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Topical Application of Eupatilin Ameliorates Atopic 
Dermatitis-Like Skin Lesions in NC/Nga Mice

Ji Hyun Lee, Ye Jin Lee, Jun Young Lee, Young Min Park

Department of Dermatology, Seoul St. Mary’s Hospital, College of Medicine, The Catholic University of Korea, Seoul, Korea

Background: Atopic dermatitis (AD) is an inflammatory skin 
disorder with severe pruritus. Despite advancements in med-
icine, therapeutic treatments for AD are still limited. Eupatilin 
(5,7-dihydroxy-30,40,6-trimethoxyflavone) is one of the lip-
ophilic flavonoids from Artemisia umbelliformis Lam. and 
Artemisia genipi Weber. Objective: Although it has been re-
ported to act a role in improving inflammation, its action on 
AD is uncertain. In this study, we examined the role of eupati-
lin on AD-like skin lesions in NC/Nga mice. Methods: 2,4-di-
nitrochlorobenzene was repeatedly applied to the ear of 
NC/Nga mice to produce AD-like skin lesions. Eupatilin (1%, 
once a day for 5 consecutive days/week) was applied topi-
cally for four weeks for the evaluation of its therapeutic 
effects. Results: 1% eupatilin cream significantly reduced the 
clinical severity score of AD-like lesions, compared to the ve-
hicle (p＜0.005). A histopathological analysis revealed that 
1% eupatilin cream significantly decreased the mast cell in-
filtration as well as inflammatory cell infiltration, compared 
to the vehicle (p＜0.005). We showed that 1% eupatilin 
cream significantly reduced the expression of thymic stromal 
lymphopoietin, tumor necrosis factor-α, interleukin-4, and 
interleukin-19, but not interferon-γ, compared to the ve-
hicle (p＜0.005). Conclusion: Considering the therapeutic 
reaction of eupatilin on AD-like lesions as in this study, the 

substance has a promising to be an adjuvant topical agent for 
the control of AD. (Ann Dermatol 29(1) 61∼68, 2017)
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INTRODUCTION

Atopic dermatitis (AD) is a common chronic inflammatory 
skin disease1. It is characterized by intense pruritus and re-
lapsing eczema. Although the pathomechanisms of AD is 
not yet fully elucidated, studies on its pathogenesis have 
demonstrated that the disease is highly associated with the 
dysregulation of the immune system, in particular, T-help-
er 2 (Th2)–immune responses. Thymic stromal lympho-
poietin (TSLP) as well as Th2 cell producing interleukin 
(IL)-4, IL-5 and IL-13 play main roles in the pathogenesis 
of AD. Recent progress has revealed that IL-19 is up-regu-
lated by IL-4 related in the pathogenesis of AD2. Although 
Th2 cells are principal during the acute reaction of AD, 
Th1 cells producing interferon (IFN)-γ are highly ex-
pressed during the chronic AD phase3,4. Until now, Local 
or systemic glucocorticosteroids as well as emollient is the 
main therapeutic modalities for control of AD5,6. However, 
there have been controversies regarding their long-term 
use, because these steroids can produce side effects in AD 
patients7. Therefore, many researchers are trying to devel-
op a more effective and safer topical agent for AD. 
Eupatilin (2-[3,4-dimethoxyphenyl]-5,7-dihydroxy-6-methoxy-
chromen-4-one), is the main lipophilic flavonoid obtained 
from medicinal herbs of the genus Artemisia, such as 
Artemisia umbelliformis Lam. and Artemisia genipi Weber. 
Eupatilin has cytoprotective and anti-apoptotic activities in 
gastric epithelial primary cells, and anti-proliferative activ-
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Fig. 1. Experimental design. DNCB: 2,4-dinitrochlorobenzene.

ities in cancer cells8-10. It has been also shown to act as an 
antioxidant by inhibiting reactive oxygen species and has 
anti-inflammatory activities such as the inhibition of 5-lip-
oxygenase8. Recently, some reports showed that eupatilin 
can inhibit the allergic effects of mast cells11,12. Moreover, 
it inhibits the expression of the proinflammatory cyto-
kines, including tumor necrosis factor (TNF)-α, IL-4, IL-6, 
and IL-18 through nuclear factor kappa B11. However, so 
far, no study has assessed the therapeutic effects and 
mechanisms of the topical application of eupatilin on AD 
murine models. 
AD animal model is spontaneously induced in the 
NC/Nga mouse13. A previous report showed that 2,4-dini-
trochlorobenzene (DNCB), an electrophilic and cytotoxic 
benzene derivative, induces AD-like skin diseases in 
NC/Nga mice14. In this study, we aimed to examine the ef-
fect of topical eupatilin on AD-like cutaneous lesions in 
NC/Nga mouse. The result of topical eupatilin in AD-like 
NC/Nga mice was evaluated by counting the skin severity 
score and detecting histological changes of lesions and 
levels of mRNA expression of Th2 cytokines.

MATERIALS AND METHODS 

All animal care was performed in accordance with the 
Guide for the Care and Use of Laboratory Animals 
(Washington, DC, USA) and was approved by the Animal 
Care and Use Committee of The Catholic University of 
Korea (2014-0172-01). 

Animals and reagents

Four-week-old male NC/Nga mice were purchased from 
SLC Japan (Tokyo, Japan). Mice were maintained under 
specific pathogen-free conditions at 24oC±1oC with hu-
midity of 50%±10% under a 12-hour light-dark cycle. 
Food and tap water were provided ad libitum15. 1% eupa-
tilin was prepared by diluting eupatilin into the vehicle as 
previously described15. The vehicle included glycerin 
(5%), xanthan gum (0.1%), 1,3-butylene glycol (6.0%), 

carbomer (0.3%), beeswax (2.0%), cetanol (2.0%), white 
petrolatum (1.5%), lecithin (0.5%), arlacel 165 (2.0%), 
tween 60 (0.2%), arlacel 60 (0.2%), liquid paraffin (6.0%), 
dimethicone (1.0%), triethanolamine 0.3%, preservative 
(0.3%), and water (up to 100.0%)15. Eupatilin was kindly 
given by Dong-A Pharmaceutical (Seoul, Korea). 1% eupa-
tilin cream was prepared by mixing eupatilin with vehicle 
by COTDE Co., Ltd. (Cheonan, Korea). 0.03% tacrolimus 
ointment (ProtopicⓇ) was got from Astellas Pharma Inc. 
(Tokyo, Japan).

Induction of AD-like skin lesions in NC/Nga mice and 
topical application of eupatilin

DNCB-induced AD-like skin lesions in NC/Nga mice were 
induced as described in the previous study14. To produce 
AD-like cutaneous lesions, DNCB was treated to the abdo-
mens and ears of mice. For sensitization, 150 μl of 1% 
DNCB dissolved in 4:1 acetone:olive oil was epicuta-
neously applied to the abdomen once (day 7). One week 
after the sensitization (day 1), 20 μl of 0.4% DNCB was 
treated to the dorsal surface of each ear. The 0.4% DNCB 
was applied repeatedly to the ears every other day for four 
weeks, and then five times a week for a further four weeks 
along with other topical treatments15. 
The experimental design is shown in Fig. 1. Mice were 
divided into four groups (n=5 per group): (1) non-treated 
(NT) group, (2) DNCB+vehicle (VH), (3) DNCB+1% eu-
patilin cream (0.05 g per one ear), and (4) DNCB+0.03% 
tacrolimus ointment (0.05 g per one ear). The clinical se-
verity score (erythema/hemorrhage, edema, excoriation/ero-
sion and scaling/dryness) of AD was assessed. Each item 
was rated from 0 (none), 1 (mild), 2 (moderate), to 3 (severe). 
Ear thickness was measured once per week using dial cali-
pers (Kori Seiki MFG, Tokyo, Japan). Two investigators in 
a blinded fashion independently performed the assess-
ment15. 

Histological examination

We evaluated the histological findings of the ear skin of 



Eupatilin in AD

Vol. 29, No. 1, 2017 63

Fig. 2. (A) Photographs of the clinical features of NC/Nga mice non-treated (NT), 2,4-dinitrochlorobenzene (DNCB)+vehicle (VH), 
DNCB+1% eupatilin cream, DNCB+0.03% tacrolimus ointment, on day 29 following the first challenge. (B) Clinical skin severity 
scores. (C) Ear thickness. Photos and graphs revealed that 1% eupatilin cream significantly reduced the clinical signs such as erythema, 
edema, excoriation, and dryness on day 29, compared to the vehicle only (p＜0.05). Data are presented as mean±standard error 
of the mean (n=5). *p＜0.05, compared to the vehicle group.

each mouse whose sections were stained with hematox-
ylin and eosin (H&E). The ear skin of each mouse was pre-
pared on the last day of the experiment (day 29), fixed with 
4% formalin, and embedded in paraffin. Then, 5-μm-thick 
sections were cut and transferred onto slides. Deparaffi-
nized skin sections were stained with H&E before they 
were examined at 100× magnification. We also inves-
tigated the number of mast cells in the skin with staining 
with toluidine blue (TB). To detect mast cell infiltration, 
the dorsal skin of each mouse was also prepared on the 
last day of the experiment (day 29) as described above. All 
deparaffinized skin sections were stained with TB. Two re-
searchers independently conuted the number of mast cells 
in five randomly selected sites at 400× magnification. 

Quantitative reverse transcription-polymerase chain 
reaction (QRT-PCR)

Ear skin was collected on the last day of the experiment 

(day 29) and stored at −80oC until use. Total RNA was 
isolated using TrizolⓇ reagent (Invitrogen, Carlsbad, CA, 
USA) according to the manufacturer’s protocol15. Equal 
amounts of RNA (1 μg) were reverse transcribed into 
cDNA using Prime ScriptTM real-time (RT) reagent Kit with 
gDNA EraserⓇ (Takara Bio, Otsu, Japan). Quantitative 
RT-PCR was performed using a CFX96TM Real-Time PCR 
Detection SystemⓇ (Bio-Rad, Hercules, CA, USA) with 
SYBRⓇ premix EX TaqTM (Takara Bio) and specific primer 
for TSLP, IL-4, IL-5, IL-13, IL-19, TNF-α, and IFN-γ15. 
The following PCR primers were used for real-time PCR: 
TSLP (NM_02136), IL-4 (NM_021283), IL-5 (NM_010558), 
IL-13 (NM_008355), IL-19 (NM_001009940), TNF-α 

(NM_013693), and IFN-γ (NM_008337). The cycling con-
ditions consisted of an initialization step for ten sec at 
95oC followed by two-step PCR for 45 cycles of 95oC for 
five seconds (denaturation) and 58oC∼60oC for 30 sec-
onds (annealing/extension)15. Fluorescence intensity was 
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Fig. 3. (A) Histological features of atopic dermatitis (AD)-like skin lesions after treatment with 1% eupatilin. 1% eupatilin cream 
significantly reduced inflammatory cell infiltration (p＜0.05) (H&E, ×200) and also significantly reduced mast cell infiltration in the 
dermis, compared to the vehicle (p＜0.05) (toluidine blue, ×200). (B) The epidermal thickness in five randomly chosen visual fields 
at ×200 magnification (H&E, ×200). (C) The number of mast cells in five randomly chosen visual fields at ×400 magnification 
(toluidine blue, ×400). Non-treated (NT), DNCB+vehicle (VH), DNCB+1% eupatilin cream, DNCB+0.03% tacrolimus ointment at 
day 29 following the first challenge. Data are presented as mean±standard error of the mean (n=5). *p＜0.05, compared to the 
vehicle group.

measured in real time using the optical module15. Melt 
curves were used to determine product specificity. Results 
were normalized to the level of β-actin gene expres-
sion15. The analysis of relative gene expression data was 
conducted using the 2−ΔΔCT method15. Experiments were 
examined two times.

Statistical analysis

All data were expressed as the mean±standard error of 
the mean. One-way or two-way analysis of variance 
(ANOVA) followed by Tukey's multiple comparison test 
was used for statistical analysis15. In comparisons of the 

three groups, we used the Kruskal-Wallis test . Differences 
were considered significant at p＜0.05. Statistical analyses 
were performed using Prism 5 (Graphad Software, San 
Diego, CA, USA).

RESULTS 
Effect of topical 1% eupatilin cream on DNCB-induced 
AD-like skin lesions of NC/Nga mice

To investigate the effects of eupatilin on an AD murine 
model, inflammation was induced on the ears of Nc/Nga 
mice by DNCB applied three times a week. Topical appli-
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Fig. 4. Effects of 1% eupatilin on mRNA expression of thymic stromal lymphopoietin (TSLP), tumor necrosis factor (TNF)-α, interleukin 
(IL)-4, IL-5, IL-13, IL-19, and interferon (IFN-γ) in the ears of NC/Nga mice. 1% eupatilin cream also significantly decreased the 
mRNA expression of TSLP, TNF-α, IL-4, and IL-19, but not of IL-5, IL-13, and IFN-γ, compared to the vehicle (p＜0.05). Non-treated 
(NT), 2,4-dinitrochlorobenzene (DNCB)+vehicle (VH), DNCB+1% eupatilin cream, DNCB+0.03% tacrolimus ointment. Data are 
presented as mean±standard error of the mean (n=5). *p＜0.05, compared to the vehicle (VH) group. RFI: relapse-free interval.

cations of DNCB on the ears of NC/Nga mice produce 
AD-like lesions including edematous erythema with scratch-
ing mark and dryness (Fig. 2A). The clinical severity grades 
of the DNCB+VH group gradually escalated after the first 
trial. On day 29 after the first trial, the clinical severity rat-
ings dropped by 33% and 15% in the DNCB+1% eupati-
lin cream and DNCB+0.03% tacrolimus ointment group, 
individually, compared to the DNCB+VH group (Fig. 2B). 
Treatment with 1% eupatilin significantly reduced DNCB-in-
duced clinical severity score on day 29, compared to the 
DNCB+VH group (p＜0.05). Treatment with 1% eupatilin 
and 0.03% tacrolimus reduced DNCB-induced ear hyper-
plasia on day 29 by 26% and 23%, respectively, com-
pared to the DNCB+VH group (Fig. 2C). 

Effect of topical 1% eupatilin cream on DNCB-induced 
epidermal hyperplasia and mast cell infiltration

In Fig. 3A, striking epidermal hyperplasia and inflammatory 
cell infiltration were shown in the dermis of NC/Nga 
mice, following DNCB (in the DNCB+VH group). In con-
trast, 1% eupatilin cream reduced the hyperkeratosis, epi-
dermal or dermal thickening and inflammatory cells in-
filtration in the lesion. The epidermal thickness of 1% eu-
patilin group significantly reduced, compared to the 
DNCB+VH group (p＜0.05) (Fig. 3B). Kim et al.12 re-
ported that eupatilin has a suppressive effect on the medi-
ator release action of mast cells. We further examined the 
effect of eupatilin on the infiltrated mast cells. In Fig. 3C, 
application with DNCB induced infiltrated dermal mast 
cells. 1% eupatilin significantly reduced infiltrated mast cells, 
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Fig. 4. Continued.

compared to the vehicle (p＜0.05). We didn’t notice any 
significant difference in the number of mast cells between 
groups treated with 1% eupatilin and 0.03% tacrolimus.

Effect of topical 1% eupatilin cream on DNCB-induced 
mRNA expression of inflammatory cytokines

The expression of TNF-α, IL-4, IL-19, and IFN-γ was 
minimal in the NT group. However, their expression was 
significantly elevated following DNCB. The application of 
1% eupatilin cream significantly reduced the expression 
of TSLP, TNF-α, IL-4, and IL-19 compared to the vehicle 
(p＜0.05; Fig. 4). The application of 1 % eupatilin cream 
couldn’t significantly decrease the expression of IL-5 and 
IL-13 (data not shown). DNCB-treated IFN-γ expression 
of mRNA was also decreased by 1% eupatilin cream, but 
it was not significant compared to the vehicle. 

DISCUSSION 

Eupatilin takes in anti-inflammatory, anti-allergic and an-
ti-cancer properties as well as mucosal protective effects16. 
Here, we showed for the first time that 1% eupatilin 

cream improved skin lesions of NC/Nga mice. Clinical 
analyses showed edematous erythema, with excoriation 
and dryness in the DNCB+VH group, whereas 1% eupati-
lin cream alleviated these lesional changes. Histologically, 
1% eupatilin cream decreased acanthosis, hyperkeratosis 
and infiltration of inflammatory cells in the skin. Real time 
RT-PCR revealed significantly reduced levels of the ex-
pressed TNF-α, IL-4, IL-19, and TSLP. In addition, infiltra-
tion of mast cells was markedly reduced by 1% eupatilin 
cream.
Recently, several reports have suggested the therapeutic 
efficacy of eupatilin for various immunologic and in-
flammatory disorders. Kim et al.12 reported that eupatilin 
has a suppressive effect on the mediator release of mast 
cells. Mast cell is an important cell in the progress of nu-
merous allergic diseases including AD17,18. In this study, 
1% eupatilin cream largely suppressed the infiltration of 
mast cells in the DNCB+VH group. We speculated that 
eupatilin has inhibitory effects on mast cells. 
TSLP, mainly from keratinocytes, causes dendritic cells 
(DC)-mediated immune reactions19. TSLP produces the 
Th2 response with production of IL-4, IL-5, and IL-13 as 
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well as secretion of TNF-α20. Therefore, TSLP is a media-
tor that exacerbates the pathogenesis of AD through the 
initiation of allergic reactions. Our results suggest that 1% 
eupatilin cream can improve the skin lesions of AD by re-
ducing the elevated expression of TSLP, one of the key 
mediators in the initiation of AD lesions.
Proinflammatory cytokines, such as TNF-α, by epidermal 
keratinocyte cells step in the commencement of AD. 
During the early stage, proinflammatory cytokines activate 
chemokines and adhesion molecules which initiate the 
role of leukocytes in the lesion21. In this study, application 
of 1% eupatilin cream significantly suppressed the TNF-α 

mRNA expression, which seems to affect inflammatory 
cell recruitment in the lesion.
Kitagaki et al.18 suggested that T cells and mast cells large-
ly produced Th2 cytokines including IL-4 during acute 
phase of AD. Additionally, other Th2-cytokines including 
IL-5 and IL-13, are linked with AD18. Interestingly, IL-19 
has been known as one of the Th2 cytokines. Recently 
Bao et al.22 showed that IL-4 upregulates IL-19 expression 
in keratinocytes. In addition, Myles et al.23 reported that 
IL-19 is associated with inflammatory skin diseases includ-
ing AD. They suggested that IL-19 is possibly a therapeutic 
target to alter the susceptibility to infection. Th1-type cyto-
kines, such as IFN-γ, were shown to be produced in AD 
lesions in later stages24,25. We showed that 1% eupatilin 
cream more effectively decreased the expression of Th2 
cytokines (IL-4 and IL-19) than that of Th1 cytokines such 
as IFN-γ. However, in this study, 1% eupatilin cream 
couldn’t decrease the level of IL-5 or IL-13 in the AD-like 
lesions.
Overall, these findings suggest that the therapeutic effects 
of topical 1% eupatilin cream on AD-like skin lesions in 
NC/Nga mice are possibly mediated by proinflammatory 
and Th2-response modification. 
In conclusion, these findings indicate that topical 1% eu-
patilin alleviates DNCB-treated AD-like skin lesions in 
NC/Nga mice. Therefore, we propose that eupatilin may 
be thought about a promising topical therapeutic candi-
date in the control of AD. Nonetheless, further studies are 
needed to show therapeutic mechanisms of 1% eupatilin 
cream on AD.
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