin to produce
eicosanoids that induce edema and infiltration of many inflam-
matory cells. But, the several lines of evidence have recently
shown that there are some other pathways such as induction of
proinflammatory molecules including COX-2 in 1 h. Although
there is possibility that these induced molecules may not be the
major molecules contributing to the edematic response in 1 h,
the induction is apparent. Intradermal injection of 5-hydroper-
oxyeicosatetraenoic acid (5-HPETE) into ICR mouse ear pro-
voked moderate increase of PGE, and LTB, with marked
increase of LTC,/D,/E,. Otherwise, intradermal injection of
AA provoked the marked increase of PGE, with moderate
increase of LTB, (Tsuji et al., 1998). These results may reflect
the induction of eicosanoid metabolizing enzymes such as
COX-2 by AA treatment. Actually, COX-2 induction was
found in AA-treated mouse ear (Sanchez and Moreno, 1999a).
We have also observed COX-2 and IL-1f induction by AA

treatment to ICR mouse skin in 1 h (Chi et al., 2003). There-
fore, it is evident that AA application to mouse skin modulates
some gene expressions even in 1 h, and the agents to affect this
pathway may have a positive effect against AA-induced skin
inflammation.

On the other hand, an application of TPA known as protein
kinase C (PKC) activator to mouse skin or certain cells in cul-
ture results in a host of biological and biochemical alterations,
including stimulation of AA metabolism, accumulation of neu-
trophils and inflammatory responses (Raick, 1973). Single top-
ical dose of TPA to mouse skin resulted in an edematous
response that reached a maximum level around 6 h. PMN infil-
tration reached a maximum level by 25 h (De Young et al.,
1989). Single application of TPA (2.0/2.5 nmol) to hairless
mouse dorsal skin induced skin histological changes including
hyperplasia and inflammatory cell infiltration for 24 - 48 h
(Reynolds et al., 1997). The kinds and characteristics of
eicosanoids in TPA- and AA-treated dermal area were some-
what varying depending on the experimental designs. Single
treatment of TPA to Balb/c mouse ear increased PGE, and
LTB, concentration at 6.5 and 24 h (Raederstorff et al., 1996).
Meanwhile, Sanchez and Moreno (1999a, 1999b) have found
that LTB, and 6-keto-PGF,, increased in TPA-car edema,
whereas PGE, and LTB, moderately increased in AA-ear
edema. They also found that COX-2 was over-expressed in
Swiss Webster mice ear by TPA- (6 h) or AA- (1 h) application
revealed by Western blotting analysis. Dexamethasone and
manoalide down-regulated TPA-induced COX-2 expression,
but ketoprofen and indomethacin did not. Dexamethasone pre-
treated 2 h before AA-application reduced COX-2 expression
with concomitant reduction of ear edema, while indomethacin
and baicalein did not. In addition, TPA-induced several gene
expression of the skin was observed in CD-1 mice. Single treat-
ment of TPA on dorsal site of mice (4 h) induced COX-2, trans-
forming growth factor-B1 (TGF-B1), tumor necrosis factor-o
(TNF-0), c-Myc, c-Fos, c-Jun genes with weak induction of
COX-1. In control animals, moderately high levels of COX-1,
c-Myc and c-Jun expression were observed (Jang and Pezzuto,
1998; Kennard et al., 1995). It was also demonstrated that
COX-2 promoter activity was found to be regulated by PKC,
extracellular signal-regulated kinase 1 (ERKI1) and c-Jun
(Wang and Smart, 1999). Further, TPA-mediated activation of
COX-2 was accompanied by an induction of c-Jun and activa-
tor protein-1 (AP-1) activity via cAMP response element
(Maldve et al., 2000). In other experiment, single TPA treat-
ment (6 h) on C57BL/6 mouse dorsal skin committed the
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diverse gene expression changes. These changes were tracked
using ¢cDNA microarray technique, showing the increased
expression of many genes such as ornithine decarboxylase and
cathepsih L with the decreased expression of many genes
including procollagen genes (Schlingemann et al., 2003).

Animal model of chronic skin inflammation-Multiple treat-
ment of TPA

One of the animal models of chronic skin inflammation is
the experimental inflammation provoked by multiple applica-
tion of TPA (Stanley et al., 1991). Multiple treatment of TPA to
the same skin site produced the quite different biological
responses, priming and activation. In this model, the peak PMIN
influx was observed on day 3. Immunochistochemical studies
have shown that the number of PMNs decreased drastically
with multiple applications of TPA, whereas the number of
monocytes/macrophages increased profoundly (Alford er al.,
1992). This suggests that a transition from acute to chronic
inflammation has occurred in some period during TPA treat-
ment. This model appears to be selective for agents that are
known to be effective in the treatment of chronic skin inflam-
mation. Anti-inflammatory steroids and LOX inhibitors are
active. Unlike single-dose TPA modei, COX inhibitors and
antihistamines were not active.

In our experiment of 3-day model, several proinflammatory
genes were found to be induced. They include COX-2, IL-1B,
etc., and prednisolone greatly reduced the expression of these
proinflammatory molecules (Chi et al., 2003). The biological
outcome of 3-day TPA treatment model and 7-day TPA treat-
ment model (or longer treatment) are somewhat different in
respect of proinflammatory gene expression. In 3-day multiple
TPA treatment, COX-2 was highly induced, whereas COX-2
level moderately increased in 7-day multiple TPA treatment.
Instead, IL-1[3 seems to be important in 7-day model since the
expression level was prominent in this model (Lim et al,
2006a). Another difference is the degree of epidermal hyper-
plasia. In 7-day TPA treatment model, there was a massive epi-
dermal hyperplasia compared to the moderate degree of
epidermal proliferation in 3-day model (2 - 5 keratinocyte lay-
ers). The detailed molecular aspects of 3-day and 7-day models
are to be elucidated further.

Animal skin inflammation of delayed-type hypersensitivity

Delayed-type hypersensitivity (DTH) reaction, type IV aller-
gic response, comprises the induction phase induced by treat-
ment of certain antigen and the elicitation phase by repeated

application of same antigen to the sensitized animals, Tarayre et
al. (1990) demonstrated that COX inhibitors except indometha-
cin had no effect on several DTH reactions in mice, suggesting
that COX pathway may not participate in DTH reaction.
Instead, several proinflammatory gene expression/production
play an important role. PPD injection to human skin increased
the expression of several adhesion molecules like intercellular
adhesion molecule-1 (ICAM-1) (Norris et al. 1991). Several
cytokines were induced in the induction phase of contact sensi-
tivity (Enk and Katz, 1992). Using Northern blotting, Piguet ez
al. (1991) have found that TNF-o. was critically involved
within basal keratinocytes and dermal infiltrate in hapten-
induced irritant and contact hypersensitivity reactions in mice
by treatment of trinitrochlorobenzene (TNCB). Anti-TNF-o
antibody drastically reduced delayed hypersensitivity reaction.
IL-10o mRNA was also detected. Shornick et al. (1996) demon-
strated the importance of IL-1B in contact hypersensitivity
using IL-1B-deficient mice. And Morita et al. (1996) demon-
strated the importance of NO in contact hypersensitivity with
the increased production of IL-2 and IFN-y. Five repeated treat-
ment of dinitrofluorobenzene (once a weak) increased phos-
pholipase A,-IIE (PLA,-IIE) gene expression in Balb/c mouse
ear (Murakami et al., 2002).

cDNA microarray technique was applied and sequential
gene expression pattern of various chemokines was demon-
strated (Mitsui et al., 2003). In our experiment, the several
proinflammatory genes including COX-2, IL-1B, ICAM-1 and
iNOS were induced in the elicitation phase of TNCB-treated
DTH response in mice. The lesion of activation phase reaction
weakly induced the gene families of COX-2 and IL-1§ (Lim ez
al., 2004). Depending on the antigens used, the patterns of the
inducible proinflammatory genes expressed were different, but
TNF-q, IL-1B, and IFN-y are most important to produce DTH
response in this animal model.

Bioavailability and in vivo metabolism of flavonoids
Flavonoids (Fig. 1) are ingested daily as food component,
and they are sometimes administered as a form of plant extracts
in Chinese medicine. The total daily flavonoid uptake by nor-
mal person was estimated to be 23 mg/man - 1 g/man, depend-
ing on the experimental designs including subjects and
analytical procedures employed (Kuhnau, 1976; Hertog ef al.,
1992). However, the biological/pharmacological activities
exerted by flavonoid intake more significantly depend on their
bioavailability and metabolism in the body. For instance, oral
intake of fried onion (equivalent to 64 mg quercetin), apple
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Flavone H H H H H H H
Apigenin H OH H OH H H OH
Luteolin H OH H OH H OH OH
‘Wogonin H OH H OH OCHs H H
Nobiletin H OCH; OCH; OCH; OCH; OCH; OCH;
Flavonol OH H H H H H H
Kaempferol OH OH H OH H H OH
Quercetin OH OH H OH H OH OH

Ginkgetin

Amentoflavone

Fig. 1. Chemical structures of some flavonoids mentioned in
this study

(100 mg quercetin) or rutin (100 mg quercetin) resulted in
approximately 0.8 - 3 uM of peak plasma concentrations as
total quercetin metabolites after 0.7 - 7 h (Hollman et al., 1997).
The similar results were also observed that the time to reach
peak plasma concentration of oral quercetin intake was 1.9 h
while the peak time for rutin was 6 h (Erlund et al., 2000).
These studies indicate that the time to reach peak plasma con-
centration is varying depending on the types of flavonoid mol-
ecules, aglycone or glycoside. Therefore, the time to measure
biological activity by oral flavonoid intake is an important
determinant to obtain the optimal results. A review summariz-
ing recent findings of absorption and bioavailability of fla-
vonoids is available (Ross and Kasum, 2002). Some flavonoids
orally administered are well absorbed into the body in certain
conditions, but these cases are not common. Most flavonoids
showed very limited bioavailability by oral treatment. Even if
their bioavailabilities are high, the actual original molecules in

circulation were hardly found (Chen e al., 2005).

The orally administered flavonoids undertook rapid and
intensive metabolism mostly in intestine and liver (Murota and
Terao, 2003). The major metabolites of flavonoids were found
as flavonoid glucuronides and flavonoid sulfates. Only a small
portion was detected as the original molecule in the plasma.
The metabolism is largely determined by the hydroxylation
pattern. It was reported that the flavonoids having 5,7- and 3',4"-
hydroxylations were easily hydrolyzed and the ring was
cleaved more easily by intestinal microorganisms (Paganga and
Rice-Evans, 1997). After intake of quercetin-rich diet, querce-
tin glucuronides, quercetin sulfates and their O-methylated
derivatives appeared in the plasma reaching maximum concen-
trations, approximately 0.1 - 10 uM (Moon et al., 2001; Day et
al., 2001; Wittig et al., 2001). When chrysin (400 mg/man) was
orally administered, the concentrations of chrysin and chrysin
metabolites found in the plasma were 3 - 16 ng/ml plasma
(approximately 0.1 uM), and chrysin sulfate was detected 30
fold higher than chrysin glucuronide while chrysin itself was
rarely found in the plasma (Walle er al., 2001). In other animal
study, naringenin glucuronide and sulfate were detected with 4
- 8% bioavailability following oral treatment to rabbits (Hsiu e¢
al., 2002). In one human study, plasma isoflavonoid (genistein)
concentration in Japanese men having a higher intake of
genistein as soy products was approximately 0.3 uM (Adler-
creutz et al., 1993).

All these previous reports clearly demonstrate that fla-
vonoids are absorbed by oral administration and are present in
the circulation regardless of their metabolic forms. But, as
recently reviewed by Manach et al. (2005) and Williamson and
Manach (2005), flavonoid uptake through the intestine is not
high and mostly glucuronide/sulfate metabolites are detected in
the plasma. The maximum plasma concentrations seem to be
approximately 10 UM by oral intake (Manach and Donovan,
2004). It should be mentioned that the active form of flavonoid
molecules to most cells and biological systems are generally
believed to be flavonoid aglycones, but not their glycosides,
glucuronides or sulfates. Furthermore, considering the hydro-
philic nature of the metabolites and their low biological activi-
ties compared to those of flavonoid aglycones, the estimate of
maximum plasma concentration would be even lower than 10
UM. Therefore, the most sensitive biological systems in the
body may be only affected by oral flavonoid intake. Some fla-
vonoids possess regulatory effects on the expression of many
proinflammatory molecules. But the biologically meaningful
effects on these molecules possibly appear at higher than 10
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uM of flavonoids, suggesting that oral flavonoids as a part of
regular food intake are not likely to exert the considerable anti-
inflammation including COX/LOX inhibition and down-regu-
lation of proinflammatory molecule expression. In pharmaco-
logical treatment of flavonoids, however, the situation is
somewhat different, By oral administration, massive doses of
certain flavonoids, (ex) more than 5 g/man, may exceed plasma
concentration of 10 uM for prolonged time. In this condition,
many biological systems are possibly affected and anti-inflam-
matory activities would appear.

Otherwise, the high concentrations of flavonoids may be
obtained more easily by local treatment. Especially, topical
application through skin is one of the plausible routes of fla-
vonoid administration in human, and flavonoids may be effi-
ciently used for skin inflammatory disorders topically if proper
formulation is developed. And, as shown by Li and Birt (1996),
certain flavonoids such as apigenin penetrate well into the skin
and they are not rapidly transformed to inactive metabolites in
the epidermal and dermal area. This is the scientific rationale
for topical therapy with flavonoids and the potential use as skin
anti-inflammatory agents needs to be studied.

Proinflammatory mediators of skin inflammation and fla-
vonoids

Eicosanoids are prominent mediators of inflammation, and
they are associated with skin inflammatory disorders. PLA, is
involved in several skin inflammatory disorders and the inhibi-
tors of this enzyme showed an inhibitory activity against an
animal model of chronic skin inflammation, multiple exposal
of TPA (Burke, 2001). LOX products are known to be deeply
associated with human psoriasis (Fogh and Kragbelle, 2000;
Iversen and Kragbelle, 2000). Importantly, the proinflamma-
tory cytokines including IL-1J3 and TNF-a are pivotal factors
to provoke chronic skin inflammatory disorders such as atopic
dermatitis (AD). Therefore, the compounds that possess modu-
lating activity on these proinflammatory molecules may have
potential to treat skin inflammatory disorders. In this respect,
flavonoids among natural products may be significant for fur-
ther study since they possess the favorable modulating effects
on these proinflammatory molecules.

Flavonoids show multiple pharmacological actions on
inflammatory responses. First, some flavonoids possess antiox-
idative action, which may be beneficial to reduce or eliminate
oxidative stress during inflammatory insults. The chemical spe-
cies flavonoids may interfere with are H,0,, O,", NO, etc. Sec-
ond, some derivatives possess direct modulatory activities of

the enzymes involved in inflammatory process. The target
enzymes are PLA,, COX-1, COX-2, 5-LOX, 12-LOX, iNOS,
etc. In third, most importantly, certain derivatives have a capac-
ity to modulate the expression levels of inducible enzymes/pro-
teins. They include COX-2, iNOS, IL-1¢, TNF-0, etc. (Kim ef
al., 2004). All these properties of flavonoids may participate in
treating some chronic inflammatory diseases such as rheuma-
toid arthritis and psoriasis. In particular, a higher anti-inflam-
matory activity exerted by topical flavonoids as mentioned
earlier is suitable to treat skin inflammatory disorders. Thus,
flavonoids are potential candidates of new anti-inflammatory
agents against skin inflammation.

Anti-inflammatory flavonoids against skin inflammation

For a long time, certain plant extracts having flavonoid com-
ponents as major constituents have been used topically as anti-
inflammtory drugs in Chinese medicine or in cosmetic prepara-
tions. The typical examples are Scutellaria extract and Chamo-
mile extract. The major flavonoid components in these plant
extracts are baicalein, wogonin and their glycosides in the
former, while apigenin and luteolin are the major flavonoids in
the latter. As plant constituents, the major forms of flavonoids
are not the aglycones, but the various types of glycosides. The
flavonoid glycosides are generally more hydrophilic, so that
they are not easily penetrable through the skin barrier. There-
fore, it is advised that the aglycone types of flavonoids may be
preferentially used for topical formulation to give a better
effect.

Against several animal models of skin inflammation, various
flavonoid molecules were demonstrated to possess anti-inflam-
matory activity by topical application. For instance, quercetin
was found to inhibit TPA-induced tumor promotion by topical
application and this inhibition might be related with its inhibi-
tory activity of LOX (Kato et al., 1983). Della Loggia et al.
(1986) demonstrated that apigenin and luteolin showed the
inhibitory activity against mouse croton oil-induced ear edema,
while their glycosides showed much less activity as expected.
The same group also reported that kaempferol and quercetin
possessed topical anti-inflammatory activity against mouse cro-
ton oil-induced ear edema. The order of potency was kaempferol
>> quercetin >> esculetin (Della Loggia et al., 1988). These
earlier investigations clearly demonstrated that certain fla-
vones/flavonols possessed anti-inflammatory activity against
animal skin inflammation by topical application.

Using TPA-induced mouse ear edema assay, various types of
flavones, flavonols and their glycosides were found to possess
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an anti-inflammatory activity by topical application and some
structure-activity relationships were deduced (Yasukawa et al.,
1989). A C-2,3-double bond was crucial and 5,7,4"-hydroxyla-
tions were favorable. In the same types, flavonols were more
active than the respective flavones. In addition, some fla-
vonoids such as isoliquilitigenin (Yamamoto er al., 1991),
baicalein (Hara ez al, 1992), quercetagetin, hispidulin and
scutellarein (Gil et al., 1994) were also reported to inhibit TPA-
induced mouse ear edema by topical application. The latter
three compounds possess PLA, inhibitory activity.

We have examined the inhibitory activity of different types
of natural and synthetic flavonoids in order to elucidate anti-
inflammatory activity of various flavonoids depending on the
routes of administration and to find structure-activity relation-
ships. Our results have shown that certain flavones/flavonols
including their glycosides possessed more or less anti-inflam-
matory activity on croton oil- and AA-induced mouse ear
edema by oral and topical administration (Kim et al., 1993; Lee
et al., 1993). But, the potencies were far less than those of the
reference drugs, indomethacin and hydrocortisone. From the
structure-activity relationships, it was found that 5,7-hydroxyl
groups were important to show inhibition against croton oil-
induced ear edema. Against this model, the flavonols having C-
3 OH showed a higher activity than the flavones without C-3
OH. 3'4-Hydroxylations were also favorable. Some of these
chemical structures were coincided with the structural require-
ments previously claimed by Della Loggia et al. (1988) and
Yasukawa et al. (1989). In comparison, most flavones/fla-
vonols tested showed a higher inhibitory activity against AA-
induced ear edema when topically applied than against croton
oil-induced ear edema. And the flavone types showed a higher
activity than the flavonols against AA-induced ear edema.
These results may provide a scientific rationale for the topical
use of Scutellaria and Chamomile extracts in herbal remedy.

It is interesting to note that against skin inflammation
induced by intradermal injection of xanthine oxidase/hypoxan-
thine (O, radical generator) in rats, apigenin-7-glucoside
showed a dose-dependent inhibition by intradermal injection,
indicating its antioxidant effect (Fuchs and Milbradt, 1993).
Nobiletin from citrus inhibited TPA-induced skin inflammation
in mice. This inhibitory activity was proved to be related with
an inhibition of oxidative stress (Murakami ez al., 2000).
Besides, several prenylated flavonoids showed meaningful
anti-inflammatory activity by topical application. Morusin
from Morus alba showed anti-tumorogenic activity by topical
application (Yoshizawa et al., 1989). Sophoraflavanone G from

Sophora flavescence inhibited skin inflammation of mouse cro-
ton oil-induced ear edema by topical application at 10 - 250 g/
ear, possibly via inhibition of eicosanoid formation (Chi et al.,
2001b; Kim et al., 2002). Morus and Sophora species are
important sources of the prenylated flavonoids. The cosmetics
containing these plant extracts may be beneficial to maintain
healthy and radiant skin.

One of the most prominent flavonoid inhibitors against skin
inflammation is wogonin (5,7-dihydroxy-8-methoxyflavone)
from Scutellaria radix. Wogonin was initially found to be anti-
inflammatory against animal models of acute and chronic
inflammation by oral administration (Kubo et al., 1984). Later,
wogonin was demonstrated to inhibit TPA-induced ear edema
by topical application (Yasukawa et al., 1989). Recently, this
compound was revealed as a down-regulator of proinflamma-
tory molecules such as iINOS, COX-2 and IL-1P expression
from several cell lines (Kim et al., 1999; Chi et al., 2001a; Kim
et al., 2001). This compound is very unique among the fla-
vonoid derivatives in that it is not only a down-regulator of
proinflammatory molecules, but a COX-2 inhibitor (Chi ef al.,
2001a). Especially, wogonin down-regulated COX-2 induction
from the activated skin fibroblasts (NIH/3T3), suggesting the
therapeutic effect against skin inflammation (Chi and Kim,
2005). In order to prove in vivo effect, wogonin was examined
on TPA- (3-day) and AA-induced skin inflammation. When
topically applied, wogonin inhibited ear edema of these mod-
els. The same compound inhibited COX-2 induction, leading to
the reduced PGE, production (Park et al., 2001). By RT-PCR
analysis, it was revealed that wogonin down-regulated other
proinflammatory gene expression such as IL-13, on mouse
skin (Chi et al., 2003). It also inhibited phenol-induced simple
contact irritation as well as delayed hypersensitivity with sup-
pression of several proinflammatory gene expression (Lim et
al., 2004).

Biflavonoids are flavonoid-dimers having a potential for top-
ical anti-inflammatory agents. For example, amentoflavone
from Sellaginella tamariscina showed significant anti-inflam-
matory activity by topical application against AA-induced ear
edema in mice (Kim et al., 1998a). Amentoflavone was also
found to inhibit epidermal COX-1 (Kim et al., 1998b). Particu-
larly, ginkgetin from the leaves of Ginkgo biloba draws special
attention since it could strongly inhibit iINOS expression
(Cheon et al., 2000). Later, the same compound was found to
inhibit COX-2 expression and showed the considerable topical
anti-inflammatory activity against TPA-induced inflammation
in mice (Kwak et al., 2002). Recently, Western and RT-PCR
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analysis showed that ginkgetin treatment significantly inhibited
edematic response and several proinflammatory gene expres-
sions on chronic skin inflammation model in mice (Lim ef al.,
2006b).

Perspectives

As mentioned above, some flavonoids such as the prenylated
ones, wogonin and some biflavonoids have a therapeutic poten-
tal against skin inflammation. They can modulate an edematic
response as well as proinflammatory gene expression. Since it
is necessary to develop new agents having different cellular
mechanism(s) from clinically used SAIDs or NSAIDs, topical
flavonoid may become a useful therapeutic for chronic skin
inflammatory disorders such as AD. Unlike SAIDs, they show
relatively no or greatly reduced adverse effects, resulting in the
safe use for a long period. A clinical trial is necessary to prove
usefulness of flavonoid therapy in near future,
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