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a b s t r a c t

Saussurea lappa is a traditional herbal medicine used for to treat various inflammatory diseases. In this
study, we investigated the protective effects of S. lappa against atopic dermatitis using human keratinocyte
HaCaT cells, murine mast cell line MC/9 cells, and a house dust mite-induced atopic dermatitis model of Nc/
Nga mice. Treatment with the S. lappa caused a significant reduction in the mRNA levels and production of
inflammatory chemokines and cytokine, including thymus- and activation-regulated chemokine (TARC),
macrophage-derived chemokine (MDC), regulated on activation, normal T-cell expressed and secreted
(RANTES), and interleukin-8 (IL-8) in tumor necrosis factor-a/interferone-c-stimulated HaCaT cells.
S. lappa exhibited the significant reduction in histamine production in MC/9 cells. In the atopic dermatitis
model, S. lappa significantly reduced the dermatitis score and serum IgE and TARC levels. In addition, the
back skin and ears of S. lappa-treated Nc/Nga mice exhibited reduced histological manifestations of atopic
skin lesions such as erosion, hyperplasia of the epidermis and dermis, and inflammatory cell infiltration. In
conclusion, an extract of S. lappa effectively suppressed the development of atopic dermatitis, which was
closely related to the reduction of chemokines and cytokine. Our study suggests that S. lappa may be a
potential treatment for atopic dermatitis.

� 2013 Published by Elsevier Ltd.
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1. Introduction

Atopic dermatitis is a chronic inflammatory skin disease that is
characterized by the presence of eczematous lesions, pruritus, and
redness. The prevalence of atopic dermatitis has increased
substantially in the last decade. This disease develops mainly in
childhood, and approximately 10–20% of children suffer from ato-
pic dermatitis worldwide (Eichenfield et al., 2012). In particular,
most cases of atopic dermatitis present during the first year of life
and 80% of patients display the symptoms of atopic dermatitis
within the first 5 years of life (Blume-Peytavi and Metz, 2012).
Atopic dermatitis appears to have a variety of causes, such as
genetic factors, environmental pollution, and immunological
responses (Hinz et al., 2006; Bieber, 2008).

Despite numerous preclinical and clinical studies, the
pathogenesis of atopic dermatitis remains unclear. At present, the
pathogenesis of atopic dermatitis is known to be related to keratino-
cyte dysfunction (Eichenfield et al., 2012). The stimulation of kerat-
inocytes can cause the production of inflammatory chemokines,
82Q3

83

84

85
including thymus- and activation-regulated chemokine/CCL17
(TARC), macrophage-derived chemokine/CCL22 (MDC), and regu-
lated on activation, normal T-cell expressed and secreted/CCL5
(RANTES) (Saeki and Tamaki, 2006). These chemokines are
specialized for the recruitment of effector cells, such as monocytes,
granulocytes, and T lymphocytes, which facilitate the development
of inflammatory response in atopic dermatitis lesions. In addition,
inteluekine (IL)-8 is another important mediator in atopic dermati-
tis. Previous studies demonstrated that IL-8 is closely associated
with the severity of atopic skin lesions (Casas et al., 2011; Amar-
bayasgalan et al., 2013; Kim et al., 2013; Park et al., 2013).Saussurea
lappa is a traditional herbal medicine that has been used to treat
asthma, inflammation, rheumatism, coughs, tuberculosis, and many
other diseases (Shah, 1982; Choi et al., 2012). It has also been used as
an analgesic, digestive, aphrodisiac, and diuretic (Yaeesh et al.,
2010). Previous studies have demonstrated that S. lappa possesses
several pharmacological properties, such as antioxidative (Saleem
et al., 2013), antiulcer (Shah, 1982), anticancer (Kim et al., 2012),
antiviral (Chen et al., 1995), and hepatoprotective effects (Yaeesh
et al., 2010). In particular, Sarwar and Enbergs (2007) reported that
S. lappa may contribute to the suppression of immune-mediated
inflammatory reactions. S. lappa was also found to decrease
proinflammatory mediators in lipopolysaccharide (LPS)-stimulated
ite-in-

http://dx.doi.org/10.1016/j.fct.2013.10.050
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Fig. 1. Cytotoxicity of Saussurea lappa extract in HaCaT cells (A) and MC/9 cells (B).
Cells were seeded into 96-well plates and treated with various concentrations of S.
lappa extract for 24 h. Cell viability was assessed using a CCK-8 assay. The values
were expressed as mean ± SD of three independent experiments. �, ��P < 0.05 and
0.01 vs. vehicle control cells.
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murine macrophage cells (Choi et al., 2012). Of interest, our preli-
minary study revealed of S. lappa extract on proinflammatory cyto-
kines including IL-6 and TNF-a in murine macrophages (data not
shown).

In the present study, we investigated the effects of an extract of
S. lappa on the levels of chemokines and cytokine in a human
keratinocyte cell line, HaCaT cells, and production of histamine in
murine mast cell line, MC/9 cells. Based on the results of in vitro
experiments, we evaluated the protective effects of the S. lappa
extract against atopic dermatitis using a house dust mite-induced
atopic dermatitis model in Nc/Nga mice. We measured the skin
severity score, histological changes in the skin, including mast cell
infiltration, and the plasma IgE level and TARC levels.

2. Materials and methods

2.1. Reagents and materials

Dried S. lappa (100 g) was extracted three times with 70% methanol (1 L) by
refluxing for 90 min. The extract was filtered, evaporated to dryness, and freeze-
dried using a freeze dryer (PVTFD100R, Ilshin Lab. Ltd., Korea). The yield was
28.6%. The S. lappa material used in this experiment was purchased from HMAX
(Jecheon, Korea) in 2009. A specimen (2009-KIOM62) has been deposited in the
Herbal Medicine Formulation Research Group, Korea Institute of Oriental Medicine.

Biostir-AD�, which is an ointment that contains house dust mite
(Dermatophagoides farinae) extract, was purchased from Biostir Inc. (Kobe, Japan).

2.2. Cell culture

The human keratinocyte HaCaT cells and murine mast cell line MC/9 were
obtained from CLS Cell Lines Service GmbH (Eppelheim, Baden-Württemberg,
Germany) and the American Type Culture Collection (Rockville, MD, USA), respec-
tively. The HaCaT cells were cultured in Dulbecco’s modified Eagle’s medium
(DMEM, Gibco Inc., Grand Island, NY, USA), which was supplemented with 10%
heat-inactivated fetal bovine serum (FBS, Gibco Inc.), penicillin (100 U/mL), and
streptomycin (100 lg/mL), in a 5% CO2 incubator at 37 �C. The MC/9 cells were cul-
tured in DMEM supplemented with 0.05 mM 2-mercaproethanol (Sigma–Aldrich, St
Louis, MO, USA), 10% Rat T-STIM (Becton, Dickinson & Co., Franklin Lakes, NJ, USA),
10% heat-inactivated FBS (Gibc Inc.), penicillin (100 U/mL), and streptomycin
(100 lg/mL), in a 5% CO2 incubator at 37 �C.

2.3. Cytotoxicity assay

The cell viability was assessed using a Cell Counting Kit-8 assay (CCK-8 from
Dojindo, Kumamoto, Japan) according to the manufacturer’s instructions. HaCaT
cells (1 � 103 cells/well) and MC/9 cells (4 � 104 cells/well) were incubated in 96-
well plates with various concentrations of the S. lappa extract for 24 h. The CCK-8
reagent was added to each well, followed by incubation for an additional 4 h, and
the absorbance was measured at 450 nm using a Benchmark plus microplate reader
(Bio-Rad Laboratories, Hercules, CA, USA). The percentage of viable cells was calcu-
lated using the following equation: cell viability (%) = (mean absorbance in test
wells/mean absorbance in control wells) � 100.

2.4. Measurement of chemokine and cytokine production

HaCaT cells (1 � 106 cells/well) were cultured in 6-well plates. After reaching a
confluent state, the cells were washed and treated with S. lappa in 1 mL of serum-
free medium that contained tumor necrosis factor-a (TNF-a) and interferon-c
(IFN-c) (each 10 ng/mL; R&D Systems Inc., Minneapolis, MN, USA) for 24 h. The
production of TARC, MDC, RANTES and IL-8 was determined using a commercial
ELISA kits.

2.5. Measurement of histamine production

MC/9 cells (2 � 105 cells/well) were cultured in 48-well plates. After reaching
confluence, MC/9 cells were treated with S. lappa extract in 0.5 mL of medium con-
taining phorbol 12-myristate 13-acetate (PMA, Sigma–Aldrich, St. Louis, MO, USA)
and calcium ionophore A23187 (Sigma–Aldrich) for 24 h. The supernatants were
harvested, histamine production was quantified using an commercial ELISA kit
(Oxford Biomedical Research, Oxford, MI, USA).

2.6. Reverse transcription-polymerase chain reaction (RT-PCR)

The total RNA was isolated using Trizol reagent according to the manufacturer’s
instructions (Invitrogen, Carlsbad, CA, USA). One microgram of total RNA was con-
verted to cDNA with an iScript cDNA Synthesis kit (Bio-Rad, Hercules, CA, USA),
Please cite this article in press as: Lim, H.-S., et al. Saussurea lappa alleviates in
duced atopic-like dermatitis in Nc/Nga mice. Food Chem. Toxicol. (2013), http
which contained oligo-dT primers, and diethyl pyrocarbonate-treated water was
added to produce a final volume of 20 lL, before incubating at 42 �C for 30 min.
The PCR amplification used gene-specific primers for TARC (forward, 50-ACT GCT
CCA GGG ATG CCA TCG TTT TT-30; reverse, 50-ACA AGG GGA TGG GAT CTC CCT
CAC TG-30), MDC (forward, 50-AGG ACA GAG CAT GGC TCG CCT ACA GA0; reverse,
50-TAA TGG CAG GGA GCT AGG GCT CCT GA-30), RANTES (forward, 50-CCC CGT
GCC GAG ATC AAG GAG TAT TT-30; reverse, 50-CGT CCA GCC TGG GGA AGG TTT
TTG TA-30), IL-8 (forward, 50-GTG GCT CTC TTG GCA GCC TTC CTG AT-30; reverse,
50-TCT CCA CAA CCC TCT GCA CCC AGT TT-30) and GAPDH (forward, 50-GTG ATG
GCA TGG ACT GTG GT-30; reverse, 50-AAG GGT CAT CAT CTC TGC CC-30). The
RT-PCR reaction mixture comprised 1 lL of cDNA and 1.56 lL of cTaq PCR master
mix, which contained 1.5 mM MgCl2, 0.1 lM of each forward and reverse primer,
and 7.44 lL of water in a final volume of 10 lL. The PCR reaction comprised 25
cycles of denaturation at 94 �C for 30 s, annealing at 64 �C for 1 min, and extension
at 72 �C for 1 min 30 s for all of the chemokines and IL-8, and 25 cycles of denatur-
ation at 94 �C for 30 s, annealing at 52 �C for 1 min, and extension at 72 �C for 1 min
30 s for GAPDH. The relative expression levels of TARC, MDC, RANTES, and IL-8 were
adjusted based on the expression of GAPDH as a control.

2.7. Experimental animals

Specific-pathogen free male Nc/Nga mice (eight weeks old) were purchased
from Central Laboratory Animal Inc. (Seoul, South Korea). The animals were main-
tained in an air-conditioned room and maintained at 24 ± 2 �C with 55 ± 15%
humidity. The animals were housed one per cage and were allowed sterilized tap
water and standard rodent chow (Samyang Feed Co., Wonju, Korea) ad libitum.
All experimental procedures were carried out in accordance with the NIH
Guidelines for the Care and Use of Laboratory Animals and were approved by Korea
Institute of Oriental Medicine Institutional Animal Care and Use Committee
(Approval number: #12–047).

2.8. Induction of allergic dermatitis in Nc/Nga mice

Atopic dermatitis-like skin lesions were induced in 10-week-old male Nc/Nga
mice using Biostir-AD, as described by the manufacturer (Lee et al., 2010). The ani-
mals were housed in conventional condition. Briefly, after shaving the upper back,
flammatory chemokine production in HaCaT cells and house dust mite-in-
://dx.doi.org/10.1016/j.fct.2013.10.050
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Fig. 2. Effects of Saussurea lappa extract on TNF-a and IFN-c-stimulated productions of chemokines and cytokine in HaCaT cells. Productions of TARC (A), MDC (B), RANTES
(C) and IL-8 (D) were measured using the culture supernatant from cells cotreated with S. lappa extract (5, 10, or 30 lg/mL), and TNF-a and IFN-c (each 10 ng/mL, TI) for 24 h.
Silymarin (6.25, 12.5, or 25 lg/mL) was used as a positive control. Values were expressed as mean ± SEM of three independent experiments. ##P < 0.01 vs. vehicle control
cells; �, ��P < 0.05 and P < 0.01 vs. TI-treated cells, respectively.
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Fig. 3. Effect of Saussurea lappa extract on TNF-a and IFN-c-stimulated chemokine and cytokine expression in HaCaT cells. (A) RT-PCR was performed to determine the mRNA
expression levels of TARC, MDC, RANTES, and IL-8. (B) The intensities of the PCR bands. Values were expressed as mean ± SEM of three independent experiments. ##P < 0.01
vs. vehicle control cells; �, ��P < 0.05 and P < 0.01 vs. TI-treated cells, respectively.
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200 lL of 4% (w/v) sodium dodecyl sulfate was applied to the shaved dorsal skin
and both surfaces of each ear for barrier disruption. After 2 h, 50 mg of Biostir-AD
was applied topically twice per week for 6 weeks. The mice (n = 35) were allocated
to five groups (n = 7/group): normal control group (vehicle-treated mice; distilled
water, 150 lL/mouse, per os (p.o.)), Biostir group (Biostir-AD plus vehicle-treated
mice; distilled water, 150 lL/mouse, p.o.), prednisolone group (Biostir-AD plus
prednisolone-treated mice; 3 mg/kg, p.o.), and S. lappa group (Biostir-AD plus
Please cite this article in press as: Lim, H.-S., et al. Saussurea lappa alleviates in
duced atopic-like dermatitis in Nc/Nga mice. Food Chem. Toxicol. (2013), http
S. lappa-treated mice; 100 or 300 mg/kg, p.o.). The doses of S. lappa were based
on the results of preliminary study. The procedure of preliminary study was same
to present study. The skin severity significantly decreased in both 300 and
500 mg/kg of S. lappa compared with the animal with atopic dermatitis. However,
500 mg/kg-treated mice were observed the increases in liver weight, indicating li-
ver toxicity. Based on the results of preliminary studies, we determined 100 mg/
kg and 300 mg/kg of S. lappa as administration dosage. Prednisolone and S. lappa
flammatory chemokine production in HaCaT cells and house dust mite-in-
://dx.doi.org/10.1016/j.fct.2013.10.050
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Fig. 4. Effect of Saussurea lappa extract on histamine production in MC/9 cells. The
histamine production was evaluated using a commercial ELISA kits. Values were
expressed as mean ± SEM of three independent experiments. ##P < 0.01 vs. vehicle
control cells; �,��P < 0.05 and P < 0.01 vs. PMA and A23187-stimulated cells,
respectively.
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were dissolved in distilled water and applied every day for 6 weeks. Prednisolone
was used as a positive control. The mice were sacrificed under anesthesia via intra-
peritoneal injection with pentobarbital sodium (Entobar Inj., Hanlim Pharm. Co.,
Ltd., Korea) on the day of the experiment. During the autopsy, blood was collected
from the posterior vena cava, and the back skin and each ear were excised for
histopathological analyses.

2.9. Evaluation of skin severity

The relative severity of dermatitis was assessed macroscopically according to
the Eczema Area and Severity Index (EASI) scoring system: 0, no symptoms; 1, mild
symptoms; 2, moderate symptoms; and 3, severe symptoms. The dermatitis score
was defined as the sum of the scores for erythema/hemorrhage, edema, excoria-
tion/erosion, and scaling/dryness (Hanifin et al., 2001). The mice were also
photographed once each week.

2.10. Histological analysis

After sacrifice, the back skin and one ear of each mouse were fixed in 10% (v/v)
neutral buffered formalin for 24 h at 4 �C. The tissue samples were embedded in
paraffin and thin-sectioned (4 lm thickness). The sections were stained with hema-
toxylin and eosin (H&E) solution (Sigma–Aldrich, St. Louis, MO, USA) and mounted
under cover slips using Dako mounting medium (Dako Cytomation, Glostrup, Den-
mark). The stained sections were performed using an image analyzer (Molecular
Devices Inc., CA, USA). To measure the degree of mast cell infiltration, the skin
sections were stained with toluidine blue, and the numbers of mast cells were
counted in four sites.

2.11. Measurement of the plasma IgE and TARC levels

Blood samples were drawn from the mice, separated by centrifugation at
10,000g for 10 min at 4 �C, and stored at �80 �C. The IgE and TARC levels in the plas-
ma were measured using an ELISA kit (IgE, BioLegend, San Diego, CA, USA; TARC,
R&D Systems Inc.) according to the manufacturer’s instructions.

2.12. Statistical analyses

The data were expressed as the mean ± SEM. All of the experiments were per-
formed at least three times. One-way analysis of variance was used to detect signif-
icant differences between the control and treatment groups. Dunnett’s test was
used for multiple comparisons. The differences were considered significant at
P < 0.05.

3. Results

3.1. S. lappa extract inhibits chemokine production in TNF-a and IFN-
c-stimulated HaCaT cells

First, we measured the cytotoxic effect of the S. lappa extract on
HaCaT cells. Treatment with the S. lappa extract for 24 h at concen-
trations ranging from 7.8 to 31.3 lg/mL did not produce any signif-
icant cytotoxic effects (Fig. 1A). Thus, we used the S. lappa extract
at 5, 10, or 30 lg/mL in the subsequent experiments.

The effects of the S. lappa extract on TARC, MDC, and RANTES
production were assessed in TNF-a and IFN-c (TI)-stimulated Ha-
CaT cells. As shown in Fig. 2A, HaCaT cells treated with TI produced
significantly more TARC (222.27 ± 5.73 ng/mL, P < 0.01) compared
with the vehicle-treated cells (2.18 ± 0.29 ng/mL). By contrast,
the S. lappa extract suppressed TI-stimulated TARC production in
a dose-dependent manner. The levels were reduced by 153.81 ±
3.61 ng/mL (P < 0.01) and 29.96 ± 0.97 ng/mL (P < 0.01) with 10
and 30 lg/mL, respectively. MDC (2295.75 ± 22.33 ng/mL,
P < 0.01) production in TI-treated cells was also increased
compared with vehicle-treated cells, but the levels were reduced
significantly after treatment with the S. lappa extract treatment
(P < 0.01) (Fig. 2B). TI-treated cells produced significantly more
RANTES (5773.62 ± 141.15 ng/mL, P < 0.01) compared with the
vehicle-treated cells. The TI-induced increase in RANTES produc-
tion was significantly inhibited by the S. lappa extract (4107.78 ±
33.71 ng/mL with 30 lg/mL, P < 0.01) (Fig. 2C). In addition, the
level of IL-8 also was significantly reduced by the S. lappa extract
in a concentration- dependent manner (10,984.27 ± 518.26 ng/mL
Please cite this article in press as: Lim, H.-S., et al. Saussurea lappa alleviates in
duced atopic-like dermatitis in Nc/Nga mice. Food Chem. Toxicol. (2013), http
with 5 lg/mL, P < 0.05; 8214.63 ± 36.88 ng/mL in 10 lg/mL,
P < 0.01; 5522.16 ± 235.29 ng/mL in 30 lg/mL, P < 0.01) (Fig. 2D).
The inhibitory effects of S. lappa were similar to those of silymarin,
a positive control.

3.2. S. lappa extract inhibits the expression of chemokine and cytokine
mRNA in TNF-a and IFN-c-stimulated HaCaT cells

We investigated the effects of the S. lappa extract on the mRNA
expression levels of TARC, MDC, RANTES, and IL-8. As shown in
Fig. 3, the mRNA levels of TARC, MDC, and RANTES were enhanced
after TI stimulation of the cells. By contrast, the S. lappa extract
dramatically suppressed the expression of the TARC and MDC in
a dose-dependent manner. Moreover, IL-8 was downregulated by
S. lappa extract treatment of the TI-stimulated cells. The reductions
in TARC, MDC and IL-8 mRNA by S. lappa extract were similar to
those of silymarin-treated cells. Silymarin-treated cells exhibited
the significant decreases in chemokine and cytokine mRNA expres-
sion. The level of RANTES mRNA showed little suppression as
compared with those of TARC, MDC and IL-8.

3.3. S. lappa extract reduces the production of histamine in PMA and
A23187-stimulated MC/9 cells

To determine the cytotoxicity of the S. lappa extract in MC/9
cells, the cells were exposed to various concentrations of the
S. lappa extract for 24 h. Nontoxic concentrations of the S. lappa
extract was determined and used for subsequent experiments
(Fig. 1B). PMA and A23187-stimulated MC/9 cells exhibited a sig-
nificant elevation of histamine compared with the vehicle-treated
cells. In contrast, S. lappa-treated MC/9 cells showed the significant
reduction in the histamine production compared with the PMA and
A23187-stimulated MC/9 cells (Fig. 4).

3.4. S. lappa extract suppresses the severity of dermatitis and skin
lesions in a house dust mite-induced atopic dermatitis Nc/Nga mouse
model

The severity of dermatitis was evaluated once a week. The
major clinical signs and symptoms developed immediately after
the mite antigen was applied to the backs of the mice. The atopic
dermatitis-like skin lesions worsened progressively for 4 weeks
with the initial treatment. Repeated applications of Biostir-AD
ointment induced skin dryness, followed by mild erythema,
flammatory chemokine production in HaCaT cells and house dust mite-in-
://dx.doi.org/10.1016/j.fct.2013.10.050
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hemorrhage, and edema (Fig. 5A). Finally, the skin became thick
with severe erythema, hemorrhage, edema, scarring, erosion, and
excoriation. However, application of the S. lappa extract sup-
pressed these skin symptoms. The dermatitis score for each group
was determined by summing the EASI values for each mouse
(Fig. 5B). In the S. lappa group (300 mg/kg), the dermatitis score
was lower at 3 weeks compared with the Biostir group. This
reduction of S. lappa group was similar to those of prednisolone
Fig. 5. Effects of Saussurea lappa extract on the development of atopic dermatitis, which
extract was administered to Nc/Nga mice to establish an atopic dermatitis animal model.
treated mice; distilled water, 150 lL/mouse, per os (p.o.)), Biostir group (Biostir-AD p
(Biostir-AD plus prednisolone-treated mice; 3 mg/kg, p.o.), and S. lappa group (Biostir-A
dermatitis scores (B) were assessed using the criteria described in Section 2. The featu
mean ± SEM (n = 7). ##P < 0.01 vs. vehicle-treated mice; �, ��P < 0.05 and P < 0.01 vs. Bios

Please cite this article in press as: Lim, H.-S., et al. Saussurea lappa alleviates in
duced atopic-like dermatitis in Nc/Nga mice. Food Chem. Toxicol. (2013), http
group. In particular, 300 mg/kg of S. lappa group more effective
than the Biostir group.

3.5. S. lappa extract attenuates the atopic dermatitis-like lesions
induced by house dust mite

The histopathological features were assessed using samples from
the back skin and ears of Nc/Nga mice. As shown in Fig. 6, we
was induced in Nc/Nga mice using a house dust mite extract. The house dust mite
The mice were allocated to five groups (n = 7/group): normal control group (vehicle-
lus vehicle-treated mice; distilled water, 150 lL/mouse, p.o.), prednisolone group
D plus S. lappa-treated mice; 100 or 300 mg/kg, p.o.). The clinical features (A) and
res were monitored once each week for 4 weeks. The values are expressed as the
tir-AD-treated mice, respectively.
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observed epidermal hyperplasia, parakeratosis, hyperkeratosis, der-
mal edema, and large numbers of infiltrated or inflammatory cells,
such as mast cells, in the Biostir group. The symptoms were relieved
by treatments with the S. lappa extract relative to the Biostir group
(Fig. 6A). Increased numbers of mast cells were observed in the skin
lesions of the Biostir group compared with the normal control group
(Fig. 6B). Administration of the S. lappa extract decreased the num-
bers of mast cells compared with the Biostir group, but there was
no significant difference. These results suggest that the S. lappa
extract suppressed house dust mite-induced inflammation. The
normal group exhibited no signs of inflammation.

3.6. S. lappa extract inhibits the IgE and TARC production in a house
dust mite-induced atopic dermatitis Nc/Nga mouse model

The total IgE level in the plasma was determined in vivo. The
Biostir group (413.17 ± 55.55 ng/mL, P < 0.01) had a significantly
Fig. 6. Effects of Saussurea lappa extract on the histological features of house dust mite-in
the normal control group (vehicle-treated mice; distilled water, 150 lL/mouse, per os (
mouse, p.o.), prednisolone group (Biostir-AD plus prednisolone-treated mice; 3 mg/kg, p.o
fixed with 10% formaldehyde, embedded in paraffin, and cut into thin sections. The h
determined after staining with hematoxylin and eosin, and toluidine blue, respectively.
mice; ��P < 0.01 vs. Biostir-AD-treated mice. Scale bars: 100 lm.
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higher the total IgE level compared with the normal control group,
whereas the S. lappa group (82.27 ± 13.09 ng/mL in 100 mg/kg,
P < 0.01; 75.31 ± 21.10 ng/mL in 300 mg/kg, P < 0.01) had a signifi-
cantly lower IgE level than the Biostir group (Fig. 7A). In addition,
The Biostir group (14.47 ± 1.31 ng/mL, P < 0.01) had a significantly
higher the TARC production compared with the normal control
group. In contrast, S. lappa groups (10.40 ± 1.41 ng/mL in 100 mg/
kg group; 10.01 ± 0.76 ng/mL in 300 mg/kg group, P < 0.05) signif-
icantly lower TARC production than the Biostir group (Fig. 7B).
These reductions by S. lappa administration were similar to those
of prednisolone group (24.74 ± 5.29 ng/mL of IgE; 8.50 ± 1.05 pg/
mL of TARC).

4. Discussion

Therapeutic approaches controlling for atopic dermatitis in-
clude corticosteroids, immunosuppressants, and ultraviolet light.
duced atopic dermatitis in Nc/Nga mice. The skin and ear tissues were excised from
p.o.)), Biostir group (Biostir-AD plus vehicle-treated mice; distilled water, 150 lL/
.), and S. lappa group (Biostir-AD plus S. lappa-treated mice; 100 or 300 mg/kg, p.o.),

istological features (A) and mast cell counts (B) of the skin and ear lesions were
The values are expressed as the mean ± SEM (n = 7). ##P < 0.01 vs. vehicle-treated
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Traditionally, corticosteroids (ointments, creams, or injections)
have been considered the most effective therapy for atopic derma-
titis (Nakagawa, 2006). However, the long-term application of cor-
ticosteroids is limited because of their side effects, such as
immunosuppression, stretch marks, thinning of the skin, and epi-
dermal barrier dysfunction (Berke et al., 2012). Other therapies
can also induce severe side effects such as malfunctions of the kid-
neys and liver, and skin cancer (Wooltorton, 2005; Jans et al.,
2006). Thus, there is an urgent need to develop new therapies that
target the underlying causes of atopic dermatitis. In the present
study, we investigated the protective effects of an S. lappa extract
on atopic dermatitis using HaCaT cells, MC/9 cells, and a murine
model of house dust mite-induced atopic dermatitis.

Chemokines have a pivotal role in the development of atopic
asthma. In particular, TARC, MDC, and RANTES are responsible
for the initiation of atopic dermatitis. These are members of the
CC chemokine group, which induces chemotaxis in T cells and leu-
kocytes by interacting with the CC receptor 5, thereby leading to
the development of atopic dermatitis (Pivarcsi and Homey, 2005;
Gros et al., 2009). Chemokine production can be observed in vari-
ous immune cells, including lymphocytes, dendritic cells, keratino-
cytes, mast cells, and eosinophils, which are activated by various
stimuli (Saeki and Tamaki, 2006). In addition, keratinocytes are
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Fig. 7. Effects of Saussurea lappa extract on the plasma levels of IgE and TARC in
Nc/Nga mice with house dust mite-induced atopic dermatitis. The IgE level (A) and
TARC amount (B) was measured in plasma samples from the normal control group
(vehicle-treated mice; distilled water, 150 lL/mouse, per os (p.o.)), Biostir group
(Biostir-AD plus vehicle-treated mice; distilled water, 150 lL/mouse, p.o.), pred-
nisolone group (Biostir-AD plus prednisolone-treated mice; 3 mg/kg, p.o.), and S.
lappa group (Biostir-AD plus S. lappa-treated mice; 100 or 300 mg/kg, p.o.). Plasma
concentration of IgE and TARC was measured by ELISA. Values are expressed as the
mean ± SEM (n = 7). ##P < 0.01 vs. vehicle-treated mice; �,��P < 0.05 and 0.01 vs.
Biostir-AD-treated mice.
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well-known enhancers of the inflammatory response in atopic der-
matitis. Keratinocytes stimulated with proinflammatory cytokines
have been identified as important cellular sources of chemokines,
including TARC, MDC, and RANTES, which affect T lymphocyte dif-
ferentiation and the recruitment of leukocytes to atopic lesions
(Albanesi, 2010). In addition, differentiated T lymphocytes and
inflammatory cells produce proinflammatory cytokines, which
are involved with the activation of eosinophils and mast cells, as
well as the production of IgE (Carmi-Levy et al., 2011; Williams
et al., 2012). Ultimately, these events aggravate atopic dermatitis
lesions. Therefore, targeting chemokine production in atopic der-
matitis is considered to be an important potential treatment for
atopic dermatitis. In the present study, treatment with an S. lappa
extract significantly reduced the increased production and mRNA
expression of TACR, MDC, RANTES, and IL-8 in TI-stimulated HaCaT
cells, thereby demonstrating its possible protective effects against
atopic dermatitis. Silymarin treatment showed the reduction in
mRNA expression of chemokines and cytokine. These finding were
consistent with those of S. lappa treated cells.

The atopic dermatitis model based on Nc/Nga mice has been
applied mainly to the investigation of atopic dermatitis pathogen-
esis and the efficacy of therapeutic drug candidates because of its
similar clinical features to human atopic dermatitis. House dust
mite-induced atopic dermatitis in Nc/Nga mice is characterized
by pruritus, redness, and swelling of the skin, with elevated levels
of proinflammatory cytokines, histamine, and IgE (Sung et al.,
2012). Inflammatory cell infiltration, epidermis hypertrophy, and
hyperkeratosis are important features of the skin lesions observed
in Nc/Nga mice with house dust mite-induced atopic dermatitis
(Lee et al., 2012). In our study, atopic dermatitis was induced in
Nc/Nga mice using house dust mite and there were marked in-
creases in their dermatitis scores and plasma IgE levels, as well
as histopathological alterations in their skin lesions. However,
administration of the S. lappa extract significantly reduced the
elevated dermatitis scores and plasma IgE levels in house dust
mite-induced atopic dermatitis. The S. lappa extract also attenu-
ated the histopathological alterations related to atopic dermatitis
and reduced the mast cell counts. These finding were similar to
those of prednisolone treated mice. In particular, 300 mg/kg of
S. lappa groups exhibited more effective or identical effects com-
pared with the prednisolone group. In addition, we found that S.
lappa significantly suppresses histamine production in PMA and
A23187-stimulated MC/9 cells. Therefore, these findings indicate
that the administration of S. lappa effectively suppresses house
dust mite-induced atopic dermatitis.

Similar to our study, several recent studies have reported the
in vitro or in vivo inhibitory effects of medicinal herbs against atopic
dermatitis. For example, Jiang et al. (2009) and others (Lee et al.,
2012; Sung et al., 2012; Yang et al., 2013) have reported that herbal
remedies such as Yokukansan, Catalpa ovata, Angelicae dahuricae,
and Illicium verum had protective effects against experimentally in-
duced atopic dermatitis. Herbal remedies are attracting growing
attention as potential agents for curing atopic dermatitis.

Overall, the present study demonstrated that an extract of S.
lappa reduced the production of chemokines, i.e., TARC, MDC, RAN-
TES, and IL-8 in TI-stimulated HaCaT cells, histamine production in
PMA and A23187-stimulated MC/9 cells, and it also suppressed
house dust mite-induced atopic dermatitis in an Nc/Nga mouse
model. Our findings suggest that S. lappa has potent inhibitory ef-
fects against atopic dermatitis and could be developed into a useful
therapeutic agent for treating atopic dermatitis.
422

423
Conflict of Interest

The authors declare that there are no conflicts of interest.
flammatory chemokine production in HaCaT cells and house dust mite-in-
://dx.doi.org/10.1016/j.fct.2013.10.050

http://dx.doi.org/10.1016/j.fct.2013.10.050


424

425

426

427

428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464

465
466
467
468
469
470
471
472
473
474Q4
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510

H.-S. Lim et al. / Food and Chemical Toxicology xxx (2013) xxx–xxx 9

FCT 7673 No. of Pages 9, Model 5G

12 November 2013
Acknowledgment

This work was supported by a grant from the Korea Institute of
Oriental Medicine (No. K13030).

References

Albanesi, C., 2010. Keratinocytes in allergic skin diseases. Curr. Opin. Allergy Clin.
Immunol. 10, 452–456.

Amarbayasgalan, T., Takahashi, H., Dekio, I., Morita, E., 2013. Inteluekin-8 content in
the stratum corneum as an indicator of the severity of inflammation in the
lesion of atopic dermatitis. Int. Arch. Allergy Immunol. 160, 63–74.

Berke, R., Singh, A., Guralnick, M., 2012. Atopic dermatitis: an overview. Am. Fam.
Physician 86, 35–42.

Bieber, T., 2008. Atopic dermatitis. New Engl. J. Med. 358, 1483–1494.
Blume-Peytavi, U., Metz, M., 2012. Atopic dermatitis in children: management of

pruritus. J. Eur. Acad. Dermatol. Venereol. 26, 2–8.
Carmi-Levy, I., Homey, B., Soumelis, V., 2011. A modular view of cytokine networks

in atopic dermatitis. Clin. Rev. Allergy Immunol. 41, 245–253.
Casas, C., Ribet, V., Alvarez-Georges, S., Sibaud, V., Guerrero, D., Schmitt, A.M.,

Redoules, D., 2011. Modulation of interleukin-8 and staphylococcal flora by
Avene hydrotherapy in patients suffering from chronic inflammatory
dermatoses. J. Eur. Acad. Dermatol. Venereol. 25, 19–23.

Chen, H.C., Chou, C.K., Lee, S.D., Wang, J.C., Yeh, S.F., 1995. Active compounds from
Saussurea lappa clarks that suppress hepatitis B virus surface antigen gene
expression in human hepatoma cells. Antiviral Res. 27, 99–109.

Choi, H.G., Lee, D.S., Li, B., Choi, Y.H., Lee, S.H., Kim, Y.C., 2012. Santamarin, a
sesquiterpene lactone isolated from Saussurea lappa, represses LPS-induced
inflammatory responses via expression of heme oxygenase-1 in murine
macrophage cells. Int. Immunopharmacol. 13, 271–279.

Eichenfield, L.F., Ellis, C.N., Mancini, A.J., Paller, A.S., Simpson, E.L., 2012. Atopic
dermatitis: epidemiology and pathogenesis update. Semin. Cutan. Med. Surg.
31, 3–5.

Gros, E., Bussmann, C., Bieber, T., Forster, I., Novak, N., 2009. Expression of
chemokines and chemokine receptors in lesional and nonlesional upper skin of
patients with atopic dermatitis. J. Allergy Clin. Immunol. 124, 753–760.

Hanifin, J.M., Thurston, M., Omoto, M., Cherill, R., Tofte, S.J., Graeber, M., 2001. The
eczema area and severity index (EASI): assessment of reliability in atopic
dermatitis. Exp. Dermatol. 10, 11–18.

Hinz, T., Staudacher, A., Bieber, T., 2006. Advances in the pathogenesis of atopic
dermatitis. Hautarzt 57, 567–570.

Jans, J., Garinis, G.A., Schul, W., van Oudenaren, A., Moorhouse, M., Smid, M., Sert,
Y.G., van der Velde, A., Rijksen, Y., de Gruijl, F.R., van der Spek, P.J., Yasui, A.,
Hoeijmakers, J.H., Leenen, P.J., van der Horst, G.T., 2006. Differential role of basal
511

Please cite this article in press as: Lim, H.-S., et al. Saussurea lappa alleviates in
duced atopic-like dermatitis in Nc/Nga mice. Food Chem. Toxicol. (2013), http
keratinocytes in UV-induced immunosuppression and skin cancer. Mol. Cell.
Biol. 26, 8515–8526.

Jiang, J., Yamaguchi, T., Funakushi, N., Kuhara, T., Fan, P.S., Ueki, R., Suto, H., Kase, Y.,
Ikeda, S., Ogawa, H., 2009. Oral administration of Yokukansan inhibits the
development of atopic dermatitis-like lesions in isolated NC/Nga mice. J.
Dermatol. Sci. 56, 37–42.

Kim, E.J., Hong, J.E., Lim, S.S., Kwon, G.T., Kim, J., Kim, J.S., Lee, K.W., Park, J.H., 2012.
The hexane extract of Saussurea lappa and its active principle, dehydrocostus
lactone, inhibit prostate cancer cell migration. J. Med. Food 15, 24–32.

Kim, H.H., Bae, Y., Kim, S.H., 2013. Galangin attenuates mast cell-mediated allergic
inflammation. Food Chem. Toxicol. 57, 209–216.

Lee, J.K., Ha, H., Lee, H.Y., Park, S.J., Jeong, S.L., Shin, H.K., 2010. Inhibitory effects of
heartwood extracts of Broussonetia kazinoki Sieb on the development of atopic
dermatitis in Nc/Nga mice. Biosci. Biotechnol. Biochem. 74, 1802–1806.

Lee, H., Lee, J.K., Ha, H., Lee, M.Y., Seo, C.S., Shin, H.K., 2012. Angelicae Dahuricae radix
inhibits dust mite extract-induced atopic dermatitis-like lesions in Nc/Nga
mice. Evid. Based Complement. Alternat. Med. 2012, 743075.

Nakagawa, H., 2006. Comparison of the efficacy and safety of 0.1% tacrolimus
ointment with topical corticosteroids in adult patients with atopic dermatitis:
review of randomized, double-blind clinical studies conducted in Japan. Clin.
Drug Invest. 26, 235–246.

Park, J.Y., Park, H.J., Choi, Y.Y., Kim, M.H., Kim, S.N., Yang, W.M., 2013. Effects of
acupuncture on 1-chloro-2,4-dinitrochlorobenzene-induced atopic dermatitis.
Evid. Based Complement. Alternat. Med. 2013, 982095.

Pivarcsi, A., Homey, B., 2005. Chemokine networks in atopic dermatitis: traffic
signals of disease. Curr. Allergy Asthma Rep. 5, 284–290.

Saeki, H., Tamaki, K., 2006. Thymus and activation regulated chemokine (TARC)/
CCL17 and skin diseases. J. Dermatol. Sci. 43, 75–84.

Saleem, T.S., Lokanath, N., Prasanthi, A., Madhavi, M., Mallika, G., Vishnu, M.N., 2013.
Aqueous extract of Saussurea lappa root ameliorate oxidative myocardial injury
induced by isoproterenol in rats. J. Adv. Pharm. Technol. Res. 4, 94–100.

Shah, N.C., 1982. Herbal folk medicines in Northern India. J. Ethnopharmacol. 6,
293–301.

Sung, Y.Y., Yang, W.K., Lee, A.Y., Kim, D.S., Nho, K.J., Kim, Y.S., Kim, H.K., 2012.
Topical application of an ethanol extract prepared from Illicium verum
suppresses atopic dermatitis in Nc/Nga mice. J. Ethnopharmacol. 144, 151–159.

Williams, C.M., Rahman, S., Hubeau, C., Ma, H.L., 2012. Cytokine pathway in allergic
disease. Toxicol. Pathol. 40, 205–215.

Wooltorton, E., 2005. Eczema drugs tacrolimus (Protopic) and pimecrolimus
(Elidel): cancer concerns. Can. Med. Assoc. J. 172, 1179–1180.

Yaeesh, S., Jamal, Q., Shah, A.J., Gilani, A.H., 2010. Antihepatotoxic activity of
Saussurea lappa extract on D-galactosamine and lipopolysaccharide-induced
hepatitis in mice. Phytother. Res. 24, 229–232.

Yang, G., Choi, C.H., Lee, K., Ham, I., Choi, H.Y., 2013. Effects of Catalpa ovate stem
bark on atopic dermatitis-like lesions in NC/Nga mice. J. Ethnopharmacol. 145,
416–423.
flammatory chemokine production in HaCaT cells and house dust mite-in-
://dx.doi.org/10.1016/j.fct.2013.10.050

http://dx.doi.org/10.1016/j.fct.2013.10.050

	Saussurea lappa alleviates inflammatory chemokine production in HaCaT cells and house dust mite-induced atopic-like dermatitis in Nc/Nga mice
	1 Introduction
	2 Materials and methods
	2.1 Reagents and materials
	2.2 Cell culture
	2.3 Cytotoxicity assay
	2.4 Measurement of chemokine and cytokine production
	2.5 Measurement of histamine production
	2.6 Reverse transcription-polymerase chain reaction (RT-PCR)
	2.7 Experimental animals
	2.8 Induction of allergic dermatitis in Nc/Nga mice
	2.9 Evaluation of skin severity
	2.10 Histological analysis
	2.11 Measurement of the plasma IgE and TARC levels
	2.12 Statistical analyses

	3 Results
	3.1 S. lappa extract inhibits chemokine producti
	3.2 S. lappa extract inhibits the expression of 
	3.3 S. lappa extract reduces the production of histamine in PMA and A23187-stimulated MC/9 cells
	3.4 S. lappa extract suppresses the severity of dermatitis and skin lesions in a house dust mite-induced atopic dermatitis Nc/Nga mouse model
	3.5 S. lappa extract attenuates the atopic dermatitis-like lesions induced by house dust mite
	3.6 S. lappa extract inhibits the IgE and TARC production in a house dust mite-induced atopic dermatitis Nc/Nga mouse model

	4 Discussion
	Conflict of Interest
	Acknowledgment
	References


